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GENERAL INTRODUCTION TO THE SERIES.

DURING the past few years the civilised world has begun to realise the

advantages accruing to scientific research, with the result that an ever-

increasing amount of time and thought is being devoted to various
branches of science.

No study has progressed more rapidly than chemistry. This
science may be divided roughly into several branches : namely, Organic,
Physical, Inorganic, and Analytical Chemistry. It is impossible to
write any single text-book which shall contain within its two covers a

thorough treatment of any one of these branches, owing to the vast
amount of information that has been accumulated. The need is rather
for a series of text-books dealing more or less comprehensively with
each branch of chemistry. This has already been attempted by
enterprising firms, so far as physical and analytical chemistry are

concerned; and the present series is designed to meet the needs of

inorganic chemists. One great advantage of this procedure lies in

the fact that our knowledge of the different sections of science does not

progress at the same rate. Consequently, as soon as any particular

part advances out of proportion to others, the volume dealing with
that section may be easily revised or rewritten as occasion requires.

Some method of classifying the elements for treatment in this way
is clearly essential, and we have adopted the Periodic Classification

with slight alterations, devoting a whole volume to the consideration

of the elements in each vertical column, as will be evident from a glance
at the scheme in the Frontispiece.

In the first volume, in addition to a detailed account of the elements
of Group 0, the general principles of Inorganic Chemistry are discussed.

Particular pains have been taken in the selection of material for this

volume, and an attempt has been made to present to the reader a
clear account of the principles upon which our knowledge of modern

Inorganic Chemistry is based.

At the outset it may be well to explain that it was not intended
to write a complete text-book of Physical Chemistry. Numerous
excellent works have already been devoted to this subject, and a
volume on such lines would scarcely serve as a suitable introduction

to this series. Whilst Physical Chemistry deals with the general

principles applied to all branches of theoretical chemistry, our aim
has been to emphasise their application to Inorganic Chemistry, with

which branch of the subject this series of text-books is exclusively
concerned. To this end practically all the illustrations to the laws

and principles discussed in Volume I. deal with inorganic substances.

Again, there are many subjects, such as the methods employed in

the accurate determination of atomic weights, which are not generally

regarded as forming part of Physical Chemistry. Yet these are

vii



viii ORGANOMETALLIC COMPOUNDS.

subjects of supreme importance to the student of Inorganic Chemistry
and are accordingly included in the Introduction.

Hydrogen and the ammonium salts are dealt with in Volume II.,

along with the elements of Group I. The position of the rare earth

metals in the Periodic Classification has for many years been a source

of difficulty. They have all been included in Volume IV., along with

the Elements of Group III., as this was found to be the most suitable

place for them.

Many alloys and compounds have an equal claim to be considered

in two or more volumes of this series, but this would entail unnecessary

duplication. For example, alloys of copper and tin might be dealt

with in Volumes II. and V. respectively. Similarly, certain double

salts such, for example, as ferrous ammonium sulphate might very

logically be included in Volume II. under ammonium, and in Volume IX.

under iron. As a general rule this difficulty has been overcome by
treating complex substances, containing two or more metals or bases,

in that volume dealing with the metal or base which belongs to the

highest group of the Periodic Table. For example, the alloys of copper
and tin are detailed in Volume V. along with tin, since copper occurs

earlier, namely, in Volume II. Similarly, ferrous ammonium sulphate
is discussed in Volume IX, under iron, and not under ammonium in

Volume II. The ferro-cyanides are likewise dealt with in Volume IX.

But even with this arrangement it has not always been found easy
to adopt a perfectly logical line of treatment. For example, in the

chromates and permanganates the chromium and manganese function

as part of the acid radicles and are analogous to sulphur and chlorine

in sulphates and perchlorates ; so that they should be treated in the

volume dealing with the metal acting as base, namely, in the case

of potassium permanganate, under potassium in Volume II. But the
alkali permanganates possess such close analogies with one another
that separate treatment of these salts hardly seems desirable. They
are therefore considered in Volume VIII.

Numerous other little irregularities of a like nature occur, but it is

hoped that, by means of carefully compiled indexes and frequent cross-

referencing to the texts of the separate volumes, the student will

experience no difficulty in finding the information he requires.
Particular care has been taken with the sections dealing with the

atomic weights of the elements in question. The figures given are not

necessarily those to be found in the original memoirs, but have been
recalculated, except where otherwise stated, using the following
fundamental values :

Hydrogen = 1-00762. Oxygen = 16-000.

Sodium = 22-996. Sulphur = 32-065.

Potassium = 39-100. Fluorine = 19-015.

Silver = 107-880. Chlorine = 35-457.
Carbon = 12-003. Bromine = 79-916.

Nitrogen = 14-008. Iodine = 126-920.

By adopting this method it is easy to compare directly the results of
earlier investigators with those of more recent date, and moreover it

renders the data for the different elements strictly comparable through-
out the whole series.

Our aim has not been to make the volumes absolutely exhaustive,
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as this would render them unnecessarily bulky and expensive ; rather

has it been to contribute concise and suggestive accounts of the various

topics, and to append numerous references to the leading works and
memoirs dealing with the same. Every effort has been made to render

these references accurate and reliable, and it is hoped that they will

prove a useful feature of the series. The more important abbreviations,
which are substantially the same as those adopted by the Chemical

Society, are detailed in the subjoined lists, pp. xvii-xix.

The addition of the Table ofDates ofIssue ofJournals (pp. xxi-xxviii)

will, it is hoped, enhance the value of this series. It is believed that

the list is perfectly correct, as all the figures have been checked against
the volumes on the shelves of the library of the Chemical Society by
Mr. F. W. Clifford and his staff. To these gentlemen the Editor' and
the Authors desire to express their deep indebtedness.

In order that the series shall attain the maximum utility, it is

necessary to arrange for a certain amount of uniformity throughout,
and this involves the suppression of the personality of the individual

author to a corresponding extent for the sake of the common welfare.

It is at once my duty and my pleasure to express my sincere appre-
ciation of the kind and ready manner in which the authors have
accommodated themselves to this task, which, without their hearty

co-operation, could never have been successful. Finally, I wish to

acknowledge the unfailing courtesy of the publishers, Messrs. Charles

Griffin & Co., who have done everything in their power to render the

work straightforward and easy.
J. NEWTON FRIEND.

September 1928.





PREFACE.
THE present book aims at giving a tolerably complete account of the

preparation and properties of the organic compounds of the elements of

Groups I. to IV. of the Periodic Classification. Except in the case of

mercury, no monograph has appeared in any language which deals with
the organic compounds derived from the elements of these groups.
The term organometallic as used in this volume is applied only to com-

pounds containing a second element directly linked to carbon, and
excludes those where the element is linked via oxygen or nitrogen, as well

as double compounds of organic substances with inorganic salts. In

spite of these omissions, the present volume gives an account of approxi-
mately 2300 compounds. In order to make the book as complete as

possible, the preparation of all key compounds has been given in detail,
and it may be used as a treatise on practical organic chemistry. Since
it has been necessary to cover so much ground no systematic attempt
has been made to enter into theoretical aspects of the subject, but by
endeavouring to include all known compounds chemists will be able to
make valuable comparisons of the compounds of the various elements,
which was hitherto impossible without consulting a vast amount of

original literature. To make the text more readable, physical constants
of large series of compounds have been placed in the Appendix, and

throughout the book greater attention has been paid to physical pro-

perties generally than is usual in this type of book. The Authors'

experience has shown that such data would have been very useful in

their own research work if it had been available in book form.
In conclusion, the Authors wish to thank the Editor, Dr. J. Newton

Friend, for his invaluable help in reading the whole of the manuscript
and proofs, to Messrs. Flack and Smith of the Library of the University
of Birmingham, for giving the Authors free access to any portion of

the Library, and to E. Masters, B.Se., A.R.C.S., for lending the Authors
his copies of the Journal of the American Chemical Society. Reprints
of original papers dealing with organometallic compounds will be

thankfully received by the Authors.
A. E. GODDARD.
D. GODDARD.

September 1928.
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ORGANOMETALLIC COMPOUNDS.

CHAPTER I.

ORGANOMETALLIG DERIVATIVES OF THE
ELEMENTS OF GROUP I.

THE three elements lithium, sodium, and potassium bear little re-

semblance to copper, silver, and gold in their inorganic derivatives ; but,
with the exception of gold, they show more resemblance in their organo-
metallic compounds.

Lithium, sodium, rubidium, and caesium form two types of com-

pounds, (1) RM, (2) R 3CM, whilst potassium only gives type (2).

Lithium and sodium derivatives of type RM are prepared by treating
the corresponding mercury alkyls or aryls with the metal in dry benzene
or ligroin. Rubidium and caesium, however, are obtained by interaction

of the metal and zinc alkyls. Lithium methyl is best isolated from
lithium ethyl and mercury dimethyl in gasoline solution. The most

striking property of these metals is their affinity for oxygen, and this

property is also exhibited in their organo compounds for they are in-

flammable in air. The lithium compounds are more crystalline than
those of sodium, but the latter are more insoluble in indifferent solvents.

It is interesting to note that whilst lithium and its inorganic salts colour

the flame red, lithium phenyl burns with a yellow flame.

Schlenk and Marcus in 1914 x found that triphenylmethyl chloride

reacted with sodium amalgam in dry ether solution, when the operation
was carried out in an atmosphere of nitrogen. The resulting com-

pound, sodium triphenylmethyl, was a brick-red mass, decomposed by
moisture or carbon dioxide. Kraus and Kawamura in 1923 2 showed
that triphenylmethyl chloride reacts with sodium and potassium in

liquid ammonia, but that the potassium compound is more stable than
the sodium derivative. A number of compounds similar in structure

to triphenylmethyl have since been shown to give similar reactions.

Rubidium and caesium also form similar derivatives.3

Copper, silver, and gold are contrasted with the three foregoing

1 Schlenk and Marcus, Ber. t 1914, 47, 1664.
2 Kraus and Kawamura, J. Amer. Chem. Soc., 1923, 45, 2756.
3

Grosse, B&r., 1926, 59, 2652.

3
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elements in being stable towards air, water, and some acids, and in these

respects bear some analogies to the metals of Group VIII. In organo-
metallic chemistry this likeness is only shared by gold, since this is the

only element that forms stable compounds. Copper and silver phenyls
have been reported by several investigators, but they are very unstable

compounds and little is known about their general behaviour. It will

be noted that this instability is shared by the phcnyl derivatives of the

alkali metals.

Gold l forms two tervalent types of compounds, R2MX and RMX 2 ,

both of which are fairly stable solids. Type R ?
MX shows the analogy

between gold and thallium, the latter metal giving only this type of

organic compound; moreover, no monovalent derivatives of gold or

thallium have been isolated. Diethylauric bromide is prepared by the

interaction of auric bromide and magnesium ethyl bromide, and this

substance is changed to the second type by treating it with bromine in

chloroform solution, the halogen replacing one of the ethyl groups.
Both compounds precipitate silver bromide from solutions of silver

salts, and the diethylauric bromide forms an addition compound with

ammonia, when warmed with its aqueous solution. No aryl derivatives

of gold have yet been obtained, although when isolated they will be

found to be quite stable, and probably have no melting-point below
.300 C., like the corresponding thallium compounds.

LlTHIXJM. 2

The lithium alkyls resemble the sodium alkyls in being colourless

compounds, but are contrasted to them in being to some extent

crystalline. With the exception of the difficultly soluble lithium methyl,
they are readily soluble in benzene without decomposition.

Lithium methyl, LiCH3 or LiMe. When a benzene solution of

lithium ethyl and a gasoline solution of mercury dimethyl are mixed, a

white microcrystalline powder immediately separates, in accordance
with the equation :

2LiEt+HgMe 2 =2LiMe+HgEt 2
soluble soluble insoluble soluble.

In the dry state the compound is completely colourless, in air it inflames,

burning with explosive violence. The flame is red and accompanied by
a shower of yellow sparks.

Lithium ethyl, LiC 2H5 ,
is prepared by the interaction of mercury

diethyl and metallic lithium in benzene or ligroin solution* It forms
thick* clear, hexagonal plates, melting at 95 C. in a nitrogen atmo-
sphere ; at higher temperatures volatilising and condensing in the cooler

parts of the apparatus in drops, which soon solidify. It is somewhat
soluble in benzene or gasoline, but when exposed to the air the body
inflames and burns with the red lithium flame. Lithium ethyl reacts
with triethyl-n-butylammonium bromide to give triethylamine and
diethyl-n-butylamine, and with tetraethylammonium bromide to give
ethane and ethylene.

3

Lithium n -butyl, LiC4H9, with tetraethylammonium bromide
1
Pope and Gibson, Trans. Ohem. Soc., 1907, 91, 2061.

2 Schlenk and Holtz, J3er., 1917, 50, 262.
3
Hager and Marvel, J. Amer. Chem. Soc., 1926, 48, 2689.
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yields triethylamine ; with triethylbenzylammonium bromide it gives
diethylbenzylamine ; with tri-n-butyl-n-heptylammonium iodide it

forms di-n-butyl-n-heptylamine. The following reactions with lithium

n-butyl have been carried out,
1 the reacting substance being given first

and the products of the reaction shown in brackets : n-heptyl bromide

(n-undecane); methylene iodide (n-nonane); /3-bromostyrene (phenyl-1-
hexene-1, trans-trans isomer of diphenyl-l-4-butadienc-l-3 (?)) ; tri-

phenylchloromethane (triphenylmethyl peroxide, triphenyl-1 : 1 : 1-

pentane) ; o-, m-, p-bromotoluene (toluene).
Lithium iso -amyl,2 LiC5H11? reacts with triethyl-n-butylammonium

bromide to give diethyl-n-butylamine and lithium n-heptyl, with tetra-

n-butylammonium iodide to form tri-n-butylamine, a trace of a hydro-
carbon and possibly n-heptane.

Lithium phenyl, Li.C 6H 5 or LiPh,
3 may be prepared from mercury

diphenyl and metallic lithium or lithium ethyl and mercury diphenyl.
In the dry state it is a pure white, microcrystalline powder, which burns
in air with a yellow flame, not a red lithium flame.

Lithium triphenylmethyl, LiCPh 3,
4
is prepared by treating 1 moL

of triphenylmethyl chloride in anhydrous ether with 6 mols. of lithium in

the form of 0-5 per cent, amalgam, in a specially designed flask. It is an

orange-red powder and forms a stable etherate, Li.CPh 3.2Et 2O. When
acted upon by water in the absence of air it decomposes according to the

equation :

Li.CPh3+H2 =LiOH+CPh 3H

SODIUM.

The first attempt to obtain sodium alkyls was due to Wanklyn,
5 but his

work only led to the formation of sodium-zinc-ethyl double compounds.
Schorigin

6 was also unsuccessful in obtaining pure products, whilst

Acree 7 described a body which he considered to be sodium phenyl, but
this was afterwards refuted by Hilpert and Griittner.8

The sodium alkyls in the pure state are colourless, amorphous, in-

soluble powders, in indifferent solvents. They decompose when heated
to the mfelting-point. They are extremely inflammable in air, the in-

flammability decreasing with rising molecular weight of the alkyl
residues. Sodium octyl is susceptible to oxygen, large particles igniting
in air.9

Sodium methyl, NaCH3 or NaMe. Sodium chips are placed in dry
ligroin (B.pt. 80 C.), and all air displaced by dry, oxygen-free nitrogen.
The requisite amount of mercury dimethyl is then added and the

temperature maintained at 65 C. After several days the product is

obtained as a white powder.
Sodium ethyl, NaC2H5, is prepared in a similar manner,10 but the

1
Marvel, Hager, and Coffman, J. Amer. Chem. /Sfoc., 1927, 49, 2323.

2 Hager and Marvel, loc. cit.

3 Sdblenk and Holtz, Ber., 1917, 50, 262.
4

Grosse, Ber., 1926, 59, [B], 2652.
6
Wanklyn, Annakn, 1858, 107, 125 ; 1858, 108, 68 ; 1859, in, 234 ; 1866, 140, 211.

6
Schorigin, Ber., 1908, 41, 2717 ; ibid., 1910, 43, 1931.

7
Acree, J. Amer. Chem. Soc., 1903, 29, 590.

8
Hilpert and Griittner, Ber., 1913, 46, 1679.

9 Schlenk and Holtz, Ber., 1917, 50, 262.
* See Schorigin, Ber., 1910, 43, 1931 ; ibid., 1923, 56, (BJ, 176.
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reaction is complete in one to two hours. Sodium propyl and n-Octyl
have also been obtained.

Sodium phenyl, NaC 6H 5 , formed from mercury diphenyl, exhibits

the same properties as the alkyls.

Sodium benzyl, C 6
H 5.CH 2.Na. Unlike the preceding compounds,

sodium benzyl is isolated as an intense red, crystalline powder, in-

soluble in benzene or ligroin, but fairly soluble in ether, to which it

imparts a deep, reddish-yellow colour. The ethereal solution will con-

duct the electric current, showing that the metallic atom is linked by a

carbonium valence. It inflames in air, but if the oxidation is slow,

much stilbcne is formed. Dry carbon dioxide converts it into sodium

phenyl acetate,

Sodium triphenylmethyl, Pl^CNa.
1

1. Ten grams of tri-

phenylmethyl chloride in 500 c.c. of dry ether are treated with 200 grams
of 2 per cent, sodium amalgam, and the mixture shaken on a machine for

one to two hours. During the operations all air must be replaced by
nitrogen. A solution of sodium triphenylmethyl is thus obtained in

quantitative yield.
2. Ten grams of sodium powder are amalgamated with 10 grains

of mercury in 200 c.c. of dry ether, the reaction being carried out in

nitrogen.

"

Triphenylmethyl chloride, 2 to 3 grams, is then introduced,

the substances melted and put on a shaking machine, the reaction being

complete in twelve hours. A dark orange-red solution is obtained ; the

ether is evaporated and the residue treated several times with petroleum
ether and evaporated until a solid is produced. All manipulations are

carried out in nitrogen, since air, moisture, or carbon dioxide cause

decomposition. The compound forms a brick-red mass. 2

3. Sodium triphenylmethyl may also be prepared from triphenyl-

methyl chloride and metallic sodium, when the two are allowed to react

in liquid ammonia, and the hydrogen atom of triphenylmethane is

replaced by sodium in about an hour.

The compound is very reactive, even at the temperature of liquid
ammonia. With water it reacts to form sodium hydroxide and tri-

phenvlmethane,
Ph

3CNa+H2 =Ph 3CH+NaOH

By the action of oxygen, a white product is formed, the composition
of which has not been determined. The reaction with ammonium
chloride in liquid ammonia is probably represented by the equations,

Ph3CNa+NH4C1=Ph3CNH4 +NaCl-Ph 3CH+NH3+NaCl

The intermediate ammonium compound is not isolated. Ammonium
hydroxide with sodium triphenylmethyl yields triphenylmethane and
sodamide, and sulphur dioxide forms sodium triphenylmethyl sul-

phinate.
Sodium triphenylmethyl is moderately soluble in toluene or benzene,

but insoluble in petroleum ether and ligroin.
The following are typical reactions of sodium triphenylmethyl with

certain organic compounds :

1 Schlenk and Holtz, Ber., 1916, 49, 603 ; Schlenk and Ochs, ibid., 1916, 49, 608
German Patent 292310 ; Kraus and Kawamura, J. Amer. Ckem. tioc., 1923, 45, 2756

a Schlenk and Marcus, Ber. t 1914, 47, 1664.
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With triphenylmethyl chloride, hexaphenylethane is produced, the
reaction being carried out in liquid ammonia. Thus :

Ph 3CNa +Cl.CPh3 =NaCl 4-Ph3C.CPh3

Similarly with dichlorodiphenylmethane, a mixture of hexaphenyl-
ethane and pentaphenylethyl is formed.1 With bromobenzene, using
the above solvent, carbon tetraphenyl results,

PhsCNa+PhBr =NaBr+Ph4C

With methyl benzoate, jS-benzpinacolin is formed in accordance with
the equation :

Ph 3CNa +Ph,C0 2Me =Fh sC.COPh -fNaOMe

If methyl p-chlorobenzoate is used, p-chloro-/J-benzpinacolin is

obtained. Since sodium triphenylmethyl shows a tendency to exchange
its sodium atom for hydrogen, it cannot be used for condensations with
substances which can function in enolic forms, such as ethyl acetate.

With aldehydes, ethanols are obtained, formaldehyde yielding tri-

phenyl ethanol,
Ph3CNa+OCH 2=Ph 3C.C(ONa)H2

In the case of benzaldehyde and furfuraldehyde, tebraphenyl ethanol

and triphenylfuryl ethanol are isolated respectively.
With ketones as with esters, those which are capable of existing in

enolic forms cannot be employed, and diarylketones yield no condensa-

tion products, e.g. with benzophenone, an ethanol is not formed, but the

solution becomes green, since metallic ketyls are produced, according to

the equation :

With dibenzalacetone, tetrastyrylpinacolin is formed.

Sodium phenyl-biphenylyl-a-naphthyl-methyl,

Phv yC10H 7

Ph.C 6H/ \Na

Phenyl-biphenylyl naphthyl chloromethane and sodium powder are

shaken together for one to two days in dry ether, in the presence of

copper bronze. In the solid state it is an indigo-like, metallic, glistening

powder, soon becoming dull in air. Its ethereal solution is bluish-violet

of extraordinary intensity. With water or ethereal hydrogen chloride

the compound is soon decolorised, and when decolorised by air a faint,

bright blue-green, air-stable colour remains.

Sodium di-biphenylyl-a-naphthyl-methyl, (Ph.C 6H4 ) 2CNa, is a

black, metallic, glistening powder, immediately becoming yellow-brown
in air.

Sodium biphenylene-phenyl-methyl,

C 6H4N /Ph

C6H/ \Na

Dibiphenylene-diphenyl-ethane and sodium powder are shaken together

1 Sohlenk and Mark, Ber., 1922, 55, [B], 2285, 2299.
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in a nitrogen atmosphere for twelve days. The compound is isolated in

shining, orange-red needles, containing one molecule of ether of crystal-

lisation. When dried in a nitrogen atmosphere at 60 C. the ether is

removed and the compound darkens, and at higher temperatures it

melts to a ruby-red liquid. It is instantly decolorised m air, and

warmed with alcohol it dissolves, biphenylenc methane crystallising out

on cooling.
Sodium p-anisyl-biphenylene-methyl,

C 6H4v
,C 6
H4.OMe

C 6H4
/ \Na

is an intensely red, but not distinctly crystalline product, which is

obtained free from ether.

POTASSIUM.

No potassium compounds are known of the type RK, only com-

pounds from triphenyl methyl having been obtained.

Potassium triphenylmethyl, KCPh^l. Triphenylmethane and

metallic potassium are heated at 200 to 220 C. in an indifferent

atmosphere. By this method the compound is stated to be red, and

when treated with benzyl chloride to yield as-tetraphenylethane.

2. Two equivalents of potassium are allowed to react with tri-

phenylmethyl chloride in liquid ammonia.
The compound has a similar appearance and the same properties as

the sodium derivative. It exhibits, however, this difference, that

whilst sodium triphenyl is unstable in the presence of ammonia, the

potassium compound is stable even at 100 C. Moreover, it has not

been found possible to synthesise the triphenylmethyl group by the

action of triphenylmethyl chloride on potassium triphenylmethyl.

RUBIDIUM. 2

Rubidium ethyl, RbEt. The interaction of zinc ethyl and metallic

rubidium do not give rubidium ethyl itself, but the double compound
with zinc ethyl, RbEt.ZnEt 2 . This substance crystallises in prisms,
which melt in the presence of some zinc ethyl at 70 to 75 C.

Rubidium triphenylmethyl, RbCPh
3J prepared in a similar

manner to the lithium compound, is a dark-red powder resembling the

sodium and potassium derivatives. It gives a blood-red solution in

ether.

CAESIUM.

Caesium ethyl, CsEt, is isolated in the same manner as the rubi-

dium compound, but does not seern to be as definite in composition as

the latter. It is said to undergo the following reaction :

CsEt+C0 2=Cs.C0 2.Et

The latter compound when treated with sulphuric acid yields pro-
picnic acid.

1 Schlenk and Mareua, Ber., 1914, 47, 1664 ; Kraus and Kawamura, J. Amer, Chem.
Soc., 1923, 45, 2756.

2
Grosse, JBrr., 1920, 59, [Bj,
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Caesium triphenylmethyl, CsCPh
3> possesses the same properties

as the rubidium compound.

COPPER AND SILVER.

Cuprous phenyl, CuPh. 1
Cuprous iodide is added to a cold

solution of magnesium phenyl bromide in ether. Complete solution

takes place, and after a time the cuprous phenyl separates out as a white

powder. It decomposes at 80 C. and when warmed with benzene is

converted quantitatively into diphenyl and metallic copper, the latter

appearing as a mirror. With water, benzene and cuprous oxide are

formed, and with dilute nitric acid it is changed to nitrobenzene, con-

centrated nitric acid causing the compound to explode. Cuprous
phenyl blackens in a few days, even when kept in a vacuum.

Magnesium ethyl bromide presumably gives cuprous ethyl, but the

compound is unstable above 18 C. and has not been further in-

vestigated.
Silver phenyl, AgPh.

2 Silver bromide is treated with an ethereal

solution of magnesium phenyl bromide, the violet solution depositing
silver phenyl. The preparation is carried out in absence of light, and
the product decomposes in a few hours, even at 18 C., forming silver

and diphenyl. The product is highly explosive.
When freshly precipitated silver chloride is used instead of the

bromide, 3 a brown, granular powder is obtained. When dry it readily

decomposes, evolving clouds of diphenyl fumes. The ratio of silver to

phenyl appears to be as 1 : 1. With magnesium p-xylyl- and a-naphthyl
bromides and the magnesium compound of p-bromodiphenyl ether,

similar compounds are isolated,

GOLD.4

Diethylauric bromide, (C 2H5 ) 2AuBr. Magnesium ethyl bromide
is used in preparing this compound, and it is necessary that it should be

free from any unchanged magnesium. Five grams of magnesium arc

used and the calculated quantity of ethyl bromide in 200 c.c. of anhy-
drous ether. This Grignard reagent is allowed to drop very slowly into

22 grams of auric bromide in 150 c.c. of dry ether efficiently cooled in ice

and salt mixture. Metallic gold begins to appear during the reaction.

Powdered ice is carefully added to the mixture and finally water and
dilute acetic acid. The liquid is next extracted several times with light

petroleum and this is washed with water, then allowed to evaporate in a

warm draught cupboard at 25 to 30 C. The residue when once again

recrystallised from petroleum ether yields 2 to 3 grams of the pure
bromide. No larger yield is obtained if the reaction takes place at the

temperature of boiling liquid air, and the yield is less if the auric bromide

is added to the Grignard reagent. If auric chloride is used the yield is

not increased. Diethylauric bromide takes the form of long, colourless,

doubly refracting needles, M.pt. 58 C. It is very soluble in benzene,

light petroleum, chloroform, and ether, much less so in alcohol and

1
Beich, Compt. rend., 1923, I77 322.

2
Reich, ibid.

Krause and Wendfc, Bar., 1923, $6, |BJ, 20(54.

*
Pope and Gibson, Trans. Chew. 8oc>9 1907, 91, 2061
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insoluble in water. It is volatile at ordinary temperatures and decom-

poses with explosion at about 70 C. The body is analysed by dissolving
it in chloroform, adding bromine in the same solvent, then slowly
evaporating to dryness and weighing the residual gold after ignition.

Diethylauric bromide is very sensitive to light, in contact with water

giving gold. It also gives silver bromide from solutions of silver salts.

Ethylauric dibromide, C 2H5AuBr 2 ,
is prepared by adding a dilute

solution of bromine in chloroform to an equimolecular proportion of

diethylauric bromide in the same solvent. Crystals of the dibromide
are slowly formed. The compound is sparingly soluble in the ordinary
organic solvents, but is moderately soluble in warm water. The crystals
are transparent, dark, ruby-red, doubly refracting prisms with square
ends. On heating it slowly decomposes, but does not melt. It is more
stable than the previous body.

Amminodiethylauric bromide, (C 2H5 ) 2AuBrNH3 , can be obtained
from diethylauric bromide on gently warming with dilute aqueous
ammonium hydroxide, then evaporating in a vacuum over sulphuric
acid. The product is recrystallised from benzene, giving transparent
doubly refracting, colourless needles, which decompose on slowly heating
at CO C. The body is soluble in ammonium hydroxide, benzene,
acetone, chloroform, or dilute hydrochloric acid. The solution in hydro-
chloric acid may be boiled without any reduction, and there is no pre-
cipitate with platinic chloride, though on long standing metallic gold
appears. An aqueous acetone solution of the compound precipitates
silver bromide from silver salts.



CHAPTER II.

ORGANOMETALLIG DERIVATIVES OF THE
ELEMENTS OF GROUP II.

THE elements of Group II., along with those of Group V., form more
organometallic derivatives than the remaining groups. In so far as

Group II. is concerned this is due to the vast number of mercurials now
isolated. In 1905, Beckmann I found that an ethereal solution of

ethyl iodide reacted with metallic calcium to form an etherate, having the
constitution EtCaI.Et aO. This was an amorphous powder, fairly
stable in air, yielding ethane with water, and was sparingly soluble in

ether. Gilman and Schulze 2
repeated Beckmann's work, and came to

the conclusion that the compound is not the monoetherate shown above
but a di-etherate of calcium iodide, CaI 2.2Et aO. These investigators
have also prepared compounds of n-butyl, n-octyl, and phenyl calcium

iodides, but in no cases do ether-free compounds appear to have been
isolated. They also state that unpublished work on calcium, barium,
and strontium dialkyls and diaryls shows that all of these organo-
metallic compounds give positive tests. Since the purpose of this

chapter is to deal with pure compounds and not molecular complexes, no
further account is given of the calcium compounds.

3

The remaining members of this group form a series of organo com-

pounds in which the stability increases with rising atomic weight from

beryllium to mercury. It should be pointed out that the authors do not

include the Grignard compounds under magnesium, since these are not

actually isolated in reactions in which they are employed. Moreover,
the so-called

"
individual

"
magnesium alkyl salts, which do not contain

combined ether, have not been used to any great extent for synthetic

purposes.
The dimethyl compounds of the metals from beryllium to cadmium

are all very volatile liquids, the beryllium, magnesium, and zinc deriva-

tives exploding when treated with water, the cadmium decomposing
slowly under the same conditions.

Beryllium compounds were obtained in 1860 by Cahours 4
by heating

metallic beryllium with mercury dialkyls at 130 to 135 C. in a sealed

tube. Frankland 5 also obtained beryllium diethyl and dipropyl by a

similar method. In 1884, Lavroff 6 also claimed to have obtained

1 Beckmann, Ber., 1905, 38, 904.
3 Gilman and Schulze, J. Amer. Chem. JSoc., 1926, 48, 2463.
3 See Dufford, Nightingale, and Calvert, /. Amer. Ghem. Soc., 1925, 47, 95 , Oilman

and Pickens, ibid., 1925, 47, 2406 ; Gilman and Schulze, ibid., 1925, 47, 2002.
4
Cahours, Annakn, 1860, 114, 243 ; Jahresber., 1873, p. 520.

5
Frankland, Trans. Chem. Soc., 1861, 13, 181, 194.

6
Lavroff, J. Muss. Phys. Chem. Soc., 1884, 16, 93 ; Bull Soc. chim.> 1884, 41, 548.

11
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beryllium dimethyl. No further reference is made to the compounds
until 1923, when Krause and Wendt x stated that beryllium dialkyls may
be prepared by the interaction of beryllium chloride and an excess of

Grignard reagent.
The actual isolation of beryllium dialkyls in a pure state has only just

been accomplished by Gilman and Sehulze,
2 and their work throws doubt

upon the accuracy of that of previous investigators. Their method of

procedure is the one suggested by Krause and Wendt. In 1926, Durand 3

claimed to have prepared beryllium methyl iodide, but the work has

since been disproved by Gilman and Sehulze. 4 These workers have

isolated beryllium alkyl halides by heating beryllium, alkyl halides, and

ether in the presence of catalysts, such as mercuric chloride, beryllium

chloride, or free bromine. The first aryl compound, beryllium phenyl
iodide, has been prepared by a similar process.

The first attempt to prepare organic compounds of magnesium was

due to Hallwachs and Schafarik 5 in 1859, these investigators heating
metallic magnesium with ethyl iodide in a sealed tube at 150 to 180 C.

Upon opening the tube a gas was evolved and a white mass obtained.

This when heated gave a colourless liquid of penetrating odour, which did

not inflame. In view of later work the products appear to be magnesium
iodide and traces of magnesium diethyl. A year later, Cahours 6

repeated the above work, the reacting substances being heated for

several hours at 130 C. He isolated magnesium iodide and a colourless,

strongly volatile liquid, inflaming in air, and having a leek-like odour.

This liquid Cahours mistook for magnesium diethyl. In 1891, Lohr 7

obtained magnesium dialkyls by heating magnesium with mercury
dialkyls, and later Fleck 8 extended Lohr

J

s work. No further work was
done on these substances until 1927, when Gilman and Sehulze 9 used
Lohr's method, but introduced mercuric chloride into the reaction as a

catalyst. This work proves that the substances obtained by the earlier

investigators were not very pure.

Only one aryl compound is known, namely, magnesium diphenyl,
10

formed by heating magnesium powder and mercury diphenyl at 200 C.

in an atmosphere of nitrogen. Like the alkyl compounds, it is readily
oxidisable in air and decomposed by water.

Frankland in 1S53 u obtained the first zinc alkyl, zinc dimethyl, by
heating methyl iodide with an excess of zinc in a sealed tube at 150 to
] 60 C. From this beginning, the series was gradually continued as far

as zinc di-isoamyl, in the hands of various investigators. The lower
members are spontaneously inflammable in air, this property decreasing
as the series is ascended, and all the compounds are decomposed by
water, the lower ones with violent explosion. These compounds have
proved of great value in many organic syntheses, but their use has been
eliminated to a large extent by the Grignard reagent owing to the fact

1 Krause and Wendt, Ber. t 1923, 56, 467.
3 Gilman and Sehulze, J. Chem. floe., 1927, p. 2663.
3
Durand, Gompt. rend., 1926, 182, 1162.

4 Gilman and Schulze, J. Amer. Ghem. Soc., 1927, 49, 2904.
* Hallwachs and Schafarik, Anncden, 1859, 109, 206.
6
Cahours, Annalen, 1860, 114, 240.

7
Lohr, Annalen, 1891, 261, 48. Meek, Annakn, 1893, 276, 129.

9 Gilman and Sehulze, J. Aiwr, Ghem, floe., 1927, 49, 2328.
10

Hilpert and Gruttner, Ber., 1913, 46, 1675.u
Frantland, Annakn, 1853, 85, 347.
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that the latter need not be isolated in reactions in which it is used,
whereas the inflammability of the zinc alkyls renders them difficult

to handle. Zinc alkyls have also been used in the preparation of

organometallic derivatives of mercury,
1
boron,

2
aluminium, 3

thallium,
4

silicon,
5
germanium,

6
tin,

7
lead,

8
phosphorus,

9
arsenic,

10
antimony,

11

bismuth. 12

No zinc aryls were known until 1913, when Hilpert and Griittner 13

isolated zinc diphenyl by boiling mercury diphenyl with zinc for two
minutes in an atmosphere of hydrogen. The rapidity with which this

reaction takes place resembles the preparation of aluminium triphenyl
from mercury diphenyl and aluminium, the reaction being complete in

ten to fifteen seconds at 140 C. The zinc diphenyl is affected by light,

and, like magnesium diphenyl, is oxidised by atmospheric oxygen and

decomposed by water. An interesting use has recently been made by
Chambers and Scherer u of zinc diphenyl. In order to prepare tin

tctraphenyl, magnesium phenyl bromide is treated with anhydrous zinc

chloride in ethereal solution, the ether replaced by toluene and the

product treated with stannic chloride. Thus the zinc compound is

merely used as an intermediate without being isolated, in the same way
as the Grignard reagent.

Although cadmium alkyls were known as early as 1853,
15 it was not

until 1917 16 that they were obtained in good yield in a state of purity.
The general method of preparation is by the interaction of magnesium
alkyl halides and cadmium halides. In common with the other alkyls
so far described in this chapter they are very volatile, the methyl deriva-

tive even being difficult to separate from ether, since it volatilises along
with the vapour of the latter. This volatility decreases as the series is

ascended from methyl to isoamyl, and although the higher compounds are

1 Buckton, Annakn, 1859, 109, 219, 221 ; Jahresber., 1858, p. 390 ; Frankland, Annalen,

1859, in, 57; Jahresber., 1859, p. 413; Krassowski, Zeitschrifl fur Chemie, 1870, p. 528;

Ber., 1870, 3, 625 ; Oppenlieim, Ber., 1871, 4, 671.
2
Frankland, Annakn, 1862, 122, 132, 144

; Jahresber., 1876, p. 469.
3 Buckton and Odling, Annakn Spl, 1861, 4, 110, 112 ; Cahours, Annalen, 1860, 114,

242 ; Hallwachs and Schafarik, Annakn, 1859, 109, 207 ; FurstenhofE, Chem. Zentr., 1904,

i. 785 ; Buckton and Odling, Proc. Roy. Soc., 1865, 14, 19 ; Cahours, Jahresber., 1873,

p. 518 ; Ber., 1873, 6, 567 ; Compt. rend., 1873, 76, 133, 748, 1383.
4
Hartwig, Ber., 1874, 7, 298 ; Annakn, 1875, 176, 264.

5 Friedel and Crafts, Annakn, 1865, 136, 203 ; 1863, 127, 31 ; Ladenburg, Annakn,
1872, 164, 302, 327

,* Pape, Annakn, 1884, 222, 359, 370 ; Ladenburg, Annakn, 1874, 173,

148 ; Friedel and Ladenburg; Ann. Chim. Phys., 1880, [5], 19, 401 ; Annakn, 1880,

203, 251.
6
Winkler, J. prakt. Chem., 1845, [2], 36, 204.

7
Cahours, Annakn, 1862, 122, 59 ; Jahresber., 1873, p. 519 ; Frankland, Annakn,

1859, in, 50 ; Frankland and Lawrance, Trans. Chem. Soc., 1879, 35, 130; Morgunow,
Annakn, 1867, 144, 157 ; Buckton, Annakn, 1859, 109, 225 ; Pope and Peachey, Proc.

Chem. Soc., 1912, 28, 42, 116.
8
Cahours, Anmkn, 1862, 122, 67 ; Buckton, Annakn, 1859, 109, 222 ; 1859, 112, 226 ;

Frankland and Lawrance, J. Chem. Soc., 1879, 35, 245.

Cahours and Hofmann, Annakn, 1857, 104, 1 ; Hofmann, Annakn Spl, 1861, I, 7 ;

Drechsel and Finkelstein, Ber., 1871, 4, 352 ; Wichelhaus, Ber., 1868, 1, 80.
10 Cahours and Hofmann, Compt. rend., 1855, 41, 834; Jahresber., 1855, p. 538;

Cahours, Annakn, 1862, 122, 219 ; Hofmann, Annalen, 1857, 103, 357.
11

Buckton, Trans. Chem. Soc., 1863, 16, 22 ; Jahresber., 1863, p. 470,
12

Marquardt, Ber., 1887, 20, 1517 ; ibid., 1888, 21, 2038.
13

Hilpert and Griittner, Ber., 1913, 46, 1675.
14 Chambers and Scherer, J. Amer. Chem. Soc., 1926, 48, 1054,
16 Ldhr, Annakn, 1853, 87, 55.
i fi

Krause, Ber., 1917, 50,
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decomposed by water, the process takes some hours to reach completion.

As in the case ofmagnesium and zinc, only one aryl compound ofcadmium

is known, cadmium diphenyl. It is prepared by heating mercury

diphenyl and metallic cadmium in an atmosphere of hydrogen, but the

product appears to be very unstable in the dry state, discolouring in a

vacuum desiccator even when allowed to stand for an hour. 1 The

cadmium may be replaced by mercury or zinc under suitable conditions.

The only remaining metal in the group to be discussed is mercury.
This element forms such an enormous variety of organic compounds
that they are dealt with in subsequent chapters. No other element is

known which will replace the hydrogen of organic derivatives with such

case. All other metals of the periodic classification are only introduced

singly into organic residues, whereas two to five mercury residues may
bceoine attached to a molecule in a single operation, e.g. penta-acetoxy-
inercuriacetamlide. Like the other members of Group II., it forms

compounds of the type R 2M, but these are far more stable than any

previously described. A second type, RMX, is also known, which

resembles the Grignard reagent RMgX in formula only, showing no

other relation to the magnesium compounds. These two types of

mercury compounds are dealt with in the subsequent chapter.

BERYLLIUM.

Beryllium dimethyl, Be(CH3 )2
.
2 This compound is prepared by

the interaction of anhydrous beryllium chloride and magnesium methyl
iodide. Owing to the hygroscopic nature of the beryllium chloride and
the instabilit

ty of beryllium dimethyl in air, the reaction is carried out in

a specially designed apparatus in an atmosphere of dry hydrogen or

nitrogen.

*

Beryllium dimethyl crystallises from hot concentrated ethereal

solution in snow-white needles, and it has the same form when it sub-

limes at about 200 C. without melting. Its ethereal solutions fume

strongly on exposure to the atmosphere. When suddenly overheated,
it is partially decomposed, leaving a brown or grey mirror. In air it is

spontaneously inflammable, especially in the presence of moisture,

burning with a luminous flame, and evolving white fumes of beryllium
oxide. It is violently decomposed by water, yielding methane. In the
solid state it even inflames when treated with carbon dioxide, but if in

ethereal solution it yields acetic acid. It reacts with phenyl carbimidc
in ethereal solution giving the anilide, and with a-naphthyl carbimidc,
aceto-a-naphthalide is formed. With Michler's ketone it gives an
immediate positive colour reaction, with benzophenone it forms di-

phenylmethylcarbinol, and with benzoyl chloride phenyldimethyl-
earbinol is produced. The reaction with iodine is very vigorous,
probably forming beryllium methyl iodide.

Beryllium diethyl, Be(C 2H 5 ) 2 , prepared in a similar manner to
the preceding compound, is a colourless liquid, B.pt. 93 to 95 C. at
4 mm. or 110 C. at 15 mm. It distils at 180 to 240 C. at ordinary
pressure, with considerable decomposition, and when solidified in carbon
dioxide-ether freezing mixture white crystals are formed, which melt on
warming to 18 to 11 C. It resembles the corresponding dimethyl
derivative in oxidisability and inflammability. With water it yields

1
Hilpert and Griittner, 5er., 1913, 46, 1675.

2 Oilman and Schulze, J. Ghem. Soc., 1927, p. 2663.
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ethane, and its ethereal solution with carbon dioxide gives triethyl-
carbinol. It gives a positive colour reaction with Michler's ketone,
reduces benzophenone to benzhydrol, reacts vigorously with iodine
and with an excess of an ethereal solution of beryllium chloride, a
solution having the characteristics of beryllium ethyl chloride is

obtained. l

Beryllium propyl, Be(C 3H7 ) 2 ,
is a liquid, B.pt. 244 to 246 C., and

does not solidify at 17 C.

Beryllium di-n -butyl,
2
Be(C4H 9 ) 2, is a clear, colourless liquid,

having a mercaptan-like odour. It boils at 170 C. at 25 mm. It
oxidises rapidly in air, but is not spontaneously inflammable. It is

decomposed by water, reacts with phenylcarbimide, and gives a blue
colour with Michler's ketone.

Beryllium diphenyl, Be(C 6
H 5 ) 2 ,

and beryllium di-p-tolyl,
Be(C 6H4,CH 3 ) 2, may be readily prepared by heating beryllium with

equivalent quantities of mercury diphenyl and mercury di-p-tolyl and
a trace of mercuric chloride in sealed tubes at 225 C. for six hours.

Beryllium methyl and ethyl iodides,
3 Be(CH3 )I and Be(C 2H 5 )I.

These compounds are best prepared as follows : About 0-5 gram" of

powdered beryllium, 0-2 to 0-5 gram of mercuric chloride, 5 c.c. of the

alkyl halide, and 25 c.c. of ether are heated for at least fifteen hours at 80
to 90 C. in a suitable bottle, the neck of which has been drawn out to a
fine capillary. The product is then removed from the bottle by breaking
the capillary, the pressure inside being sufficient to force the liquid out.

The ethereal solutions of these iodides do not fume in air, and
removal of the solvent gives a liquid, which on further heating evolves
dense white fumes, probably of beryllium oxide. Heating changes the

alkyl beryllium halides to beryllium dialkyls. All the alkyl halide com-

pounds are decomposed by water, with formation of the corresponding
hydrocarbon. When carbon dioxide is passed through ethereal beryl-
lium methyl iodide for three hours, the solution still gives a positive test

and no acetic acid is found after hydrolysis. Acetanilide is formed from

beryllium methyl iodide and phenyl isocyanate.
In a similar manner beryllium ethyl bromide, Be(C 2H5)Br, and

beryllium n-butyl iodide, Be(C4H9 )I, are prepared. In these cases

beryllium chloride or free bromine may be used as catalysts.

Beryllium phenyl iodide, Be(C 6H6 )I, gives a positive test when

prepared in the presence of mercuric chloride after fifteen hours heat-

ing at 80 to 90 C., and is also readily prepared by heating at ] 50

to 175 C, with either mercuric or beryllium chloride as catalyst.

MAGNESIUM.

Magnesium dimethyl, Mg(CH3 ) 2 ,

4 may be prepared by heating

magnesium turnings with mercury dimethyl for thirty-six hours at

130 C. It is described as a grey-yellow mass, which reacts with ex-

plosive violence with water. The addition of acetyl chloride to a well-

cooled ethereal solution of the compound in a nitrogen atmosphere

1
Cahours, Annakn, 1860, 114, 243.

2 Gilman and Sclmlze, toe. tit.

3 Gilman and Sclmlze, J. Amer. Chem. floe., 1927, 49, 2904 ; see Durand, Gompt. rend.,

1926, 182, 1162.
* Lohr, Annalen, 1891, 261, 48 ; Fleck, Annakn, 1893, 276, 129.
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yields trimethyl carbinol. When hydrogen iodide is passed into the

mixture, tertiary butyl iodide is formed.

Magnesium diethyl, MgfCgHgJg.
1 Fresh mercury diethyl and

magnesium powder are heated together in a sealed tube at 130 C. in

the presence of a small amount of mercuric chloride. The product thus

isolated is a light grey or brown powder, spontaneously inflammable in

air. Magnesium diethyl is soluble in ether, this solution reacting with

an ethereal solution of acetyl chloride to give methyldiethyl carbinol.

Magnesium dipropyl, Mg(C3H7 ) 2,
has been prepared without the

use of a catalyst.
2

Magnesium diphenyl, MgPh 2 . Mercury diphenyl and magnesium

powder are heated to 200 C. in an atmosphere of nitrogen, when the

magnesium compound is isolated as a white powder. It is insoluble in

carbon disulphide or benzene, but soluble in absolute ether, and when

boiled in the latter solvent in a stream of hydrogen, filtered and evapor-

ated under 5 C. the compound crystallises in transparent feathery

needles. These contain ether of crystallisation which may be removed

by the heat of the hand, an amorphous product resulting.
3 It burns in

air, forming magnesium oxide, and by slow oxidation gives Mg(OPh) 2 .

Water decomposes magnesium diphenyl with the formation of benzene

and magnesium hydroxide. Bromine in ethereal solution forms bromo-

benzene and magnesium bromide, no magnesium phenyl bromide being
isolated. With phosphorus trichloride only traces of diphenyl phos-

phorus chloride are formed. Benzal chloride reacts with the compound
when heated for three hours in a sealed tube at 100 C., giving triphenyl
methane and magnesium chloride. When magnesium diphenyl is

heated in a sealed tube at 280 C. until it decomposes, the principal

product obtained by extraction of the product with benzene is

diphenyl.

ZINC.

Zinc dimethyl, Zn(CH 3 ) 2 or ZnMe 2 , may be prepared in several

ways :

"l. By heating methyl iodide with an excess of zinc in a sealed tube

at 150 to 160 C.4

2. Methyl iodide arid dry zinc turnings or dust are heated for six to

nine days in an iron flask carrying a reflux condenser, the reaction

product being distilled in an atmosphere of carbon dioxide. 5

3. Methyl iodide and zinc are heated together to form zinc methyl
iodide, Me.Znl, which is decomposed on distillation to yield zinc methyl
and zinc iodide.

4. Three parts of methyl iodide and two parts of anhydrous ether

1 Oilman and Schulze, J* Amer. Chem. 800., 1927, 49, 2328 ; see Lohr, ibid. ; Fleck,
Ibid.

2 Heck, kc. cit.

3
Hilpert and Griittner, Ber., 1913, 46, 1675 ; Waga, Annakn, 1894, 281, 320.

4 Frankland, Anndlen, 1853, 85, 347 ; see also Butlerow, Annakn, 1867, 144, 2.
5 Ssimonowitsch, J. Suss. Phys. Ghem. Soc., 1898, 30, 40 ; Chem. Zentr., 1899, i.

1068; see Worobjeff, J. Zuss. Phys. Ghem. Soc., 1899, 31, 45; Ghem. Zentr. 1899, i.

1007 ; Ipatfew, J. prakt. Chem., 1896, [2], 53, 275 ; Kaulfuss, Jfer., 1887, 20, 3104.
6 Frankland, Annakn, 1855, 95, 28 ; Wanklyn, Trans. Chem. Sac., 1861, 13, 124 ;

Fileti and Cantapulo, Gazzetta, 1892, 22, ii. 388; Lachmann, Amer. Chem. J., 1900, 24,
33, 34.
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are heated with zinc in a copper digester at 100 C. for six hours. The
reaction mixture is then distilled from the water-bath, the fraction

between 48 to 51 C. corresponding to 2ZnMe 2.Et 2O. If methyl ether

is used, 2ZnMe 2.Me 2O is obtained, which distils about 43 C., and in the
absence of ether, pure zinc dimethyl is isolated. L

5. One hundred and twenty parts of methyl iodide, 90 parts of

zinc, and 100 parts of 1 per cent, sodium amalgam and a drop of

ethyl acetate are mixed in the cold. They are then heated to 45 C.

for thirty-six hours and the bath finally raised to 90 C., when the
contents of the flask solidify. Distillation from an oil bath produces
zinc dimethyl, distilling at 47 C. constant.2

6. By heating methyl iodide with zinc-copper couple.
3

Zinc dimethyl is a colourless, strongly refracting liquid, having a

characteristic, pungent smell and is very volatile. When cooled in a

freezing mixture it solidifies and melts at 40 C.4 It boils at 46 C. and
has a density of 1-886 at 10-5 C. 5 In air it is spontaneously inflammable,

burning with a greenish-blue flame,
6 but if the oxidation is allowed to

proceed slowly, zinc methyl methylate, ZnMe.OMe, is produced, together
with some zinc methylate, Zn(OMe) 2 .

7 Water decomposes zinc di-

methyl with formation of zinc hydroxide and methane. Zinc dimethyl
undergoes reactions with various substances, as indicated in the following
table :

REACTIONS OF ZINC DIMETHYL.

Reacting Substance. Resulting Products. REFERENCES.

Sulphur dioxide.

Nitric oxide.

Phosgene.

Tertiary butyl iodide.

Acetone Chloride,
Me2CCl2.

Acetyl chloride, then
water.

Acetyl chloride, using
excess of zinc di-

methyl, then treat-

ing with water after

long standing.

Methane sulphinic acid.

Compoundofmethylnitroso-
hydroxylamine,
ZnMea .Zn(CH3OaN2)2 .

Trimethylcarbinol.

Tetramethylmethane.

TetramethyImethane .

Acetone. :

Trimethylcarbinol.

Hobson, Annakn, 1858, 106, 288.

Frankland, Annette 1

**, 1850, 99,
369.

Butlerow, Jafoesber., 1863, p.

475; 1864, p. 496.

Lwow, Zeitech. Chem., 1870, p.

520.

Luow, Zeitsch. Chew., 1871, p.
257.

Freund, Annaleii, 1861, 118, 12 ;

Butlerow, Annalen, 1867, 144,

2 ; see Pawlow, Annalen,

1877, 188, 106, 114, 118.

1 Frankland, Trans. Chem. Soc., 1861, 13, 124 ; see also Wanklyn, toe. cit.

2
Ladenburg, Annalen, 1874, 173, 147 ; Wagner, /. prakt. Chem., 1891, [2], 44, 261.

3 Renshaw and Greenlaw, J. Amer. Chem. /Soc., 1920, 42, 1472.
4
Hasse, Ber., 1893, 26, 1053.

5 Frankland and Duppa, Annalen, 1864, 130, 119.
6
Frankland, Annakn, 1853, 85, 347.

7 Butlerow, Zeitsch. Chem., 1864, p. 403 ; Jahresber., 1864, p. 467.

VOL. XT. : I. 2
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Reactions of Zinc Dimethyl continued.

Zinc diethyl, Zn(C 2H5) 2 or ZnEt a , may be obtained :

1. Ninety grams of zinc filings "and 10 grams of finely divided

copper (from the oxide) are heated with a good flame in a 300~c.c.

capacity flask, to form a couple. Then 87 grams of ethyl iodide are
added and the whole heated at 90 C. In fifteen minutes the conversion
to ethiodide is complete and the product is distilled in a hydrogen
atmosphere, 31 grams of zinc diethyl being obtained, 90-4 per cent. 1

1 Gladstone and Tribe, Trans. Chem. Soc,, 1879, 35, 571
;
see Lachman, Amer. Clem. J.,

1900, 24, 32.
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2. By heating ethyl iodide with an excess of zinc in a sealed tube at

150 to 160 C. 1
'

3. Equal volumes of ether and ethyl iodide are heated in a copper

digester at 130 C. and the reaction product distilled. 2

4. By heating an alloy of zinc and sodium with ethyl iodide in a

carbon dioxide atmosphere.
3

5. Mercury diethyl and zinc are heated in a sealed tube at 100 C.4

Zinc diethyl is a colourless liquid of penetrating odour, spontaneously
inflammable in air.

6 It may be solidified in a freezing mixture and melts

at -28 C. 6 It boils at 118 C., and has a density of 1-182 at 18 C.

and 1-245 at 8 C. 7

The molecular refraction and dispersion of zinc diethyl compared
with tin tetraethyl is as follows :

8

The heat of formation of zinc diethyl from its elements is as follows :
9

[Zn] +4[C] +5(H2 )
=ZnEt 2-31,800 calories.

Zinc diethyl is decomposed by sulphuric and hydrochloric acids with

evolution of heat :

ZnEt 2+H2S04 =2C2H 6+ZnS04 +79,800 calories.

ZnEta +2HCl==2C 2H 6 +ZnCl 2 +78,000 calories.

1 Frankland, Anmkn, 1853, 85, 360.
2 Frankland, Annakn, 1855, 95, 28; see also Pebal, Annakn, 1861, 118, 22; ibid.,

1862, 122, 105.
i Ai ^ l

s Rieth and Beilstein, Annakn, 1862, 123, 246 ; 1863, 126, 248 ;
see also Alexeyeff and

Beilstein, Jahresber., 1864, p. 469 ; Compt. rend., 1864, 58, 171 ; Bewad, /. praJct. Chem.,

1849, [2], 48, 350 ; Bathke, Annakn, 1869, 152, 220.
* Frankland and Duppa, Trans. Chem. Soc., 1864, 17, 29; Annalen, 1864, 130, 117.

For other methods using zinc and ethyl iodide, see Frankland, Annakn, 1853, 85,

360 ; Wichelhaus, Annakn, 1869, 152, 321 ; Ssimonowitsch, J. Euss. Phys. Chem. Soc.,

1899, 31, 40 ; Chem. Zentr., 1899, i. 1066; Fileti and Cantapulo, Gazzetta, 1892, 22, ii.

387; Chapman, Zeitsclvrifi fur Chemie, 1867, p. 74; Kahlfuss, Ber., 1887, 20, 3154;

Schon, /. prafa. Chem., 1850, [2], 51, 100.
5 Frankland, Annakn, 1855, 95, 42.
6 Haase, Ber., 1893, 26, 1053.
7
Gladstone, Trans. Chem. Soc., 1891, 59, 293.

8
Gladstone, ibid.

Guntz, Jahresber., 1887, p. 242.
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The reactions between zinc diethyl and various compounds have

been collected together in the following table :

REACTIONS OF ZINC DIETHYL.
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Reactions of Zinc Diethyl continued.

Reacting Substance. Resulting Products. REFERENCES.

Stannous chloride.

Lead chloride.

Merournutt or mercuric

chloride.

Cupric chloride.

Silver chloride, ferric

iodide, zirconium

chloride, titanium
chloride.

Methylmercurie iodide.

Ethylmercuric iodide.

Tin diethyl di-iodide.

Carbon bisulphide.

Chloroform.

Carbon tetrachloride.

Bromoform.

Vinyl bromide.

tert. Butyl iodide.

AUyl iodide.

Methylene iodide.

Tin tetraethyl.

Lead tetraethyl.

Mercury diethyl.

Ethane, butane, ethylene,
metallic copper.

Similar to above.

Mercury diethyl, zinc di-

methyl.

Mercury diethyl.

Tin tetraethyl.

Compound ZnEt2.CSa.

Probably Et.CH-CH.CH3

and some propylenc.

Ethylene, propylene.

Ethyl bromide, propylene.

a-Butylene.

Trimethylethylmethane.

Ethylene, propylene, pen-
tane, diaUyl and a hydro-
carbon, C5H10.

Ethylene, butane.

Frankland and Lawran.ce, Trans.
Chem. Soc., 1879, 35, 130.

Buckton, Annakn, 1859, log,
223 ; 112, 226 ; Frankland
and Lawrance, Trans. Chem.
Soc., 1879, 35, 244.

Buckton, Annahn, 1839, 109,
219 ; Jahresbei., 1858, p. 390.

Wanklyn and Carius, Annakn,
1861, 120, 69.

Wanklyn and Carius, ibid. ;

Buckton, Annakn, 18,59, 109,
* 225 ; Hinsberg, Annakn, 1887,

239, 254 ; Paternd and Pera-

toner, Ber., 1889, 22, 467.

Frankland, Annakn, 1859, in,
57 ; Jahrexber., 1859, p. 413.

Buckton, Annakn, 1859, 109,
222 ; Jaluwber., 1858, p. 390.

Buckton, ibid. ; Frankland,
Annakn, 1859, in, 46.

Grabowski, Annakn, 1866, 138,
165.

Rieth and Beilstein, Annakn,
1862, 124, 245.

do.

AlexeyefH and Beilstein, Bull.

Soc. chim., 1864, [2], 2, 52;
Jahresber., 1864, p. 470.

Wurtz, Annakn, 1869, 152, 22 ;

see also Chapman, Trans.
Chem. Soc., 1867, 20, 28;
Annakn, 1867, 144, 255,

Goriainow, Annakn, 1873, 165,
107.

Wurtz, Annakn, 1862, 123, 203 ;

1863, 127, 55 ; 1868, 148, 36 ;

see also Wagner and Saizew,

Annakn, 1875, 179, 304.

Lwow, /. Huss. PJiys. Chem.

Soc., 1870, 3, 170 ; Jahresber.,

1871, p. 419.
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Reactions of Zinc Diethyl continued.

Reacting Substance.

Nifcroethane, then

water.

2-Nilrnpropanc, then

water.

1-Bromo-i-nitru-

ethane.

Alkyl nitrites,

Nitro&ubenzeiie.

Paraldehyde or alky-
lene oxides.

Acetaldehyde.

Aerolein.

Chloral or bulyro-
ohloraL

Dichtoroacetal,

Acetone*

Ctlorodimetliyl ether.

Similar reaction with

chloroniethylethyl
ether.

Diethyl oxaiate or

ethyl oxalyl chloride.

Malonic ester.

.Resulting Products.

2-Nitrobutane, CH,.CH
(NO a).C3

H3 antlJS[-ethyl

N-sec. -butylhydroxyl-

amine, CH3.C'H(C2H5 ).

N(OH).C3H5 .

2-Nitr< >-2-methyl- butane

and N-ethyl-N-tert.-

aniylhydroxylamine.

2-Nitrobutane.

Diethylhydroxyldiiiine,

(C3H5)XOH, and

alcohols of type R.OH.

Phcnyl hydryxykmine,
azoxybenzene.

No action.

Methylethylcarbiuul.

Ethylvinj-lcarbinol.

Ethylene and correspond-

ing primary alcohols.

Ethyl chloride, jpropylene,

diethyl ether.

Mesityl oxide and other

condensation products.

Methylpropyl ether.

a-Oxydiethyl-acetic ethyl
ester.

Phloroglucin dicarboxylio
acid diethyl ester.

Bewad, /. prakt. Chan., 1901,

[2J, 63, 90, 193
;
see also Lach-

man, J. Anter. Ghem. Soc.,

1901, 23, 897; Mamlock and

Wolffenstem, Ber., 1901, 34,

2499.

do.

Bcvvad, J. ^w'rf. Phy$. (Jliem.

Soc., 1888, 20, 133 ; J. prakt.

Chem., 1893, [2], 48. 356.

Bewad, J. prakt. Uhew,., 1901,

[2], 63, 95.

Laohman, Amr. (Jhtnb, J., 1899,

21, 437, 442 ; J. Amer. Che.ni.

Boc., 1901, 23, 901.

Uranichstadten and AYerner,

MomtsL, 1901, 22, 323, 325.

Wagner, ./. Ru&t. Phys. (Jhem.

Soc., 1876, 8, 39; Annalen,
1876, 181, 261.

Wagner, J. Russ, Phys. Ghem.

Soc., 1884, 16, 315.

("jrazarolli-Thurnlakh, **1 unalen,

1881, 210, 63; 1882, 213,
369 ;

see also Delacre, Conipt.

rend,., 1887, 104, 1184; BuU.
tioc. chim., 1887, [2], 48, 784.

Paterno, Annalen, 1869, 150, 134.

Pawlow, Annakn, 1877, 188,
130*

Henry, (Jompl rend., 1891, 113,
369 ;

Bull. Soc. chim. t 1892,

[3], 7, 150.

Franldand, Annahn, 1863, 126,
109

; Frankland and Duppa,
Annalen, 1865, 135, 29;
Henry, Ber,, 1872, 5, 950.

Lang, Ber., 1886, 19, 2938 j see

afio Moore, Trans. Ghem. Soc,,

1904, 85, 165.
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Reactions of Zinc Diethyl continued.

Reacting Substance. Resulting Products. REFEEENCES.

Acetyl chloride.

Isobutyryl chloride,

then water.

Benzoyl chloride.

Acetic anhydride.

Acetamide.

Oxamide.

Ethylamine.

Diethylamine.

Triethylamine or tri-

ethylphosphine.

Diphenylnitrosamine.

Tetraethyl ester of

orthosfiicic acid and
sodium.

Methyldiethylcarbinol or

methylethyl ketone.

Ethylene, ethylisopropyl
ketone, ethylisopropyl
carbinol, diethyliso-

propyl carbinol.

Ethylphenyl ketone.

Methylethyl ketone.

Zinc auetamide, Zn(NH.
CO.CH3) 2 , ethane.

Ziuc oxamide, ethane.

Ethane, compound
Zn(NH,C2H5 ) 2 .

Compound Zn[N(C2H5 ) 2 ]2 ,

No action.

Diethylhydroxylamine.

Triethylsilicane, tetra-

ethylsilicane, triethyl-

silicyl ethyl ether, di-

ethyl diethoxysilicane,

ethyl triethoxysilicane.

Freund, Annakn, 1861, 118, 3;
Butlerow, Zeitsch. Chem.,

1865, p. 614.

Grigorowitsch and Pawlovv, ./.

RHSS. PJiys. Chem. Soc., 1891,

23, 162.

Freund, Annakn, 1861,* 118, 20 ;

Kalle, Annakn, 1861, 119, 165.

Granichstadten and AVerner,

Monatah., 1901, 22, 315.

Frankland, Jakresber., 1857, p.

419; Gal, Bull Soc. chirn.,

1883, [2], 39, 647.

do.

Gal, Bull Soc. chim., 1883, [2],

39 583.

Frankland, Jdhresber., 1857, p.

419.

flal, loc. ciL

Lachman, Amer. Chem. /., 1899,

21, 436 ; Ber., 1900, 33, 1022 ;

see also Japp and \Yilcox,

Trans. Chem. Soc., 1880, 37,

665 ; Japp and Miller, Trans.

Ghem. Soc., 1881, 39, 224.

Ladenburg, Annahn, 1872, 164,

301.

Zinc dipropyl, Zn(C 8H7 ) a , is obtained as follows :

1. By heating mercury dipropyl and zinc in a sealed tube at 120 to

130 C. 1

2. By heating propyl iodide and zinc turnings under a reflux con-

denser at 130 C, 2 Yield 30 per cent.

3. By heating together propyl iodide and zinc copper couple, then

distilling the reaction mixture in a stream of carbon dioxide. Yield

75 per cent.3

Cahours, Gompl rend., 1873, 76, 135, 751 ; Jahresber., 1873, p. 518.

370.

2
Pape, Ber,, 1881, 14, 1873.

3 Gladstone and Tribe, Ber., 1873, 6, 1136; see also Henry, Compt. rend,, 1891,



24 ORGANOMETALLIC COMPOUNDS.

4 Propyl iodide, 140 grams, and 5 grams of sodium zinc alloy are

heated with 280 to 350 grams of zinc turnings for four to five days on

the water-bath. Distillation of the product gives a 43 to 50 per cent,

yield of zinc dipropyl.
1

,

Zinc dipropyl is a colourless, heavy liquid of very unpleasant smell,

and its boiling-point differs according to the various
investigators^

as

follows : 14C C. (Gladstone and Tribe) ;
148 C. (Schtscherbakoff ) ;

150 C. (Pape) ; 158 to 160 C. (Cahours). It undergoes the following

reactions :

1. Decomposed by water, with evolution of propane.

2. With phosphorus and arsenic trichlorides it yields tnpropyl-

phosphine and tripropylarsine respectively.

3. With trichlorosiiicane it gives tripropyl and tetrapropylsilicanes.^

4. With tin tripropyl iodide, tin tetrapropyl is formed.

5. With aeetaldehyde, ethyl alcohol and methylpropylcarbmol arc

formed.3

C. Chlorodimethyl ether with zinc dipropyl yields methyl-n-butyl

ether.4

T. With acetyl chloride, methylpropylcarbmol is formed and

propylene evolved.5 In a similar way butyryl chloride gives dipropyl

carbinol. 6

Zinc di-isopropyl, Zn(C3
H

7 ) 2, results as follows :

1 . Isopropyl iodide and zinc copper couple are heated at 50 C. and

finally at 100 C. 7

2.^ Isopropyl iodide (170 grams) in 100 grams of ether are heated for

nine hours with 100 grams of zinc and 2 to 3 grams of sodium zinc alloy

on a boiling water-bath, and the product distilled from an oil bath in a

stream of carbon dioxide. 8

3. Isopropyl iodide (125 grams) and 140 grams of zinc dust are

added to a large quantity of zinc turnings and the whole heated at 40 C.

on the water-bath. Yield 25 per cent. 9

Zinc di-isopropyl is a mobile liquid, fuming strongly in air and

readily oxidised to zinc di-isopropylate, Zn(OC3H 7 ) 2
. It boils with some

decomposition at 135 to 137 C., but without decomposition at 94 to

98 C. at 40 mm. It inflames when a large surface is exposed to the

atmosphere.
Zinc di-isobutyl, Zn(C4H9 ) 2 , may be prepared by the following

methods :

1. By heating mercury di-isobutyl and zinc in a sealed tube at 130
to 150 C. 10

1
vSchtscherbakoff, J. Buss. Phys. Chem. floe., 1881, 13, 350 ; Jahreaber., 1881, p. 890 ;

Bir. 9 1881, 14, 1710.
2
Pape, Annakn, 1884, 222, 359 ; Ber. 9 1881, 14, 1873.

3
Wagner, J. Russ. Phys, Chem. Soc., 1884, 16, 283.

Henry, Bull Soc. chim., 1892, [3], 7, 150.
s
Markownikoff, J- Buss. Phys. Chem. 8oc., 1883, 15, 406; Ber,, 1883, 16, 2284; see

also Wagner, /. Rttss. Phys. Chem. Soc., 1884, 16, 336 ; Garzarolli-Thuralackh, Annalen,
1884, 223, 164,

s
Sehtscherbakoff, J. w. Phys. Chem. Soct , 1881, 13, 343 ; Jatiresber., 1881, p. 890 ;

sec also Bogomolez, Annalen, 1881, 209, 92,
7 Gladstone and Tribe, Ber., 1873, 6, 1136.
8
Ragosin, J. Russ. Phys. Chem. 8oc., 1892, 24, 550.

3 Rohm, J. Him. PJujs. Chcm. Soc., 1899, 31, 46.
10 Cahours, Compt. wid., 1873, 77, 1406; Bull. Soc. chim., 1874, [21,21 357: J. <prakt.

Chem., 1836, [2], 8, 398 ; Marquardt, Ber., 1888, 21, 2038.
'
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2. By heating zinc with isobutyl iodide for eight to ten hours on a
water-bath, until gas evolution ceases, then rapidly distilling the product.

l

Yield 35 to 41 per cent.

3. By heating zinc and isopropyl iodide for sixty hours under a

pressure of 30 mm. on a water-bath, then distilling off the product in an

atmosphere of hydrogen.
2

Zinc di-isobutyl is a liquid, B.pt. 165 to 167 t!., less readily oxidised
than zinc dipropyl. It reacts vigorously with trihalides of phos-
phorus and arsenic, yielding corresponding phosphines and arsines.

With acetaldehyde it forms principally ethyl alcohol, but also a little

isobutyl alcohol,
3 and with isovaleryl chloride it gives di-isobutyl

kctone.4

Zinc di-isoamyl, Zn(C 5Hn ) a ,
is prepared either by heating iso-

amyl iodide and zinc at 180 C. 5 or by heating mercury di-isoamyl and
zinc in a sealed tube at 130 C. 6 It is a liquid, fuming in air and boiling
at 220 C. and has a density of 1-022 at C. With acetaldehyde it

forms methylisoamyl carbinol, isoamyl alcohol, and ethyl alcohol. 7

Zinc methyl methylate, CH 3.Zn.OCH 3 ,
is obtained by dissolving

zinc dimethyl in methyl iodide and passing air through the mixture or

by treating zinc dimethyl with a little methyl alcohol. 8 It forms a

camphor-like, crystalline mass, usually containing some zinc dimethyl-
ate, Zn(OCH 3 ) 2 ,

and is decomposed by water into methane, methyl
alcohol, and zinc hydroxide.

Zinc methyl ethylate, CH 3.Zn.OC 2H 5 , is formed from zinc di-

methyl and the tetraethyl ester of orthosilicic acid.9 It is a crystalline

compound, decomposed by water, with separation of zinc hydroxide.
Zinc ethyl iodide, C 2H 5.ZnI, may be isolated by the following

methods :

1. Ethyl iodide, zinc turnings, and a little zinc diethyl are allowed to

stand in a sealed tube for about a week at room temperature.
10

2. Ethyl iodide and zinc-copper couple are heated under reflux on a

water-bath for thirty to sixty minutes. 11

3. Equivalent quantities of zinc and ethyl iodide are mixed with an

equal volume of ether in a reflux apparatus, the air replaced by carbon

dioxide, and the mixture heated until all the zinc dissolves. The ether

is then evaporated off, leaving the zinc ethyl iodide as a crystalline
mass. 12

Zinc ethyl iodide is a white crystalline product which decomposes
into zinc diethyl and zinc iodide when distilled in a stream of carbon

dioxide. The following are some of the reactions carried out with zinc

ethyl iodide :

1 Garzarolli-Thurnlackh and Popper, Annakn, 1884, 223, 108.
3
Ponzio, Gazzetta, 1900, 30, ii. 23 ; Chem. Zentr., 1900, 11. 624.

3
Ssokoloff, /. Russ. Phys. Chem. Soc., 1887, 19, 203 ; Jahresber., 1887, p. 1351.

4
Ponzio, Gazzetta, 1905, 35, ii. 394.

6
Frankland, Awnahn, 1853, 85, 360.

b Frankland and Duppa, Annalen, 1864, 130, 122 ; Mar^uardt, Ber., 1888, 21, 2038.
7
Ssokoloff, J. Buss. Phys. Chem. 8oc. t 1887, 19, 203 ; Jahresber., 1887, p. 1351.

8
Butlerow, Jahresber., 1864, p. 467.

9
Ladenburg, Annalen, 1874, 173, 148.

10 Fileti and Cantapulo, Gazzetta, 1892, 22, ii. 388 ; Lacliman, Ainer. Chem. J. t 1900,

24, 33.
11

Lacliman, ibid.
12

Michael, Amer. Chem. J. t 1901, 25 423 ; see Job and Reich, Bull Soc. Mm., 1923

33, [iv.], 1414.
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1. When heated with powdered tin it forms tin tetraethyl.
1

2. With isobutyl iodide it gives trimethylethylmethane, ethylene,

and isobutylene,
2

3. With allyl iodide it yields ethyl iodide, diallyl, methylethylethy-

Icne, ethylene, propylene.
3

1. Zinc ethyl iodide with nitro-ethane gives j8-ethyl-/3-sec-butyl-

hydroxylamine,'
4 and with isoamyl nitrite, jS.jS-diethylhydroxylamine.

5. With ehloroacetyl chloride it gives the chloroacetic ester

of chloromethyldicthylcarlrinol, CH 2C1.C(C 2
H 5 ) 2.O.CO.CH 2C1;

5 with

butyryl chloride it forms hexanon-(S) ;

6 with benzoyl chloride, ethyl

phcnyl ketone is obtained, 7 and with benzene sulphonic chloride, the

main product is zinc benzene sulphinate and a little sulphone.

6. Zinc ethyl iodide and diethyl malonate yield ethyl-diethyl malon-

ate and some diethyl ester of diethyl malonic acid. 8

7. Zinc ethyl iodide docs not react with carbon dioxide.9

Zinc ethyftrichloroethylate, C 2H5.Zn.O.CH 2.CCl 3 ,
is obtained by

the action of zinc diethyl on chloral in ethereal solution. 10 The com-

pound is crystalline, and with water yields trichloro-ethyl alcohol.

Zinc isbpropyl iodide, (CH8 ) 2CH.ZnI. Zinc and isopropyl iodide

arc heated together and the product extracted with ether. 11 With

isoamyl nitrite it yields N.N-di-isopropyl hydroxylamine, and with

nitroethane, N-isopropyl-N- (
a. j8-dimethylpropyl )-hydroxylamine is

obtained.

Zinc diphenyl, ZnPh 2 ,

12
is obtained by boiling mercury diphenyl and

zinc for two minutes in an atmosphere of hydrogen. On cooling,

rosettes of crystals of zinc diphenyl separated, M,pt. 105 C. The com-

pound is dried in a vacuum apparatus at 80 C. in hydrogen atmosphere ;

it then melts (in hydrogen) sharply at 105 to 106 C. Zinc diphenyl is

susceptible to air and light, and in presence of water yields zinc hydroxide
and benzene. In dry air it decomposes into zinc oxide and diphenyl.
It inflames with fuming nitric acid. In hydrogen, zinc diphenyl boils

under ordinary pressure at 280 to 285 C. with slight decomposition.
It is easily soluble in benzene, ether, and light petroleum, also in chloro-

form with evolution of heat. When the reaction product from the

chloroform solution is decomposed with dilute nitric acid there is much
ehlor-ion in solution, and triphenylmethane may be isolated from the

chloroform solution. From an iodine solution of zinc diphenyl, phenyl
zinc iodide is obtained. Zinc diphenyl heated with fifteen atomic

proportions of mercury for ten minutes gives only traces of mercury
"enyl.

1 Letts and Collie, Jakrcaber., 1886, p. 1601.
8 iSsinmnowitsch, ./. Muss. Phys. Ckem. 8oc.

9 1899, 31, 41 ; Chcm. Zentr., 1899, i. 1066.
5 Gwosdow, J. Rutss. Phys. Ckem. Soc., 1903, 35, 340 ; Chem. Zentr., 1903, ii. 339.
1 Bewad, Ber., 1907, 40, 3072 ; J. Russ. Phys. Chem. 8oc. f 1907, 39, 958 ; Chem. Zentr.,

1908, i. 113.
a Blaise and Herman, Ann. Chini. Phys., 1911, [SJ, 23, 522.
*
Michael, Ber., 1906, 39, 2144.

7
^lichael, Amer. Chem. J., 1901, 25, i23.

*
Michael, ibid., 424.

9
Zelinsky, Ber., 1902, 35, 2694.

10
Garzarolli-Thurnlackh, Annalen, 1S81, 210, 64 ; Delacre, Bull. Soc. chim. t 1887, [2],

48. 785.
11 Bewad, Ber., 1907, 40, 3066; J. Russ. Phys. Chem. Soc.. 1907, 30, 950: CJieni.

Zertr., 1908, i. 115.
12

Hilpert and Griittncr, Ber., 1913, 46, 1675.
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The physical constants for some mixed zinc alkyls
1 are given in the

Appendix, Table I.

CADMIUM. 2

Lohr 3 from metallic cadmium and methyl iodide obtained a small

quantity of cadmium methyl, but he was unable to purify it. Wanklyn
4

also obtained a small amount of liquid, undoubtedly cadmium diethyl,

by the interaction of ethereal ethyl iodide and metallic cadmium.
These compounds have since been obtained in good yields from cadmium
halides and alkyl magnesium halides. Since the compounds are oxidised

in air and affected by moisture, the Grignard solutions cannot be decom-

posed by water, but are distilled directly, and the product purified by
fractionation under reduced pressure. The boiling-points are high com-

pared with those of the mercury dialkyls. This is not due to associa-

tion, since the molecular weights determined by the freezing-point
method indicate single molecules, and the vapour density of the

methyl compound is normal. The pure cadmium dialkyls arc colourless,

strongly refracting liquids, for the most part crystalline on strong
cooling. They possess an unpleasant musty odour, and have a
metallic taste. The low molecular compounds, especially the methyl
derivative, are extremely volatile at ordinary temperatures, their

vapours irritating the mucous membrane of the nose. They volatilise

along with ether vapour, especially cadmium dimethyl, so that the

complete separation, in spite of the wide difference of boiling-point,

only succeeds with appreciable loss, even when a fractionating column
is used. This bears a resemblance to zinc dimethyl which gradually

decomposes on distillation*5 In a nitrogen atmosphere in the dark,
cadmium dialkyls may be kept for a month without decomposition.
In the presence of traces of air or moisture they become coloured, par-

ticularly rapidly in the light, when they change to steely-blue, and
a black deposition of metal occurs. The methyl compound gives
a white precipitate. When poured upon a watch-glass they oxidise

rapidly without inflaming, giving off brown fumes. They carbonise

filter paper, which ultimately glows. They inflame under suitable con-

ditions, and do so with hissing when drained from a pipette. Cadmium

dimethyl differs from all other cadmium dialkyls in its oxidisability. It

fumes less in air and becomes coated only with a white crust of methylate.
In water the compounds sink, and when shaken slowly decompose with

a crackling noise, continuing thus for hours. With most organic
solvents they are miscible, the solutions in air becoming covered with a

white film. Pure cadmium dialkyls can be heated in an indifferent gas-
stream to 150 C. without decomposition. At slightly higher temper-
atures they begin to decompose with evolution of gas and deposition
of black metallic cadmium, and at 180 C. they explode.

Cadmium dimethyl, CdMe 2
. Twenty-nine grams (1-2 mols.) of

magnesium and the requisite amount of methyl bromide are dissolved in

350 c.c. of ether, and 136 grams (0-5 mol.) of finely powdered, anhydrous
cadmium bromide introduced in small quantities, with good shaking and

1 Krause and Froinm, Ber., 1926, 59, [B], 931.
a
Krause, Ber., 1917, 50, 1813.

3
Lohr, Annalen, 1853, 87, 55.

* WanMyn, Quart. J. Chem. Soc., 1856, 9, 193 ; Jahresber., 1856, p. 554
6
Frankland, Annalen, 1859, in, 62.
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without cooling. When the reaction is complete, the majority of the

ether is distilled off in a stream of nitrogen, using a fractionating column,

and a temperature not above 80 C. The residue is distilled from an oil

bath, in nitrogen, at a pressure of 33 mm., the ether and cadmium

methyl being collected in a receiver cooled in liquid air or carbon dioxide-

ether mixture. After one hour the temperature is raised to 120 C.

The product is fractionated to remove the ether, then distilled in nitrogen

at ordinary pressure. At 105-6 C. 60 grams of pure cadmium methyl

are obtained. Yield 85 per cent. When poured into water it sinks,

evolving methane and giving a precipitate of cadmium hydroxide.

When cooled it solidifies, melting at -4-5 C., the crystals taking the

form of star-shaped rods when the product is distilled under reduced

pressure into a receiver cooled in liquid air.

The following cadmium alkyls may be prepared in a similar manner,

the yields being shown in each case :

Cadmium diethyl, 90 per cent. ;
cadmium di-n-propyl, 85 per

cent. ;
cadmium di-n-butyl, 70 per cent. ;

cadmium di-isobutyl,

75 per cent. ; cadmium di-isoamyl, 55 per cent.

The physical constants of these compounds are shown in the

Appendix, Tables II. and III.

Cadmium diphenyl, CdPhg,
1 may be obtained by heating metallic

cadmium and mercury diphenyl in an atmosphere of hydrogen. It is

stable in the dry state, but becomes discoloured when kept in a vacuum
desiccator for an hour. When air is passed through its benzene solution

several colour changes take place, and a reddish-brown body is finally

precipitated. With water the brown solution is decolorised and

cadmium hydroxide precipitated. Cadmium diphenyl quickly de-

colorises iodine solution, and the cadmium may be replaced by mercury
or zinc with formation of mercury and zinc diphenyl.

1
Hilpcrt arid Gruttner, Ber., 1913, 46, 1675.



CHAPTER III.

MERCURY.

ALKYL COMPOUNDS OP THE TYPES R2Hg AND RHgX.

THE early workers on the type R 2Hg prepared their compounds by
making use of dilute sodium amalgams. The alkyl iodides were shaken

with an excess of sodium amalgam, containing 0-2 to 0-25 per cent, of

sodium, in the presence of methyl or ethyl acetate, the latter acting as a

catalyst. In this way the following derivatives were produced, methyl
ethyl, n-propyl, isobutyl, isoamyl, and n-octyl. The reaction takes

place readily at ordinary temperatures and is very vigorous in the case

of the lower members of the series. Since the discovery of the Grignard

reagent, the above method of preparation has been abandoned, and

practically all the compounds have since been isolated by the inter-

action of magnesium alkyl halides and mercury halides. Amongst other

methods of preparation devised for the production of these compounds
the following are of interest. Mercury dimethyl has been formed from

methyl mercuric iodide (type RHgX) by distillation with potassium

hydroxide or cyanide, calcium hydroxide, zinc methyl or granulated

zinc, or by boiling its pyridine solution with metallic copper. Methyl
mercuric acetate in the presence of pyridine when subjected to electro-

lysis yields mercury dimethyl, also the action of aluminium carbide

on a dilute hydrochloric acid solution of mercuric chloride. Mercury

diethyl has been obtained from methyl or allyl mercuric iodides by

treating them with zinc ethyl and also from a-naphthyl mercuric bromide

and ethyl magnesium bromide. The latter reaction was carried out in

an attempt to produce mercury ethyl a-naphthyl. Triethylbismuthine
is decomposed by mercuric chloride, the mercury replacing the bismuth,

forming mercury diethyl. The only case when mercuric oxide is used

in the formation of the type R 2Hg is its interaction with ethyl hydrazine
to produce mercury diethyl.. Mercury di-sec-butyl has been formed by
the electrolysis of methyl ethyl ketone using a mercury cathode.

All the compounds of the type R2Hg are liquids ; the methyl and

ethyl derivatives are volatile at ordinary temperatures, and are said

to be very poisonous. Mercury dimethyl, diethyl, and di-n-propyl may
be distilled under ordinary pressure without decomposition ; mercury

di-isopropyl, di-n-butyl, di-isobutyl and di-sec-butyl, have only been

distilled under reduced pressure ; mercury di-tert-butyl and di-tert-

amyl show considerable decomposition even when distilled at 5 mm. ;

mercury di-isoamyl also undergoes decomposition when distilled in

vacua, but is volatile in steam, whilst mercury di-sec-octyl cannot be

distilled at all, since it decomposes even at 3 mm.

Mercury di-isobutyl and di-isoamyl react with halogens to form

halides of the type RHgX, and mercury diethyl gives similar results
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except that it inflames with chlorine. Iodine reacts with mercury di-

methyl, di-n-propyl di-sec-butyl, and di-n-octyl to yield the correspond-

ing iodides, RHgl.'

With acids, mercury dimethyl, diethyl, and di-n-propyl form salts

of the type RHgX, but mercury di-isoamyl is decomposed by glacial

acetic acid.

By electrolysing methyl or ethyl mercuric halides in liquid ammonia

solution the complexes, MeHg- and EtHg- are obtained as black deposits

on the cathode, which show metallic reflexion and have a high electrical

conductivity.
The mercury may be replaced from mercury dimethyl by sodium,

magnesium, zinc, or aluminium under suitable condition with formation

of organometallic compounds of these metals ; with mercury diethyl,

the reaction takes place with sodium, magnesium, cadmium, beryllium,

zinc, aluminium, bismuth, and tellurium ; with mercury di-n-propyl,

the metals sodium, beryllium, zinc and aluminium react, and sodium

also reacts with mercury di-n-octyl.

Phosphorus trichloride, stannous chloride, and mercuric iodide give

products of the type RHgX with mercury dimethyl, but cadmium

iodide does not yield the above type, and antimony trichloride yields an

organometallic compound. Mercury diethyl reacts with the trichlorides

of phosphorus, arsenic, and antimony to yield organo derivatives of these

elements, and with mercuric chloride it gives ethyl mercuric chloride.

Some of the methods by which the type RHgX may be prepared are

outlined in the above discussion of the type R 2Hg. In contrast to the

compounds just discussed, all derivatives of the type RHgX are solids.

It has been pointed out that a number of the halides may be obtained

by the direct action of halogens. Others may be formed from the

corresponding hydroxides by the action of acids, whilst tert-butyl, tert-

amyl, and sec-octyl mercuric bromides are prepared by treating the

magnesium alkyl halides with an excess of mercuric bromide. Mag-
nesium n-butyl bromide with an excess of mercuric chloride gives equal

parts of the chloride and bromide. The halides, especially the iodides,

may be converted to the hydroxides by moist silver oxide, and in the

case of the methyl and ethyl compounds they may be obtained direct

from the R 2Hg type by the action of potassium permanganate.
It was "discovered as early as 1852 that mercury combines with

methyl iodide in sunlight to form methyl mercuric iodide, and a similar

reaction takes place with ethyl iodide, but owing to the "tendency of

ethyl mercuric iodide to decompose in direct sunlight, the operation must
be conducted in diffused light. The n-propyl and isobutyl iodides also

react with mercury to give the corresponding iodides. The reaction,

however, is much more rapid with the unsaturated alkyl and propargyl
iodides, whilst with methylene iodide it only goes to completion after

several clays. Methyl mercuric iodide has also been formed by treating

magnesium methyl iodide with an excess of mercuric chloride.

ALKYL COMPOUNDS OF THE TYPE R2Hg.

Mercury dimethyl, HgMe 2 , may be prepared :

1. By the distillation of a mixture of methyl mercuric iodide and
solid potassium cyanide.

1

1
Buckton, Annalen, 1858, 108, 103 ; Jahresbe/*., 1858, p. 388.
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2. The same compound is isolated when the potassium cyanide
is replaced by potassium or calcium hydroxide.

3. By the distillation of methyl mercuric iodide and zinc dimethyl.
1

4. By the distillation of methyl mercuric iodide and granulated
zinc. 2

5. A mixture of 10 parts of methyl iodide and 1 part of methyl
acetate is shaken with an excess of 0-2 per cent, sodium amalgam, the
whole being kept cool as the reaction is very violent during its initial

stages.
3

6. Mercuric chloride is dissolved in a very dilute aqueous solution of

hydrochloric acid and an equal weight of aluminium carbide added,

mercury dimethyl soon separates.
4

7. By action of the Grignard reagent on mercuric chloride. 5 In this

reaction it is necessary to remove any unchanged magnesium from the

Grignard solution before the addition of the mercuric chloride, otherwise
some reduction to mercurous salt occurs, the yield being consequently
lowered. Yield 61 per cent.

8. The most satisfactory method so far described for the preparation
of mercury dimethyl consists in subjecting an aqueous solution of

methyl mercuric acetate containing pyridine to electrolysis.
6 This

process gave a yield of 92 per cent.

9. By treating methylmercuric iodide in pyridine solution with
metallic copper.

7

The compound is a colourless liquid having a faint sweetish odour,
is easily inflammable and a very deadly poison; B.pt. 93 to 96 C.

?

density 3-069 ; 2-95412 at 22-2 C. It is readily soluble in alcohol or

ether, insoluble in water. The following values were found for the
refractive index by Ghira: 8 na 1-52780; ny 1-55588; nD 1-53266 at

22-2 C. The following physical constants are due to Krause :
9
B.pt.

92 at 761 mm., density 3-0836 at 19-2 C., nHa 1-54212, nD 1-54735,
nH/s 1-56052, nH) 1*57177 at 16-8 C. From these the following were
calculated: MRHa 23-528; MRD 23-717; MA7

_ U 1-058; MA0_ rt 0-659;

AR/Ha 12-148; ARr> 12-282; AA,- a 0-773; AA^-a 0-472. The molec-

ular heat of combustion at constant volume is 430,800 calories,
10 and

work on the dielectric constant has been carried out by Matthews,
11

and studies of the absorption spectra by Crymble.
12 The complex

MeHg- has been isolated 13
by electrolysing methyl mercuric halides

in liquid ammonia solution. It forms a fine black deposit on the

cathode, and may be obtained in the form of flakes if the process be
carried out in water or alcohol solution. The latter form appears to be
more stable than the former, which decomposes into mercury and

1
Buekton, Annalen, 1859, 109, 222 ; Jahresber., 1858, p. 390 ; J. prakt. Chem., 1859,

[1], 76, 362.
2
Buekton, Trans. Chem. Soc., 1863, 16, 21 ; Jahresber., 1863, p. 469.

3 Frankland and Dttppa, Trans. Chem. Soc., 1863, 16, 415 ; Annahn, 1864, 130, 104.
4
Hilpert and Ditmar, Ber., 1913, 46, 3738.

5 Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153.
6 Maynard and Howard, Trans. Chem. Soc., 1923, 123, 960.
7
Hein, Wayler, and Better, Ber., 1925, 58, [B], 1506.

*
Ghira, Atti. R. Accad. Lincei, 1894, [5], 3, i. 298 ; Gazzetta, 1894, 24, i. 311.

9 Krause, Ber., 1926, 59, [B], 935.
10 Berthelot, Compt. rend., 1899, 129, 918.
" Matthews, Chem. Zenfr., 1906, i. 224.
12

Crymble, Trans. Chem. Soc. f 1914, 105, 658.
13

Ivraus, J. Amer. Chem. Soc., 1913, 35, 1732.
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mercury dimethyl at room temperature. The deposits have a high

conductivity and exhibit metallic reflexion.

Mercury dimethyl undergoes reactions with various substances as

indicated in the following table :

REACTIONS OF MERCURY DIMETHYL.
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Reactions of Mercury Dimethyl continued.
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Mercury diethyl, HgEt 2, is obtained as follows :

1. By the distillation of ethyl mercuric chloride with potassium

cyanide. The yield is very small. l

2. By the addition of mercuric or mercnrous chloride to cooled zinc

diethyl.
1

3. By the distillation of ethyl mercuric iodide with zinc diethyl.
1

4. From methyl mercuric iodide and zinc diethyl, the other products
of reaction being zinc dimethyl and zinc iodide. 2

5. From ally! mercuric iodide and zinc diethyl in cold ether, the reac-

tion yielding, in addition, diallyl and mercury.
3

6. By the interaction of 2 per cent, sodium amalgam and ethyl iodide,

using ethyl acetate as a catalyst.
4 The ethyl iodide may be replaced by

ethyl bromide.5

7. From ethyl mercuric chloride and alkaline stannous chloride

solution. 6

8. From a-naphthyl mercuric bromide and ethyl magnesium
bromide. 7

9. Formed in small quantity when ethyl hydrazine is acted upon by
mercuric oxide.8

1
Buckton, Annakn, 1858, 108, 103 ; 1859, 109, 218 ; Jahresber., 1858, p. 389.

2
FranMand, Annakn, 1859, in, 57 ; JaJiresber., 1859, p. 413.

3
Linnemann, Annakn, 1866, 140, 180 ; Krassowski, Ber., 1870, 3, 625 ; Oppenheim,

Bar., 1871, 4, 671.
4 Franklaud and Duppa, Trans. Chem. Soc., 1863, 16, 418, 424 ; Annakn, 1864, 130,

109, 117.
6
Chapman, Trans. Chem. Soc., 1866, 19, 150 ; Annakn, 1866, 139, 138.

6
Dimioth, Chem. Zentr., 1901, i. 451 ; Ber., 1902, 35, 2853.

7
Hilpert and Gruttner, Ber., 1915, 48, 908.

8
Fischer, Annakn, 1879, 199, 332

VOL. XI. : L 3
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10. By the action of mercuric chloride on bismuth triethyl.
1

11. From ethyl magnesium bromide and mercuric chloride. Yield

60 to 63 per cent. 2

12. By treating ethyl mercuric chloride in pyridine solution with

metallic copper.
3

Mercury diethyl is a liquid of penetrating odour and appreciably

volatile at ordinary temperature. It boils at 159 C., has a density of

242346 at 23-2 C. and is readily soluble in ether, less soluble in alcohol,

and insoluble in water. The following physical constants have been

determined: Refractive index, nHa 1-53519; nn 1-53990; nH) 1-56240

at 23-2 C.4 Physical constants by Krause :

5
B.pt. 57 C. at 16 mm.,

density 24660 at 20 C., nEa 1-54285, nD 1-54765, HH/J 1-55990, na
1-57048, MRHa 33018, MRD 33-262, MA

y
_ a 1-386, MA,. a 0-857,

ARHa 12442, ARD 12-591, AA
(

^ a 0-873, AA
/3
_ a 0-530. Molecular

heat of combustion at constant volume, 733,600 calories.
6

Investiga-

tions on the dielectric constant have been carried out by Walden,
7 and

the complex C 2H5Hg- was isolated by Krause in a similar manner to the

corresponding methyl body. Whilst mercury dimethyl possesses much

the same absorptive power as mercuric chloride, the diethyl compound
shows much greater absorption.

8

Reactions. The action of various substances on mercury diethyl

is shown in the following table :

REACTIONS OF MERCURY DIETHYL.

1
Dunhaupt, J. prakt. Chem., 1854, [1], 61, 423 ; Annakn, 1854, 92, 379.

'

2 Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153.
3
Hein, Wagler, and Better, Bar., 1925, 58, [B], 1506.

4
Ghira, Atti. R. Accad. Lincei, 1894, [5], 3, i. 298; Gazzetta, 1894, 24, i. 311.

6
Krause, Bar., 1926, 59, [B], 935.

6
Berthelot, Compt. rend., 1899, 129, 918.

7
Walden, ZeitscL physiM. Chem., 1903, 46, 180.

8
Crymble, Trans. Chem. Soc., 1914, 105, 658.
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Reactions of Mercury methylcontinued.

Mercury di-n-propyl, Hg(C3H7 ) 2 , may be obtained:

1. Two hundred grams of n-propyl iodide are treated with 02 per
cent, sodium amalgam, in presence of 30 grams of methyl acetate.

The resulting paste when treated with dilute potassium hydroxide, then

steam distilled, yields an oil which is impure mercury dipropy].
1

2. By the interaction of magnesium propyl bromide and mercuric

chloride or bromide. 2 24-3 grams of mercuric bromide are added in

small portions to the Grignard reagent from 23 grams of n-propyl
bromide and 4-3 grams of magnesium in 100 c.c. of ether. All the

mercuric bromide goes into solution and the reaction is accompanied by
violent boiling, the mixture after boiling on the water-bath for one hour

being decomposed by water. Extraction with ether yields 4-5 grams
of mercury propyl bromide and 6-0 grams of mercury dipropyl, B.pt.
189 to 191 C. A small quantity of metallic mercury is also obtained.

1
Cahours, Compt. rend., 1873, 76, 135,- Jahresber., 1873, p. 517; Schtscherbakow,

J. Russ. Pliys. Chem. Soc., 1881, 13, 353 ; Chem. Zentr., 1881, 620; Goret, Bull Soc.

Pharmacol, 1922, 29, 297
;
Chem. Zentr., 1922, (iii.), 1371.

2 Marvel and Gould, /. Amer. Chem. Soc., 1922, 44, 153; Goddard, Trans. CJiem. BOG.,
1923, 123> 1168.
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Mercury di-ii-propyl is a liquid having a faint odour which becomes

very penetrating when heated, B.pt. 189 to 191 C., 75 to 77 C. at 25 mm.
It is insoluble in water, more readily in alcohol, and very soluble in ether.

At 16 C. its density is 2-124, and at C. 2-046. x

1. When the compound is distilled it undergoes partial decom-

position and mercury separates out. 2

2. It reacts with iodine very vigorously, forming propyl iodide and

propyl mercuric iodide, but with 2 mols. of iodine, propyi iodide and
mercuric iodide, whilst bromine water yields brilliant laminae of propyl
mercuric bromide.3

3. When boiled with acids, propane is evolved and propyl mercuric
salts formed.3

4. With tin tripropyl iodide it yields tin tetrapropyl.
3

5. Zinc decomposes mercury dipropyl at 100 to 120 C. with the
formation of zinc dipropyl ; aluminium at 130 C. yields aluminium

tripropyl, and beryllium gives beryllium dipropyl.
6. When treated with thallic chloride, propyl mercuric chloride,

thallous chloride, and thallium dipropyl chloride are obtained. 4

Mercury di-isopropyl, B.pt. 119 to 121 C. at 125 mm, ;
5 nD

1-532.

Mercury di-n-butyl, B.pt. 120 to 123 at 23 mm. Yield 47 per
cent.

Mercury di-isobutyl may be prepared as follows :

Fifty grams of isobutyl iodide and 10 grams of ethyl acetate are

shaken with a considerable excess of 0-25 per cent, sodium amalgam.
After completion of the reaction the whole is treated with water and
ether, the ether layer extracting the mercury dialkyl and di-isobutyl, the

latter being removed by distillation in steam. Again take up in ether,
and dry the ethereal solution over calcium and fractionally distil, when

mercury di-isobutyl distils at 140 C. at 70 mm. 6
Mercury di-isobutyl

is a liquid having a feeble odour when cold, but becoming penetrating
when hot. It is volatile in steam and boils at 205 to 207 C. ; density
at 15 C., 1-835 ; at 16 C., 1-719 ; at C., 1-747. 7 When treated with

halogens it yields isobutyl halides and isobutyl mercuric halides. By
heating at 150 C. with metallic zinc for thirty-six hours, and fraction-

ating the resulting product in hydrogen, zinc di-isobutyl is obtained,
whilst aluminium at 120 to 125 C. reacts rapidly with the mercury
compound to yield aluminium tri-isobutyl.

Mercury di-sec-butyl is obtained as follows :

1. This compound is obtained in good yield when methyl ethyl
ketone is electrolysed, using a mercury cathode. The best yields are

produced at temperatures between 45 and 50 C., using a current of

25 amperes per square decimetre and a voltage of 7-6 to 8-4. The
cathode, liquid consists of the ketone with about thirteen times its

weight of 30 per cent, sulphuric acid, the anode liquid being 20 per cent.

1
Cahours, Compt. rend., 1873, 76, 749.

a
Schtscherbakow, Zoc. cit.

3
Caliours, loo. cit.

4 Goddard, toe. cit.

5 Marvel and Gould, foe. cit. ; see Tafel, Ber., 1906, 39, 3626.
b
Marquardt, Ber., 1888, 21, 2035 ; Cahours, Oompt. rend., 1873, 77, U05 ; J. prati.

Chem., 1873, [2], 8, 397 ; Chapman and Smith, Trans. Chem. #oc., 1869, 22, 163 ; Ponzio,

Gazzetta, 1900, 30, (ii.), 24 ; Ssokolow, J. Russ. Phys. Ohem. #oc., 1887, 19, 202.
7 See Louise and Rous, Compt. rend., 1888, 107, 601.
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sulphuric acid. In two hours the amount of crude mercury dialkyl ^is

] -3 times the weight of ketone used, and the product is then distilled in

a high vacuum to purify it.
l

2. The solution from 12 grams of magnesium, 75 grams of sec-

butyl bromide in 500 e.e, ether, is treated with 45 grams of mercuric

chloride, and the mixture then boiled for eight hours on the water-bath

and decomposed in the usual way. Yield 66 per cent. 2

Mercury di-sec-butyl is a colourless oil, fe.pt. 46 C. at 0-3 mm.,
91 to 03 C. at 15 mm., 93 to 96 C. at 18 mm. ; density 1-768 at 20 C. ;

iiD 1-511 at 20 C. It cannot be distilled under ordinary pressures
without decomposition,, and when its ether solution is treated with

iodine, sec-butyl iodide and sec-butyl mercuric iodide are formed.

Mercury di-tert-butyl is prepared in the manner described

above. A considerable amount of tert-butyl mercuric bromide is pro-
duced during the reaction. The yield of the mercury dialkyl is only
9 per cent., B.pt. 78 to 82 C. at 5 mm., and even at this low pressure
a large amount of the substance is decomposed, even the final pro-
duct containing some hydrocarbon. Density 1-749 at 20 C. ; n^
1-521.

Mercury di-isoamyl. This compound may be prepared in the

same way as mercury di-isobutyl by replacing the isobutyl iodide by
isoamyl iodide. It is a colourless, transparent, mobile liquid, possess-

ing a faint amyl odour, and cannot be distilled even in vacuo without

partial decomposition, although it is volatile in steam without decom-

position. If heated above 140 C. considerable quantities of mercury
separate. Its boiling-point at 70 mm. is 172 C., and the density at C,

is 1 -66C3.3

Mercury di-isoamyl is insoluble in water, slightly in alcohol, but

readily soluble in ether. It docs not oxidise in air, but when dropped
into chlorine it forms isoamyl mercuric chloride. In contact with solid

iodine it reacts with a hissing sound, and the reaction with bromine is

still more violent. An ethereal solution of mercury di-isoamyl treated
first with alcoholic and then with solid iodine gives isoamyl mercuric
iodide and isoamyl iodide. Treatment with an excess of mercuric
chloride in alcohol yields isoamyl mercuric chloride.

With sodium, sodium isoamyl is formed, but in ethereal solution in

a stream of carbon dioxide, isobutyl acetic acid results.4 Mercury di-

isoamyl heated with zinc in a sealed tube for thirty-six hours at 130 C.

yields zinc di-isoamyl.
5 The mercury compound and glacial acetic acid

heated for sixteen hours at 200 C. give isopentane, metallic mercury,
and amyl acetate. 6 Treatment with thallic chloride gives isoamyl
mercuric chloride and thallous chloride. 7

Mercury di-tert-amyL To the solution from 12 grams of

magnesium and 80 grams of tert-amyl bromide in 500 c.c. of ether,
40 grams of mercuric bromide are added and the product worked up in
the usual way. Yield 9 grams (21 per cent.). The liquid boils at 80

1
Tafel, Bar., 1906, 39, 3626.

2 Marvel and Calvery, J. Amer. Ghem. Soc., 1923, 45, 820.
3 Frankland and Duppa, Trans. Ghem. 8oc., 1863, 16, 415

; Anmkn, 1864, 130, 104
Marquardt, Ber. 9 1888, 21, 2035.

4
Scnorigin, er., 1908, 41, 2722 ; 1910, 43, 1937.

5 Frankland and Duppa, Trans. Ghcm. 8oc., 1804, 17, 29 ; Anmkn, 1864, 130, 117.
b Junes and Werner, J. Amer. C'hcm. 8oc., 1918, 40, 1257.
7
Goddard, Trans. Ghem. Soc., 1923, 123, 1168.
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to 84 C. at 5 mm., and even under these conditions shows considerable

decomposition. Density 1-649 at 20 C. ; nD 1-492 at 20 C. 1

Mercury di-n-heptyl
2

is prepared in 90 per cent, yield by the

Grignard reaction. It distils at 119 to 122 C. ; density 1-474 at C. ;

nD 1-4935 at 21 C.

Mercury di-n-octyl.
3

Octyl iodide is treated with dilute sodium

amalgam in the presence of ethyl acetate, and after completion of the
reaction the mass is extracted with ether. Evaporation of the solvent

gives an oily liquid of density 1-342 at 17 C., which decomposes at
about 200 C. into di-octyl and metallic mercury. When the starting
materials are pure it is stated that no by-products occur. Mercury
di-n-octyl is insoluble in water, but readily soluble in alcohol, ether, or

benzene. Treatment with alcoholic iodine or mercuric chloride yields
the corresponding di-n-octyl mercuric halides.

Mercury di-sec-octyl.
4 To the solution from 8 grams of

magnesium and 70 grams of sec-octyl bromide (2-bromo-octane) in

500 c.c. of ether, 21 grams of mercuric chloride are added, and after

boiling for six hours the product is worked up in the usual way. It is

found to be impossible to distil the compound under 3 mm. pressure,

owing to its ease of decomposition with the formation of mercury.
The weight of crude product is about 48 grams (52 per cent.

) ; density
1-338 at 20 C. ; nD 1-334 at 20 C.

ALKYL COMPOUNDS OF THE TYPE RHgX.
The following salts of the methyl series have been prepared :

Methyl mercuric hydroxide has recently been obtained in the free

state, and its solution may be obtained by boiling mercury dimethyl with
concentrated potassium permanganate and filtering off the manganese
dioxide, the filtrate being strongly basic and yielding salts with acids.5

A similar solution is also obtained when methyl mercuric iodide is

treated with water and silver oxide. 6 If the silver oxide be replaced by
potassium hydroxide, Frankland states that the oxide is obtained which

is soluble in excess of the reagent. The solid hydroxide is formed when
moist silver oxide reacts with methyl mercuric iodide in methyl alcohol.

It melts at 95 C., is a weak base, acid to phenolphthalein but alkaline to

litmus. 7

The chloride, M.pt. 170 C., forms pearly plates, density 4-063,
8

which are volatile in steam. It has been prepared in several ways :

1. By the action of concentrated hydrochloric acid or phosphorus
trichloride on mercury dimethyl.

9

2. By the addition of hydrochloric acid to the solution of methyl
mercuric hydroxide described above.

3. From the compound of stannous chloride and mercury di-

methyl by treatment with water. 9

1 Marvel and Calvery, J. Amer. Chem. Soc., 1923, 45. 822.
3
Eager and Marvel, /. Amer. Chem. Soc., 1926, 48, 2696.

3
Eichler, Ber*> 1879, 12, 1879*

4 Marvel and Calvery, kc. cit.

5
Seidel, J. prakt. Chem., 1884, [2], 29, 134.

8 Frankland, Annalen, 1853, 85, 361.
7 Sneed and Maynard, J. Amer. Chem. Soc., 1922, 44, 2942.
8
Sohroeder, Ber., 1879, 12, 585.

8 Buckton, Annahn, 1858, 108, 103 ; Jahresber., 1858, p. 388.
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4. 25 grams of mercuric chloride are dissolved in 10 per cent,

hydrochloric acid and shaken with 15 grams of aluminium carbide, when

heat is evolved and the methyl mercuric chloride is distilled out in

steam. 1
(Yield 30 per cent.)

Crymble
2 has shown that compounds of the base MeHg- arranged

in order of increasing absorptive power are as follows: MeHgOH,
_C1, -Br, -I, the absorption of the alkyl haloid always being less than

that of the corresponding dihaloid compound.
3 The conductivity of the

chloride in liquid ammonia has been investigated by Franklin,
4 and

the molecular weight determined in methyl or ethyl sulphide solution

has been shown to be normal.5

The bromide was used by Crymble in his investigations on absorption

spectra, and the melting-point was stated to be 160 C. It can be

prepared in the same way as the chloride.

The iodide was discovered in 1852 by Frankland,
6 who showed that

methyl iodide and metallic mercury when exposed to sunlight or diffused

daylight combine to form mercury methyl iodide. Other methods of

preparation are:

1. Treatment of mercury dimethyl with iodine or mercuric iodide. 7

2. By treating the chloride in aqueous solution with potassium
iodide,8

3. From magnesium methyl iodide by treatment with an excess of

mercuric chloride. Yield 85 to 88 per cent.9

4. Dimercurimethylene iodide is treated with aqueous potassium
iodide or dilute hydrochloric acid. 10

The compound crystallises in pearly plates, M.pt. 143 C., insoluble

in water, fairly soluble in alcohol, easily 'in methyl iodide and ether. It

sublimes without decomposition and yields the oxide with alkalies or

ammonium hydroxide, whilst ammonium sulphide precipitates the

sulphide in faint yellowish flocks. 11 Distillation with potassium cyanide,

potassium hydroxide, or metallic potassium gives mercury dimethyl,
Its molecular weight in methyl or ethyl sulphide is normal. 12

The bicarbonate is formed by passing carbon dioxide through a

methyl alcoholic solution of the hydroxide. It is a granular powder,

M.pt. 123 C, When dissolved in carbon disulphide it yields the

mereaptan, silvery plates, M.pt. 143 C., MeHgSH. 13

The nitrate forms colourless plates, M.pt. 100 C., and may be pre-

pared from the iodide by treatment with silver nitrate. 14 It is very
soluble in water, less soluble in alcohol.

The sulphate is a crystalline compound obtained by the action of

concentrated sulphuric acid on mercury dimethyl.
15

1
Hilpert and Ditmar, Ber., 1913, 46, 3738.

2
Crymble, Trans. Chem. Soc., 1914, 105, 658.

3
Cf. Ley and Fischer, Zeitsch. anorg. Chem., 1913, 82, 338.

4
Franklin, Zeitsch. physiM. Chem., 1909, 69, 299.

5
AYerner, Zeitsch. anorg. Chem., 1897, 15, 37.

6
Frankland, Annakn, 1853, 85, 363 ; Jahresber., 1852, p. 574.

7
Buckton, Annakn, 1858, 108, 103 j Jahresber., 1858, p. 388.

8
Hilpert and Ditmar, ko. cit.

9 Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153.
10

Sakurai, Trans. Chem. Soc,, 1881, 39, 485. ll
Frankland, loc. cit.

]2
Werner, loc. cit.

w Koten and Adams, J. Aimr. Chem. 8oc. t 1924, 46, 2768.
14

Strecker, Anndten, 1854, 92, 79.
J5

Buckton, loc. citt
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Acetate. This compound was first obtained by heating mercury
dimethyl and glacial acetic acid in a sealed tube for one hour, then

recrystallising the product from glacial acetic acid. 1 The melting-
point given was 142 to 143 C., but recently Sneed and Maynard

2 have
shown this to be inaccurate, and obtained the product by the following
methods, each giving a substance M.pt. 128 C. : (1) Treatment of

mercury dimethyl in methyl alcohol solution with mercuric acetate.

(2) Neutralisation of the hydroxide with glacial acetic acid. (3)
Action of silver acetate on the iodide. (4) Action of ethyl acetate on
the hydroxide. The acetate is very soluble in water, alcohol, or acetic

acid, is volatile in steam, and with concentrated hydrochloric acid or
iodine yields the corresponding halides.

Sulphide. This substance may be obtained from the iodide as stated
above or by the action of hydrogen sulphide on a solution of the chloride.3

It is a white body of characteristic smell, and when warmed it decom-

poses, forming mercury dimethyl and splitting off mercuric sulphide.
Ethyl Series. Hydroxide. A solution of this compound may be

prepared by boiling mercury diethyl with potassium permanganate
solution, see methyl mercuric hydroxide.

4
Dunhaupt

5 obtained the

hydroxide as a colourless oil by boiling ethyl mercuric chloride in spirit
with silver oxide, filtering off the silver chloride, then distilling off the

spirit and drying the product in vacua over sulphuric acid. It is easily
soluble in water or spirit and has all the properties of a strong base.

With ammonium chloride it liberates ammonia and forms the chloride

of the base, and with solutions of salts of copper, aluminium, iron, tin,

gold, or platinum it precipitates hydroxides. With metallic zinc it forms
zinc amalgam and zinc diethyl, whilst hydrogen sulphide gives a white

precipitate which soon turns yellow and finally black. When treated

with acids the hydroxide yields salts in the usual way ; with alkaline

stannous chloride solution it is reduced to mercury diethyl and mercury.
6

The chloride may be obtained: (1) From the hydroxide by hydro-
chloric acid or ammonium chloride. (2) By mixing a warm alcoholic

solution containing one molecular proportion of mercuric chloride with

mercury diethyl.
7

(3) By the action of concentrated hydrochloric
acid or antimony trichloride on mercury diethyl.

8
(4) From mercury

diethyl and phenyl iododichloride. 9

The chloride crystallises in silver glistening plates, M.pt. 190 to

193 C., density 3-482, which sublime on gentle warming and are easily
soluble in boiling alcohol, with difficulty in ether, and insoluble in water. 10

Bromide. This compound has similar properties to the above

chloride, and may be prepared from the hydroxide by the addition of

hydrobromie acid, by treating an alcoholic solution of mercuric bromide
with triethyl bisinuthine or by heating mercury diethyl and ethyl

1
Otto, Annakn, 1870, 154, 198.

2 Sneed and Maynard, J. Amer. Chem. Soc., 1922, 44, 2942.
3
Httpert and Ditmar, Ber., 1913, 46, 3738.

4
Seidel, J. yrakt. Chem,, 1884, [2], 29, 134

5
Dunhaupt, J. prafa. Chem., 1854, [1], 61, 399 ; Annakn, 1854, 92, 379.

6 Dimroth, Chem. Zentr., 1901, i. 451 ; Ber., 1902, 35, 2853.
7
Frankland, Annakn, 1859, in, 60 ; Jahresber., 1859, p. 413.

8 Buckton, Annakn, 1859, 109, 220 ; Jahresber., 1858, p. 390 ; Trans. Clwtn. Soc.,

1863, 16, 22 ; Jahresber., 1863, p. 470.
9
Willgerodt, Ber. 9 1898, 31, 921.

10
Dimhaupt, J. praU. Chem., 1854, [I], 61, 399 ; AnnaUn, 1854, 92, 379 ; Schroder,

Ber., 1879, 12, 563.



42 ORGANOMETALLIC COMPOUNDS.

monobromoacetate at 150 C. for eight hours. The reaction in the latter

case takes place according to the equation :

CH2Br.COOC 2H5 + (C 2H 5 ) 2Hg-C 2
H 5HgBr+CH 3COOC 2H5+CH 4

*

The bromide crystallises in pearly plates, M.pt. 193-5 C. 2

Iodide. Combination takes place between ethyl iodide and metallic

mercury when exposed to diffused daylight, with formation of ethyl

mercuric iodide.3 This may also be obtained by the addition of an

alcoholic solution of iodine to ethyl mercuric hydroxide,
4 or Irom

mercury diethyl by boiling for one or two days with ally! iodide.

Another preparation from mercury diethyl is to heat for several days

at 120 C. with iodoform, when the iodide, ethyl iodide, ethylene, and

acetylene are formed. 5
, , i i .

The iodide, M.pt. 182 C., crystallises from ether-alcohol solution in

colourless plates which have a very pungent odour. It sublimes with-

out decomposition at 100 C., is soluble with difficulty in water, and

is decomposed by light.

Sulphide. When ammonium sulphide is added to an alcoholic

solution of ethyl mercuric chloride, a yellow precipitate is thrown down

which is soluble in excess of the reagent. It may be recrystalhsed from

ether, but evaporation of the alcoholic solution soon leads to decom-

position of the compound. .

Mercaptan, Et.HgSH. By dissolving the bicarbonate m carbon

disulphide, silvery plates, M.pt. 104 C.,
6 of the mercaptan are obtained.

The sulphate crystallises in glistening plates, when silver sulphate

is added to ethyl mercuric chloride in alcohol. It is also formed when

concentrated sulphuric acid reacts with mercury diethyl,J

The nitrate was only obtained by Diinhaupt as an oil, but Strecker

succeeded in isolating it in prisms which were very soluble in alcohol,

but less soluble in water.

The acetate, M.pt. 178 C., has similar properties to the correspond-

ing methyl compound and may be prepared in similar manner.8

The 2.4.6-trinitrobensoate is formed by treating the substituted

benzoic acid in alcohol with a similar solution of ethyl mercuric hydroxide.

It forms white plates, M.pt. 164 C. When heated at 165 C. it yields

ethylmercuric 2.4.6-trinitrophenyl, yellow needles, M.pt. 86 C. 9 Dim-

haupt, by treatment of ethyl mercuric chloride with silver phosphate,
isolated the phosphate as a crystalline mass very soluble in water, also

he mentions a cyanide which is crystalline, very volatile, and of repulsive
odour.

The thiocyanate is formed from the chloride by the action of sodium

thiocyanate (1 mol) in acetone solution. It crystallises from benzene

in glistening plates, M.pt. 131 to 131-5 C. 10

1
Diinhaupt, /. pmU. Ghem., 1854, [1], 61, 399; Annakn, 1854, 92, 379; Sell and

Lippmann, J. prakt. Ghem., 1866, [1], 99, 431
j Buckton, Annakn, 1859, 112, 221.

2
Marvel, Gauerke, and Hill, /. Amer. Chem. Soc., 1925, 47, 3009.

3 Frankland, Annakn, 1859, HI, 59 ; Strecker, Annakn, 1854, 92, 76.
1
Dunhaupt, loc. A

5
Suida, Monatsh., 1880, i. 715; Jakresber., 1881, p. 940.

6 Koten and Adams, J. Amer. Ghem. 8oc., 1924, 46, 2768.
7
Buckton, Annakn, 1858, 109, 220 ; 1859, 112, 221 ; Jatoesber., 1858, p. 390 ; 1859,

p. 408 ; Jt prakt. Cliem., 1860, 1, 79
; Schorlemmer, Annalen, 1864, 132, 234,

8
Otto, Annakn, 1870, 154, 198.

9 Koten and Adams, loc. cit.
10

Steinkopf, Annahn, 1921, 424, 59,
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n-Propyl Series. 1
n-Propyl mercuric hydroxide is dillicult to obtain

in a crystalline condition ; it is a strong base, forming salts with strong
and weak acids.

The chloride may be formed from the base, by boiling mercury
dipropyl with hydrochloric acid or by the addition of mercuric chloride

to mercury dipropyl in alcoholic solution. It crystallises in white

scales, M.pt. 143 C.

When bromine or bromine water is added to mercury dipropyl, or

the base is treated with hydrobromic acid, propyl mercuric bromide is

obtained in leaflets, M.pt. 138 C. The compound is also formed as a

by-product in the preparation of mercury dipropyl from propyl
magnesium bromide and mercuric bromide. 2

Iodine combines vigorously with mercury dipropyl to form the

iodide, M.pt. 113 C.
,*
this crystallises from alcohol in plates which have

a disagreeable odour.

The acetate from mercury dipropyl and acetic anhydride, or acetic

acid and the corresponding hydroxide, is crystalline, M.pt. 57 to 58 C.

Isopropyl Series.3
iso-propyl mercuric hydroxide is formed by

treating the halides with moist silver oxide, and has only been obtained
in solution. It reacts with acids, giving rise to the following compounds :

chloride, needles, M.pt. 97 C. ; bromide, needles, M.pt. 98 C. ; iodide,

plates, M.pt. 125 C. ; acetate, M.pt. 95 C. ; cyanide, M.pt. 85 C. ;

sulphide, M.pt. 60 C.

n-Butyl Series. When n-butyl magnesium bromide is treated with
an excess of mercuric chloride, a mixture of equal parts of n-butyl mercuric

chloride and bromide are formed.4 The chloride melts at 127-5 C. ; the

bromide at 129 C. ; the iodide at 117 C. 6

iso -Butyl Series. Solutions of isobutyl mercuric hydroxide may be

obtained in the usual way, and salts prepared by the addition of acids.

Mercury di-isobutyl reacts with iodine, giving a crystalline isobutyl
mercuric iodide* The bromide melts at 55-5 C. and the iodide at 72 C. 7

sec-Butyl Series. When mercury di-sec-butyl is dissolved in

alcohol and treated with aqueous hydrochloric acid the sec-butyl mercuric

chloride separates out as an oil. This may be solidified b}^ cooling in a

freezing mixture. The crystals obtained melt at 3O5 C.8

The bromide is prepared as above using hydrobromic-acid, and melts

at 39 C. The iodide forms colourless, unstable crystals when the

dialkyl is treated with iodine.9

tert-Butyl Series. tert-Butyl mercuric bromide. An excess of

mercuric bromide is added to well-cooled Grignard reagent from tert-

butyl bromide and after an hour the whole decomposed with water, the

ether layer removed and dried over calcium chloride. Spontaneous

evaporation of the ether gives a product, M.pt. 106 C. (decomp.). It is

rapidly decomposed in bright sunlight.
10

1
Cahours, Compt. rend., 1873, 76, 135, 749, 750; Jahrexber., 1873, p. 517; Goret, Bull

8oL Pharmacol, 1922, 29, 297 ; Chem. Zentr., 1922, iii. 1371.
2 Goddard, Trans. Chem. Soc., 1923, 123, 1168.
3

Goret, loc. cit.

4 Marvel and Gould, J. Amer. GJi&m. Soc., 1922, 44, 153.
6
Marvel, Gauerke, and Hill, loc. cit.

Cahours, Compt. rend., 1873, 76, 1403.
7
Marvel, Gauerke, and Hill, loc. cit.

8 Marvel and Calvery, J. Ainer. Chem. Soc., 1923, 45, 821.

Tafel, Ber. f 1906, 39, 3631. 10 Marvel and Calvery, loc. cit.
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n-Amyl Series. n-Amyl mercuric bromide, obtained in the usual

way, melts at 122 C. 1

iso-Amyl Series. Isoamyl mercuric chloride 2 is formed when

mercury di-isoamyl is treated with chlorine gas or alcoholic mercuric

chloride. It melts at 86 C., sublimes without decomposition, and is

very soluble in ether or hot alcohol, insoluble in water. From alcohol it

crystallises in hair-like needles. The bromide melts at 80 C. When an

ethereal solution of mercury di-isoamyl is treated first with alcoholic

iodine, then with solid iodine, it yields isoamyl iodide and
^
isoamyl

mercuric iodide. The latter recrystallises from hot alcohol in small

pearly plates, M.pt. 122 C., very soluble in ether, slightly soluble in

boiling water, insoluble in cold water, and partially decomposed by
alcoholic potassium hydroxide. In the molten state it turns yellow at

140 C., owing to the separation of mercuric iodide. It may be sub-

limed without decomposition in a current of air.
3

tert-Amyl Series. tcrt-Amyl mercuric bromide is prepared in the

same manner as the tert-butyl compound. It crystallises from alcohol

if the solution is kept below 50 C., M.pt. 82 C.4

Hexyl and Heptyl Series. n-Rexyl and n-keptyl mercuric bromides

melt at 118-5 C. and 114-5 C, respectively.
5

n-Octyl Series.6 The hydroxide is formed when an alcoholic

solution of the chloride is boiled for five hours with freshly precipitated

silver oxide. It crystallises in shining yellow plates, M.pt. 75 C.,

readily soluble in cold alcohol, less soluble in hot alcohol, insoluble in

cold water. The compound is a strong base and precipitates metallic

salts from solutions of ferric chloride, potassium alum, zinc sulphate, or

copper acetate. In the latter case the grey precipitate on warming is

reduced to metallic copper, whereas with the alum, the precipitate is

soluble in excess of the precipitant. The base also expels ammonia
from its compounds.

The chloride is obtained as a white precipitate by the interaction of

mercury di-n-octyl and mercuric chloride ; the iodide by the use of iodine.

The latter forms a white glistening precipitate, easily soluble in alcohol.

The bromide melts at 109 C. 7

sec-Octyl Series.8 The bromide is obtained from excess of mer-

curic bromide and the Grignard reagent from sec-octyl bromide. It

forms crystals from alcohol solution, M.pt. 98 C. 9

>Allyl mercuric iodide, CH2=CH-CH 2 -HgI.
i0

Allyl iodide

containing a trace of dissolved iodine, readily reacts with mercury. If

mercury be shaken with some iodine, then with allyl iodide, an evolu-

tion of heat takes place and the mass becomes solid. This may be
avoided to some extent by mixing the allyl iodide with alcohol. The
iodide crystallises from alcohol in silvery scales, which turn yellow on

drying. It commences to volatilise at 100 C. and melts at 135 C.,
1
Marvel, Gauerke, and Hill, J. Aimr. Chew,. Soc., 1925, 47, 3009.

2 Marvel and Calvery, J. Amer. Chem. Soc., 1923, 45, 821.
3 Frankland and Duppa, Trans. Chem. 8oc., 1863, 16, 415 ; Anmlen, 1864, 130, 104.
4 Marvel and Calvery, loc. cit.

5
Marvel, Gauerke, and ITiU, loc, cit.

6
Eichler, Ber., 1879, 12, 1879.

7
Marvel, Gauerke, and Hill, loo. cit.

8
Eichler, loc. cit.

9 Marvel and Gould, J. Amer. Chem. #0c., 1922, 44, 153.
10

Zinin, Annahn, 1855, 96, 363; Linnemann, Anmlen Supyl, 1865, 3, 262: Annakn,
1866, 140, 180.
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decomposing at higher temperatures with evolution of gas and forma-
tion of a yellowish-red residue. The iodide is sparingly" soluble in cold
alcohol and insoluble in water. When subjected to dry distillation,

cliallyl, metallic mercury, and mercuric iodide are formed. Hydrogen
sulphide or iodide decompose it, propylene and mercuric salts being
obtained. Iodine yields ally! iodide and mercuric iodide. Alcoholic

suspensions of silver oxide convert the iodide to the hydroxide.
Propargyl mercuric iodide forms a yellow mass ; it is prepared

in a similar way to the allyl compound.
1

Mercury Derivatives of Methylene Iodide. Wanklyn and Von
Than 2 showed that neither mercury nor zinc gave organic compounds
when allowed to react with ethylene iodide.

Methylene iodide, on the other hand, when left in contact with
metallic mercury and some mercurous iodide in a sealed tube for four
or five days, combines with the mercury.

3 Two products are produced,
but no gas is evolved when the tube is opened* The first compound
crystallises from boiling alcohol in slender, white needles; it is best

purified by solution in methylene iodide and precipitation with ether,

and is insoluble in the usual solvents. Sakurai assigned the formula
I CH2 Hgl to the substance. This monomercuric methylene iodide

or iodomethyl mercuric iodide when heated with iodine in potassium
iodide solution yields methylene iodide and mercuric iodide, and similar

decomposition takes place with chlorine or bromine.
When one molecule of the compound and one molecule of mercuric

chloride in alcoholic solution are boiled under reflux for one hour and
then cooled, crystals are obtained from wluch the mercuric chloride is re-

moved by washing with water, and the mercuric iodide by digestion with

concentrated potassium iodide solution. Traces of soluble iodide are

then removed by treatment with water, and the dried crystals purified by
recrystallisation from ether. Monomercuric methylene chloro- iodide, M.pt.
129 C., is thus obtained in small plates, soluble in ether, chloroform, or

alcohol, but insoluble in water.

The product formed along with the monomercuric methylene iodide

was a white body insoluble in all the usual solvents, but yielding iodo-

form with iodine. Analysis points to mercury iodoform or methine 1ri-

mercuric iodide, CH(HgI) 3 , and the same compound was obtained by
Hofmann 5 when an ethereal solution of iodoform was allowed to stand

in contact with mercurous chloride for a long time.

Dimercuricmethyleneiodide or methylene di-mercuric iodide9CH2(HgI) 2 .

This compound is readily formed by the interaction of methylene
iodide with excess of mercury in the presence of mercuric iodide in

ether solution, the mixture merely being exposed to sunlight, the re-

action taking several days for completion. The crude product is then

digested with concentrated potassium iodide solution to remove mer-

curic iodide, and recrystallised from methylene iodide, the first product

1 Hemy, -&?., 1884, 17, 1132.
2
Wanklyn and Von Than, Quart. /. Chem. &oc.9 1859, 12, 258.

8
Sakurai, Trans. Ghein. Soc.> 1880, 37, 658.

4
Sakurai, ibid., 1882, 41, 360.

5 Hofmann, Ber., 1900, 33, 1328.
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being pure dimercuric compound, but subsequent crops of crystals
contain some mono derivative. 1

The iodide is a yellow crystalline powder, M.pt. 230 C., with decom-

position, and is much less soluble than the mono compound in methylene
iodide, and is insoluble in ordinary solvents. When treated with iodine

it yields mercuric iodide and methylene iodide ; and with aqueous
potassium iodide or dilute hydrochloric acid, methyl mercuric iodide is

formed.

1 flakurai, Tranft. Chem. Hoc., 1881, 39, 485.



CHAPTER IV.

MERCURY (continued).

DERIVATIVES OF ALIPHATIC ALCOHOLS, ALDEHYDES, AND KETONES.

THE earliest recorded work on the mercuration of alcohols was that of
Sobero and Selmi,

1 and Gerhardt,
2 but none of these investigators

obtained any definite results. Reynoso, five years later,
3 described com-

pounds which he did not even analyse, and Cowper,
4 from his work on

the interaction of mercuric nitrate and alcohol, added nothing to our

knowledge of these compounds. Tertiary alcohols were investigated by
Denigs,

5 who treated these compounds with mercuric nitrate or sulphate
and obtained orange and yellow insoluble compounds respectively. He
never seemed very certain of the constitutions of any of his derivatives,
but recommended that his reactions might be used as tests for tertiary
alcohols.

In 1898, K. A. Hofmann commenced his researches on the mercura-
tion of alcohol, which led to the complex compounds to which he gave
the name mercarbides being isolated. These compounds have all the

hydrogen of a methyl group replaced by mercury. From this time
onwards it has been possible to assign formula? to most of the compounds
described.

DERIVATIVES OF ETHYL ALCOHOL.

Ethane hexamercarbide, C 2Hg 6 2(OH) 2 ,
or

Hg Hg

HO
This compound is the ultimate product from the prolonged action of yellow
mercuric oxide and boiling aqueous alkali on ethyl, propyl, allyl, or amyl
alcohols, acetaldehyde, cellulose, starch, or cane sugar; but it cannot be

obtained from methyl alcohol, formaldehyde, or glycerol. The prepara-
tion is best carried out as follows : 100 grams of yellow mercuric

oxide, 20 grams of potassium hydroxide, and 200 grams of 94 per cent,

ethyl alcohol are boiled for thirty-six hours, the grey residue then

washed with water and dilute alkali, and finally with hot 20 per cent,

nitric acid. The latter changes the base into the nitrate and removes

1 Sobero and Selmi, Annakn, 1851, 80, 108.
2
Gerhardt, Annakn, 1851, 80, 111.

3
Eeynoso, Ann. Ghim. Phys., 1856, [3], 48, 403.

4
Cowper, Trans. Chem. Soc. t 1881, 39, 242.

5
Denig&s, Oompt. rend., 1898, 126, 1043; Bull. Soc. chim., 1898, [3], 19, 494, 751;

Ann. Chim. Phys., 1899, [7], 18, 382.

47
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metallic mercury and trimercuri-acetic acid, which is formed as a by-

product.
1 Hofmami considered the reaction to take place in four

stages, according to the following scheme :

1. CII
3
.Cn

s.OH+IIgO > CIL.CHO+H 20+Hg

xHgv ,II<fOH
2. CIL.CHO +3HgO > 0( >C< +H 2

\ITg/ ^CttO

HgOH /Hgv /HgOH* _ +Hg
-CHO \Hg/

NCOOH

COOH
\ . /\ / Hg-C C Hg +1
COOH HOOt/ Nl/ *

i |

g r
(ioOH

Hg OH

The oxalic acid shown in equation 4 was not actually isolated,

however.

Ethane hcxamercarbidc is a citron yellow to light grey powder,

becoming dark orange at 200 C. and exploding with great violence at

230 C. The colour change seems to be associated with the splitting

off of water from the molecule and the formation of an anhydride

(C 2Hg6 8 ),
which is violently explosive. The mercarbide is a decided

base, which shows a remarkable stability towards oxidising agents

(permanganate, chromic acid, hypochlorites, and hypobromites), and

even towards aqua regia provided the treatment is not too prolonged.
It is scarcely attacked by sulphur dioxide, hydroxylamine, or hydrazine,
but with acids it forms salts.

This resisting capacity distinguishes the compound from all known

mercury derivatives, and is probably due to the protective action of the

six mercury atoms, showing that they surround the two carbon atoms.

Two types of salts are obtained from the base, namely: (1) C 2Hg e 2
X

2 ,

(2) C 2Hg 6
X

G
.

Class I.

Ethane hexamercarbide dichloride, C
2Hg6 2Cl 2 , is formed when the

base is treated with cold 10 per cent, hydrochloric acid or* a soluble

chloride. Similarly, using potassium bromide or iodide, the correspond-

ing bromide or iodide is obtained.

The perchlorate, C 2Hg 6 2(C10 4 ) 2,
is a white powder, which on heating

or rubbing explodes, emitting a green flame. The nitrate forms a

yellowish-white crystalline mass, insoluble in water and dilute nitric

acid, decomposing with explosion on heating ;
the sulphate is a white,

sandy, fine crystalline powder, insoluble in water ; the picrate explodes
on heating with the same violence as potassium picrate.

Class II.

ichloride, C,

c acid. It

1

Hufmann, &r., 1898, 31, 1904 ; 1900, 33, 1328.

Ethane hexamercarbide hexackloride, C 2Hg 6
Cl

6 ,
results when the base

is treated with hot hydrochloric acid. It is a white, insoluble substance,
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which remains undecomposed when heated with ten times its weight of a
10 per cent, benzene solution of sulphur chloride. When aqueous
potassium polysulphidc solution is used brilliant yellow needles are

deposited. These, when boiled with hydrochloric acid, yield a white

powder, which becomes yellow on treatment with hot sodium hydroxide.
Since chlorine atoms may be removed by means of silver nitrate, it is

probable that the halogen is attached to the mercury, and the following
formula has been suggested:

1

CIHg-CH Hgv
I >S

g CH Hg/ClHg

The liexa-iodide, (IHg) 3C.C(HgI) 3 ,
is formed when the base (1 mol.)

is heated with ethyl iodide (6 mols.) in ether solution for sixty hours at

90 C. The intense, reddish-yellow crystals thus obtained are very
insoluble, and contain only 1-2 per cent, of carbon. This compound
has the lowest carbon content of any substance yet obtained.

Whilst most carbon mercury compounds are decomposed by
potassium cyanide, splitting off mercury cyanide, mercarbide nitrate,

after prolonged boiling with potassium cyanide, splits off mercury, with
the formation of an intense yellow cyanide which is explosive when
heated, namely :

C 2Hg4(CN) 2 or Hg=C-C =Hg

NC-Hg Hg-CN
The cyanide is insoluble and affected by light ; treatment with

hydrogen sulphide transforms it into a hydrosulphide :

Hg=C-C =Hg

HS-Hg Hg-SH
which is a white substance, insoluble in water, alcohol, or ether.

Hot hydrochloric acid transforms the cyanide first to a white chloride

(I.), which by the further action of concentrated acid changes to chloride

(II.) :

v x

>CH-CH< ClHg-CHo-CEU-HgCl
ClHg/ XHgCl

I. II.

The compound II. crystallises well from ether, and can be steam

distilled, when it separates in six-sided plates, smelling strongly of

potassium cyanide, M.pt. 173 C. : these crystals are soluble in water,

alcohol, or ether, and are volatile and poisonous. Towards phenyl

hydrazine the compound is very stable, but with potassium iodide it

gives the corresponding iodide, C 2H4Hg2I2, which crystallises from

alcohol or ether in quadratic plates, soluble in sodium hydroxide or

ammonium hydroxide, stable towards dilute acid. The hydrochloric acid

solution of the iodide with hydrogen sulphide yields a white sulphide,

crystallisable from alcohol, but insoluble in cold 20 per cent, nitric acid.

The above cyanide, whilst it yields a hydrosulphide with^ hydrogen
sulphide, is also capable of yielding sulphides with potassium poly-

1 Hofmann and Feigel, Ber., 1905, 38, 3654.

VOL. XI. : I. 4
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sulphide and with a methyl alcoholic solution of ammonium poly-

sulphide, the structures of these compounds being as follows :

(Hg=CH-CH 2.Hg') 2S and CH 2
-CH2

Hg-S-Hg
Two further sulphur compounds may be obtained from ethane

hexamercarbide itself. (1 ) By shaking the base with a benzene solution

of sulphur chloride yellow crystals are isolated, which probably have the

composition :

ClHg | |

The halogen is readily removed by silver nitrate. (2) A methyl alco-

holic solution of ammonium polysulphide when left in contact with the

base for several weeks yields a yellow compound, to which the following

structure has been assigned :

Hg Hg-0

ig_C C Hg

HS Hg Hg SH

Ethane hexamercarbide yields a yellow substance when treated with

sodium bisulphite, the product turning grey in the light ; but the base

is easily regenerated by treatment first with hot nitric acid, then with

sodium hydroxide.

Although the base does not combine with ammonia, its salts readily

add on this gas to form stable compounds.

Hydrazine hydrate only slowly reduces the mercarbide, evolving

ethane, as follows :

C 2Hg6 2(OH) 2+3N 2H4=C 2
H

e +6Hg+3N2+4H 2

Hydrogen sulphide splits off a small quantity of mercuric sulphide,

and yields a white sulphide of the mercarbide.

Potato starch and cane sugar also yield mercarbides,
1 of composition

C 3
H

6 2Hg 2.N0 3
and C 3H 6 6Hg 4.N0 3 respectively.

DERIVATIVES OF ALLYL ALCOHOL. 2

Allyl alcohol gives rise to two types of mercury compounds :

1. Propylene glycol mercuric salts, which are considered to be

derivatives of the unknown y-hydroxymercuripropylene glycol,
HOCH 2-CHOH-CH 2HgOH.

2. Mercuridipropylene oxide salts or dipropylene oxide dimercuric

salts, which have the constitution :

XHgCH 2 CH/
2N

>CH CH2HgX
\CH2 <X

1 Hofmann, 3er. f 1900, 33, 1333.
2 Sand and Hofmann, JSer., 1900, 33, 1358 ; Hofmann and Sand, Ber., 1900, 33, 2692 ;

Biilmann, Ber., 1900, 33, 1641 ; 1902, 35, 2586
,- Sand, Ber., 1901, 34, 1393, 2910 ; Stoehr,

J. prate. Chem., 1897, [2], 55, 88.
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First Type.

Propylene glycol mercuric bromide, CII2OH CHOH CH2 HgBr,
forms white crystals from benzene-acetone solution, which melt at 84
to 86 C., and decompose at 110 C. It is easily soluble in alcohol or

acetone, somewhat soluble in water, but readily decomposed by hydro-
chloric acid. The method of preparation is as follows : 100 grams of

yellow mercuric oxide are dissolved in 20 per cent, nitric acid, and the
solution treated with pure, dilute potassium hydroxide until on shaking
the white precipitate of basic nitrate no longer disappears. Ailyl
alcohol is then added dropwise, with continuous stirring, and a clear

solution is obtained; then more potassium hydroxide is added, which
causes a white precipitate, the latter being dissolved by the addition of

more allyl alcohol. This process is repeated, the temperature being
maintained at 10 C. by cooling; the completion of the reaction is

indicated by a sudden darkening of the precipitate, and the solution then
has an alkaline reaction. Potassium bromide is then added, allowing
one molecular weight of this salt for every atomic weight of mercury
present, and after standing for twenty-four hours the bromide is

precipitated by passing carbon dioxide through the mixture.

The corresponding iodide is prepared in a similar manner to the

bromide. It may be crystallised from benzene or acetone and melts at

about 80 C. It is more readily decomposed than the bromide, and

hydrochloric or acetic acids break it down to allyl alcohol and mercuric

salts. The presence of the two hydroxyl groups has been shown by the

fact that the iodide yields a dibenzoyl derivative, M.pt. 100 C. When
the iodide is treated with iodine at 40 C. a liquid iodohydrine is obtained.

Second Type.

Dipropylene oxide dimercuric sulphate may be prepared as follows :

75 grams of mercuric oxide are dissolved in a mixture of 300 c.c, of

water and 180 c.c. of dilute sulphuric acid (1:1) and the solution filtered.

Thirty c.c. of allyl alcohol are then stirred into the filtrate, and in two to

four hours the sulphate separates out, is filtered, washed with cold

water, and dried. Yield 60 grams. It gives a clear solution in water,

sodium hydroxide, or ammonia, and is best purified by crystallisation
from boiling water containing a little allyl alcohol, crystals containing
4 mols. of water of crystallisation being deposited. The solution in

ammonium hydroxide if treated with about three volumes of alcohol

yields white plates, which are an addition compound of the sulphate
with 2 mols. of ammonia. This body is completely soluble in water, but

gives off ammonia when boiled. The addition product with potassium
bromide yields the corresponding bromide and free ammonia.

The corresponding nitrate crystallises with one molecule of water of

crystallisation as a white crystalline compound. The preparation is

similar to the sulphate, the sulphuric acid being replaced by 40 per cent,

nitric acid. The product is soluble in alkali or ammonium hydroxide,
and ammonium sulphide gives a yellow precipitate when added to these

solutions. The aqueous solution of the nitrate has an acid reaction, and
from it potassium bromide precipitates the bromide quantitatively.
When dissolved in 20 per cent, ammonium hydroxide the nitrate gives
a white crystalline body containing one molecule of ammonia, which has

similar properties to the corresponding sulphate.
The acetate forms small stellate crystals when allyl alcohol is added to
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a solution of mercuric oxide in dilute acetic acid. The solution in

water gives precipitates -with potassium chloride or bromide, but not

with ammonia or alkalies. Solutions in the latter yield white pre-

cipitates with ammonium sulphide.
A cyanide, sulphide, and a basic carbonate have also been obtained

from the nitrate as thick white precipitates.
The chloride is prepared by the action of dilute hydrochloric acid

upon the nitrate, or by using potassium chloride and carbon dioxide.

When treated with moist silver oxide it yields an aqueous solution of

the hydroxide, the latter also being formed when freshly precipitated
mercuric oxide, allyl alcohol, and water are shaken together. Reduction

of the chloride by zinc and hydrochloric acid gives an odour of allyl

alcohol, whilst oxidation with permanganate causes the immediate

decomposition of the compound with the formation of oxalic acid.

The bromide is prepared in the same way as the chloride, is insoluble

in organic solvents, and melts at 251 C. It reacts with alkaline sodium
stannite solution, yielding a brick-red compound I., which turns brown on

exposure to light" This decomposition product when extracted with

hot benzene gives II., the corresponding mercuric compound to I. It

melts at 190 C., is insoluble in water, alkalies, dilute acids, or acetone,

readily soluble in benzene or toluene, and is decomposed by concentrated

hydrochloric acid. With mercuric chloride or picric acid it gives pre-

cipitates, but remains unchanged when boiled with potassium hydroxide,
cvanide, or iodide.

CH*
/

-O

CH CH 2 Hg Hg CHo CH
\

" "'

/
CH2

CH
2

CH CH 2 Hg CH 2 C

O

-Hg CH 2 CH

CH
II.

The iodide is prepared from an alkaline solution of the nitrate by the
addition of potassium iodide. It may be crystallised from boiling alkali.

It has M.pt. 271 C., is practically insoluble in organic solvents, and
remains unchanged when treated with 20 per cent, hydrochloric acid.

With iodine in potassium iodide it reacts slowly, but iodine in benzene at.

140 C. gives di-^pi-iodohydrine, to which Stoehr 1
assigns the structure :

ICH 2 CH CH
2 O

CH2 CH CH2I

Hofmann and Sand 2 showed the difference between the two types of

compounds just discussed by the following comparisons :

Stoehr, J. prate. Gkem. t 1897, [2J, 55, 88. a Hofmann and Sand, Ber., 1900, 33, 2700.
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Similar properties are shown by the respective iodides, whose inelthi"-
iiits are about 80 C. and 271 C.points

DERIVATIVES OF ALDEHYDES.

Very little satisfactory work has been done on the mercury coin-

pounds of the aliphatic aldehydes. The chief reason for this is the fact

that mercuric acetate is soon reduced by aliphatic aldehydes, paralde-
hyde, acctals or aldoscs, mercurous acetate separating out, 1

Leys
2 used a reagent consisting of one gram of mercuric oxide in

100 c.c. of 5 per cent, sodium sulphite solution as a test for aldehydes
containing the grouping CH 2.CHO. If a few drops of acctaldehyde be
added to this solution in the cold and an equal volume of dilute sodium

hydroxide, a heavy white precipitate is obtained, to which Leys assigned
the formula :

/\
Hg:CH.CH/ \Hg

The author stated that the only substances which yielded pre-
cipitates with the reagent were terpenes, and acetone or acetyl acetone
on warming.

Hofmann,3
by the interaction of acetaldehycle, mercuric oxide, and

aqueous sodium hydroxide, only obtained aldehyde resin, but with par-
aldehyde a small quantity of a base was produced, C 2IIg 6O 4H 2> which

corresponds to ethane hexamercarbide.

Later, the same investigator, using another mercuric salt, succeeded
in obtaining a more delinite compound.

4

Chloratodimercuracetaldehyde ,

Hg=C-CHO

-C10 3

*-/ VSJL

Hg-C
forms colourless, lustrous prisms, more explosive than mercury fulmin-

ate. The compound is readily produced by the addition of an alcoholic

solution of acetaldehyde to a solution of mercuric oxide in aqueous
chloric acid. When treated with potassium hydroxide or cyanide,

aldehyde resin is produced.
Auld and Hantzsch,

5 from acetaldehyde and mercuric oxide in

slightly alkaline solution, obtained a base, trimercuridialdehyde hydrox-
ide, which readily polymerised to a white powder, (C^gOgHgg)^. The
latter decomposes without melting at about 100 C. and is insoluble in

the usual organic solvents, decomposed by dilute hydrochloric acid

with formation of acetaldehyde and mercuric chloride, but not affected

by dilute acetic acid. The investigators state that this is a delicate

test for the presence of small quantities of acetaldehyde, since it detects

the presence of one part of aldehyde in 6000 parts of water. 6

1
Lasserre, J. Pharm. Chim., 1905, [vij, 22, 246; Ghent. Zcntr., 1905, ii. 1125.

2
Leys, J. Pharm. Chi/n., 1905, [vi.], 22, 107 ; Bull. floe, chim., 1905, [3], 33, 1320.

3 Hofmann, Ber., 1898, 31, 1904.
1 Hofmann, ibid., 1905, 38, 1999.
5 Auld and Hantzsch, Ber,, 1905, 38, 2684.
a For chloratotrimercuracetaldehyde, perchloratoiuercuracetaldehyde, and nitritodi-

mercuracetaldehyde, see the action of acetylene on mercuric chlorate, perchlorate, and
nitrate.
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DERIVATIVES OF KETONES.

It was stated that aliphatic aldehydes or aldoses reduced mercuric

acetate, but no such reduction is noticed with ketones or ketoses. 1

Nevertheless most investigators differ as to the products derived from

ketones, and it is very difficult to say whether many of the compounds
described arc truly organomctallic or merely complex addition products

of the ketones. For the sake of readers interested in these derivatives,

the following table is inserted to summarise these compounds of doubtful

structure. The ketone used in these investigations was acetone.

PRODUCTS DERIVED FROM ACETONE AND
MERCURIC SALTS.

Mercurj Salt Used. Product Isolated. REFERENCES.

Alkaline mercuric

acetate.

Cone, mercuric sul-

phate solution.

Mercuric sulphate.

Mercuric oxide,

sodium hydroxide.

Mercuric chloride in

alkaline solution.

Mercuric sulphate.

Mercuric chloride, am-
monium chloride,

hydr<>xylammonium
chloride.

Mercuric sulphate.

Do.

Me2C0.2HgO.

MeaC0.3Hg0.2HgSOt .

C3Hg3
H7 3 .

2Me.jCO.3HgO.

McaC0.3Hg0.2Hg,S04 .

*

2MeXU5Hg012.2NH4C1.2

(NHoOH.HCl).

5Me2C0.12Hg0.8HgS04 .

Using monochloroacetone,

MeCOCHjjCUHgO.
2HgS04 .

Lasserre, J. Pkarni. Ghim.,

1905, [vi.l, 22, 246.

Biilmann, Ber., 1902, 35, 2584.

Deniges, A 7m. Chwi. Phys., 1899,

[7J, 18, 382 ; Bull. Soc. chim.,

1898, [3], 19, 494, 751.

Hofmann, Ber., 1898, 31, 1904 ;

Kutscherow, Ber., 1884, 17, 20.

Reynolds, Chem. News, 1871,

23,217; Ber., 1871, 4, 483.

Oppenheimer, Ber., 1899, 32,

986
; Hofmann, 1898, 31, 399,

Gngorowitsch, Chem. Zentr.,

1906, i. 743.

Deniges, Ann. Chim. Phys.,

1907, [8], 12, 401.

Denigos, Ann. Chini. Phys.,

1899, [7], 18, 382.

The work now to be described relates to compounds from acetone,
which are far more definite in constitution, although very complex.

Interaction of Acetone and Mercuric Cyanide.
2 To a solution of 11

grams of mercuric cyanide in 120 c.c. of ethyl or 30 c.c. of methyl alcohol

is added 1-5 grams of sodium in 40 c.c. of alcohol. After twenty-four
hours any precipitate is filtered off and 1-25 grams of acetone added to

the clear solution ; a dense white precipitate is formed, which is filtered

off and washed free from cyanide. This product is decomposed by
dilute hydrochloric acid, yielding acetone and hydrogen cyanide :

C5H 2
ON2Hg 3 +6HC1 -C 3H6 +2HCN+3H8C1 2

1
Lasserre, J. Pharm. Chiw., 1905, [vij, 22, 246.

2 Marsh and Fleming Struthers, Trans. Chem. Soc. 9 1905, 87, 1878 : Proc. Chem. Soc..

1905, 21, 248.
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A similar product is formed when acetone and mercuric cyanide react in

presence of sodium hydroxide, and the reaction may occur according to
the equation :

C3H 60+3Hg(CN) 2=C 5H2ON2Hg3+4HCN
The constitution assigned to the compound is

/CRHgCN

!H.HgCN

Tetra-acetoxymercuri diacetone hydrate. This substance is

prepared as follows :
l 25 grams of dry powdered mercuric acetate and

50 grams of acetone (made from bisulphite compound) are heated under

pressure at 100 C. for two hours. The solution after cooling and filter-

ing does not produce a yellow coloration when treated with potassium
hydroxide. Evaporation on the water-bath gives a yellow oil, which is

taken up in 95 per cent, alcohol, and after a time white flocks appear.
These are filtered off, washed with alcohol, and recrystallised from
alcohol containing a few drops of acetic acid, the resulting product melt-

ing at 157 C. The course of the reaction is probably as follows, the

acetone reacting in the enolic form :

CH

CH,.C-OH
Hg(OAc) 2

H aC-HgOCOCH3

I yO.CO.CH3

HP r/
3^'^\

\OH

H 2C-HgOCOCH3

HC -C=0

/HgOCOCH 3
'

HC<
\HgOCOCH3

/OCOCH.,
H^C-C-C

\OH

/HgOCOCHg
HC<

\HgOCOCH3

/OH

/HgOCOCH3 Cjv
HC< >CH

\HgOCOCH3 CH3OCOHg/

H3C-C<
\OH H aC-0

HOX

-0- ^C-CH 3

1 Sand and Geassler, Ber., 1903, 36, 3699.
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This acetate, treated with 20 per cent, hydrochloric acid and

potassium cyanide solution, splits up into acetone and mercury salt ;

whilst potassium hydroxide gives the corresponding tetra-liydroxy-

mercuri compound. An aqueous solution of the acetate when decom-

posed with 10 per cent, potassium hydroxide yields a white precipitate

of an oxide having the constitution :

/Hg\ /
HC/ > O/
|\Hg/

\
/OH H0\

HC-&---o
.

This oxide is insoluble in water and organic solvents. The acetate

with sodium chloride or oxalates yields the corresponding salts, the

former being a very insoluble compound possessing no melting-point.

Tri-mercuri diacetone hydroxide,
1

HOHg-CH-Hg-CH HgOH

CII3_C(OH) C(OH)-CH 3

The mercuric oxide precipitated from 20 grams of mercuric chloride

is well washed, and whilst moist treated with a solution of about 6 c.c.

of acetone in 100 to 150 c.c. of water, a few drops of baryta added, and

the whole well shaken until a solution is obtained. The baryta is

precipitated by carbon dioxide, the latter removed by a current of air,

and the barium carbonate filtered off. Evaporation of the filtrate on

the water-bath gives a thick syrup, which forms a clear solution in water

and reacts slightly alkaline. Its electrical conductivity is as follows :

.

=0-022, i;=512/
at

Dilute hydrochloric acid gives the corresponding dichloride,

ClHg~CH-Hg~CH HgCl

H 3C C(OH) C(OH) CH3

as a colourless powder, easily soluble in aniline or pyridine, with difficulty
in alcohol, and practically insoluble in water. When heated it becomes

yellow and melts at about 110 C.

It forms a platinickloride, an amorphous product exploding suddenly
at 178 C.

The corresponding dibromide forms small white needles, M.pt, 127 0.,

which are soluble in warm alcohol, ether, or pyridine. The di-iodide is so

easily decomposed by acids that it cannot be prepared in the same way
as the foregoing compounds. The base is first treated with potassium
iodide, then with dilute acetic acid, when a faint yellow precipitate is

obtained. This consists of small needles, M.pt/104 C., which are
insoluble in water, more soluble in alcohol or ether.

The base forms a yricrate which contains 6 mols. of water of

crystallisation, and is somewhat soluble in hot water; its conductivity,
ju.,

is 0-042, at a dilution, v, of 1100 at 25 C.

1 Auld and Hantzsch, Ber., 1905, 38, 2G81
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When the base is exposed to sunlight or treated with acids or alkali

it is converted to an insoluble polymer.
1 The base or its polymer, when

boiled with alkali, is decomposed, yielding water, acetone, and acetone

mcrcarbidc, which is identical with Hofmann's compound,

/HgvCH3 CO C< V)
\

HgOH
Concentrated hydrogen halides or oxyacids also decompose the base,

immediately, giving acetone and a mercuric salt. Bromine in potassium
bromide with the base yields mercuric bromide and $-dibromoacetone ;

whilst hydrogen sulphide precipitates mercuric sulphide from the base.

Derivative of Methylethyl Ketone.

From this ketone, by means of mercuric acetate, Lasscrre
*2

is stated

to have obtained a compound of similar constitution to the one he
isolated from acetone,

(COMeEt) 2.3HgO

By using the same methods as for acetone Sand and Gcnssler 3

isolated a body resembling that from the lower ketone. When this com-

pound is treated with alcoholic picric acid it yields a picrate, which

crystallises from benzene-acetic acid and has had the following oxonium
constitution assigned to it :

/HgO.CO.CHg CHXO.OHg vTT /1 p/ 6 3 3 to V.

H 3L L<
J>

HgO.CO.CHo CH3CO.OH/
H

3 3 +iC 6H3 7
N 2

H3C C^ O ^C CH 3

With the above exception, none of the higher ketones yield derivatives

of definite constitution.

1 See Reynolds, Ghem. News, 1871, 23, 217
; Ber.> 1871, 4, 483.

J
Lasserre, J Pharm. Ckim., 1905, [vi.J, 22, 246.

3 Sand and Genssler, Ber., 1903, 36, 3699.



CHAPTER V.

MERCURY (continued).

DERIVATIVES OF ALIPHATIC ACIDS DERIVATIVES OF FOIIMIC

ACID.

THE following compounds, although written as derivatives of formic acid,

have never been obtained from the acid or its esters. The formulae

assigned to them below are those due to Schoeller, Schrauth, and Essers,
1

although Manchot 2 considers them to be molecular addition compounds

ofthetypeCO.Hg(OR)X.
Acetoxymercuriformic methyl ester, AcOHg.C0 2

Me. The pre-

paration and details for isolating this compound are the same as those

given for the preparation of acetoxymercuri-ethylmethyl ether, the ethy-

lene in the latter experiment now being replaced by carbon monoxide.

The yield is 88 per cent. It crystallises in stellate aggregates of fine

needles, M.pt. 110 C., easily soluble in alcohols or chloroform, sparingly

in warm water, acetic acid, acetone, or benzene, and with difficulty in ether

or petroleum ether. Carbon monoxide is split off when the salt is warmed

or treated with 5-Normal hydrochloric acid, and the salt is decom-

posed by gentle warming with dilute sulphuric acid. Gently warmed

with nitric acid it yields carbon dioxide: Aqueous or alcoholic ammonia

splits out metallic mercury. When treated with dilute hydrochloric

acid the chloride is obtained, long needles, M.pt. 110 C. The bromide

crystallises in white plates, decomposing at 127 to 128 C., and the

iodide has a similar appearance but is very easily decomposed.

Acetoxymercuriformic ethyl ester is prepared by the action of

carbon monoxide on an ethyl alcohol solution of mercuric chloride, but

the absorption takes three times as long as in methyl alcohol. The

compound sinters at 65 C. and melts at 125 C. It is easily soluble in

acetone, chloroform, or ethyl acetate, less so in warm water, ether, or

benzene, sparingly in cold water, and insoluble in ligroin or petroleum
ether. It crystallises in warty needles. The chloride crystallises in

plates, melting at 88 C. with decomposition ; the bromide and iodide are

similar compounds. A sulphide has also been obtained as a yellowish-
white precipitate.

DERIVATIVES OF ACETIC ACID.

Bromomercuri -acetic acid, HgBr.CH 2.C0 2H. A methyl alco-

holic solution of ethanol mercuric bromide is treated with bromine and

potassium hydroxide, a white crystalline precipitate being obtained.

1
Schoeller, Schrauth, and Essers, JSer., 1913, 46, 2869.

2
Manchot, Ber., 1920, 53, 984.
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It crystallises in colourless needles, M.pt. 198 C., not decomposed by
hydrochloric acid. With potassium iodide solution a yellow iodide is

formed.
Some bromide is formed when ethanol mercuric bromide is oxidised

by permanganate, but the main product of the reaction is oxalic acid. 1

Anhydride of hydroxymercuri-acetic acid.2 This derivative

is not obtained by direct mercuration of the acid or its derivatives, but

by degradation of malomc acid derivatives.

(a) Mercury malonic ester (10 grams) is vigorously shaken with 100 c.c.

(about 4-5 mols.) of normal sodium hydroxide at 37 C. for three hours,
when a clear solution is obtained, which is allowed to remain at the

same temperature for a further twelve hours. After filtering and diluting
with 200 c.c. of water, 110 c.c. of Normal sulphuric acid are added,
when white flocks separate, and carbon dioxide is evolved. The reaction

is then brought to completion by allowing the mixture to remain on the

water-bath for several hours, after which the precipitate is filtered oft and
washed free from sulphuric acid by decantation with hot water. The

product is then dried in vacua over phosphorus pentoxide, when a horny
mass is obtained. Yield 5 to 5-6 grams, which is some 90 per cent, of

the theory.

(b) Malonic acid (100 grams) and 120 grams of solid sodium hydrox-
ide (about 3 mols.) are dissolved in 300 to 400 c.c. of water and heated
to boiling, when 200 grams of precipitated mercuric oxide (1 mol.) are

slowly added during half an hour. The oxide goes into solution, and
the liquid is then diluted to about 1500 c.c. by the addition of 950 grams
(1-5 mols.) of sulphuric acid (15-9 per cent.). It takes several hours to

evolve the carbon dioxide completely, after which the product is filtered

off and washed free from sulphuric acid, a nearly theoretical yield being
obtained.

Mono- and trimolecular formulae have been proposed for the com-

pounds I. and II., whilst Biilmann believes that the preparation (b) yields
a product to which he gives formula III.3

Hg.C0 2CH,-C=0 CH2-CO-OHg-CH 2ill I

C0 2.Hg-C<
Hg Hg CO p/ \COOH8 B

I

H =C\ /COOH
-CO-CH, HgO C0 2.Hg~C<

\Hg.C0 2

I. II. III.

The anhydride towards 200 C. becomes brown, and at 250 C.

explodes. It is insoluble in the usual solvents, but soluble in alkalies

and alkali salts, yielding hydroxymercuri-acetic acid, HOHg.CH 2.COOH.
The sodium salt of this acid is obtained by dissolving the anhydride

in 1 mol. of sodium hydroxide and evaporating the solution in the absence

of carbon dioxide. Needles are deposited, which are fairly soluble in

water, giving a solution alkaline to litmus, but the salt is insoluble in

1 Sand and Singer, Annalen, 1903, 329, 166.
2 Schrauth and Schoeller, Ber., 1908, 41, 2090 ; German Patents, 208634, 213371.
3 Biilmann and Witt, Ber., 1909, 42, 1067.
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the usual organic solvents. When treated with ammonium sulphide,

mercury sulphide is precipitated, and with solutions of metallic salts

the difficultly soluble metallic salts of the acid are precipitated, e.g.

copper sulphate yields (HOHg.CH 2COO)2
Cu. The calcium, silver,

mercury, and lead salts are white powders.
Anhydride of hydroxymercuri-diacetoxymercuri-acetic acid. 1

Dry mercuric acetate and freshly distilled acetic anhydride are heated

at 100 C., until a test portion of the solution gives no precipitate of

mercuric oxide, when treated with sodium hydroxide. A mercury
derivative of acetic acid is thus obtained as a line micro-crystalline

precipitate, having the composition :

O/
g

\C(HgOAc) 2

\C(K

This acetate is insoluble in organic solvents, dissolves with decom-

position in hydrochloric acid, but is soluble in cold 20 per cent, nitric

acid with formation of a nitro-acetate,

HgOAc

which may be precipitated by the addition of a large bulk of water.

Both the above compounds are non-explosive, but the free base

prepared by decomposing the diacetate with cold potassium hydroxide
is an exceedingly explosive compound. It is colourless, easily soluble

in cold 20 per cent, hydrochloric acid or in potassium cyanide solution,

and has the constitution :

/gx /v
20 ( >0.5H 2

C(X

When heated to 160 C. it loses water and carbon dioxide, forming

probably a methane derivative,

This compound when reduced by sodium amalgam yields mercuric

acetate, whilst potassium iodide forms the corresponding iodide.

Mercuri-hydroxymercuri-acetic acid,
2

Hg=C-COOH

Hg-OH
The sodium salt of the acid is obtained when sodium acetate, mercuric

oxide, and concentrated alkali are heated together at 110 to 120 C.

for two to three hours and the melt extracted with water. The residue

remaining is a polymer of the preceding compound, and is insoluble in

1 {Sand and Singer, Ber., 1903, 36, 3707.
2
Hofrnann, Ber., 1899, 32, 870 ;

Olum, Zentr., 1899, i. 1024
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alkali or acids. It dissolves, however, in nitric acid, and addition of
water precipitates the nitrate,

[(N0 8HgO(Hg=)C.COOH]a

as a yellowish-white crystalline mass, which decomposes on heating or
on treatment with hot dilute hydrochloric acid or potassium cyanide.
Sodium carbonate or 5 per cent, potassium hydroxide converts this
nitrate to the hydroxide, but prolonged warming with concentrated
alkali yields salts. A potassium hydroxide solution of the nitrate
on addition of alcohol gives a precipitate of a yellow potassium salt
of the formula,

C
aHga 8HKC 8Hg a 8H 8

.2H
80,

and this is decomposed by dilute hydrochloric acid to the chloride,

(ClHg) 2HC.COOH.

The nitrate ofmercuri-hydroxymercuri-acetic acid is precipitated from
alkaline solution by dilute nitric acid as a voluminous precipitate, which
crystallises from 10 per cent, nitric acid in long needles.

Dihydroxymercuri-iodomercuri -acetic acid,

HOHg/ \COOH
Whereas mercuri-hydroxymercuri-acetic acid derivatives are formed
when sodium acetate, mercuric oxide, and concentrated alkali are heated
together, the replacement of the oxide by mercuric iodide leads to the

production of the sodium salt of the above iodomercuri compound when
the action is carried out at 105 C. The derivative crystallises in yellow
plates, which are only decomposed with difficulty by hydrochloric or

hydrobromic acids.
JEhe free acid is obtained by the action of dilute

nitric acid on the sodium salt, and it crystallises in greenish-white plates,
which are partly decomposed by hot dilute hydrochloric acid, and com-
pletely by potassium cyanide solution, whilst potassium iodide gives a

strongly alkaline liquid which is yellow. This iodide with dilute silver
nitrate solution gives the nitrate, (N0 3Hg)(HOHg) 2.C.COOH, as a

yellowish-white crystalline powder, which decomposes on heating, and
is insoluble in water or 3 per cent, nitric acid, but soluble with partial
decomposition in hydrochloric acid, potassium cyanide, or iodide
solutions.

Trichloromercuri-acetic acid, (ClHg) 3C.COOH. When an alco-
holic solution of mercuric chloride is boiled for twenty hours with
sodium ethylate, acetate, or propionate, the mercarbide, C

2Hg4Cl 4 , is

obtained in glistening scales. It is soluble in hot alkali, and dilute

hydrochloric acid precipitates the above chloride from the solution,
a black residue remaining, which is a mixture of mercury with di- and
trimercuri-acetic acid. The merearbide, I., when warmed with sodium

hydroxide or potassium cyanide, is decomposed, mercury separating and
a strong odour of aldehyde resin being noticed. Heating with mercuric
oxide and potassium hydroxide at 105 to 110 C. gives the explosive
base II. :
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ClHgx /Cl HOHgv /HgOH
>C-C<

CIHg/X/ \HgCl

I.

b
II.

Halogen substituted acetic acids have not been investigated to any
great extent as to their capacity for forming mercury derivatives.

Hofmann *
isolated the compound, HgCl.CHCl.COOH.KCl, by boiling

sodium monochloroacetate with mercuric oxide and alkali in aqueous
solution. The compound crystallises from alcohol in silky needles

,

which are decomposed by dilute hydrochloric acid into mercuric chloride,

potassium chloride, and glycol ; by sodium hydroxide into mercuric

oxide and sodium glycollate.

DERIVATIVES or CYANOACETIC Aero. 2

Hydroxymercuricyanoacetic acid,

HOOC.CH.CN

HgOH
When 3-24 grams of mercuric oxide (0*015 mol.) and 1-7 grams of

cyanoacetic acid (0-02 mol.) in 30 c.c. of water are shaken together for

two days, the mercuric oxide dissolves and a white crystalline precipi-
tate is deposited (44 grams), which is soluble in alkalies forming salts.

Attempts to prepare the same compound from aqueous cyanoacetic acid

and mercuric acetate failed to give the same result. The sodium salt

of the acid is obtained in good yield when sodium cyanoacetate is shaken
with mercuric oxide, and the potassium and barium salts are prepared in

the same way. The potassium salt is also obtained when mercuric

cyanide and potassium cyanoacetate react in alkaline solution.

The ethyl ester is prepared by adding an aqueous solution of mercuric
acetate (336 grams in 100 c.c.) to the ethyl ester of cyanoacetic acid in

methyl alcohol (24 grams in 60 c.c.) }
when 6-2 grams of the ester

separate as a snow-white crystalline precipitate. The methyl ester is

also crystalline and prepared in a similar manner,

By treating a neutral solution of mercuric nitrate with ammonium
cyanpacetate, Meves 3 obtained a mercury compound of indefinite com-
position. Petterson, by adding ammonium cyanoacetate solution,
0-02 mol., to an aqueous solution of mercuric acetate, 0-03 mol., obtained
in two days a white flocculent precipitate, which split off mercuric oxide
when treated with sodium carbonate. The following formula? have
been proposed for the substance :

J CN CN CN CN CN

HC.COO-Hg-OOC.CH, i-COOH HOOC-C and HC.CO CO.CH

--Hg Eg.
--Hg HgO-Hg-OHg

Hofmann, Bar., 1899, 33, 870; Ohem. Zentr., 1899. i. 1024.
Petterson, J. yralA. Cltem , 1912, 86, 462.

8
Meves, Anwkn, 1867, 143, 304.
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DERIVATIVES OF BENZOYLACETIC AciD.1

Anhydro-a-hydroxy-mercuribenzoyl acetic acid, C 6H3.CO

CH CO Hg. Three grams of benzoyl acetic acid in 50 c.c. of

chloroform are boiled for one minute with an excess of yellow mercuric

oxide and filtered. The filtrate is evaporated to dryness, the residue

extracted twice with ether and dried. Yield 1-8 grams. The compound
is white, decomposes at about 290 C., and is readily soluble in hot chloro-

form or sodium hydroxide, but insoluble in water or ether. Dilute

hydrochloric acid decomposes it, forming mercuric chloride and benzoyl
acetic acid.

Mercury-bis-benzoylmethane, (C6H5COCH2 ) 2Hg. Five grams
of yellow mercuric oxide are added to 1*3 grams of benzoyl acetic acid

in 50 c.c. of 95 per cent, alcohol, the mixture heated to boiling and

filtered. The residue is boiled with 20 c.c. of alcohol, filtered, and the

two filtrates combined. Dilution with water and cooling in ice yields
0-8 gram of a very pale yellow precipitate, M.pt. 159-5 C. The com-

pound is soluble in hot alcohol or acetone, but insoluble in water or ether.

An alcoholic solution of the compound does not give a precipitate of

mercuric oxide when treated with sodium hydroxide, but ammonium

sulphide gives an immediate precipitate of mercuric sulphide. With
mercuric chloride it yields the following compound :

Benzoylmethyl-mercuric chloride. The above compound in

hot 95 per cent, alcohol is heated with mercuric chloride until the

mixture no longer gives a test for mercuric ions when treated with

sodium hydroxide. The mixture, after dilution and cooling in ice, gives
a precipitate melting at 146 C. This compound is identical with that

prepared by the direct mercuration of acetophenone, i.e. phenacyl-
mercuric chloride, see p. 196.

DERIVATIVES OF NITRO-ACETIC

Ethyl hydroxymercuri-aci-nitro-acetate anhydride,

/NOo/
\

.C0 2C2H 5

Hg

This compound is formed as a white precipitate from the interaction

of ammonium aci-nitro-acetate and mercuric chloride in aqueous solution.

It sublimes when carefully heated, detonates when strongly heated, and

when ignited burns with a luminous flame. In bases it dissolves readily,

but is almost insoluble in boiling water. Treatment with bromine in

potassium bromide solution forms ethyl dibromonitro-acetate, and

potassium iodide removes the mercury from the anhydride as mercuric

iodide.

Prager considered the formation of the anhydride to be preceded

by the formation of ethyl chloromercuri-aci-nitro-acetate,

1 Kharasoh and Staveley, J. Amer. Chem. Soc., 1923, 45, 2966.

2 ScholL and Nyberg, Ber., 1906, 39, 1956; Prager, Monatsh., 1912,33, 1285; Steinkopf,

Annahn, 1923, 434 21.
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COoEt

\HgCl
and it is probable that this compound is formed when the anhydride
dissolves in dilute hydrochloric acid, and the corresponding cyanide
when potassium cyanide is used as solvent.

The sodium aci-nitro compound is a greenish-yellow substance,
formed when the anhydride is dissolved in sodium hydroxide and the
solution evaporated with exclusion of atmospheric carbon dioxide,

The following' formula has been assigned to it :

/C0 2Et

2

\HgOH
iso-Propyl hydroxymercuri-aci-nitro -acetate anhydride,

.

>0/Hg
is formed when mercuric chloride is added to an aqueous solution of the
ammonium salt of isopropyl m'-nitro-aeetate in the presence of sodium
acetate, and the isobutyl and isoamyl derivatives may be prepared in
the same way. The general physical properties of these compounds are
the same as those of the above ethyl derivative, save that potassium
iodide does not react with their alkaline solutions.

DERIVATIVES OF SUBSTITUTED ACETIC ACIDS. 1

Many investigators have attempted to isolate mercury derivatives
from aceto-acetic ester, but the results have been so varied that no
reliance can be placed on any of the early work on this compound.
Kharasch and Staveley,

2
however, have obtained definite results by

heating mercury salts of substituted acetic acids in vacuo, e.g. di-

methyl and diethyl aceto-acetic acids when dried and heated in vacua
at 90 C, evolve carbon dioxide, and the mercury becomes bound to the
carbon atoms which were formerly attached to the carboxyl groups :

_
Heat

[CH3CO.CEt 2.C0 2] 2Hg-^[CH 3CO.CEt 2 -] 2Hg+2C0 2

Mercury bis-a-acetyl-a-isopropyl or Mercury-bis-aceto-di-
methyl-methane, LCH 3CO.CMe 2 -] 2Hg. Mercuric dimethyl aceto-
acetate is heated in a vacuum at 90 C., when it is found to lose two
molecular equivalents of carbon dioxide, which is shown by the loss in
weight. The resulting mass is extracted with acetone, and the solvent
removed in vacua, the product isolated melting at 120 C. It is soluble
in acetone, alcohol, toluene, or xylene, but only slightly soluble in ether
Mercuric sulphide is split off from it by the action ofammonium sulphide!!but no mercuric oxide is formed when sodium hydroxide is added. The
compound soon decomposes with the deposition of metallic mercury.

1 Hellon and Oppenheim, Ber., 1877, 10, 701 ; Hofmann, Ber. 9 1898, 31, 2213 LevBer 1900, 33 1014 ; BUImaan, Ber., 1902, 35, 2585 ; Michael, Ber., 1905, 38 2090
'

2 Kharasch and Staveley, J. Amer. Chem. Soc., 1923, 45, 2961.
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Aceto-dimethyl-methyl -mercuric chloride, CH 3CO.CMe a

HgCl. To 1-8 grams of the preceding compound in 15 c.c. of alcohol,
I -4f grams of mercuric chloride dissolved in 30 c.c. of 95 per cent, alcohol
fire added, and the whole boiled for five minutes. On cooling, white

crystals, M.pt. 124-5 C., are deposited. Yield 1-1 grams.
In a similar manner, commencing with mercuric aa-diethjdaceto-

acetate, the following compounds have been obtained, their properties
being analogous to those of the methyl compounds :

Mercury bis-a-acetyl-a-ethylpropyl or Mercury bis-aceto-

diethylmethane, [CH3CO.CEt 2 -] 2Hg, M.pt. 109 C. ; Aceto-diethyl-
methyl-mercuric chloride, [CH 3CO.CEt 2 ~]HgCl, M.pt. 77 C.

Diazo-acetic Esters. 1 Mercuric oxide dissolves in the cooled ethyl
ester of diazo-acetic acid, and the product is extracted with ether. From
the ethereal solution yellow, rhombic crystals of mercury bis-diazo-acetic

ethyl ester are deposited, the parameters of which are a : b : c =0-4546 :

1 : 0-72527. The crystals melt with decomposition at 104 C., and are

affected by direct sunlight, mercury separating out. The substance

explodes on concussion and is volatile in steam, with some decomposition.
The methyl ester yields a similar compound which melts with partial

decomposition at 123 C., and is less soluble in ether than the ethyl deri-

vative. The methyl compound is decomposed by water at ordinary
temperatures into mercury, nitrogen, methyl alcohol, oxalic and

glycollie acids.

DERIVATIVES OF PROPIONIC ACID.

Anhydride of a-hydroxymercuripropionic acid,
2

CH 8 CH CO

Hydroxymercuri methyl malonic ester, HOHg.CMe(CO 2Me) 2 ,
is saponi-

fied with 4 mols. of Normal alkali hydroxide and the resulting solution

acidified by dilute sulphuric acid. The precipitate is washed, suspended
in water and boiled until the evolution of carbon dioxide ceases, a nearly

quantitative yield of ester being obtained. It decomposes at 150 C.,

and with halogen acids yields mercuric salts. It is insoluble in organic

solvents, but dissolves readily in alkalies.

]3-Mercury bis-propionic acid, Hg(CH 2.CH 2.C0 2H)2 .
3 This

derivative is isolated by reducing /3-iodopropionic ethyl ester in cold

ethereal solution with 0*5 per cent, sodium amalgam. The residue is

shaken with warm Normal sodium hydroxide solution, then cooled and
acidified with dilute sulphuric acid, which precipitates colourless crystals.

Yield 27 per cent. It is recrystallised from hot water, and melts at

148*5 to 149-5 C. (corr.). It is easily soluble in warm alcohol, less so in

acetone or hot ethyl acetate, and sparingly in ether or chloroform. It is

soluble in hot concentrated hydrobromic acid, the solution depositing

crystals of an acid on cooling. Heated with water at 100 C. the acid

forms the anhydride of ft-hydroxymercuripropionic acid. This decom-

poses at 190 C., and is insoluble in the usual organic solvents or water,

but soluble in alkalies or warm mineral acids.

1 Curtius and Buchner, J. pralt. Ohem , 1888, [2J, 38, 41 1 ; Buchner, Ber., 1895, 28, 216-
8 Schoeller and Sohrauth, Ber. 9 1909, 42, 782,
3

Fischer, Ber., 1907, 40, 387.

VOL. XI. : i. 5
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DERIVATIVES OF MALONIC ACID AND ITS ESTERS. l

Mercury bis-malonic methyl ester, Hg[CH(COOMe) a ] 2 . Methyl
malonate (36 grams, 2Jmols.), with 25 grams of mercuric oxide (I mol.)

and 50 c.c. of water, are shaken on a machine at 37 C., in the absence

of light. After twelve hours a white body having the above composition

separates out. It is soluble in cold chloroform and sparingly in alcohol,

acetone, or ethyl acetate. It sinters at 125 C. and melts at 127 C.

(corr.). Saponification with 4 mols. of Normal alkali, and acidification

with dilute sulphuric acid, gives an almost quantitative yield of the

anhydride of hydroxymercuri-acetic acid.

Hydroxymercuri methyl malonic methyl ester, HOHg.CMe
(CO aMe) 2 . The preparation is carried out in a similar manner to the

above, using equal molecules of the ester and mercuric oxide and con-

tinuing the shaking for several clays. It is a white amorphous solid,

insoluble in the usual solvents. When saponified as above it gives an

85 per cent, yield of the anhydride of hydroxymcrcuri-propionic acid.

In a similar manner the methyl eater of etliylmalonic add yields 80 per
cent, of hydroxymercuributyric acid anhydride.

From malonic acid itself, Biilmann claims to have obtained several

very complex derivatives, but their constitution seems doubtful. 2

DERIVATIVES OF UNSATURATED ACTON. 3

The acids of this series can be mercuratcd, with the exception of

fumaric and mesaconic acids, which only yield normal mercuric salts,

Anhydride of a-hydroxymercuri-/?-hydroxypropionic acid,

CH 2(OH) CH CO

Hg-0
Five grams of anhydrous acrylic acid are mixed with a solution pre-

pared from 10 grams of mercuric oxide in 10 c.c. of sulphuric acid and
40 c.c. of water. Addition of alcohol gives a white, sticky precipitate,
the latter on treatment with alcohol becoming gritty. It is filtered

off, washed, and dried, and is very hygroscopic. The yield from two

preparations was 8 to 9 grams. Biilmann assigns the following con-
stitution to this body :

CH
2OH.CHHg.C0 2 CH 2OILCHHg.C0 2II

4

CH2OH.CHHg.C0 2 CH 2OH.CHHg.C0 2H

If the substance be boiled with 8 to 10 parts of water, a part of it

dissolves; the insoluble residue, washed with water and alcohol and
dried, gives the pure anhydride.

1
Biilmann, Bar., 1902, 35, 2580 ; Schoeller and Schrauth, ibid., 1908, 41, 2089 ; German

Patents, 208634, 213371.
2 See German Patents, 221483, 231092, 248291.
3
Biilmann, Bei., 1902, 35, 257].
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It has also been prepared by heating mercurous acrylate, the follow-

ing reaction taking place :

Hg2(CH 2 =CH.C0 2 ) 2+H 20=Hg+CH 2=CII.C0 2H+CH 2OH.CHHg.CO,
Anhydride of a-hydroxymercuri-jS-hydroxy-n-butyric acid,

1

CII3 CHOH CII CO

Hg-0
Seven grams of crystallised crotonic acid in 50 c.c. of warm water are

heated with 7 grams of mercuric oxide until complete solution takes

place. The solution is then evaporated to about 25 c.c., cooled and
treated with 200 e.e. of absolute alcohol. The white precipitate is

washed with alcohol and ether, and dried over calcium chloride.

The anhydride may also be prepared by the interaction of crotonic

acid and mercuric acetate, precipitating the product with alcohol.

Mercuration of crotonic acid using mercuric sulphate solution does not

yield a pure compound.
Derivative of a-acetoxymercuri-/3-hydroxysuccinic acid,

HO CH C02V

I >Hg, 2H
aO

AcO.Hg CH CO/
Mercuric acetate, 20 grams, is dissolved in GO c.c. of water and treated

in the cold with 5 grams of maleic acid in 40 c.c. of water. Any pre-

cipitate which may be formed is filtered off, 4 grams of maleic acid in

40 c.c. of water added, and the mixture heated, a white micro -crystalline

precipitate separating out. This is filtered off and washed with very
dilute acetic acid, then with water, alcohol, and ether. Yield 7*5 grams.
It is insoluble in water and alcohol, but dissolves in acids or alkalies.

It reacts with sodium chloride and potassium iodide solutions according
to the equations :

HOCH-C0 2Na
C 6

II
6IIg 2 7 +3NaCl- |

+C 2
H

3 2Na+HgCl
ClHg.CH-C0 2Na

C eH 6Hg a 7 +4KI=C 8H,6 aK+C aH a(C0 8K) a +2HgI a +KOII

Derivative of anhydro a-hydroxymercuri-a-hydroxymethyl
succinic acid,

.C(COJ^).CH 9,C0 2 ) 2Hg or (Hg.CH2.C(0(HO.CH 2.C(C0 2Hg).CH 2.C0 2 ) 2Hg or (Hg.CH2.C(C0 2)(OH).CH 2.C0 3 ) 2Hg

When prepared by the mercuration of itaconic acid using mercuric

sulphate solution, 7 grams of acid and 50 c.c. of the salt solution yield

11 grams of product. It contains 3 molecules of water of crystallisa-

tion and has similar properties to the preceding compound,
Derivative of Citraconic Acid. Five grams of the acid in 40 c.c. of

water are added to a cold solution of 20 grams of mercuric acetate in

60 c.c. of water. When heated at 60 C. this mixture yields a rnicro-

1
Ley, Ber. f 1900, 33, 1010 ; Biilmann, kc. cU.
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crystalline precipitate, which is filtered whilst hot. It is washed with

very dilute acetic acid, water, and alcohol. Yield 8 grants. The follow-

ing constitution has been assigned to it :

CH3-C(OH)~CCU AcO.Hg.C(CII 3)-C02X

| >Hg or
|

\Hfir

AcO.Hg,CH CO/ IIO.CH CO/
It is insoluble in water or alcohol, but dissolves in acids. Ammonium
sulphide precipitates mercuric sulphide from its alkaline solutions.

DERIVATIVES OF CHAULMOOGRIC AciD. 1

Anhydride of hydroxymercuri-ethoxy-chaulmoogric acid.

To 1 mol. of mercuric acetate dissolved in 2000 c.c. of hot absolute

alcohol and 400 c.c. of glacial acetic acid, and cooled to room tempera tuiv,

I mol. of chaulmoogric acid is added in small portions, with constant

stirring, until a fairly clear solution is obtained. After t\vcnty-lbur
hours any sediment is filteied off and the filtrate allowed to stand in an

ice-chest" for three months. A total of 50 grams of crystals is thus

obtained, and recrystallised from 95 per cent, alcohol. A mass of

silvery, minute needles is formed, melting at 112 to 113 C., to a clear

liquid. It is readily soluble in chloroform or glacial acetic acid, less so

in hot alcohol, hot ethyl acetate, or hot acetone, and practically insoluble

in cold solvents. Its constitution is represented by formula I.

Ethyl acetoxymercuri-ethoxy-chaulmoograte (II.). One mol.
of freshly distilled ethyl chaulmoogratc and 1-25 mols. of mercuric

acetate are dissolved in 1000 c.c. of absolute alcohol and 100 c.c. of

glacial acetic acid. The solution is tightly stoppered and allowed to

stand for ten days in an ice-chest, then filtered, and the filtrate poured
into a large volume of water. An oil is obtained, and if the water bo

separated off, the oil partially solidifies on standing. It is filtered and
the residue recrystallised from petroleum ether, then from absolute
alcohol. Yield 15 grams. It forms minute, colourless needles, M.pt.
67 to 68 C., stable in air, but decomposed by inorganic acids. 2

Hg-CH CH(CH2 ) 12CO-0 AcO.Hg CH~CII(CH2 )12C0 2Et,

EtO.CH CH2 EtO.CH CH2V VlUtL2 C11
2

I. IL

1 German Patent, 245571 ; Bean, Wrenshall, and Fujimoto, /. Atwr. Clem, for
, l*)2r>

47, 403.
2 The patent mentioned above ((German Patent, 245571) also deals with the mcrcura-

tion of cyclohexenecarboxylic ester.

The following German patents have also been taken out for aliphatic acid mercurials ;

Ibid., 246207, behenolic acid esters, stearolic acid ester. Ibid., 264267, aiyl hytlroxy fatty
acids. Ibid., 279199, aminomethane disulphonic acid. Ibid., 228877, oloic acid ethyl
ester, triolein. Ibid., 387850 ; American Patent, 1457075

; diethyl diallylmalonate, diallyl-
barbituric acid, ethyl diallylacetate, diethyl o-phenylenodiacrylate, 'diphenio acid and
ethyl diphenylaminc-2-carboxylatp

The following deal with purine derivative: Roscnthalcr and Alk'lmann, tor. Dcut
pharm. Ges., 1923, 33, 180 ; German Patents, 282370, 282377.



CHAPTER VI.

MERCURY (continued).

AJROMATIC COMPOUNDS OF THE TYPES R
2Hg ; Rllgll' ; RHgX.

ALL the compounds oi' the type R 2Hg, with the exception of mercury
dibenzyl, the bromo-, chloro-, and nitrophenyls, and thienyl derivatives,
have been prepared by the amalgam method. The amalgams used are

more concentrated than lor the corresponding alkyls, and a higher
temperature is required for the reaction ; the strength of amalgam in

certain cases is as follows : Mercury diphenyl, 2-7 per cent. ; mercury
di-o-tolyl, 8 per cent, ; mercury di-m-tolyl, 3 per cent. ; mercury di-

m-xylyl, 2 per cent. ; mercury dipseudocumyl, 1-5 per cent.
,* mercury

di-a-naphthyl, 4< per cent. The Grignard reagent has not been used so

extensively in these preparations as with the alkyls, but it is the sole

method of obtaining mercury dibenzyl, and has also been applied to
the production of mercury diphenyl and dicyclohexyl. A recent

method of preparation consists in treating phenylmercuric or halogen-
ated phenylmercuric halides with copper in pyridine solution, and in tins

way mercury diphenyl, di-p-chlorophenyl, di-p-bromophenyl, and di-o-

uitropheuyl have been isolated. Stannous chloride and sodium hydroxide
in pyridinc have also been used instead of copper in the case of the

phenyl compound. It has already been noted that ethyl hydrazine
reacts with mercuric oxide to yield mercury diethyl, and phenyl hydra-
zine in the same way yields mercury diphenyl. The halogens attack

mercury diphenyl, giving PhHgHaL, but in the case of bromine or iodine

the reaction proceeds a stage further if four atoms of halogen are used,
as shown by the equations :

R
2Hg +2Hal. =RHgHal. +RHal.

RHgHal. +2Hal. =RHal. +HgHal. 2

A similar series of reactions also occurs when mercury di-a-naphthyl
is treated with iodine in carbon disulphide solution.

Gaseous hydrogen chloride, bromide, or iodide decompose mercury
diphenyl, whereas hydriodic acid forms phenylmercuric iodide. Con-

centrated hydrochloric acid varies in its action towards these deri-

vatives. Whilst mercury diphenyl, di-o-nitrophenyl, di-p-tolyl, di-a-

naphthyl, di-j8-naphthyl are decomposed when boiled with concentrated

hydrochloric acid, mercury di-m-xylyl, dipseudocumyl, and bis-diphcnyl
remain unchanged. Concentrated nitric acid decomposes mercury

diphenyl, di-p-tolyl, and di-a-naphthyl, di-/?-naphthyl, and sulphuric
acid gives similar results. When boiled with organic acids, mercury

diphenyl forms salts of the type RHgX, and mercury di-a-naphthyl
behaves in a similar manner towards glacial acetic acid, but when heated
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in a sealed tube with the latter acid mercury dibcnzyl is decomposed,
As far as investigations have gone, the following chlorides react with the

type R 2Hg to yield organometallic compounds : boron, indium, thallium,

phosphorus, and arsenic trichlorides and silicon tetracliloride, likewise

the metals magnesium, zinc, cadmium, aluminium, selenium, and
tellurium. Mercury diphenyl reacts with mercuric chloride in acetone or

alcoholic solution to give phenylmercuric chloride, but if mcrctirous

chloride is used a temperature of 160 C. is necessary to effect the change.
Mercuric halides or cyanides react with mercury dicyclohexyl in any
solvent to yield the type RHgX, and the halides give a similar result

with mercury di-a-naphthyl. Bromine also splits off a naphthyl group
from the latter compound.

The foregoing reactions do not necessarily apply to R 2Hg when 11^
thienyl, and these compounds come under a category of their own. All

the compounds of this type are prepared from halidcmercuri thiophencs,
the method of conversion depending on the position of the substituents

in the thiophene ring. It was found that attempts to produce the iodide

from 2-chloromercuri thiophene by the action of sodium iodide in acetone
solution gave only small yields, but a considerable amount of mercury
2 : 2'-dithienyl was formed at the same time. Investigation showed that

this method of producing the type R 2Hg is a general one, if the mercury
residue be in the a-position, and in the case of 5-chloromercuri-2-bcn/,yi-

thiophcne the change is brought about by sodium thiocyanate in acetone
solution. Di-substituted thiophenes containing methyl groups in the
3 : 4 or 3 : 5 positions react in a similar manner, but if these groups are
in the 2 : 5 positions the conversion cannot be brought about by sodium
iodide. 3-Chloromercuri-2 : 5-dimethylthiophene is'transformed to 2 : 5 :

2' : 5'-tetramethyl-3 : S'-dithienyl by boiling it in xylene solution with
metallic sodium, and the corresponding 2 : 5-diphenylthiophcixe under-

goes a like change. The reactions of 2 : 5-dichloromercurithiophcnc arc

interesting and are illustrated in the scheme below. It will be seen that
the change from RHgX to R

2Hg may be also brought about by heat in
this case.
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The dithienylenes, one of which is shown above, are non-crystalline
insoluble powders, only decomposing at high temperatures.

The type RIIgR' is much less stable than R 2Hg, and in all cases these

unsymmetrical compounds have been obtained by aid of the Grignard
reagent. In order to obtain satisfactory yields, the Grignard reagent
should not be used in large excess, and the temperature should be kept
below 5 C. Mercury ethyl phenyl decomposes after standing for several

months into mercury diethyl and mercury diphenyl, and a similar

change takes place with mercury ethyl benzyl . At ordinary temperatures
mercury phenyl benzyl is slowly transformed into mercury diphenyl and

mercury dibenzyl, but at 80 C. the decomposition produces mercury,
dibenzyl, and mercury dibcir/yl. Mercury o-tolyl benzyl at 80 C.

yields mercury, dibenzyl, and mercury di-o-tolyl. All compounds of this

type when treated with alcoholic mercuric chloride split according to

the equation :

RHgR' +HgCI 2-RHgCl +R'HgCl

With alcoholic hydrogen chloride, one compound of the type RHgCl is

always formed, and sometimes both radicles give chlorides, but no

general rule can be formulated from the known compounds to cover
all cases.

Some methods of preparing derivatives of the type RHgX have

already been dealt with in describing the reactions of the type R 2Hg.
In the case of benzene and toluene the mercuration may be carried out

directly, using mercuric acetate. If the operation is performed in the

presence of alcohol, benzene may be converted to phenylmercuric
acetate at 100 C., but the process takes about fifty-five hours to obtain

an 80 per cent, yield. When toluene is reiluxcd with mercuric acetate,
ortho- and para- ring-substituted compounds arc produced. Another
method is to treat the aryl sulphinic acids or their sodium salts with
mercuric chloride, when the following reaction occurs :

R.S0 2H+Hgd 2=RHgCl+S0 2 +HC1

This reaction has been applied to phenyl and tolyl derivatives. The
acid grouping of aryl boric acids may also be replaced by mercury, this

affording one means of preparing phenyl, tolyl, and benzyl compounds.

RB(OH) 2+HgCl 2+H 2 -RHgCl +HC1+H3B0 3

The Grignard reagent has been employed in isolating the mercuric

halides of the following radicles : phenyl, tolyl, benzyl, and naphthyl,

RMgX+HgX 2=RHgX+MgX 2

If the compound RHgX be treated with a second molecule of

Grignard reagent, the type R 2Hg is produced.

Triphenylstibinc when heated with mercuric chloride yields phenyl-
mercuric chloride, and tri-m-tolylstibinc mercurichloride when boiled

with alcohol is converted into m-tolylmercuric chloride.

Although thienyl compounds of the type RHgX react with potassium
iodide in acetone to give the type R 2Hg, this has only been noted in

benzenoid derivatives in the case of p-tolylmercuric chloride, when a

large excess of potassium iodide is used. With phenyl and a-naphthyl-

mercuric chlorides only the corresponding iodides are produced. The
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iodides in the tolyl series are obtained by refluxing Hie other halidcb

with alcoholic potassium iodide, and pseudocumylmercuric
iodide is

only formed by heating the R 2Hg derivative with an excess of alcoholic

mercuric iodide in a sealed tube at 130 to 140 C.

The nitrates of the phenyl, tolyl, and a-naphthyl compounds are

formed by the action of oxides of nitrogen on the R 2Hg derivatives

as well as by alcoholic silver nitrate on the halides.

In the case of halogen-substituted hydrocarbons the principal

method used is the mercuration of the sulphinic acid, and not the hydro-

carbon itself, whilst the method acts equally well with nitrobenzene.

The nitrotoluenes when mercurated by mercuric oxide in the presence

of sodium hydroxide yield compounds containing mercury in the side

chain, but with mercuric acetate at 140 CM in the absence of a solvent,

the mercury enters the ring. If nitrotoluenc sulphinic acids a-re used

as starting-points, the acid group is replaced by mercury by prolonged

boiling with 50 per cent, aqueous alcoholic mercuric chloride.

The sulphonic acids are mercurated directly by means of mercuric

acetate in boiling aqueous solution in the presence of acetic acid.

Thiophene is readily mercurated by mercuric chloride in the presence

of sodium acetate, yielding mono- and di-mercurated products of the

type RHgX, but not R 2Hg. Mono-substituted thiophenes usually

behave in a similar manner, and in the case of di-substitutcd thiophenes
the position of the groups in the nucleus determines whether a di-

mercurated product is formed, although all yield monomercuri com-

pounds. The bromides are obtainable from the chlorides by usiny
mercuric bromide in alcoholic solution, or from the corresponding

dithienyls by treatment with mercuric bromide in acetone solution.

Replacement of the mercuric bromide by sodium iodide (1 niol.) in

acetone solution gives the iodides, the bromides RHgX being used instead

of the chlorides.

COMPOUNDS or THE TYPE R2Hg.

Mercury diphenyl, Ph 2Hg, may be prepared in several ways, as

follows :

1. From phenylmercuric acetate. 1 It was first noted by Dimrolli

that phenylmercuric acetate when treated with alkaline sodium stannite

gives mercury diphenyl, and this reaction has recently been worked up
by Maynard and shown to be the best method of preparation yet
discovered, the yield being approximately 96 per cent. A solution

containing 50 grams of stannous chloride in 125 c.c. of water and 125
c.c. of cold 40 per cent, sodium hydroxide is added with mechanical

stirring to 30 grams of phenylmercuric acetate in 300 c.c. of water.

After stirring for one hour, mercury and mercury diphenyl separate,
the mass being filtered, washed, and dried. The mercury diphenyl is

extracted from the residue by 150 c.c. of acetone, and the compound
precipitated by the addition of water. Yield 13*2 grams. The reaction

may be represented by the equation

2C 6H5HgX+Na2Sn0 2+2NaOH=(C 6H 5 ) 2Hg+Hg+2NaX+Na 2Su0 3

2. Two other phenyl mercuric compounds have also been mentioned

1
JWinroth, JSer., 1902, 35, 2853 ; Maynard, J. Avwr. Cliem. Soc., 1924, 46, 1510.



MERCURY. 73

as yielding mercury diphenyl, (1) phenyl]nercuric bromide, by prolonged
boiling with potassium sulphide,

2PhIIgBr+K 2
S =2KBr+HgS+Ph aHg

and (2) phcnylmercuric iodide, when treated with sodium amalgam iu

alcohol or benzene solution,

2PhHgI+H 2=2HI+Hg+Ph 2Hg l

3. By the Grignard reaction. 2
Twenty-five grams of bromobenzene

and 3-1 grams of magnesium in dry ether are slowly treated with 13

grams of mercuric chloride and the mixture boiled for one hour on the

water-bath. The mass is then decomposed with dilute hydrochloric
acid and the whole extracted with ether, the ethereal solution yielding
about 7-5 grams of mercury diphenyl. Yield 44 per cent. Magnesium
phenyl bromide with phenyl mercuric chloride gives a 67 per cent, yield
of mercury diphenyl.

t. By the Fittig reaction. 3 In this case bromobenzene, mercuric

chloride, and metallic sodium are allowed to react in dry benzene. After

completion of the reaction the mercury diphenyl is obtained from the

benzene solution.

5. By the use of sodium amalgam.
4

Equal volumes of bromo-
benzene and xylene containing one-tenth by volume of ethyl acetate are

treated with an excess of 2-7 per cent, sodium amalgam and heated from
120 to 140 C. for eight hours. The mercury diphenyl is obtained from
the benzene-xylenc solution in 46 per cent, yield.

G. From phenylmcrcuric sulphide, phenylmcrcuric thiocarbouatc,
and phenylmcrcuric thiosulphate.

5

The above three compounds arc changed to mercury diphenyl by
treatment with alcohol, benzene, and sodium thiosulphate respectively.

7. From phenylarsenious oxide, 6
Thirty-four grams of phenylar-

scnious oxide in 300 c.c. of 2-Normal sodium hydroxide are stirred with

54-2 grams of mercuric chloride in 500 c.c. of water, the temperature

being maintained at C. The temperature is then raised by heating
on a water-bath until no further precipitate is formed, and afterwards

the product is filtered, washed, and dried. The mercury diphenyl is

removed from this residue by boiling with alcohol, from which the com-

pound crystallises on cooling.
8. From phenylhydrazine.

7
Phenylhydrazine is heated with an

excess of yellow mercuric oxide, when nitrogen is evolved, and aniline

and mercury diphenyl formed. Ten grams of the base yield 4 grams of

pure compound. A similar result is obtained when mercury acetamidc

replaces the oxide.

9. By the action of copper on a pyridine solution of phenylmcrcuric
bromide. 8

1 Dreher and Otto, Annakn, 1870, 154, 93.
2 Pfeiffer and Truskier, Ber., 1904, 37, I] 25.
3 Michaelis and Koesc, Ber., 1882, 15, 2877.
* Dreher and Otto, foe. eft. ; Ber., 1869, 2, 542 ; Ladenburg, Annakfi, 1874, 173, 151 ;

Michaelis, Annakn, 1876, 181, 290 ; Aronheim, Annahn, 1878, 194, 148.
6

Pesci, Gazzetta, 1899, 29, (i.), 394.
6 German Patent, 272289.
7
Forster, Trans. Chcm. 8oc. t 1898, 73, 783 ;

Fischer and Ehrhard, Anwfon, 1879,

I99 332.
8
Hcin, \Vagler, and Better, Her., 1925, 58, [B], 1505.
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10. From the compound produced by the action of ammonia on

phenyl mercuric acetate. 1

The compound (C 6H5Hg) 2
NH

2
OAc reacts with carbon bisulphide in

alcoholic solution according to the equation :

(C 6H 5Hg) 2
NH

2.C 2
H

3 2+CS 2 =(C 6
H

5 ) 2Hg+HgS+C 2
H 4 2+CNSH

Similar results are obtained if the carbon bisulphide is replaced by
diphenyl- or p-ditolylthiocarbamides.

11. The production of mercury diphenyl was noticed when bromo-

benzene, chloroformic ester, and sodium amalgam interact in the pro-
duction of esters of benzoic acid.

2

12. 3 A solution of 6-2 grams of phenylmercuric chloride in 40 c.c.

of pyridine is treated with 2-5 grams of stannous chloride in 5 c.c. of

water and sufficient 30 per cent, sodium hydroxide to give solution.

The mixture is filtered after several hours. Yield 3-1 grams, 90 per
cent.

Mercury diphenyl crystallises in small, felted needles, M.pt. 124-5 C.,

B.pt, 204 C. at 10-5 mm. The melting-point as given by various

investigators ranges between 120 to 126 C., and the variation is no doubt
due to the presence of small quantities of diphenyl, which is always
formed at the same time. The crystals turn yellow when exposed to

light, are soluble in chloroform, benzene, ether, or alcohol, and insoluble

in water. Its density varies between 2-29 and 2-34. No absorption
bands are shown by chloroform solutions of mercury diphenyl at any
dilution.4

The reactions of mercury diphenyl are summarised in the following
table :

REACTIONS OF MERCURY DIPHENYL.

1
Pesci, Gamtta, 1909, 39, (L), 147.

3
Wurtz, Oompt. rend., 1869, 68, 1298.

3
Steinkopf, Bielenberg, and Jensen, Annakn, 1923, 430, 71.

4 Purvis and M'Cleland, Trans. Chem. Soc., 1912, 101, 1514.
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Reactions of Mercury Diphenyl continued.
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Mercury 2 : 4 : 6 : 2' : 4' : 6'-hexanitrodiphenyl, M.pt.
k2T2 C., is

formed when mercuric 2:4: 6-trinitrobenzoate is heated to 180 C.

When heated with alcoholic mercuric chloride it is converted into :? : J . 6-

/> initrophenylmcrcuric chloride. 1

Phenylmercury 2 :4 :6-trinitrophenyl,M.pt 227-5 C., is obtained

by heating phenylmercuric trinitrobcn/oate in a vacuum at 222 C. It

is decomposed by hydrogen chloride, yielding bcnxenc and 2 : 4 : 6-

trinitrophenylmercuric chloride. 2

Mercury di-p-chlorophenyl.
3~-Five grams of p-chlorophenyl-

mercuric chloride, 6-5 grams of copper and 35 c.c. of pyridinc arc

allowed to stand for a day, then the mixture is saturated with carbon

dioxide. An 81 per cent, yield, or 2 5 grams, of the mercury compound
is obtained. It crystallises from hot acetone in white needles, M.pt.
242 to 213 C., readily soluble in pyridinc, less soluble in warm chloro-

form or ether.

Mercury di-p-bromophenyl forms white needles, M.pt. 21-4 to

245 C., obtained in 92 per cent, yield. It is very soluble m pyridme,

sparingly in cold acetone or ether.

Mercury di-o-nitrophenyl occurs in pale yellow needles, M.pt.
206 to 207 C., easily soluble in pyridme, hot acetone, and carbon

disulphide, sparingly 'in carbon tetrachloridc. Yield 02 per cent.

When boiled with concentrated hydrochloric acid nitrobeii'/ene is

split off.

Tolyl Compounds.

Mercury di-o-tolyl may be prepared by the sodium amalgam
method (see mercury diphenyl, Method 5). In this case 8 per cent,

amalgam is used, and the yield is about 33 per cent.4 The compound
forms quadratic crystals from benzene, M.pt. 108 C. ; U.pt. 219 C. at

14 mm. The reactions of mercury di-o-tolyl with the trichlorides of

boron, phosphorus, and arsenic, also with nitrogen tri- and tctr-oxulcs,

are similar to those described under mercury diphenyl (p. 74).

Mercury di-m-tolyl is prepared from m-bromotoluene using 30 per
cent, sodium amalgam. From ethyl acetate it forms colourless needles,

M.pt. 102 C., soluble in benzene, chloroform, or acetone, less soluble in

alcohol or ether. Heated with phosphorus trichloride for twelve hours
at 200 C. it yields m-tolyldichlorophosphine.

Mercury di-p-tolyl is best prepared according to the description of
Whitmore as follows :

5
Forty grams of pure p-tolylmercuric chloride,

70 grams of sodium iodide (75 per cent, excess), 300 c.c. of 95 per cent,

alcohol, are boiled for fifteen hours, the whole being vigorously stirred.

After cooling and filtering the precipitate is washed with water until the

washings no longer react with hydrogen sulphide. The product may
be further purified if necessary by recrystallisation from xylcnc. Yield

1
Kharasch, J. Amer. Ckem. Soc,, 1921, 43, 2238.

2 Kharasch and Graffiin, J. Amer. Chem. Soc., 1925, 47, 1948.
3
Hein, Wagler, and Better, Ber., 1925, 58, 1499.

4
Michaehs, Ber. f 1895, 28, 589 ; Annalen, 1896, 293, 303.

5 Whitmore, Hamilton, and Thurman, J. Amer. Chem. Soc., 1923, 45, 1060 : Peters
Ber., 1905, 38, 2567.
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of pure product, 80 per cent. The reaction takes places according to the
equation :

2RHgCl +4NaI-R 2Hg +2NaCl +NaJIgl,

The compound may also be prepared from p-bromotoluene and
sodium amalgam,

l

The pure compound crystallises in needles, M.pt. 238 C., which are
soluble in benzene, xylcne, or chloroform, less soluble in alcohol and
insoluble m miter. Mercury cli-p-tolyl gives the same type of products
as mercury diphcnyl (see table, p. 74.) when it reacts with halogens
halogen acids, mercuric chloride, boron or arsenic trichlorides, phos-
phorus trichloride,

2 silicon tetrachloride, nitrogen tri- and tetr-dxides 3

sulphur, selenium, and tellurium. 4

Treatment with concentrated nitric acid does not yield the hydro-
carbon as with mercury diphenyl, but nitrotoluenes, and alkaline perman-
ganate yields the to! yl mercuric hydroxide, the presence of the latter
being shown by changing it to the chloride. p-Toluene sulphonic iodide
boiled with mercury ch-p-tolyl in carbon tetrachloride solution yields
tolyhnercune iodide, mercuric iodide, and tolyl sulphone, whilst the
corresponding sulphonic chloride does not react under the same con-
ditions. 5

(See p. 76.)

p-Tolylmercury 2 : 4 : 6~trinitrophenyl, M.pt. 203 C., is prepared
in a similar manner to the phcnyl compound from p-tolylmereuric
trinitrobenzoatc. 6

Benzyl Compounds.

The production of mercury dibenzyl appears to have been a matter of
considerable difficulty .

7

Attempts to'prepare it by the amalgam method
failed, and the first successful preparation was made by use of Gri<mard's
reaction.

to

Pope and Gibson 8
prepared mercury dibenzyl by the interaction of

benzyl magnesium chloride and mercuric chloride in dry ether. This
method was improved by Wolff,

9 and Jones and Werner,
10 the latter

investigators obtaining a greatly increased yield by substituting benzyl-
mercuric chloride for mercuric chloride ; 3-8 grams of magnesium, 20
grams of benzyl chloride, and 35 grams of benzyl mercuric chloride,
giving 40 grams of mercury dibenzyl. Another method has recently
been described in which benzyl chloride is treated with an excess of

magnesium dust, the liquid decanted off and mercuric chloride added to
the solution. This mixture is boiled and shaken, then treated with
dilute acetic acid and extracted with ether, from which the product
crystallises.

11

1
Ladonburg, Annalen, 1874, 173, 102

; Zcisor, Ber., 1895, 28, 1670.
2

Miehaelis, Annalen, 1896, 293, 292.
3
Kimz, Ber., 1898, 31, 1528.

4
Zciser, Ber., 1895, 28, 1G70.

6 VVhitmore and Tlmrman, J. Amer. Chew. Soc., 1923, 45, 1068,
6 Kharasoh and Graffito, J. Amer. Chem. tioc., 1925, 47, 1948.
7
Campisi, Compt. rend,., 1865, 61, 861 ; Wurtz, Compl rend., 1869, 68, 1300 ; Dreher

and Otto, Annakn, 1870, 154, 176.
8
Pope and Gibson, Trans. Chem. floe., 1912, 101, 735.

9
Wolff, Ber., 1913, 46, 64.

10 Jones and Werner, J. Amer, Chem. Soc., 1918, 40, 1257.
11

Bantis, Anal Fin. Qmm., 1922, 20, 607.
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Mercury dibenzyl may also be obtained in 75 per cent, yield by the

action of copper on a pyridine solution of benzylmercurio chloride in the

absence of air.
1

Mercury dibenzyl crystallises in thin, lustrous, doubly refracting

plates, readily soluble in chloroform or carbon tetrachloride, less soluble

in benzene, ethyl acetate, or alcohol, and insoluble in ether or light

petroleum. It is not decomposed when boiled with water, and gives no

absorption bands.
2 When heated with glacial acetic acid in a sealed tube

for seven hours at 160 to 170 C. it yields mercury, toluene, benzyl

acetate, and dibenzyl.
3

Mercury 2:4:2': 4'-tetranitrodibenzyl, (C 6H3(N0 2 ) 2.CH 2 ) 2IIg,

is obtained by heating mercuric 2-4-dimtrophenylacetate to 180 C
1

.

It melts at 235 C., and when heated in the dry state yields tetranitrodi-

benzyl.
4

Xylyl Compounds.

Mercury di-o-xylyl crystallises in long needles, M.pt. 150 C
1

.,

easily soluble in benzene, chloroform, or carbon disulphide, less soluble

in ether or alcohol. It has never been prepared by any duvet means,
but was isolated as a by-product by the interaction of monobromo-o-

xylol, CH 3 : CH 3 : Br=l : 2 : 4, sodium amalgam, and ehloroformie

ester. 5

Mercury di-m-xylyl is prepared by the addition of 150 grams of

1-3-4-bromoxylene to 2 per cent, sodium amalgam and the mixture then

heated for twelve hours at 140 to 150 C. The compound crystallises
in fine needles, M.pt. 169 to 170 C., difficultly soluble in alcohol or cold

ether, readily soluble in hot benzene. It is decomposed by hot hydro-
chloric acid into the hydrocarbon and mercuric chloride. Heated with

phosphorous trichloride at 230 C. it yields m-xylylmercuric chloride and

m-xylyldichlorophosphine, whilst arsenic trichloride gives m-xylyl-
dichloro-arsine. 6

Mercury di-p-xylylis formed under similar conditions to the ortho-

compound. It crystallises in prisms, M.pt. 123 C., and undergoes the

same reactions as the meta derivative.

Higher Benzene Homologues.

Mercury dimesityl forms glistening silver needles, M.pt. 230 C.,

fairly soluble in benzene, less soluble in alcohol. Yield small. 7

Mercury dipseudocumyl occurs as white prisms, M.pt. 189 (!.,

and is less soluble in alcohol than the mesityl compound and not de-

composed on prolonged heating with concentrated hydrochloric acid.

It may be prepared in the usual way, using 1-5 per cent, amalgam.
8

Mercury dipentamethylphenyl, (C 6Me 5 ) 2Hg, has been isolated

from the interaction of sodium amalgam, bromopentamethyl benzene,
and chloroformic ester, as small prisms, M.pt. 266 C. It distils at higher

1
Hein, Wagler, and Bettor, Ber., 1925, 58, [B], 1507.

2 Purvis and M'Cleland, Trans. Chem. Soc. t 1912, 101, 1514.
9 Jones and Werner, J. Amer. Chem. Soc., 1918, 40 1257.
*
Kharasch, /. Amer. Chem. Soc., 1921, 43, 2238,

5
Jacobson, Ber., 1884, 17, 2372.

6 WeUer, Ber., 1887, 20, 1718 ; Miohaelis, Annakn, 1902, 320, 330.
7
Michaelis, Ber. f 1895, 28, 588.

8
Michaelis, ibid.
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temperatures with partial decomposition and is easily soluble in hot

xylene, less .soluble in ether, and insoluble in alcohol. 1

Mercury dicumyl yields white needles, M.pt. 184 0., soluble in

alcohol, ether, chloroform, benzene, or xylenc. It has a characteristic

smell and is easily decomposed when heated with hydrochloric acid. 2

Cyclohexyl Compounds. 3

Mercury dicyclohexyl. This compound proved more difficult to

isolate than the phenyl derivative, but has been obtained by the action of

mercuric bromide on a large excess of magnesium cyclohexyl bromide.

It is much less stable than mercury diphenyl, decomposing even in a few

hours to a black oil when kept over phosphorus pentoxide in the dark in

a vacuum desiccator. Mercury dicyclohexyl forms white, hard granules,

M.pt. 78 to 79 C., which are more soluble than mercury diphenyl, and
combines directly with mercuric halides or cyanide in any solvent

to form cyclohexylmercuric salts. It has also been prepared by the

sodium amalgam method, when it is said to form white needles, M.pt.
139 C., which can be sublimed in small quantities in vacua. 41

Mercury di-4-methylcyclohexyl is a colourless liquid, density
1 -459 at 21 C., and cannot be distilled without decomposition.

Diphenyl Derivatives. 5

Mercury bis -diphenyl, (C 6
H5.C 6H 4 ) 2Hg. Treatment of m-bromo-

diphenyl with sodium amalgam in the usual way gives a yield of 10 per
cent, of the above product. It crystallises from benzene in small scales,

which melt at about 216 C. and are almost insoluble in the usual

solvents. Concentrated hydrochloric acid on prolonged boiling does not

decompose the compound, and its halogen derivatives are only formed

when it is heated in sealed tubes with mercuric halides. They are white

crystalline powders, melting above 325 C.

Dimercury bis-diphenyl. Hg(C 6H 4-C 6H4 ) 2Hg is the formula

given to a body obtained when the above bromodiphenyl is replaced

by dibromodiphenyl. Its composition appears to be doubtful.

Naphthyl Derivatives.

Mercurydi-a-naphthyl, (C 10H 7 ) 2Hg.
6

Bromonaphthalene is mixed

with several times its volume of hydrocarbons, B.pt. 120 to 140 C., one-

tenth of its volume of ethyl acetate, and the whole treated with a slight

excess of 4 per cent, sodium amalgam. After boiling for eighteen hours

the mixture is filtered hot, mercury dinaphthyl appearing in white,

glistening, microscopic, rhombic columns on cooling. It has been more

recently prepared by treating a-naphthylmercuric bromide in pyridine

solution with copper.
7 The crystals, which melt at 243 C., are easily

soluble in hot carbon bisulphide or chloroform, and may be reprecipi-

1 Jacobson, Ber. t 1889, 22, 1215.
2
Michaelis, jfof., 1895, 28, 588; Schiff, ibid., 1877, 10, 1745.

s
Griittner, Ber., 1914, 47, 1651.

* Tiffeneau and Gannag6, Bull Sci. PharmacoL, 1921, 28, 7.

fl

Michaelis, Ber., 1895, 28, 592. IOWA
e Otto and Mories, Annakn, 1868, 147, 164 ; Otto, Anmkn, 1870, I54 188.

7
Hein, Wagler, and Retter, Rtr , 1925, 58, [B], 1507.

VOL. XI. : I.
6
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tated by alcohol or ether, also slightly soluble in benzene, insoluble in

water.

When heated with concentrated halogen acids, naphthalene, mercury,

and halogen halides are formed, but 15 per cent, aqueous hydrocyanic
acid has no effect, even on prolonged heating. Dilute nitric acid decom-

poses mercury di-a-naphthyl, forming naphthalene, and fuming nitric acid

gives nitronaphthalenes. Concentrated sulphuric acid yields mercuric

sulphate and naphthalene sulphonic acid, whilst glacial acetic acid gives

a-naphthylmercuric acetate and naphthalene. A solution of mercury di-a-

naphthyl in acetone when boiled with mercuric chloride is converted

to a-naphthylmercuric chloride. 1 Mercuric iodide when heated lor one

hour with mercury di-a-naphthyl in a sealed tube at 150 C. in alcoholic

solution gives a-naphthylmercuric iodide. Mercuric bromide acts in a

similar manner to the chloride when the reaction is earned out in alcohol

in a sealed tube at 120 to 130 C., and bromine also gives naphthyl
mercuric bromide under the same conditions. Iodine in carbon bisul-

phide yields the corresponding iodide, provided the halogen is not in

excess, in the latter case the products are mercuric iodide and a-iodo-

naphthalene. Arsenic trichloride reacts to form a-naphthyldichloro-
arsine at high temperatures.

2
Nitrogen trioxidc yields a-naphthyl

mercuric nitrate and a-naphthyl diazonium nitrate, but nitrogen tetr-

oxide yields no nitrate or diazonium compound. The following sub-

stances gave no product with mercury di-a-naphthyl : /inc, copper, or

tin, the reaction being carried out in carbon disulphide ; ethyl iodide ;

alcoholic hydrogen sulphide ; sodium amalgam, the reaction being con-

ducted in alcoholic solution.

Mercury di-/? -naphthyl.
3

/3-Bromonaphthalenc in about three 1

times its weight of dry xylene is treated with 5 per cent, of its weight of

pure ethyl acetate and a large excess of pasty sodium amalgam. The
mixture is gently boiled for thirty hours, cooled, and a large excess of

benzene added. After again boiling, the whole is filtered, when
mercury di-/3-naphthyl crystallises out in glittering scales, M.pt. 238 C.

Yield 30 to 35 per cent. The crystals are moderately soluble in boiling

hydrocarbons, very slightly soluble in alcohol and ether, and insoluble
in water. The compound is completely decomposed when warmed
with concentrated mineral acids, forming mercuric salts and substituted

naphthalenes. When distilled over soda lime it yields j8j3-dinaphthyl.
When boiled for one hour with seven parts of arsenious chloride it gives
/?-naphthylarsenious chloride. 4

Thiophene Compounds.

Mercury 2 : 2
/

-dithienyl,
6

,-HgJ

This derivative has been prepared in several ways.
1
Steinkopf, Annakn, 1917, 413, 310.

2
Kelbe, J3er., 1878, n, 1503 ; Michaelis and Schultze, ibid., 1882, 15, 1954

'
Michaelis, Ber., 1894, 27, 244; Chattaway, Trans. Chem. 8oc. t 1894, 65, 877.4
Michaelis, Annakn, 1902, 320, 342.

5
Steinkopf and Bauermeister, Annalen, 1914, 403, 61,
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1. Ten grams of 2-chloromerctiri thiophene (p. 97) in 150 c.c. of hot

xylene are treated with 2 grams of sodium and shaken for thirty minutes,
then heated to boiling and filtered. From the (iltrate 2-8 grains of

mercury dithienyl are obtained on cooling.
2. When 2-chloromercuri thiophene or iodide in acetone is treated

with sodium iodide in the same solvent mercury dithienyl results. 1

3. Mercury dithienyl may also be obtained in 90 per cent, yield by
the reduction of 2-chloromercuri thiophene in pyridine-sodium hydroxide
solution by means of stannous chloride. 2

Mercury 2 : 2
/

-dithienyl crystallises from benzene in pure white

crystals, M.pt. 198 to 199 C., insoluble in water, slightly soluble in hot

alcohol, readily soluble in benzene or warm chloroform. When its

acetone solution is treated with mercuric halides the corresponding
2-halidemercuri thiophenes are obtained. It reacts readily with arsenic

trichloride, yielding trithicnylarsine, dithienylchloroarsine, and thienyl-
dichloroarsinc.

Mercury 5 : 5'-dichloro-2 : 2'-dithienyl,

i tog

8

is formed when an acetone solution of sodium iodide is added to

2-chloromercuri 5-iodothiophcne in the same solvent. It crystallises
from alcohol in glistening silver crystals, M.pt. 155 C., soluble in acetone

or ethyl acetate, in warm benzene or chloroform, and with difficulty in

ligroin.
The corresponding 5 : 5'-dibromo-couipound forms white, matted

crystals from benzene, M.pt. 183 C. It readily dissolves in warm
benzene or chloroform, but is not very soluble in alcohol.

The 5 : 5'-di-iodo-derivative crystallises from a large bulk of hot

xylene, in bright yellow needles, 244 to 245 C., only slightly soluble in

the usual solvents.

Mercury 5 : 5' -dimethyl -2 : 2' -dithienyl crystallises from alcohol

in white needles, melting at 1 62 to 102-5 C. 3

Mercury 5 :5'-di-n-propyl-2 : 2' -dithienyl yields silvery crystals,

melting at 57 to 58 C. It is formed from 5-chloromercuri-2-n-propyl-

thiophene by the action of a little more than 2 molecules of sodium

iodide in acetone solution. The corresponding di-isoamyl compound
forms shining crystals from alcohol, melting, not very sharply, at 55 to

57 C.

Mercury 5 : 5'-dibenzyl-2 : 2' -dithienyl. Four grams of 5-

chloromercuri-2-benzylthiophene in 250 c.c. of acetone are mixed with

1-7 grams (2 mols.=l-G2 grams) of sodium thiocyanate in 30 c.c. of

acetone. The addition of sodium chloride solution precipitates the

body (2-3 grams). It is digested with water, dried, and recrystallised

from xylene. It melts at 209 to 210 C., previously sintering ; is easily

soluble in hot toluene, xylene, or pyridine, sparingly in warm benzene

and insoluble in alcohol, acetone, or ethyl acetate.

1
Steinkopf, AnnaUn, 1917, 413, 310.

2
Steinkopf, ibid., 1923, 43<>, 71.

8
Steinkopf^'fo'd., 1921, 424, 40,



84 ORGANOMETALLTC COMPOUNDS.

Mercury 3:4: 3' : 4'-tetramethyl~2 : 2'-dithienyl,

is obtained from 2-iodomercuri-3 : 4-dimethylthiophene in the usual way.
It melts at 155 to 156 C. and has similar solubilities to the above

compounds.
Mercury 3:5:3': 5'-tetramethyl~2 : 2

/

-dithienyl crystallises

from alcohol in silvery plates, M.pt. 160 to 161 C.

Mercury 2:5:2': 5'-tetramethyl-3 : 3'-dithienyl,

FT"MelJMe
S

In order to prepare this derivative, sodium is added to a boiling solution

of 3-chloromercuri-2 : 3-dimethylthiophene in xylene and the solution

filtered whilst hot. The product obtained on cooling is fractionally

crystallised from benzene to remove any unchanged starting product.
The dithienyl melts at 144 to 145 C.

Mercury 2:5:2': 5'-tetraphenyl-3 : 3' -dithienyl is deposited
in prismatic needles from xylene, M.pt. 260 to 261 C.

Mercury-5 :5'-dichloromercuri-2 ^'-dithienyl,
1

OlHgY HgCl

may be prepared as follows :

Ten grams of 2 : 5-dichloromercuri thiophene in 50 grams of pyridine
are heated in an oil-bath. At 70 to 75 C. a flocculent precipitate

separates out, and the temperature is raised to 100 C. and maintained
for thirty minutes. The product is not quite white, is insoluble in

pyridine and the usual solvents, and remains unmelted at 325 C.

A second method of preparation consists in suspending dimercury
2 : 2' : 5 : 5'-dithienylene in pyridine and treating with mercuric chloride

in the same solvent. Yield 35 per cent.

Dimercury 2 : 2' : 5 : 5'-dithienylene,

CH=C-Hg-C=CH

CH=C-Hg-C=CH

is obtained when 1 gram of 2 : 5-dichloromercuri thiophene in 100 c.c, of

pyridine is treated with 0-75 gram (2 mols.) of sodium iodide in 80 c.c.

of pyridine. A yield of 0-37 gram (72 per cent.) of substance is

obtained. When 4 mols. of sodium iodide are used only a 50 per cent.

yield is obtained, and with 2 mols. of sodium thiocyanate only a 24*5

1
Steinkopf, Bielenberg, and Jensen, Annakn, 1923, 430, 71.
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per cent, yield. The body is halogen-free, non-crystalline, and in-

soluble in pyridine and all the usual solvents. It does not melt at

330 C.

Dimercury 3 : 3' (or 4')-diethyl-2 : 2' : 5 : 5'-dithienylene,

CEt=C-Hg-C -C1I CEt=C-Hg--C -CEt

\s s
or s/

CH -C- Hg C=CEt CH-C Hg C=CH

2:5-Dic]iloromercuri-3-ethyltluopheue (2-75 grams) is dissolved in 275 e.o,

of pyridine, and with rapid stirring, 3-1 grams (4 mols.) of sodium

iodide in 300 c.c. of pyridine added, the stirring being maintained for

five and a half hours. Yield 1-43 grams, that is 97 per cent. The

product is a yellow powder, blackening at 250 C. and decomposing at

300 to 315 C., and is insoluble in the usual solvents. When treated

with 2 mols. of mercuric chloride in pyridine solution at 35 to 45 C, it is

converted into 2 rS-dichloromercuri-S-ethylthiophene.
1

Dimercury 3:4:3': 4'-tetramethyl-2 : 2' : 5 : 5'-dithienylene,

CMe=C Hg=CMe

CMe=C Hg=CMe

Three grams of 2:5 dicbloromercuri-3 : 4-dimethylthiophene and 3-3

grams (4 mols.) of sodium iodide in 300 c.c. of pyridine are stirred for

two hours. The precipitate is insoluble in all solvents and blackens at

310 C. Yield 1-53 grams (96 per cent, ).

COMPOUNDS OF THE TYPE RHgB/.

Mercury ethyl phenyl.
2

Phenyl magnesium bromide (23 grams)
in absolute ether is treated with ethyl mercuric chloride (9'5 grams) in

small portions. After boiling gently, the mixture is allowed to stand

for one hour, and then decomposed with 1 per cent, sulphuric acid.

The ethereal solution is separated, dried, and evaporated at 40 C. in

vacuo, when the compound is obtained as an oil. It is fairly soluble in

organic solvents, and when kept for several months decomposes into

mercury diethyl and mercury diphenyl.

Mercury ethyl benzyl is prepared from ethyl magnesium bromide

and benzylmercuric chloride. It is an oil, decomposing on long keeping
into mercury diethyl and mercury dibenzyl. When treated with thallic

chloride it yields thallous chloride, ethylmercuric chloride, benzyl-

mercuric chloride, and benzaldehyde.
3

Mercury phenyl benzyl. To 32 grams of phenyl magnesium
bromide (4 mols.) in dry ether, 10*5 grams of finely powdered benzyl-

mercuric chloride are added in small portions, and the mixture worked

up as above. A faint yellow oil is obtained, which is freed from

1 The use of 4 mols. of mercuric chloride gives the same product.
2
Httpert and Gruttner, Bert , 1915, 48, 906.

3 Goddard, Trans. Chem. Soc., 1923, 123, 1168.
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impurity by shaking with live times its volume of cold absolute alcohol,

and then poured into 200 c.c. of boiling alcohol, and the whole strongly

cooled. The oil separates out, and is treated several times with alcohol

as above, and finally dried in vacua over phosphorus pentoxide at 35 C.

It is slightly soluble in water or cold alcohol, easily in hot alcohol,

and miscible with ether, petroleum ether, benzene, and its homologues.
At 80 C. it is rapidly decomposed to mercury, dibenzy], and

mercury dibenzyl, whilst at ordinary temperatures it slowly changes
to mercury diphenyl and mercury dibenzyl. \Vith faintly acid or

neutral solutions of silver nitrate it gives a precipitate immediately,
the latter containing no halogen, and when the mixture is boiled silver

separates.
Mercury o-tolyl benzyl is a colourless oil, from o-tolyl magnesium

bromide and benzylmercuric bromide. It absorbs iodine, yielding

benzylmercuric iodide, and when heated at 80 C. for several hours it

decomposes into mercury, dibenzyl, and mercury di-o-tolyl.

Mercury phenyl thienyl,
1

To 7-4 grams of thienyl magnesium bromide in 50 c.c. of ether, 10 grams
of phenylmercuric chloride are added in small portions, and a lively

reaction ensues giving a clear solution. After completion of the re-

action the mass is decomposed with 1 per cent, hydrochloric acid and
extracted with ether. From the latter solution 7 grams of faint yellow

product are obtained, which on crystallisation from alcohol gives silver-

grey plates. Repeated crystallisations give crystals, melting at 163 to

165 C.

Mercury phenyl -p-tolyl.
2 Kharasch and Marker have recently

criticised the preparation of these asymmetrical compounds as practised

by Hilpert and Gnittner, on the grounds that the difficulty of obtaining
the compounds was due to their use of too large an excess of Grignard
reagent, and not controlling the temperature sufficiently. Their modi-
fication of Hilpert and Gruttner's method is illustrated by applying it

to the preparation of mercury phenyl-p-tolyl, carried out as follows :

To two molecular equivalents of phenyl magnesium bromide in dry
ether, one molecular equivalent of finely powdered p-tolylmercuric
chloride is added in small portions, with constant shaking. The tempera-
ture is maintained at 5 C., the shaking continued until all the p-tolyl
mercuric chloride dissolves, and the mass decomposed with 0-1 per cent,

sulphuric acid, the temperature during the latter operation being kept
below 10 C. The product is extracted with ether, the solution dried
over anhydrous sodium sulphate, and the solvent removed in vacua.
The residue is then washed five times with alcohol and again dried
in vacuo.

This method is used to prepare the derivatives shown in the following
table, and the results of decomposing them with alcoholic hydrogen
chloride and alcoholic mercuric chloride are given :

1
Steinkopf, Annakn, 1923, 430, 70.

2 KJiarasch and Marker, J. Amer. Ghem. #oc., 1926, 48, 3130.
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COMPOUNDS OF THE TYPE RHgX.

Phenylmercuric Compounds.

Phenylmercuric chloride, C
6H 5HgCL This substance is obtained

in several ways :

1. A 94 per cent, yield may be obtained from mercury diphenyl
under the following conditions : 2-5 grams of the latter substance in

25 c.c. of acetone are treated with 1-95 grams ofmercuric chloride in 10 c.c.

of acetone, when phenylmercuric chloride (3-7 grams) is immediately

precipitated. A further 0-5 gram may be recovered from the filtrate by
the addition of water. 1 A similar reaction takes place in alcohol.

2. A large number of substances react with mercury diphenyl,

giving phenylmercuric chloride as one of the products of reaction, the

yield in some cases being very small. The following list gives the most

important of these reagents :

Dry chlorine gas,
2
hypochlorous acid,

2 thallic chloride,
3 silicon

tetrachloride,
4 stannic chloride,

5 zirconium tetrachloride,
6
phosphorus

trichloride,
7 mercurous chloride,

8
thionyl chloride,

9 benzene sulphonic

chloride,
10 benzal chloride,

11
phenyl iododichloride. 12

1
Steinkopf, Annakn, 1917, 413, 329.

2 Dreher and Otto, Annakn, 1870, 154* 93,

3 Goddard, Trans. Ghem. Soc., 1922, 121, 40.

4
Ladenburg, Annakn, 1874, 173, 152.

5 Aronheim, Annakn, 1878, 194, 148.

8
Peters, Ber., 1908, 41, 3173.

7
Sohwarze, J. prakt. Ghem., 1874, 10, [2], 222 j

922 j Michaelis, Annakn, 1876, 181, 290.
8
Otto, J. prakt. Chem., 1870, 1, [2], 179.

Eeumann and Kochlin, Ber. f 1883, 16, 1625.

1
Otto, Ber., 1885, 18, 246.

11 Kekute and SVancMmont, Ber., 1872, 5, 906.

12
Willgerodt, Ber., 1898, 31* 915.

Michaelis and Graeff, Ber., 1875, 8,
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3. From benzene. 1 A mixture of 50 grams of mercuric acetate,

50 c.c. of glacial acetic acid, and 100 c.c. of thiophene-free benzene is

heated in a pressure flask for five hours at 100 C., then cooled, the

residue filtered off and washed several times with benzene. The filtrate

which contains the acetate is evaporated down and treated with alcoholic

calcium chloride solution, when the chloride is precipitated. This is

filtered off and washed with hot water to remove any adhering calcium

chloride.

4. From benzene sulphinic acid. 2 This acid in dilute alcohol is

treated with an aqueous solution of mercuric chloride and the whole

heated until the evolution of sulphur dioxide ceases. The solid product
thus obtained is found to contain small quantities of phenylmercuric
chloride.

5. By heating phenyl boric acid with aqueous mercuric chloride

solution.8

6. By heating triphenylstibine with 3 mols. of mercuric chloride,

when antimony trichloride and 3 mols. of phenylmercuric chloride

are formed,4

7. Phenylmercury 2:4: 6-trinitrophenyl is boiled with mercuric

chloride in* alcoholic solution, phenylmercuric chloride and trinitro-

phenylmercuric chloride being formed.5

Phenylmercuric chloride crystallises from a large quantity of hot

benzene in satin plates, melting at 250 to 251 C., insoluble in water,
and only slightly soluble in cold alcohol or benzene. It readily sublimes

without decomposition on gently heating.
Treatment with moist silver oxide gives a solution of the correspond-

ing hydroxide ; dry silver oxide does not yield an oxide but decomposes
the chloride with formation of mercury diphenyl, mercuric oxide, and
silver chloride. 6 When an acetone solution of phenylmercuric chloride

is treated with a similar solution of sodium iodide, phenylmercuric
iodide is formed.7 Arsenic trichloride heated at 100 C. for four to five

hours with the chloride yields phenyl dichloroarsine. 8 With phenyl
iododichloride it yields mercuric chloride and diphenyl iodonium
chloride,9

Ethyl mercaptan decomposes phenylmercuric chloride at
150 C., yielding ethyl tUo-mercuric chloride, CIHg.SEt.

10

Phenylmercuric bromide may be obtained from phenyl mag-
nesium bromide and mercuric bromide in dry ether

;

n
by the inter-

action of mercury diphenyl and two atoms of bromine ; if four atoms
of the halogen are used, bromobenzene and mercuric bromide result. 12

When mercury diphenyl and mercuric bromide in alcoholic solution are
heated at 120 C., and when ethylene dibromidc and mercury diphenyl
are heated at 200 C. this bromide is also formed.

The bromide crystallises in a similar form to the chloride, and melts
1 Boeder and Blasi, Ber., 1914, 47, 2751.

Peters, Ber., 1905, 38, 2567.
Miohaelis and Becker, Ber., 1882, 15, 182.
Mohaelis and Eeese, Annalen, 1886, 233, 49.
Kharasch and Grafflin, J. Amer. Gkem. 8oc., 1925, 47, 1948.
Otto, J. prakt. Ghem., 1870, i, [2], 184.

Steinkopf, Annakn, 1917, 413, 329.
Boeder and Blasi, loc. tit.

Willgerodt, Ber., 1898, 31, 915.
10

Sacks, Ber., 1930, 53, 1737.
11

Hilpert and Griittner, Ber. 9 1913, 46", 168&
- ia Dreher and Otto, Annakn, 1870, 154, 93.
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at 276 C. ; it resembles the chloride in its solubility and general pro-

perties. An alcoholic solution of potassium sulphide on prolonged

boiling with the bromide gives mercury diphenyL mercuric sulphide, and

potassium bromide.

Phenylmercuric iodide may be obtained as follows :

1. From phenylmercuric chloride and sodium iodide, the reaction

being carried out in acetone. Yield 77-5 per cent, 1

2. Mercury diphenyl in alcohol or carbon bisulphide is treated with

a solution of iodine in the same solvent. 2 A similar result is obtained if

mercuric iodide replaces the iodine and the whole is boiled.

3. Phenylmercuric cyanide is decomposed by iodine, yielding the

iodide.3

The iodide crystallises in glistening satin plates, melting at 264?" to

266 C. The crystals are odourless, not affected by light, insoluble in

water, very slightly soluble in cold alcohol, ether, benzene, readily

soluble in chloroform or hot benzene. When heated above its melting-

point phenylmercuric iodide gives mercuric iodide.

When an alcoholic or carbon bisulphide solution of the iodide is

treated with iodine, iodobenzene and mercuric iodide result, but sodium

iodide does not react with an acetone solution of the iodide.4 Sodium

amalgam reacts with an alcoholic solution of phenylmercuric iodide

giving mercury, mercury diphenyl, and hydrogen iodide, but if the

reaction be carried out in dry benzene, mercury, mercury diphenyl, and

sodium iodide are obtained.5

Phenylmercuric thiocyanate, C
6
H5Hg.CNS.

6 This compound
was first obtained by heating together equal molecules of mercury

diphenyl and mercury thiocyanate, and later by treating phenyl-
mercuric iodide with free thiocyanogen in carbon bisulphide solution.

It has more recently been formed by treating phenyl mercuric chloride

with sodium thiocyanate in acetone solution, or boiling mercury di-

phenyl with mercury thiocyanate in acetone solution. 7 It crystallises

in small, pearly plates, melting at 233 to 232-5 C., insoluble in water,

soluble in boiling alcohol or benzene. 8

Phenylmercuric cyanide.
9 When an equal number of molecules

of mercury diphenyl and mercuric cyanide in alcoholic solution arc

heated in a sealed tube at 120 C. the cyanide is formed. It is also

obtained when the corresponding iodide is treated with silver cyanide.

From benzene it crystallises in large rhombic plates, melting at 203 to

2()4< C.. somewhat* soluble in boiling water, easily in boiling alcohol.

Heated in a sealed tube at 120 C. with concentrated hydrochloric acid

it gives benzene, mercuric chloride, formic acid, and ammonium chloride ;

heated with potassium hydroxide it yields mercury, benzene, and

potassium cyanate. It is decomposed by iodine, with formation of

phenylmercuric iodide and cyanogen iodide, and by hydrogen sulphide

yielding benzene, mercuric sulphide, and hydrogen cyanide.

Phenylmercuric hydroxide. Solutions of this body are obtained

1
Steinkopf, Anwlen, 1917, 413, 329.

2 Dreher and Otto, kc. tit.

a
Otto, J. pmto. Chem., 1870, i, [2], 182.

, /ua 7 .,
4
Steiokopf, kc. eft

5 Bwter and Otto, loc. ctt,

6
Otto, J.prakt. Chem., 1870, i, [2], 182; fcJoderback, Anmkn, 1019, 419, 266.

7
Steiokopf, Annakn, 1921, 424. 60.

8 For the type B'.Eg.S.R", see Sachs, Annden, 1923, 433, 154.

3
Otto, kc. cit.
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when mercury diphenyl is oxidised by potassium permanganate,
l orwhen

the corresponding halides are treated with moist silver oxide. The com-

ponents are boiled in alcohol, then evaporated in vacua, when small,

white rhombic prisms are deposited, sintering at 160 C. and melting
above 200 C. The crystals are slightly soluble in cold water, more

soluble in alcohol or benzene. The aqueous solution liberates ammonia
from its salts, and precipitates alumina from aluminium salts. Treat-

ment with acids yields the corresponding salts.

Phenylmercuric nitrate. Alcoholic solutions of the chloride on

long boiling with silver nitrate yield the nitrate in shining, rhombic

plates, melting at 165 to 168 C. with decomposition, somewhat soluble

in boiling water, easily soluble in boiling alcohol or benzene. Treat-

ment with concentrated nitric acid gives benzene and mercuric nitrate.

Mercury diphenyl when treated with mercuric nitrate or nitrogen
trioxide or tetroxide also yields phenylmercuric nitrate. 2

Phenylmercuric carbonate 3 is prepared from the chloride in a

similar manner to the nitrate using silver carbonate. It forms small,

white needles, very slightly soluble in boiling water, easily soluble in

boiling alcohol or benzene. When heated it melts with decomposition,
and with strong acids gives carbon dioxide and the corresponding salts.

Phenylmercuric formate.4 When mercury diphenyl and formic

acid are boiled for a short time, then poured into water, the formate is

precipitated. It crystallises from hot formic acid in glistening plates,

M.pt. 171 C,

Phenylmercuric acetate maybe prepared as follows :

1. A mixture of 80 c.c. of benzene, 15 grams of mercuric acetate, and
20 c.c. of 95 per cent, alcohol are heated at 100 C. for five hours. A
yellow precipitate forms during this time which is dissolved by the

addition of a few c.c. of glacial acetic acid. A further 20 c.c. of alcohol

are now added and the heating continued for a further fifty hours.

The solution is then filtered, evaporated to dryness, and the residue re-

crystallised from 95 per cent, alcohol. Yield 12-6 grams (80 per cent.).
5

2. By boiling a mixture of mercury diphenyl and glacial acetic acid.

3. By heating mercury diphenyl and mercuric acetate in alcoholic

solution in a sealed tube for one hour at 120 C.6

4. By heating phenylmercuric iodide and silver acetate for a long time
in dilute spirit.

5. By boiling benzene for several hours at 110 C. with dry mercuric
acetate.7 The acetate crystallises in small, white, odourless, glistening,

oblique, rhombic prisms, M.pt. 149 C., easily soluble in hot water,

glacial acetic acid, benzene, or alcohol.

When heated at 150 C. phenylmercuric acetate gives carbon,
benzene, mercury, oxygen, and acetic anhydride. Dry distillation

yields mercury, diphenyl oxide, and acetic anhydride. Distillation with

sulphur gives mercury, benzene, acetic acid, acetic anhydride, and

diphenyl sulphide. Boiling with dilute sulphuric or hydrochloric acid

produces benzene, acetic acid, and a mercuric salt. The acetate is

reduced by nascent hydrogen to benzene, mercury, and acetic acid.

1
Otto, /. prate. Ghem., 1884, [2], 29, 136.

8
Bamberger, for., 1897, 30, 506. 3

Otto, loc, cit.
4 Dreher and Otto, Annakn, 1870, 154, 93.
6
Maynard, J. Amer. Ghem. Soc., 1924, 46, 1511. 6

Otto, loc. cit.
7
Diinroth, J3er., 1898, 31, 2154 ; 1899, 32, 758.
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Treated with iodine, a warm aqueous solution yields iodobenzene, acetic

acid, and mercuric iodide. Aqueous or alcoholic hydrogen sulphide gives
a heavy white precipitate, which turns gray and then black, the result-

ing solution containing benzene, acetic acid, and mercuric sulphide.
Heated with yellow ammonium sulphide at 100 to 110 C. in sealed

tubes gives a similar result to the preceding. Heating with arsenic

trichloride for four to five hours at 100 C. 9 gives phenyldichloroarsine.
1

Reduction by alkaline sodium stannite gives mercury diphenyl in

95-6 per cent, yield.
2

Phenylmercurie propionate, prepared in the same way as the

formate, forms matted crystals, sintering at 145 C. and melting at 165
to 166 C. It may be recrystallised from water, and is also soluble in

alcohol or benzene.

Phenylmercuric rnyristate.
3

Equal numbers of molecules of

myristic acid and mercury diphenyl are heated together in alcoholic

solution in a sealed tube at 120 C. Small, fatty, rhombic scales are ob-

tained, insoluble in water, soluble in boiling alcohol or benzene, and
when boiled with hydrochloric acid they are decomposed into benzene,

myristic acid, and mercuric chloride.

Phenylmercuric sulphide.
4

Phenylmercuric acetate is dissolved

in ammonium hydroxide ammonium acetate solution, and treated with

hydrogen sulphide or an alkali sulphide, when phenylmercuric sulphide
is precipitated as a white amorphous powder. It is insoluble in water
or alcohol but dissolves in chloroform, this solution soon decomposing.
Hydrochloric acid liberates hydrogen sulphide, and continued boiling
with alcohol gives mercuric sulphide and mercury diphenyl. Heated

,

to 108 C. the compound blackens and decomposes.
Phenylmercuric thiocarbonate, (C 6H5Hg) 2CS 3 . When the above

sulphide is dissolved in cold carbon bisulphide the solution first deposits

silky needles, and afterwards a yellow product which is only slightly
soluble in carbon bisulphide. This substance is the thiocarbonate,
which is insoluble in water or alcohol, slightly soluble in ether or benzene,
more soluble in chloroform, and forms a clear solution in hot fuming
hydrochloric acid. At 108 C. it blackens, mercuric sulphide being

deposited and carbon disulphide evolved. It is rapidly decomposed
when heated with benzene, with the production of mercury diphenyl and
mercuric sulphide.

Phenylmercuric thiosulphate.
5 Two molecules of phenylmer-

curic acetate in ammonium hydroxide ammonium acetate solution are

treated with one molecule of sodium thiosulphate, when a white pre-

cipitate is obtained, insoluble in ordinary solvents but dissolving in

concentrated hydrochloric acid, with evolution of sulphur dioxide and

deposition of sulphur. This thiosulphate readily dissolves in aqueous
sodium thiosulphate, the solution giving mercury diphenyl on standing.
The compound is not decomposed when heated to 200 C.

Compounds of Di(phenylmercuri)-amine, (C6H5Hg) 2NH.6

Pesci has shown that phenylmercuric salts react with ammonia to

form salts of (C 6H5Hg) 2NH , these compounds yielding ammonia

1 Roeder and Blasi, Ber. t 1914, 47, 2752.
2
Maynard, J. Amer. Chem. Soc., 1924, 46, 1511 j Dimroth, Ber., 1902, 35, 2853.

3
Otto, J. prakt. Chem., 1870, I, [2J, 185.

4
Pesci, Gazzetta, 1899, 29, i. 394. 6

Pesci, ibid.
6
Pesci, ibid., 1909, 39, i. 147.
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when decomposed, but no hydroxide when treated with alkalies or silver

hydroxide.
Phenylmercuriamine acetate, (C 6H5Hg) 2NH 2.O.CO :

CH3. This

compound separates out when phenylmercunc acetate is dissolved

in ammonium hydroxide. It crystallises from methyl alcohol in

needles, melting at 179 C., readily soluble in alcohol, sparingly soluble in

water. Excess of concentrated sodium thiosulphate or refluxing with

alcoholic carbon bisulphide gives mercury diphenyL
The nitrate is formed when ammonium nitrate is added to the above

ammoniacal solution of phenylmercuric acetate. It forms brilliant

scales from alcohol, melting at 230 to 235 C. with decomposition.
The sulphate is precipitated by sodium sulphate and is an infusible

precipitate, forming a compound with ammonium sulphate,

[(C 6H5Hg) 2NH 2] 2S0 4.(NHJ 2S0 4

which crystallises in rectangular tablets.

The chloride, prepared from phenylmercuric chloride, crystallises in

microscopic prisms, melting at 184 C. with decomposition.
Tetra (phenylmercuri) thiourea, (C eH BHg) 4N 8CS. The above

acetate treated with thiourea gives this derivative and ammonium
acetate. It is insoluble in the usual solvents and darkens at 104 to

105 C. When boiled with alcohol it decomposes, giving mercuric

sulphide, mercury diphcnyl, and phenylmercuri cyanamide,

(C 6H5Hg) 4N 2CS=HgS+(C 6H 6 ) 2Hg+(C6H5Hg) 2N-CN

Phenylmercuri cyanamide, formed as shown above, is a white

amorphous powder which decomposes when heated. It is decomposed
by cold dilute hydrochloric acid into phenylmercuric chloride and

cyanamide,

Tolylmercurie Compounds,

o-Tolylmercurie chloride may be prepared by treating o-tolyl
boric acid with mercuric chloride,

1 or by separating it from the para
compound formed when toluene is mercurated by mercuric acetate after

treating the mixture with sodium chloride.2 It crystallises from
alcohol in white crystals, M.pt. 146 C.3

o-Tolylmercuric bromide,4 To a solution of 28 grams of o-tolyl

magnesium bromide in 100 grams of ether, 58 grams of mercuric bromide
arc added, the mixture shaken for one hour, boiled for two hours, and
then allowed to stand over-night. It is then worked up in the usual way,
when 42 grams (78 per cent, yield) of the bromide are obtained. From
xylene or alcohol it forms hair-fine needles, M.pt, 168 C., easily soluble
in pyridine or aniline and reprecipitated by the addition of petroleum
ether. It is only slightly soluble in cold alcohol, ether, benzene, chloro-

form, or acetone, but readily soluble in hot benzene or its hornologucs.
The crystals are not affected by light;

o-Tolylmercuric iodide, When the above bromide is boiled with
alcoholic potassium iodide in slight excess, a quantitative yield of the

1
Michaelis, Ber., 1894, 27, 244.

2
Dimroth, Ber. t 1899, 32, 758.

9
Coffey, Trans. Chem. 8oc., 1925, 127, 1029.

*
Hilpert and Gruttner, JBer., 1915, 48, 906.
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iodide is obtained. It crystallises in prisms from alcohol, melting at
1 76 to 177-5 C., and has a similar solubility to the bromide.

o-Tolylmercurie sulphide. When hydrogen sulphide is passed
into a pyridine-ether solution of the above iodide at 10 C., the pale
yellow sulphide is precipitated. In the presence of moisture it soon

decomposes and blackens, mercuric sulphide separating out.

o-Tolylmercuric nitrate is formed when mercury di-o-tolyl is

treated with nitrogen trioxide or tetroxide. 1

m-Tolylmercurie chloride 2
is readily obtained from m-tolyl

boric acid, as in case of the ortho compound ;
3 from tri-m-tolylstibine

mercurichloride by boiling with alcohol ;

4 and by heating an alcoholic

solution of mercury di-m-tolyl with mercuric chloride.

It crystallises in white needles, melting at 159 to 160 C., easily
soluble in chloroform or benzene, with difficulty in alcohol, and it sub-
limes without decomposition.

The bromide is prepared in the same way as the chloride ; it crystal-
lises from alcohol in white needles, M.pt. 183 to 184 C.

The iodide forms white pearly plates, M.pt. 161 to 162 C. ; the

acetate, white shining needles from water, M.pt. 83 to 84 C. ; the

formate, large needles, M.pt. 106 C. ; the propionatc, white needles,

M.pt. 102 C., insoluble in cold water, easily soluble in alcohol.

p-Tolylmercuric chloride. This derivative is prepared as

follows :

1. A mixture of 300 c.c. of water and 100 grams of powdered mercuric
chloride is heated in a 2-litre beaker, and a solution of 80 grams of

sodium p-toluene sulphinate in 200 c.c. of boiling water carefully added
to the hot solution. A heavy white precipitate is thrown down and

sulphur dioxide is evolved. When the frothing ceases, 200 c.c. of water
are added, and the mixture boiled, with occasional stirring, until the

evolution of sulphur dioxide slackens. A further 200 c.c. of water are now
added and boiling continued until no more sulphur dioxide is given off.

The mixture is filtered, and washed with water until the washings give
no precipitate with sodium hydroxide, the residue then being dried at

110 C. Yield 65 per cent.5

2. Heating p-tolyl sulphinic acid with mercuric chloride until evolu-

tion of sulphur dioxide ceases.6

3. Heating p-tolyl sulphonyl chloride with mercury diphenyl for

fifteen hours at 120 C.7

4. By heating mercuric chloride and mercury di-p-tolyl in alcoholic

solution in a sealed tube at 160 C.8

5. From p-tolyl boric acid in the usual way.
9

6. By separation of the ortho and para isomers formed in the direct

mercuration of toluene by mercuric acetate, after treating with sodium

chloride. 10

1 Kunz, Ber., 1898, 31, 1528.
2 MiohaeHs, Ber., 1895, 28, 588.
3 Khotinsky and Melamed, Ber., 1909, 42, 3094.
4 Michaelis and Genzken, AnnaUn, 1887, 242, 176.
6 Whitmore, Hamilton, and Thurman, J. Amer. Ohem. 8oc,., 1923, 45, 1066.
8
Peters, Ber., 1905, 38, 2569.

7
Otto, Ber., 1885, 18, 246.

8
Otto, J. prakt. Ohem., 1870, 1, [2J, 185.

8 Michaelis and Becker, Ber., 1882, 15, 185.
30 Dimroth, Ber.9 1899, 32, 758; c/. Coffey, Trans. Ohem. Soc. t 1925, 127, 1029.



94 ORGANOMETALLIC COMPOUNDS.

The chloride crystallises in shining scales, melting at 232 to 233 C. ;

it is insoluble in water, soluble with difficulty in hot
alcohol^

and easily

in boiling benzene. Its solution in acetone when treated with sodium

iodide yields p-tolylmercuric iodide, but no mercury di-p-tolyl is formed.1

p-Tolylmercuric bromide. From 28 grams of p-tolyl magnesium
bromide and 58 grams of mercuric bromide a yield of 44 grams of p-

tolylmercuric bromide is obtained.2 The yield is not so good when

mercuric chloride is used in place of the bromide.8

The bromide crystallises in fine needles from benzene, melting at

234 to 235 C. It is sparingly soluble in the usual organic solvents.

It reacts with phosphenyl chloride in two to three hours at 270 C. in

dry carbon dioxide to form phenyl-p-tolylchlorophosphine.

p-Tolylmercurie iodide. This derivative may be prepared from

the chloride as shown above, or from the bromide by boiling with

potassium iodide in alcoholic solution for two hours. Its melting-point

has been given as 213 to 214 C. and 217 C. ; it is sparingly soluble in

organic solvents. 4

p-Tolylmercuric carbonate is a crystalline powder, decomposing
above 260 C.

p-Tolylmercuric mercaptan is a yellow, insoluble product pre-

pared from the above carbonate and carbon disulphide.

p-Tolylmercuric nitrate is prepared similarly to the ortho com-

pound from mercury di-p-tolyl and trioxide or tetroxide of nitrogen.
5

p-Tolylmercuric acetate. The methods of preparation of this

derivative, as also of the preceding one, are similar to those for the phenyl

compound. It forms rhombic prisms from alcohol and benzene, M.pt.

153 C. It is less soluble in the usual solvents than the phenyl

compound.
p-Tolylmercuric-2 : 4 : 6-trinitrobenzoate is prepared from the

hydroxide and the substituted benzoic acid in alcoholic solution. It

melts at 227 C., but when heated in an oil-bath at 220 to 230 C. until

all effervescence ceases it forms p-tolylmercitric -2 :4 :6-trinitro-

phenyl, a pale yellow product, M.pt. 192 C. 6

Benzylmercurie Compounds.

Benzylmercuric chloride 7
is obtained as follows :

1. To a solution of 23*8 grams of benzyl magnesium chloride in

100 grams of ether, 46-7 grams (1-1 mols.) of finely powdered mercuric

chloride are slowly added with good shaking. Until the reaction is

finished, the temperature is maintained below 45 C., and the reaction

mixture then allowed to stand for twenty-four hours. It is then boiled

briskly for two hours, Secomposed by ice and dilute sulphuric acid,

filtered and washed with water, not exceeding 80 C. The residue is

then recrystallised from equal parts of xylene and alcohol. Yield 43

grams (81 per cent.).

1
Steinkopf, Annalen, 1917, 413, 329.

2
Hilpert and Gruttner, Ber.> 1915, 48, 906.

8
Pope and Gibson, Trans. Chem. Soc., 1912, 101, 735.

4
Steinkopf, loc. cit. ; Hilpert and Griittner, loc. cit.

5
Kunz, Ber. 9 1898, 31, 1528.

* Koten and Adams, /, Amer. Chem. Soc., 1924, 46, 2768.
7
Hilpert and Gruttner, Ber., 1915, 48, 913.
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2. From benzyl boric acid and mercuric chloride. 1

3. From mercury dibenzyl and an alcoholic solution of mercuric
chloride.

The chloride crystallises in white, glistening plates, M.pt. 104 C., and

decomposes when strongly heated. It reacts with benzyl magnesium
chloride to form mercury dibenzyl.

2

The corresponding bromide and iodide may be prepared by Method 3,

the former giving plates melting at 119 C., and the latter plates, M.pt.
117 C.3

The cyanide is formed when mercury dibenzyl and mercuric cyanide
in absolute alcoholic solution are heated at 130 C. in a sealed tube. It

crystallises in fine, white needles, M.pt. 124 C.

The acetate results when mercury dibenzyl in alcoholic solution is

treated with mercuric acetate ; and when silver acetate is added to an
alcoholic solution of benzylmercuric chloride.

It forms long, glistening, white needles, melting at 126 C.

Compounds from Higher Benzene Homologues.

m-Xylylmercurie chloride is obtained, along with m-xylyldichloro-

phosphine, when mercury di-m-xylyl is heated at 230 C. with phosphorus
trichloride.4

Mesitylmercuric chloride occurs as fine needles, melting about
200 C.

; the bromide melts at 194 C. ; the iodide yields fine, colourless

needles, melting about 178 C.5

Pseudocumylmercuric chloride yields small needles, M.pt. 201 C.;

the bromide is a white micro-crystalline powder, M.pt. 211 C. ; the iodide,

formed by heating mercury dipseudocumyl with excess of mercuric
iodide in a sealed tube at 130 to 140 C. in alcoholic solution, crystallises
as white glistening needles, M.pt. 196 to 197 C.

Cumylmercuric chloride (glistening needles, M.pt. 156 C.);
bromide (M.pt. 163 C.) ; and iodide (M.pt. 169 C.)

6 are also known.

Cyclohexyl Compounds.7

Cyclohexylmercuric chloride is formed by the action of

mercuric chloride on mercury dicyclohexyl in any solvent, and all the

following salts may be prepared in a similar manner. The chloride

crystallises in plates of brilliant lustre, M.pt. 163 to 164 C., and may be

converted to the iodide by warming its solutions with potassium iodide.

The bromide crystallises from benzene in white leaflets, M.pt. 153 C.,

100 grams of benzene dissolving 3-33 grams of bromide at 29 C. It is

insoluble in water, more soluble in ether or benzene, very soluble in

amines or pyridine. It is sensitive to light.
8

1
Khotinsky and Melamed, Ber., 1909, 42, 3095.

Jones and Werner, J. Amer. Chem. Soc., 1918, 40, 1257.

Wolff, Ber., 1913, 46, 64.

Weller, Ber., 1887, 20, 1718.

Michaelis, Ber., 1895, 28, 588.

Michaelis, ibid. ; Sohiff, Ber,, 1877, 10, 1745.

Gruttner, Ber., 1914, 47, 1651 ; Tiffeneau and GannagS, BuU. JSci. PharmacoL, 1921,

28,7.
a Tiffeneau and Gannage* give chloride, M.pt. 159 C. ; bromide, M.pt. 141 C. ;

iodide, M.pt. 142 a
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The iodide may be obtained from the chloride or bromide by the

action of potassium iodide, or by treating cyclohexyl iodide with sodium

amalgam.
1 It has a similar solubility to the bromide, is sensitive to

light, and crystallises in plates, M.pt. 143 C.

Treatment of the above halides with silver oxide yields the hydroxide,

a strong base, which decomposes when heated.

The sulphide is a pure white powder, deposited when a rapid stream

of hydrogen sulphide is passed into a pyridine solution of the bromide

at 10 C. If left in a moist state it soon decomposes.
The cyanide crystallises from alcohol in sparkling leaflets, melting at

144 C., and is sensitive to light.

4-Methylcyclohexylmercuric chloride forms spangles, sub-

liming at 163 C. ; the bromide has M.pt. 142 C., iodide, M.pt. 176 C.,

cyanide, M.pt. 100 C., and hydroxide, M.pt. 110 to 115 C. 2 are also

known.

Naphthyl Compounds.

a-Naphthylmercuric chloride is prepared by boiling an acetone

or alcoholic solution of mercury di-a-naphthyl with mercuric chloride,

filtering, and precipitating the chloride with water.3 It crystallises in

quadratic plates, M.pt. 188 to 189 C., and its acetone solution with

sodium iodide yields the corresponding iodide. It is moderately soluble

in alcohol or benzene, but insoluble in water.4

a-Naphthylmercuric bromide may be prepared from mercury di-

a-naphthyl either by the action of bromine, or by heating it with mer-

curic bromide in alcoholic solution for one hour at 320 to 130 C.5

Naphthyl magnesium bromide and mercuric bromide give the same

product.
6 The compound crystallises in glistening needles or plates,

M.pt. 202 C., insoluble in water, easily soluble in alcohol, chloroform,

benzene, or carbon bisulphide.

a-Naphthylmercuric iodide crystallises in rhombic columns,

M.pt. 185-5 to 186* C., and is obtained from the chloride as described

above, or from mercury di-a-naphthyl by the action of iodine in carbon

bisulphide solution. It is insoluble in water, slightly soluble in cold

alcohol or ether, easily soluble in hot alcohol, chloroform, benzene, or

carbon bisulphide. When strongly heated it decomposes with separa-
tion of carbon, and heated with soda lime yields mercuric oxide, iodine,

and naphthalene. Its alcoholic solution treated with sodium amalgam
gives mercury, hydrogen iodide, and mercury di-a-naphthyl.

7

a-Naphthylmercuric acetate is prepared as follows :

1. Mercury di-a-naphthyl is treated with an excess of glacial acetic

acid and the "mixture heated until complete solution is obtained, then

the whole poured into water. The precipitate, which contains the

acetate and naphthalene, is filtered off and washed with water, then

crystallised from hot alcohol, in which the naphthalene is less soluble

than the acetate.

1 Kursanov, Ghem. Zen.tr., 1899, ii. 477.
8 Tiffeneau and Gannag^, Butt. Set. PharmacoL, 1921, 28, 7.
3

flteinkopf, Annakn, 1917, 413, 330; see Matsumiya, Mem. Coll Sci. Kyoto, 1925,

8, 391.
*

Otto, J. prafa Chem., 1870, [2], i, 185.
*
Otto, Annakn, 1870, 154, 188.

*
Hilpert and Gruttner, Ber, 1913, 46, 1686.

7
Otto, foe. tit, ; Otto andMories, Annaten,, 1868, 147, 164.
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2. 1
Thirty grams of pure dry mercuric acetate are introduced into

CO grams of molten naphthalene, the mixture well stirred and heated to

120 d, this temperature being maintained until a clear solution results

(about twenty minutes). The excess of naphthalene is then removed

by steam and the dry residue extracted with ligroin, from which the

product crystallises on cooling. If the reaction product before steam

distillation is treated with sodium chloride, the chloride is obtained

instead of the acetate.

The acetate crystallises from alcohol in colourless needles, M.pt.
154 C., which are insoluble in water, slightly soluble in ether, and easily

soluble in hot glacial acetic acid, alcohol, benzene, chloroform, or carbon

bisulphide.
It reacts with hydrochloric or hydriodic acids, giving acetic acid,

naphthalene, and a mercuric halide ; four atoms of iodine react giving
acetic acid, mercuric iodide, and iodonaphthalene ; sodium amalgam on

the alcoholic solution yields mercury, acetic acid, and naphthalene ;

alcoholic hydrogen sulphide or ammonium sulphide at 100 C. break

the compound down into acetic acid, mercuric sulphide, and naphtha-
lene.

The formate is an oil, and the buiyrate forms fine, glistening, rhombic

prisms, melting about 200 C., almost insoluble in cold water, moderately
soluble in hot water, alcohol, or butyric acid.

The nitrate is prepared by the interaction of silver nitrate and a-

naphthylmercuric chloride in alcoholic solution,
2 or from mercury di-

a-naphthyl and nitrogen trioxide. It crystallises in small white needles.

The thiocyanaie occurs as white plates, soluble in hot alcohol or

benzene ; the sulphide has only been obtained as a white precipitate.

Thienyl Compounds,

2-Chloromercuri thiophene,

vHgCl

In order to prepare this derivative, 10 parts of thiophene in 100 parts of

spirit are mixed with 1000 parts of a cold saturated solution of mercuric

chloride and 200 parts of a 33J per cent, solution of crystallised sodium

acetate. In four or five days the precipitate is filtered off and the

filtrate deposits further crystals. The residue is washed with cold

water, boiled with spirit, and filtered through a hot-water funnel, the

chloride crystallising out on cooling.
8

The above method of preparation yields a mono- and a di-mercurated

thiophene ;
the latter is very insoluble in the usual solvents, so that the

mono-compound is removed by means of hot alcohol.4 2-Chloromercuri

i Dimroth, Ber., 1902, 35> 2032.
*

Otto, J. prafa Chem., 1870, [2], 1, 186.

* Volhard, Annalen, 1891, 267, 176 ; Steinkopf and Bauermeister, Annalen, 1914,

403, 59 ; EM, Cfatzetta, 1915, 45, it 280 ; Steinkopf, Anwlen, 1931, 424. 23.

* ffrom 85 grams of thiophene Steinkopf obtained in six days 217
gams

of mono*

compound and 18 grams of di-compound, but the author finds that a considerable increase

in 5deld may be obtained if the liquors be allowed to stand for six months after the tot

batch of crystals has been removed. It may also be prepared by treating mercury 2 : y.

thienyl in acetone solution with mercuric chloride. Yield 894 per cent.
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thiophene crystallises in white, silvery plates, M.pt. 183 C., somewhat

volatile, commencing to sublime above 100 C., subliming rapidly at

210 C. ; in large quantities this process is accompanied by decomposition.

With sodium iodide in acetone solution it yields mercury 2 : 2'-dithienyl

and the corresponding iodide. With mercuric bromide or iodide the

corresponding 2-halidemercuri thiophenes are obtained. 1

When boiled with arsenic trichloride in toluene for
six^to

seven hours

dithienylchloroarsine and thienyldichloroarsine
2 are obtained.

Thienones are formed by heating the chloride with the chlorides

of the following acids: acetic, benzoic, o-toluie, p-toluic, p-nitrobenzoic.

The chloromercuri thiophene appears to be a catalyst in these reactions.

2-Bromomercuri thiophene, obtained from the chloride by action

of mercuric bromide, crystallises from toluene in glistening plates, M.pt,
169 to 170 C., somewhat easily soluble in acetone, with difficulty in

cold alcohol, chloroform, benzene, or carbon bisulphide.
2-Iodomercuri thiophene may be prepared in a similar manner to

the bromide, or by treating an acetone solution of mercury 2 : 2'-dithienyl

with one molecule of sodium iodide. It crystallises in shining, silvery

plates, melting at 1 17 C,, insoluble in water, not easily in hot alcohol or

cold benzene, readily in hot benzene or cold acetone. Since the iodide

is affected by sunlight, turning red, all the operations in connection with

its extraction should be carried out in absence of sunlight. It reacts

with thallic chloride to give thallous chloride and 2-chloromercuri

thiophene.
3

2-Thiocyanatomercuri thiophene is obtained from an acetone

solution of 2-chloromercuri thiophene by treatment with 1 mol. of

sodium thiocyauate. The mercury-2 : 2'-dithienyl is filtered off and the

thiocyanate precipitated from the filtrate by water. It crystallises
from toluene in glistening plates, melting at 179 to 180 C. It is easity
soluble in acetone, sparingly in cold alcohol, ethyl acetate, benzene, or

toluene, insoluble in water.

2 : 5 Dichloromercuri thiophene is obtained as a by-product in

the preparation of the monomercurichloride, or by treating the corre-

sponding acetate solution with sodium chloride. It is a white powder,
insoluble in all indifferent solvents, not easily attacked by acids, even
concentrated nitric acid, and is unaffected by aqueous alkalies. When
boiled under reflux with aqueous bromine for one hour it yields a mixture
of di-, tri-5 and tetrabromothiophenes, but warmed with aqueous iodine

only di-iodothiophene is obtained.
*5-Chloromercuri -2 -chlorothiophene,

is prepared in the usual way from 2-chlorothiophene and mercuric
chloride in sodium acetate solution. It forms glistening silver plates,
M.pt. 218 to 219 C., and has the usual solubility. Traces of a di-mer-
curated compound are also obtained, melting at 278 to 280 C. with
decomposition.

1

Steinkopf, Annahn, 1917, 413, 310.
*
Steinkopf, ibid. ; Finzi, Gazzetta, 1915, 45, ii. 280.

*
Goddard, Trans. Chem. Soc., 1923, 123, 1169.
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The corresponding bromide forms fine white crystals, M.pt. ]91 C.,

from toluene solution, and is obtained by treating an acetone solution of

mercury 5 : 5'-dichloro-2 : 2
/

-dithienyl with mercuric bromide.
The iodide is formed from the chloride by treatment with sodium

iodide in acetone solution. It crystallises in white, glistening plates
which melt at 126 to 126-5 C. with partial decomposition. It is easily
soluble in ethyl acetate or acetone, somewhat soluble in alcohol, benzene,
chloroform, or carbon bisulphide in the cold, insoluble in water. It

tends to split off mercuric iodide when in solution.

5-Chloromercuri-2-bromothiophene yields fine crystals, melting
at 225 C. It is not very soluble in cold solvents, with the exception of

acetone. The bromide forms white, matted needles, M.pt. 197 to

197-5 C., whilst the iodide crystallises in small white crystals from
alcohol, M.pt. 119 C., easily soluble in carbon bisulphide, acetone, or

ethyl acetate, warm benzene, xylene, alcohol, or chloroform. It is

sensitive to light, becoming pale red.

5 -Chloromercuri -2 -iodothiophene yields slender, matted crystals,

sintering about 215 C. and melting at 225 C. It is fairly soluble in

warm benzene or acetone. When heated with acetyl chloride at 80
to 90 C. it gives 2-iodo-5-acetothienone, and when refluxed with iodine

and water for a few minutes until the iodine disappears, 2 : 5-di-iodothio-

phene is obtained. The bromide, on crystallising from xylene, forms
matted crystals darkening at 170 C., is somewhat soluble in acetone,

difficultly soluble^
in carbon bisulphide, and practically insoluble in

alcohol or benzene. The iodide is partially decomposed when recrystal-
lised from xylol, and is a faint yellow, micro-crystalline body, M.pt* 141

to 142 C. It is moderately soluble in acetone, readily soluble in warm
chloroform, benzene, or xylene.

5-Chloromercuri-2-"carboxyl-thiophene,

HOOC^/HgCl
8

is prepared in the usual manner from thiophene-2-earboxylic acid. It

occurs in two forms : (a) soluble in sodium hydroxide and reprecipitated

by dilute hydrochloric acid as a white, amorphous body, and (b) in-

soluble in sodium hydroxide, but soluble in ammonium hydroxide, and

reprecipitated by dilute hydrochloric acid. Both compounds melt at

297 to 298 C., with violent gas evolution.

5-Chloromercuri-2-methyl thiophene, Cold saturated mercuric

chloride (220 grams), 44 grams of 33 per cent, sodium acetate and 2-6

grams of 2-methyl thiophene in 150 c.c. of alcohol give 8-6 grams of

product in thirteen hours. 1 It crystallises from alcohol in glistening

needles, M.pt. 204 C.2 "It is insoluble in water or ether, and with

benzoyl chloride yields phenylthiotolyl ketone.

5-Chloromercuri-2-phenyl thiophene occurs as white, glistening

plates, melting at 234 C. and slightly soluble both in alcohol and in

benzene.

?-Chloromercuri-3-methyl thiophene is prepared from j?-thio-
toluene in the usual way. A mono- and a di-mercurated compound result,

1
Steinkopf and Bauermeister, Annalen, 1914, 403, 59.

2 Volhard gave 197 C.
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the former crystallising from alcohol in white, bushy needles, the di-com-

poimcl being insoluble in the usual organic solvents, and only attacked

with difficulty by concentrated nitric acid.

?-Chloromercuri-3-isopropyl thiophene crystallises from hot

alcohol in shining, long, white needles, M.pt. 137 C., soluble in ether,

insoluble in water. A dichloro compound is formed at the same time

as a white granular mass, insoluble in all solvents and very stable towards

concentrated nitric acid.

5-Thiocyanatomercuri -2 -chlorothiophene.The corresponding
5-chloromercuri compound (3-5 grams) in 120 c.c. of acetone is treated

with 0-8 gram (1 moL) of sodium thiocyanate in 15 c.c. of acetone.

Yield 2-9 grams. It crystallises from benzene or alcohol in glistening

silver plates, melting at 187 C. after previously sintering. It is

readily soluble in cold acetone, moderately soluble in cold alcohol or

ethyl acetate, but readily soluble on warming, sparingly in hot benzene

or ether. The thiocyanate may also be obtained from mercury 5 : 5'-

dichloro-ii : 2'-dithienyl by the action of mercury thiocyanate in acetone

solution. On the other hand, if 2 mols. of sodium thiocyanate are used in

the first preparation, mercury 5 : 5'-dichloro-2 : 2'-dithienyl is isolated. 1

5 -Thiocyanatomercuri -2-bromothiophene crystallises from ethyl
acetate in small, warty aggregates, M.pt. 187 to 188 C., easily soluble

in pyridine, sparingly in cold ethyl acetate or alcohol. If two molecules

of sodium thiocyanate be used, mercury 5 : 5'-dibromo-2 : 2'-dithien3rl,

M.pt. 182 to 183 C., is formed.

5-Thiocyanatomercuri -2 -iodpthiophene. It was found im-

possible to isolate this compound in the pure state using the 5-iodo-

mercuri derivative, so that the preparation was conducted as follows :

Three grams of mercury 5 : 5'-di-iodo-2 : 2'-dithienyl and 1-54 grams of

mercury thiocyanate in 250 c.c. of acetone were heated to boiling. The

liquid on filtering deposited 1-1 grams of substance, and a further 2-8

grams were thrown out by the addition of water. The product yielded

crystals from nitromethane solution, M.pt. 173 C., easily soluble in

warm acetone or cold pyridine, sparingly in cold nitromethane or bromo-
benzene, readily on heating. In alcohol, benzene, or xylene it is only
sparingly soluble.

5 -Chloromercuri-2 -n-propylthiophene. A mixture of193grams
of mercuric chloride, 38 grams of sodium acetate, 450 c.c. of alcohol, and
3 grams of n-propylthiophene after six days deposits 6-2 grams of crystals.
Yield 72 per cent. The crystals from benzene melt at 155 C., are easily
soluble in pyridine, warm alcohols, benzene, or toluene, sparingly in
warm ether.

5-Thiocyanatomercuri-2-n-propylthiophene is readily obtained
from the above compound in the usual manner. It crystallises from
toluene in silvery plates, M.pt. 169 to 169*5 C., easily soluble in cold
acetone, fairly soluble in benzene or toluene, sparingly in alcohol.

5-Chloromercuri-2-isoamylthiophene is obtained in 75 per cent,

yield after the reaction mixture has stood for four days. It crystallises
from benzene in fine needles, M.pt. 171-5 to 172 C., readily soluble in
cold acetone or warm ether, sparingly in other cold solvents. If treated
with sodium iodide it yields mercury 5 : 5'-di-isoamyl-2 : 2'-dithienyl.

5 - Thiocyanatomercuri - 2 - isoamylthiophene forms glistenin^
crystals, M.pt. 199 to 200 C.

1
Steinkopf, Annakn, 1921, 424, 36.
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5-Chloromercuri-2-benzylthiophene is obtained in. 80 per cent.

yield in four days. It yields small, snow-white crystals from toluene,

M.pt. 189 to 191 C., having the usual solubilities. It does not yield a

thiocyanato compound, but mercury 5 : 5'-dibenzyl-2 : 2'-dithienyl is

formed instead.

5-Thiocyanatornercuri-2-methylthiophene is deposited as pure
white, microscopic crystals from ethyl acetate. It decomposes at 202
to 204 C., and when crystallised from xylene it is partially decomposed.
It is readily soluble in pyridine or acetone, and the following solvents

when heated: alcohols, ethyl acetate, or xylene. When 2 mols. of

sodium thiocyanate are used in the preparation a body melting at 203
to 204 C. is isolated.

5 -Bromomercuri -2 -methylthiophene . To prepare this sub-

stance mercury 5 : 5'-dimethyI-2 : 2
/

-dithienyl (1-97 grams) and 1-8 grams
of mercuric bromide in 100 c.c. of acetone are rapidly brought to the boil,

then cooled in ice. The bromide is precipitated by the addition of water.

Yield 3-5 grams. It crystallises from ethyl acetate in shining, white

needles, melting at 179 to 180 C., and having the usual solubilities.

5 -lodomercuri -2 -methylthiophene, prepared in a similar manner
to the bromide, crystallises from alcohol in silvery needles melting at

111 to 112 C. It is readily soluble in cold ethyl acetate or benzene,
less so in acetone unless heated.

5-Chloromercuri-2-ethylthiophene may be crystallised from
alcohol ; M.pt. 147 to US C. Yield 81 per cent

5 -Thiocyanatomercuri-2-ethylthiophene yields small plates from

benzene; M.pt. 167-5 to 169 C.

5-Iodomercuri-2-ethylthiophene, prepared from the chloride

using rather more than 2 mols. of sodium iodide in acetone solution,

crystallises from much alcohol in silvery needles melting at 96 to 97 C.,

affected by light.

(2 or 5)?-Thiocyanatomercuri-3 -methylthiophene yields small

crystals from benzene, melting at 169 C,, sparingly soluble in acetone
in the cold, easily when heated, but only sparingly in warm benzene or

toluene.

5-Hydroxymercuri-2-acetoxymercuri thiophene occurs as hair-

fine needles, M.pt. 270 C. It is obtained from commercial benzene by
boiling it with mercuric acetate. One kilogram of benzene, 40 grams of

mercuric acetate, 300 c.c. of water, and 40 grams of acetic acid after

boiling under reflux for thirty minutes give 32 grams of compound.
1

It is only soluble in acetic acid, from which it crystallises as the diacetate;

dry distillation with concentrated hydrochloric acid yields thiophene and
mercuric chloride.

3-Ohloromercuri-2-hydroxy-2 :3-dihydro-2 : 5 -dimethylthio-

phene mercuric chloride,
2

HO-
jCE.EgCI

IS

This compound is derived from 2 : 5-dimethylthiophene in the usual

1
Dimroth, Ber. t 1899, 32, 758 ; Schwalbe, ibid., 1905, 38 ,2208.

*
Steinkopf, Annalen, 1921, 424, 23.
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manner. It forms white crystals, M.pt. 186 to 187 C., insoluble in

water, difficultly soluble in ether, cold alcohol, chloroform, or benzene,

easily soluble in acetone or warm solvents.

3-Chloromercuri-2 : 5-dimethylthiophene is contained in the

mother-liquors from the above compound, and may be precipitated by
the addition of water. It crystallises from alcohol in silky needles,

M.pt. 156 to 157 C., insoluble in water, easily soluble in acetone or

warm alcohol. It is also formed when the preceding mercuric salt is

boiled for a long time with a little alcohol. The thiocyanate crystallises

from benzene in snow-white crystals, M.pt. 177 to 177-5 C.

The corresponding iodomercuri compound is obtained by treating the

above chloride in acetone solution with sodium iodide. It crystallises

from benzene in white, glistening needles, M.pt. 175 C.

2-Chloromercuri-3 : 4-dimethyl thiophene occurs as white

needles, M.pt. 137 to 138 C., easily soluble in warm benzene, chloroform,

or cold acetone, slightly soluble in water. The crude product obtained

in this preparation gives a residue insoluble in boiling alcohol and
in the usual organic solvents. It is 2:5- dichlommercuri-3 : 4-

dimethyl thiophene, which does not melt at 270 C,

The corresponding 2-iodomercuri compound is prepared from acetone

solutions of the chloride and sodium iodide. It gives yellowish plates
from benzol, M.pt. 142 C., easily soluble in acetone, carbon bisulphide,

chloroform, or warm benzene and toluene, sparingly in alcohol. The

thioeyanato compound, rccrystallised from alcohol, melts at 178 to

170 C.

5-Chloromercuri-2 : 3-dimethylthiophene,

IHgGl

may be prepared from 140 grams of mercuric chloride solution, 30 grams
of sodium acetate solution, 140 grams of alcohol, and 2 grams of 2 : 3-

din lethylthiophene. A yield of C grams (97 per cent.) is obtained in five

days. It crystallises from benzene in matted crystals, M.pt. 213 to
214 C., easily soluble in cold pyridine or quinoline and sparingly in

acetone unless heated. No dichloromercuri compound is obtained. The
ihiocyanato derivative forms matted crystals from much ethyl acetabe,

decomposing on heating at about 240 C.

5-Chloromercuri-4-hydroxy-4 : 5-dihydro-2 : 4-dimethylthi-
ophene mercuric chloride,

S

A saturated solution of mercuric chloride (264 grams), 54 grains of 33
per cent, sodium acetate, 240 grams of alcohol, and 3-6 grams of 2 : 4-

dimethylthiophene are allowed to stand for fifteen hours, when 12-7 grams
of precipitate are collected. Yield 02 per cent. It forms fine crystals
from benzene, M.pt. 167 to 168 C., and has the usual solubilities.

5-Chloromercuri-2:4-dimethylthiophene. When 41 grams of
the above compound are boiled for thirty minutes with 500 c.c. of alcohol,
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19 grams of product are obtained, the filtrate yielding unchanged
mercuric chloride addition product. After two crystallisations the body
melts at 138 to 139 C. It is readily soluble in cold acetone, moderately
soluble in carbon disulphide, sparingly in cold benzene, ethyl acetate, or

alcohol, but easily soluble on heating. With sodium thiocyanatc (2

mols.) in acetone solution, it yields mercury 2:4:2': 4'-tetramethyl-
5 : 5'-dithienyl. The corresponding thiocyanato compound is crystallised
from alcohol, sinters at 170 C., and melts at 173 to 175 C. It is only
sparingly soluble in the usual solvents in the cold and not very readily
on heating.

3-Chloromercuri-2 : 5-diphenylthiophene,

I jHgCl

C6H3l Jc
fl
Hs

111 order to prepare this substance 2 : 5-diphenylthiophene (1-4 grams) in

COO c.c. of alcohol is treated with 50 grams of saturated mercuric chloride

solution and 10 grams of 33 per cent, sodium acetate solution, and after

twelve days a 0-8 gram or 11 per cent, yield is formed. The reaction
can be made quantitative by altering the above quantities to 4 grams of

the thiophene in 400 c.c. of alcohol, 160 grams of sublimate solution and
28 grams of acetate solution, and boiling the mixture for two and a half

hours. The whole is filtered, washed with a little cold alcohol, and re-

crystallised from xylene. It forms matted crystals, melting at 221 to

222 C., readily soluble in acetone or in hot xylene or toluene, sparingly
in cold benzene, chloroform, or alcohol. It is transformed by sodium

thiocyanate (2 mols.) in acetone, to mercury 2:5:2': 5'-tetraphenyl-
3 : S'-dithienyl. The latter substance with mercury thiocyanate in

acetone is converted into the 3-thiocyanatomercuri derivative, which
sinters at 180 to 200 C., but remains black and unmelted at 265 C.

Dihydronaphthalene Compounds.

2-Acetoxymercuri-S-hydroxy-tetrahydronaphthalene,
1

CH2

/CH.HgOAc

A mixture of naphthalene and dihydronaphthalene is dissolved in ether

and shaken with an aqueous solution of mercuric acetate. After twenty-
four hours long needles of the acetate separate. It may be recrystal-
lised from benzene or ligroin, the product melting at 122 C. It is

soluble in potassium hydroxide, and if potassium bromide be added and

carbon dioxide passed in, the bromide is precipitated. It crystallises

from benzene in glistening crystals, M.pt. 159 C. The corresponding
iodide is prepared from the acetate by treatment with potassium iodide,

and when crystallised from benzene melts at 156 C., turning red. All

the above salts are decomposed by 30 per cent, hydrochloric acid,

naphthalene-free dihydronaphthalene being regenerated.

1 Sand and Gennskr, Ber., 1903, 36, 3699.
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Mercury Derivatives of Aromatic Compounds containing Halogen,

Nitro, or Sulphonic Acid Groups.

In the case of halogen-substituted hydrocarbons it has been found

that the sulphinic acid method of introducing the mercury gives the best

results,
1 and it is preferable to methods of direct mercuration using

mercuric acetate at high temperatures. , p

p -Chlorophenylmercuric acetate. p-Chlorobenzene sulphinic

acid, prepared from p-chloroaniline by Gatterman's method, is dissolvedm
glacial aceticacid,andasolution of three molecularequivalents

of mercuric

acetate in the same solvent added, and the whole boiled for fifteen

minutes. The sulphinic acid is completely converted to the mercury

compound, and is obtained by filtering the reaction mixture, and pre-

cipitating with water. Yield 70 per cent. The acetate is a white,

crystalline solid, M.pt. 193 C., which yields pure p-chloromtrobenzene
when treated with concentrated nitric acid at 65 C. for ten minutes.

A suspension of the acetate in 10 percent, aqueous potassium bromide,

when treated with a slight excess of 10 per cent, bromine in 10 per cent,

potassium bromide and shaken for one hour, yields p-chlorobromo-

benzene.

p-Chlorophenylmercurie chloride is obtained by treating an

alcoholic solution of the acetate with 10 per cent, sodium chloride.

It is a white solid, M.pt. 225 C., and may be ciystallised from alcohol.

p-Bromophenylmercurie acetate, a white crystalline solid, M.pt.

196 C., is prepared as the chloro compound. It may be converted by
nitric acid to p-bromonitrobenzene, and by sodium chloride to the

corresponding chloride, M.pt. 250 C.

p-Iodophenylmercuric acetate, which melts at 191 C., is also

known. The mercury may be replaced by bromine in potassium
bromide solution, giving a bromo-iodobenzene.

o-Chlorophenylmercuric acetate is a white, crystalline solid,

M,pt. 115 C. ; the corresponding chloride melts at 145 C.

o-Bromophenylmercuric acetate may be prepared in the usual

way. It melts at 124- C. ; the chloride melts at 155 C. and sublimes at

100 C. It yields o-dibromobenzene when treated with bromine in

acetic acid solution.

m-Chlorophenylmercuric acetate is a white solid, melting at

138 C. It is soluble in alcohol, glacial acetic acid, benzene, or acetone,
and slightly soluble in ether. The chloride is best recrystallised from
alcohol and melts at 210 C.

m-Bromophenylmercuric acetate is a white, crystalline solid,

melting at 160 C. The chloride melts at 190 C. and yields m-dibromo-
benzene by the usual treatment.

Derivatives of Nitrobenzene.

o-Nitrophenylmercuric chloride, N0 2,C 6H 4.HgCl,
2

is prepared
as follows :

1. Mercuric acetate, together with five times its weight of nitro-

1 Hanke, J. Ainer. Chem. Sot,, 1923, 45, 132L
* Diwroth, J&r., 1902, 3$, 2032; Annakn, 1925, 446, 148; Kharaseh and Chalkley,

/. Amer. Chen. $>c. 1921, 43, 607.
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benzene, is heated in an oil-bath to 150 C. until a test portion treated with
dilute sodium hydroxide does not give a precipitate of mercuric oxide.
When the mass is cooled a small quantity (0-6 per cent.) of mercuric
acetate crystallises out, and the mixture is filtered, the filtrate being
decomposed by sodium chloride, and steam distilled. After cooling, a
solid is obtained which is dried and extracted with ligroin, from which
solvent pale yellow needles are deposited, several recrystallisations from
acetic acid giving small, yellowish plates, M.pt. 181 to 182 C. (Dimroth).

1

2. The starting material in this preparation is o-nitrobenzene sul-

phinic acid, which may be prepared from o-nitroaniline by the diazo-
reaction. Two grams of this acid in 20 c.c. of alcohol are added to
6 grams of mercuric chloride in a mixture of 20 c.c. of alcohol and 20 c.c.

of water, and the resulting solution boiled for forty-five minutes. The
precipitate is extracted with acetone, the solvent evaporated, and the
residue crystallised from 95 per cent, alcohol, when faint yellow crystals,

M.pt. 185 C. (corr.), are obtained. Yield 3 grams (78 per cent.).
The chloride is very soluble in acetone, soluble in hot alcohol or

ether, only slightly soluble in water. When treated with bromine in

potassium bromide for two hours on a shaking machine, and then
extracted with ether, o-bromonitrobenzene, M.pt. 41 to 42 C., is

obtained, which shows the mercury to be in the ortho position to the
nitro group. No mercuric sulphide is obtained when the chloride is

acted upon by ammonium sulphide, but when boiled with hydro-
chloric acid nitrobenzene results. During the direct mercuration of

nitrobenzene, mercury o-o'-dinitrodiphenyl, M.pt. 206 C., is also formed. 2

m-Nitrophenylmercuric chloride. Eight grams of the sodium
salt of m-nitrobenzene sulphinic acid in 40 c.c, of water are added to

21 grams of mercuric chloride in 100 c.c. of alcohol, and slightly more

glacial acetic acid added than is required to liberate the sulphinic acid,
after which the mixture is boiled for twenty hours. Extraction, of the
residue with acetone and recrystallisation from alcohol gives white

crystals, melting at 236 to 237 C. Yield 5-7 grams (42 per cent).
The compound is less soluble in acetone or alcohol than the ortho

derivative.

p-Nitrophenylmercuric chloride is prepared in a similar manner
to the ortho compound, but the yields are very poor, even after fifteen

hours' boiling. It crystallises from alcohol in colourless crystals, M.pt.
265 to 266 C. (corr. )

with decomposition.
2:4: 6-Trinitrophenylmercuric chloride, C 6H2(N0 2 )3.HgCl,

melting at 202 C., is obtained by heating 2 : 4 : 6 : 2' : 4' : 6'-hexanitro-

diphenyl with alcoholic mercuric chloride. When treated in aqueous
suspension with iodine in potassium iodide solution it yields 2:4:6-
trinitro-iodobenzene.3

Derivatives of Nitrotoluenes.

Ortho and p-nitrotoluenes are readily converted to mercury deri-

vatives when boiled with mercuric oxide in the presence of sodium

hydroxide, the metal in the compounds entering the side chain under
these conditions. The derivatives of p-nitrotohiene and 2 : 4-dinitro-

1 See Dimroth, Annalen, 1926, 446, 148
j Jiirgens, Sec. trav. ckim., 1926, 45, 61.

2 Wibaut and Jiirgens, Verslag. Akad. Wetensch. Amsterdam, 1922, 29, 1074.
3 Kharasoh, J. Amer. Chem* Soc,, 1921, 43, 2238.
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toluene, however, are very difficult to obtain in the pure state, but

o-nitrotoluene yields two well-defined compounds.
1

o-Nitrobenzylmercuric chloride, N0 2.C 6
H 4.CH 2.HgCl, yields

colourless needles, M.pt. 145 to 140 C., easily soluble in acetone or

benzene, with difficulty in alcohol or ether ; from its solutions in caustic

alkali it is precipitated by acid. 2

o-Nitrodimercuribenzylidene oxide or anhydride of o-nitro-

benzal dimercuric hydroxide,

NOa.C6lIj.CIl

The mercuric oxide obtained from 297 grams of mercuric chloride by
treatment with cold sodium hydroxide is well washed and added to a

solution of 44 grams of sodium hydroxide in 2500 c.c. of water and the

whole heated to boiling tinder a reflux condenser, bumping being pre-
vented by passing in a current of air. o-Nitrotoluene, 75 grams, is then

added in small portions, the operation taking nine hours, and the whole

is then boiled for 1 -5 hours. From this mixture 291 grams of crude, dry-

oxide are obtained, yield 9C-4 per cent. When hydrochloric acid is

added to the mother-liquors 5-2 grams of crude o-nitrobenzylmercuric
chloride arc precipitated. The crude oxide is dissolved in acetic acid,

and precipitated by adding excess of sodium hydroxide, when dark

yellow, crystalline masses are isolated, M.pt. 220 C.

The oxide is partially decomposed by hydrogen sulphide into mer-
curic sulphide and o-nitrotoluene, and by zinc dust and sulphuric acid

it is reduced to o-nitrotoluene and mercury. When heated with nitrous

acid it gives o-nitrobcnzaldehyde, which is also formed together with a

small proportion of o-dinitrotolane, N0 2,C $H4.C=C.C 6H4.NOa , by boil-

ing with nitric acid. The oxide, when treated in the cold with nitrous

and hydrochloric acids, yields approximately molecular proportions of

o-nitrobenzaldehyde and its oxime, the dinitrite formed by the nitrous

acid being converted into the oxime by the hydrochloric acid, via a

hypothetical nitroso derivative :

N'0
2.C6H 4XlI(HgN0 2 ) 2+2HCl-HN0 2+H 20+N0 2,C 6H 4.C(NO)(HgCl) 2

^O 2X
1

6H4.CXNO)(HgCl) 2+2HCl===N0 2,C 6H 4.CH=:NOH+2HgCl 2

The oxide is in general very stable towards acids and alkalies, but
when boiled with 20 per cent, hydrochloric acid it is transformed into

anthranil. Treatment with chlorine in presence of an excess of hydro-
chloric acid gives o-nitrobenzylmercuric chloride, and bromine and iodine

yield the corresponding halides.

The following salts have been prepared :

Sulphate, N02.C 6H4.CH^Hg2 ==SO 4
. Forms pale yellow, broad

needles or plates, giving with sodium hydroxide the free base, and on

boiling with water an orange-yellow, basic sulphate, (N0 2.C6H 4.CH(Hg
OH)Hg)2S04.

C/i&rirftf, a pale yellow, amorphous compound, formed by adding dilute

1
Reissert, far., 1907, 40, 4209; German Patents, 182217, 182218; see Burton,

Hammond, and Kenaer, J. Chem. Soc., 1926, p. 1802.
8 For preparation, see oxide, below.
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hydrochloric acid to the base, and when boiled for 4-5 hours with sodium
chloride solution, it is converted into a yellow hydroxvchloride
N0 2.C 6H 4.CH(HgCl).HgOH.

Nitrate, pale yellow, by triturating the base with dilute nitric acid,

Nitrite, by mixing the base with water, shaking with sodium nitrite,
then with 10 per cent, sulphuric acid.

p-Nitrobenzylmercuric chloride has only been obtained in an

impure state by the above method, the product being converted into

p-nitrobenzoic acid when treated with dilute nitric acid.

2 : 4-Dinitrodimercuribenzylidene oxide. Dinitrotoluene (18-2

grams) and 54-2 grams of mercuric chloride are dissolved in 600 c.c. of
absolute alcohol, and to the solution 13-8 grams of sodium in 270 c.c. of
absolute alcohol are quickly added, whilst'the solution is rapidly stirred.

A brownish-red, voluminous precipitate immediately separates, this being
filtered off, washed with alcohol, then boiled several times with water
to remove hydrochloric acid. Yield 58 grams. The product thus
obtained is difficult to purify. When treated with hydrogen sulphide or
10 per cent, hydrochloric acid it yields 2 : 4-dinitrotoluene, and with the
former reagent mercuric sulphide in addition. Concentrated nitric acid

converts it to 2 : 4-dinitrobenzoic acid.

Although in the preceding compounds, formed by the interaction of

nitrotoluenes and mercuric oxide in hot sodium hydroxide solution, the

mercury enters the side chain, it has recently been shown x that the

mercury enters the nucleus when mercuric acetate and nitrotoluene are

heated together at 140 C.

4-Chloromercuri-2-nitrotoluene. One part of mercuric acetate

and 4 parts of o-nitrotoluene arc gradually heated with occasional

shaking. The melt becomes orange-red at 110 to 120 C. and liquefies
to a pale yellow solution as the temperature rises. A temperature of

140 to 150 C. is maintained until a test indicates the absence of mercury
ion s (after about four hours )

. After twelve hours a brown solid con sis ting

mainly of mercurous acetate separates, and the clear solution is poured
into a large volume of ether and left for twenty-four hours. An amor-

phous solid is deposited which consists of polymercuri compounds, and
contains no monoacetoxymercuri derivatives. The ether is removed,
the solution treated with sodium chloride solution, and excess of nitro-

toluene removed in steam. The heavy, colourless product obtained is

broken up and dried. It is first extracted with ether in a Soxhlet

apparatus, to remove any o-nitrotoluene, then recrystallised twice from
hot acetone, the chloromercuri compound being deposited in silky

needles, melting at 220-5 to 221 C. (corr.). It is sparingly soluble in

the usual solvents, except acetone and hot glacial acetic acid. With
bromine in chloroform, or iodine it yields 4-bromo- or 4-iodo-2-nitro-

toluene respectively*
The k-bromomercuri compound is a crystalline powder, M.pt. 241 C.,

and the iodide melts with slight decomposition at 286 C.

The existence of 6 -chloromercuri-2 -nitrotoluene has also been

proved.
5-Chloromercuri - 2 - nitrotoluene. 2-Nitrotoluene - 5 -

sulphinic
acid is boiled with 50 per cent, aqueous alcoholic mercuric chloride for a

week, any precipitate being periodically removed. The latter is washed,

dried, and extracted with hot acetone, from which the compound
1

fJoffey, J* Ghem. $ca, 1956, p. 637.
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separates in small, felted, shining needles, M.pt. 210 C.
^

Its solubilities

and general properties are similar to those of the 4-isomeride.

S-Chloromercuri-S-nitrotoluene. 1 The mercuration is carried

out by the method described under 4-chloromercuri-2-nitrotoluene.

The crude product of mercuration is extracted with hot acetone, the^5-
chloro compound remaining undissolved. It crystallises from glacial

acetic acid in colourless, feathery needles, M.pt. 294 C., which yield

5-bromo-3-nitrotoluene by treatment with bromine in potassium
bromide solution.

4-Chloromercuri-3-nitrotoluene crystallises from the hot acetone

extractions described above. It forms pale yellow needles, sintering

at 207 C. and melting at 210 C. (corr.). It may be converted into

4-bromo-3-nitrotoluene. The presence of 6-chloromercuri-3-nitro-

toluene in the mercuration products has also been proved.

Pure products cannot be obtained by the mercuration of p-nitro-

toluene with mercuric acetate at 140 C., so that the derivatives have

been prepared from nitrotoluene sulphinic acids.

2-Chloromercuri-4-nitrotoluene is obtained by boiling 4-

nitrotoluene-2-sulphinic acid with a 50 per cent, aqueous alcoholic

solution of mercuric chloride. The product is washed with 50 per cent,

alcohol, dried, and extracted with acetone, the compound separating out

in feathery needles, M.pt. 230 to 231 C. (corr.).

3-Chloromercuri-4-nitrotoluene is prepared from the sulphinic

acid in the usual way. It crystallises in colourless needles, M.pt. 226 to

227 C. (corr.), which may be converted into 3-bromo-4-nitrotoluene.

Derivatives of Aromatic Sulphonic Acids.*

Mercuration of p -toluene sulphonic acid, The sulphonic acid

(190 grams) is dissolved in 750 c.c. of water and 35 c.c. of acetic acid, and
the solution boiled and filtered. Mercuric acetate (320 grams) is treated

in exactly the same way and the two solutions mixed whilst boiling
and boiled for one hour. A sample diluted with an equal volume of

water and treated with sodium hydroxide then gives a clear solution,

and the mercuration is considered complete. The mixture is filtered

whilst boiling, and the solid, 81 grams, rejected; the filtrate on cooling

yields 135 grams of a crystalline product. This is extracted with
water in a Soxhlet apparatus, a crystalline solid being isolated, which is

soluble in warm water, alkali, and salt solutions. When air-dried the

formula corresponds to I. ; when dried over calcium chloride, II. ; and
dried in vacua over phosphorus pentoxide, III.

CH8

SOsH S08

II. III.

The mercury in these compounds may be replaced by iodine, when
2-iodotoluene-4-sulphonic acid is obtained.

*
Coffey, /. Gkem. tfoc., 1926, p. 3215.

z Whitmore and Ehrenfeld, J. Amer. Cfom. Soc., 1926, 49, 789.
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The following substances have also been mercurated, but analysis
indicates that the products are mixtures : benzene sulphonic acicl and its

sodium salt, sodium p-bromobenzene sulphonate, p-iodobenzene sul-

phonic acid, 2 : 5-dichlorobenzene sulphonic acid, m-nitrobenzene sul-

phonic acid, o-toluene sulphonic acid and its sodium salt, sodium p-
toluene sulphonate, 2-chlorotoluene-5-sulphonic acid. The mercuration

of the sodium salts is a much slower process than in the case of the free

acids.



CHAPTER VII.

MERCURY (continued).

DERIVATIVES OF AROMATIC AMINES.

ALL the amines dealt with in the present chapter may be directly
mercnrated by means of mercuric acetate, but it is impossible to predict
how many mercury residues can be introduced into a given compound
by comparing it with similar derivatives. This is clearly shown by
comparing the chloro- and mtro-anilines. Whilst four different aeetoxy-
mercuri derivatives may be obtained from the ortho compound of the

former, the meta compound only yields a triaeetoxymercuri derivative

and the para compound a monomercurated product. o-Nitroaniline,

however, gives a monomercurated compound, and the meta and para
bodies yield mono- and di-mercurated products.

From the table on p. 112 it will be seen that when a ring-substituted
aniline has the para position to the amino group unoccupied, mercury
invariably enters that position. A similar statement holds for the ortho

position to the amino group, but should these two be filled, the mercury
may enter the C position, if vacant.

It is also interesting to note that when the amino group in aniline

is substituted by basic groups, mercury compounds have always been
obtained having the metal in the para position to the amino group, but in

the case of the esters of the a-anilido fatty acids, the mercury always
enters the ortho position to the substituted amino group, and in some
cases the para position as well.

In the case of the naphthylamines, the a-compotmd yields a diace-

toxymercuri derivative, but jS-naphthylamine gives only a mono-
mercurated product.

The aeetoxymercuri compounds formed above are converted to

chloromercuri salts by the addition of sodium chloride, and to the

hydroxides by means of sodium hydroxide. When the amino group is

not substituted, water may be eliminated between this group and the

hydroxymercuri residue, yielding an anhydride, e.g. p-aminophenyl-
mercurie hydroxide is considered to exist as

HN.C6H 4.Hg or NH^CeH.-Hg
i I

In the case of the esters of a-anilido fatty acids and tolylglycine
esters, the aeetoxymercuri compounds when saponified by sodium
hydroxide, eliminate water between the hydroxymercuri residue and
the carboxyl group, thus forming anhydrides of the type

/NHNH CH

\Hg-0 CO
110
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The acetoxymercuri derivatives from aniline, substituted aniline,

and toluidine compounds, when treated with aqueous sodium thio-

sulphate give mercuri-bis products of the type R 2Hg, sometimes witli

the formation of a thiosulphate as an intermediate product,

RHg.S 2O 3
Na

Other modes of forming the mercuri-bis compounds in special cases

are as follows :

1. 6-Acetoxymercuri-2 : 4-dichloroaniIine with sodium hydrogen
sulphate gives 6-mercuri-bis-2 : 4-dichloroaniline.

2. p-Rlercuri-bis-monomethylaniline is formed from the corre-

sponding hydroxide by the action of sodium sulphide.
3. p-Mercuri-bis-dimethylaniline may be obtained by the preceding

method, or from p-bromodimethylaniline by the action of sodium

amalgam in the presence of ethyl acetate, or from the chloromereuri

derivative by the action of metallic copper in pyridine solution.

4. o-Acetoxymercuri-p-bromodimethylaniline is converted into the

R 2Hg compound by boiling for eight hours with potassium iodide in

alcoholic solution.

5. Mono- and diethylaniline derivatives undergo the same reactions

as under 2 and 3.

The diacetoxymercuri-o-chloroanilines when treated with sodium

thiosulphate give compounds containing two benzene nuclei attached

by two mercury bridges, and a doubly bridged mercury compound is also

obtained when 2 : 2' : 4 : 4'-tetrachloromereuri diphenylamine is boiled

with pyridine.
The following derivatives are stable towards ammonium sulphide :

p
-
aeetoxymercuri-o-nitroaniline, o -

acetoxymercuri-p-bromodimethyl-
aniline, 2 : 4-diacetoxymercuri-a-naphthylamine, and p-diniethylammo-

phenylmercurie acetate. If the latter compound be boiled with potas-
sium iodide solution, then treated with hydrogen sulphide, only traces

of mercuric sulphide are produced. Mercury compounds from
|8-

naphthylamine, j3-naphthylamine-6-sulphonie acid, 1 : 5-naphthylamine
sulphonic acid are decomposed by ammonium sulphide, whilst naphthi-
onic acid derivatives are only slowly attacked.

The following methods have been used for substituting mercury
residues in amines by halogens, in order to find the position of the

mercury in the nucleus :

1. Treating an acetic acid solution of the compound with chlorine

in the presence of calcium chloride.

2. By the action of bromine in acetic acid solution.

3. By the use of iodine in potassium iodide.

4. By treating the compound with potassium perbromide.
The following scheme shows the position taken up by mercury in

mercurated amines, the figures on the right indicating the position in the

nucleus. The terms mono, di, or tri indicate that a monomercuri, etc.,

derivative is formed, but its position has not been determined. All

the rings are numbered in a clockwise direction commencing from the

top, irrespective of the group occupying that position. This method of

numbering applies only to the table, the nomenclature in the text being
that in current use.
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DERIVATIVES OF ANILINE.

When aniline is treated with mercuric acetate in aqueous solution at

room temperature a mixture of o- and p-aminophenylmercuric acetates

is formed.
NHa

j.OAc

j.OAc

In the earlier work on the mercuration of aniline, the para compound
was obtained by Pesci, and he apparently found its molecular weight
to be twice that required by the above formula. This error led him to

formulate many substituted amines incorrectly, and many of the earlier

formulae have since had to be revised.

p -Aminophenylmercuric acetate. 1 The most satisfactory

method of preparation for this compound is the one described by Dim-
roth as follows : To 31*8 grams of mercuric acetate in 160 c.c. of water,

18-6 grams of aniline are added. In about three hours, short, thick,

Qazxetto, 1892, 22, 1 373 ; Atti. & Accad. Lincei, 1892, (5), i. 312 ; Chem.

tr., 1892, ii. 213 ; Piceinini and Ruspaggiari, Qazzetta, 1892, 22, ii, 604 ; Pesci,

cfc. anorg. Chem., 1897, 15, 208 j Qazzetta, 1897, 27, i. 567 ; Dimroth, Ber., 1902,

2032 ; Vecchiotti, Gazzetta, 1914, 44, ii. 1350 ; Eeitzenstein and Bdnitsch, J.

., 1912, [2], 86, 73.
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hard, pale yellow prisms separate. These consist of practically pure
p-aminophenylmercuric acetate, and are filtered off. On further*stand-

ing a second crop of crystals is obtained, but these contain some ortho

compound. Yield, 40 grams of pure para and 3 grams of ortho
derivative.

Less satisfactory preparations are : (1) Mercuration of aniline acetate

with mercuric oxide, (2) from N-mereuri-aniline,

C 6H 5NH-Hg-NHC 6H5

by the action of mercuric acetate, acetic acid, or concentrated aniline

acetate solutions.

The compound crystallises in prisms, M.pt. 166 to 1C7 C., is in-

soluble in water or ether, and with difficulty in alcohol or chloroform,

although it may be recrystalliscd from the latter solvent without change
of melting-point. It possesses basic properties, turning red methyl
orange yellow in aqueous solution, and it is soluble in dilute mineral
and acetic acids. When treated with cold acetic anhydride it yields an

acetyl derivative, which crystallises as glistening needles from boiling

water, M.pt. 220 to 221 C. The same compound was isolated by
Pesci from acetanilide and mercuric acetate, the melting-point being
given as 218 to 220 C. 1

Salicylaldehyde in absolute alcohol gives a mercurated SehifPs base,

small, yellow crystals decomposing at 185 C. 2

The acetate can also be diazotised and coupled in the usual way, azo

dyes containing mercury being produced.

Condensation with Dinitrophenylpyridinium Chloride?1

Five grams of the acetate in 450 c.c. of boiling alcohol are treated with
1-2 grams of the pyridine compound in the same solvent. A red colora-

tion immediately appears, and a brown solid separates. The reaction is

completed by warming for one hour on the water-bath. The cooled

mixture is filtered, the residue washed with alcohol, then extracted

with acetone, until no residue remains on evaporation. The dried

product is a brown powder, M.pt. 244 C., insoluble in the usual

solvents. Yield 3 grams. The substance probably has the following
constitution :

Hg.OAc Hg.NH.CQH3(N0 2) 2~

:(CH) 5 NH

H Cl

A secondary reaction also takes place, giving a small quantity of

substance blackening at 180 C. and not melting at 250 C. This is

isolated from the filtrate and corresponds to the formula :

1
Pesci, Gazzetto, 1894, 24, li. 449 ; 1899, 29, i. 397.

8 Jacobs and Heidelberger, J. BioL Ckem., 1915, 20, 518.
8

Reitzeaistera and Stamm, J. prakt. Chem>> 1910, [8], 8x, 154.

VOL. xi. : i. 8
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Hg.OAc HgOH

:(CH) 5-NH

H Cl

If the above reaction be carried out in cold acetone solution, and

water added after the reaction is complete, a brown precipitate is thrown

down. This is extracted with acetone as before, a brown crystalline

powder being obtained. It melts at 164 C., and is insoluble in all

solvents. Yield 30 to 40 per cent. The filtrate yields dinitroaniline.

The product is formulated as :

Hg.OAc Hg.OAc

r\ Au u
N=(CH) 6 NH

Condensation with Propargyl Acefal (acetal of p-ethoxy-acraldehyde).
1

1. In alcohol hydrochloric acid solution. Five grams of acetate

(2 mols.) in 450 c.c. of alcohol are treated with 0-91 gram of propargyl
acetal (1 mol.) and the mixture boiled for six hours. To the cold

solution 1-47 grams of 35*39 per cent, hydrochloric acid are added, a pale

yellow powder being obtained. It decomposes at 180 C. and no
formula has been assigned to it.

2. In aqueous acetic acid solution. The above quantities were

again used and the mixture warmed on the water-bath for a day. A
yellow body is obtained, 0-3 gram, decomposing at 180 C. This sub-

stance agrees with the formula,

AcO.Hg.C 6H4.NH.CH3=N.C 6H4.Hg.OAc.HOAc

When treated with alkali halides, the corresponding p-aminophenyl-
mercuric halides are formed, and with alkali hydroxides the hydroxide
is produced.

p-Aminophenylmercuric hydroxide, NH 2.C 6H4.HgOH. Since
it appears doubtful whether this compound exists, it is- usually formu-
lated as an anhydride,

HN.C 6H4.Hg or HN==C
ft
H 4==Hg

The corresponding acetate in dilute caustic alkali is treated with 30

per cent, potassium hydroxide until a precipitate is obtained. This is

filtered and dried. Its solutions are strongly alkaline, and it readily
forms salts with acids. In water it is only slightly soluble, and if the
solution is heated with alkali sulphides a precipitate is formed, which
consists of mercuric sulphide and p-mercuri-bis-aniline. The end
product of the action of methyl iodide in methyl alcohol solution on the
anhydride is HgI.C 6H4.NMe3I, and when this is treated with barium
hydrosulphide, mercuric sulphide is split off and the following substance
remains, Hg(C 6H4.NMe3I)2 ).

1 Beiteenstein and Bdoitscli, J. prakt. Ckem., 1912, [2], 86, 73.
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p-Aminophenylmercuric Halides and Salts.

Chloride. Five grams of finely powdered acetate are dissolved in 1-5

litres of water, 10 c.c. of saturated sodium chloride solution are added, and
the mixture boiled. The solution soon becomes clear, and after filtering

glistening plates appear as the solution cools. These when rccrystallised
from alcohol or benzene melt with decomposition about 188 C.

A second form of the chloride is known, this being amorphous. The
acetate is dissolved in acetic acid and the calculated amount of aqueous
sodium chloride added. The chloride comes down as a faint yellow

precipitate. It is insoluble in water, alcohol, or dilute acids.

The crystalline chloride was obtained in 30 per cent, yield by Rcitzen-

stein and Stamm, the acetate and sodium chloride solution being boiled

for thirty minutes. The plates, which were recrystallised from benzene,
melted at 240 C. When treated with sodium thiosulphate, p-amino-
phenylmereuric thiosulphate is formed, and from the amorphous form
Pesci isolated a crystalline product by the action of alcoholic aniline

hydrochloride. It crystallised in fine, colourless needles, decomposing
above 150 C.

Condensation with Dinitrophenylpyridinium Chloride,

To 3 grams of the chloride in 500 c.c. of boiling alcohol, 1-29 grams
of the pyridine compound in alcohol are added ; the solution immedi-

ately becomes yellow, and later red. The mixture is boiled for one hour,

cooled, and filtered. The reddish-brown residue is washed with boiling

acetone, and dried over sulphuric acid. The red-brown powder melts
at 125 C.

? and is insoluble in most organic solvents. Yield 50 per cent.

Formula :

-NH^ ^>

H Cl

If the reaction be carried out in cold acetone, and the pyridine com-

pound dissolved in methyl alcohol, the solution becomes deep red on

mixing, and in two hours a reddish precipitate separates. This product
melts at 151 C., and is insoluble in most organic solvents. Yield 30 to

40 per cent.

Condensation with Propargyl Acetal.

1. In benzene solution. Two grams of the chloride (2 mols.) in

500 c.c. of boiling benzene, and propargyl acetal (1 mol,
)
are boiled for

two hours. Benzene saturated with hydrogen chloride is added, and

yellow flocks separate. These are filtered and washed with ether, giving
a very light, pale yellow powder.

2. In hydrochloric acid. Five grams of chloride in 200 c.c. of

water, 078 gram of hydrochloric acid (density 1*19), 0*98 gram of

propargyl acetal are warmed for a day on the water-bath. An orange-

yellow body (5 grams) separates. It sinters at 210 C. and probably
has the formula :

HgCI.C6H4.N=CH3.NH,CeHl .HgCl
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Condensation with Ethoxyacrolein Acetal.

If the reaction be carried out as above, an orange-coloured body is

obtained, which darkens at 1 00 C. and melts at 1 90 C. Formula :

yOEt

ciHg< SNH-CH=CE-GH<\ / \>Et

The following p-aminophenylmercuric salts are obtained by the

action of the corresponding alkali salts on the acetate : bromide,

colourless laminae, M.pt. 182 C. : iodide, M.pt. 165 C. (with decom-

position) ; nitrate, microscopic crystals : sulphate, needles, M.pt. 150 C.

(with decomposition) ; thwsulplutfe, colourless plates, M.pt. 95 C.

(with decomposition).
p-Mercuri-bis -aniline, (NH 8C6H4 ) 8Hg. This product is most

readily formed by heating the above thiosulphate with water, p-
Mcrcuri-his-acetanilide heated at 100 C. in sealed tubes with alcoholic

potassium hydroxide yields the same compound. It crystallises in

colourless needles, M.pt. 174 C. (with decomposition).

o-Aminophenylmercuric acetate occurs as previously stated in

small yield in the mother-liquors from the para compound. It has

similar properties to its isomer, and is readily soluble in dilute mineral

acids, acetic acid, or dilute alcohol, crystallising from the latter in

pearly plates, M.pt. 158 to 160 C. The acetyl derivative is made from
its components with ice cooling, and crystallises from acetic acid in

plates, M.pt. 156 to 158 C. These when treated with aqueous bromine
in potassium bromide solution yield o-bromoacetanilide, which proves
the constitution of the mercury compound.

Condensation with Dimtrophenylpyridinium Chloride.

The acetate (2-5 grams) in 400 c.c. of acetone is treated with an
acetone solution of the pyridine compound. A slight evolution of heat
takes place, the liquid becomes red, and a red precipitate separates.
The solvent is evaporated in vacua. Yield 0*7 gram. Formula :O ^^

i

5

/\S '

Hg.OAc
H C1

Hg.NHC6H8(N0 2) 3

p-Aminophenylmercuric chloride, obtained by adding sodium
chloride to the acetate in acetic acid, recrystallises from 'the latter in

long, colourless plates. It may be isolated from the mixed acetates
formed during the mercuration of aniline by dissolving them in acetic
acid and adding sodium chloride, a mixture of amorphous para chloride
and crystalline ortho chloride being obtained. These can be separated
by warm alcohol, in which only the ortho chloride is soluble.

2 : 4-Diacetoxymercuri aniline,
1

:g.OAc

l
Vecchiotti, 0onetti, 1914, 44, ii. 1350 ; Ohm. Zentr., 1914, iL 1350 ; Pesci, Ghem,

Zeti., 1899, 23, 58 ; Qaudta, 1899, 29, i. 394.
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A mixture of 23-25 grains of aniline and 160 grams of mercuric acetate- in

200 c.c. of water is allowed to stand for two days. The deposit of crystals
is suspended in ammonium acetate solution, brought into solution by
the addition of ammonium hydroxide, the mixture neutralised by acetic

acid, and the precipitate allowed to stand for twelve hours. It i& then
washed with dilute acetic acid, and the above operation again repeated.
It crystallises in warty prisms, M.pt. 206 C., soluble in acetic acid or
ammonium hydroxide, slightly soluble in boiling water, and insoluble iu

alcohol. When boiled for twelve hours with acetic anhydride, the

aceiyl derivative is formed as colourless, microscopic tetrahedra, M.pt.
220 C. The mercury may be removed by bromine in acetic acid

solution, 2 : 4-dibromoacetanilide being obtained, this proving the position
of the mercury in the nucleus. When the diacetate is triturated with
water and treated with potassium hydroxide, the dihydro&ymercuri
compound is formed. It crystallises in microscopic needles, decompos-
ing at 350 C., slightly soluble in boiling water, insoluble in alcohol.

DERIVATIVES OF HALOGENATED ANILINES.

p-Acetoxymercuri-o-chloroaniline. 1 This product is one of a
series of four derivatives obtained from the interaction of o-chloroanilinc

and mercuric acetate, in aqueous or dilute alcoholic solution. It

crystallises from alcohol in white needles, M.pt. 184 C., and when
treated with alkali, forms an hydroxide, decomposing at 205 C. The
latter compound, or the acetate, when treated with aqueous sodium
chloride yields the chloride, a compound decomposing at 1 74 C.

The acetate when acetylated gives a crystalline product, M.pt. 238
to 239 C., and this when dissolved in acetic acid and treated with
calcium chloride and chlorine gives o-p-dichloroacetanilide, showing
the position of the mercury in the nucleus.

p-Mercuri-bis -o-chloroaniline, M.pt. 138 C., is prepared in the
usual manner by the action of sodium thiosulphate on the acetate.

A second monoacetoxymercuri compound, isomeric with the above, is

isolated from the products of mercuration. It crystallises in yellow
needles, M.pt. 143 C., but the position of the mercury has not been
determined.

The other two compounds from o-chloroaniline are diacetoxy deri-

vatives.

4 :6-Diacetoxymercuri-o-chloroaniline, NH 2.C6H 2Cl(Hg.OAc) L,

decomposes at 220 C., and yields an hydroxide decomposing at 250 C.

and a chloride at 190 C. The acetate gives an acetyl derivative, M'.pt.

230 C., from which 2:4: 6-trichloroaniline may be obtained in the usual

way. The acetyl derivative of the chloride decomposes at 276 C. The
action of sodium thiosulphate on the acetate results in the production of

a compound decomposing at 200 C., which is either 4 :6-mercuri-
chloro-aniline (I.) or 4 :6-dimercuri-bis-o-chloroaniline (II.)

(10 f~I (ID

4:S-Diacetoxymercuri-b-chloroaniline melts at 232 C., and
1 Veochiotti and Michetti, G'a&setta, 1925, 55, 372.
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its acelyl derivative at 230 C. The latter in the usual manner yields

2:4: 5-trichloroacetanilide. Concentrated sodium thiosulphate on the

diacetate produces either 4 :5~mercuri-o-chloroaniline (III.) or

4:5-dimercuri-bis-o-chloroaniline (IV.), decomposing at 160 C.

IIH.) /> I"''

8X|>
6-Acetoxymercuri-2 : 4-dichloroaniline 1 is prepared in the

usual manner from 2 : 4-dichloroaniline and mercuric acetate in dilute

alcoholic solution. It melts at 170 to 171 C., forms a hydroxide and

chloride, M.pt. 230 C. and 193 C. respectively. The acetyl derivative,

M.pt. 283 C., yields 2:4: 6-trichloroacetanilide. In this case a mer-

curi-bis compound is obtained by the action of sodium hydrogen sul-

phate on the acetate. It is famercuri-Us-Z : &-dichloroaniline, M.pt.
168 C.

When m-chloroaniline is mercurated in aqueous solution, using
mercuric acetate, no mono- or diacetoxy derivatives are obtained, but

only a triaeetoxy compound.
2

2: 4: 6-Triacetoxymercuri-m-chloroaniline melts at 210 C. ;

the trihydroxymercuri and trichloromercuri compounds decomposing at

225 C. and 205 C. respectively. The triacetate when acted upon by
chlorine in the presence of calcium chloride yields 2:3:4: 6-tetrachloro-

anilinc.

o-Acetoxymercuri-p-chloroaniline
3

crystallises in prismatic
needles, M.pt. 207 C. It forms a hydroxide and chloride, the former a
white precipitate, and the latter needles, M.pt. 205 C. When acetylated
the acetate yields %-acetovymercuri-p-chloroacetanilide, which is con-

verted by chlorine to 2 : 4-dichloroacetanilide.

o-Iodoaniline, unlike the corresponding o-chloroaniline, only yields
one derivative when treated with mercuric acetate.

4-Acetoxymercuri-o-iodoanilinemeIts at 149 C.,- the hydroxide
has M.pt. 152 C. ; the iodide, M.pt. 183 C. With iodine the acetyl
derivative gives 2 : 4-di-iodoacetanilidc.4

Similarly, p-iodoanilinc yields 2-acetoxymercuri-p-iodoaniline,
M.pt. 179 C. ; an hydroxide, M.pt. 250 C. ; an iodide, decomposing at
105 C. ; an acetyl derivative, M.pt. 205 C., converted by iodine to 2 : 4-

di-iodoacetanilide.

DERIVATIVES OF NITKOANILINES.S

p -Acetoxymercuri-o -nitroaniline ,

[g.OAo

1 Vecchiotti ami Carani, (Jazzetfa, 1920, 56, U7.
2

Vecehiotti, tiazzetta, 1926, 56, 216.
3

Vecchiotti, Uazzetta, 1924, 54, 411.
* Veechiotti and Michetti, Qazzetta, 1920, 56, 480.
5
Kharascli, Lommen, and Jacobsolm, J. Anter. Chem. tioc., 1922, 44, 793.
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To a solution of 9-2 grams of mercuric acetate in 15 c.c. of water

containing a few drops of acetic acid, a solution of 4-7 grams of o-nitro-

aniline in 60 c.c. of alcohol is added, and the mixture boiled for one hour.

The liquid is filtered whilst hot, and on cooling the compound separates.

It is recrystallised from alcohol containing a little acetic acid, yellow

crystals being deposited. It does not melt at 300 C., but turns red very

gradually. It is stable towards ammonium sulphide.

p-Chloromercuri-o-nitroaniline is obtained from the preceding

compound by adding aqueous sodium chloride or alcoholic calcium

chloride to its alcoholic solution. It is orange in colour and has no

melting-point. Dilute alkali turns it red.

Quinone -
( 1 )

-imide aci -
(2 )

-nitro -
(4 ) -mercury ,

NH

This compound is produced when any of the mercury derivatives of

o-nitraniline are heated in the dry state or treated with dilute sodium

hydroxide or even upon boiling with alcohol. The yields are

quantitative.

p-Acetoxymercuri-diacetyl-o-nitroaniline 5 AcO.Hg.C 6H3.N0 2.

NAc 2. The acetate is heated under reflux with acetic anhydride and

ethyl acetate. A straw-yellow substance is deposited on cooling, M.pt.

194 C. with decomposition, giving a yellow solution in sodium hydroxide.

This compound may be converted to the monoacetyl derivatively suspend-

ing it in water and adding dilute sodium hydroxide. A yellow solution

is formed, from which dilute acetic acid gives a yellow crystalline

product. It dissolves in sodium hydroxide, giving a yellow solution

which slowly deposits a red precipitate. It decomposes at 194 C.

The position of the mercury is proved by shaking the acetyl com-

pound with potassium perbromide, when the mercury is replaced by
bromine.

p-Acetoxymercuri-m-nitroaniline A solution of 9-6 grams of

mercuric acetate in 40 c.c. of water is added to a solution of 4-2 grams of

m-nitroaniline in 60 c.c. of alcohol, and the whole heated for three hours

on the water-bath. The hot solution is filtered, and the solid residue

repeatedly extracted with alcohol containing a little acetic acid. A
dark-red residue remains, M.pt. 225 C., which is the diacetoxy compound
below. The alcoholic extract is evaporated and the residue recrystal-

lised from a mixture of alcohol and acetic acid. Yellow product,

M.pt. 183 C.
.

o-p-Diacetoxymercuri-m-nitroaniline.
Obtained as above or

by boiling an alcoholic solution of 4-2 grams of m-nitroaniline with 19-4

grams of mercuric acetate in aqueous solution until a test gives no

mercuric sulphide when reaction mixture is treated with ammonium

sulphide. Red compound, M.pt. 225 C. The acetyl derivative is a white

compound, melting with decomposition at 230 C. The position of the

mercury is determined by the aid of potassium perbromide.

o-Acetoxymercuri-p-nitroaamne^TMs substance is best pre-

pared similarly to the corresponding o-nitroaniline, but it may also



120 ORGANOMKTALL10 COMPOUNDS,

be isolated by treating the compound shown below with mercuric

acetate.

HN-/ \=N=0 0-N-/ VNH\ / 1

|

\ /
Hg

(p-Quinone-imide aci-nitro mercury).

The acetate is a yellow, crystalline compound, which is unchanged at

300 C. Its acetyl derivative is a white, crystalline product.

o-Chloromercuri-p-nitroaniline is an orange-yellow product
soluble in alkali. It does not melt below 800 C.

2 : 6-Diacetoxymercuri-p-nitroaniline. An alcoholic solution of

9 grams of p-nitroaniline is boiled with an aqueous solution of 18-4 grams
of mercuric acetate. Any monomercuri compound is removed from the

residue by washing with hot alcohol containing a little acetic acid, and
the product is then dissolved in pyridine to remove any metallic mercury.
The addition of acetone precipitates the compound, which is dried in

racuo. It is orange in colour and does not melt at 300 C.

Quinone-(l)-imide aci-(4)-nitro-(2)-mercury is formed by
treating any of the preceding compounds with dilute alkali, heating alone

NH

or with alcohol. The compound is maroon in colour, and with acetic or

hydrochloric acid gives the acetate or chloride respectively, which do not
melt below 300 C.

o-Mercuri-bis-p-nitroattiline,(C 6H3.NH 2,N0 2 ) 2Hg. Theacetate
is moistened with alcohol, suspended in water, and aqueous sodium

thiosulphate added. Solution takes place, and the whole is boiled for

six minutes ; a yellow precipitate soon forms. It is purified by extrac-

tion with alcohol. Yield 86 per cent.

DERIVATIVES OF MONO- AND DI-ALKYLANILINES.

p-Methylaminophenylmercuric acetate, NHMe.CeH4.Hg.OAc.
1

The preparation is carried out in the usual manner from mercuric
acetate and monomethylaniline in aqueous alcoholic solution. The com-
pound crystallises in glistening plates, M.pt. 149 C. with decomposition ;

it is soluble in hot alcohol or dilute acetic acid, insoluble in ether or water.
When treated with potassium hydroxide, the hydroxide is formed. This
crystallises in pearly plates, containing water of crystallisation, and
melts at 118 C., decomposing at 120 C. It forms strongly alkaline

solutions, which have a caustic taste. In alcohol it is readily soluble,

sparingly soluble in water, insoluble in ether.

The following salts are also known : chloride, yellow, amorphous
powder, M.pt. 108 C. with decomposition, becoming green on exposure
to light ; bromide, M.pt. 120 C., has same properties as the chloride ;

l Pt
?SL

Gaszet^ 1893 23 " 521, 529; Ohem. Zenir. t 1894, i. 501; Zettaft. anorg.
CAew., 1897, 15, 216.

y
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nitrate, hexagonal plates, decomposing suddenly at 150'- <J. ; sulphate,
microscopic prisms, M.pt. 130 C. with decomposition, becoming grey-
green on exposure to light.

p-Mercuri-bis-monomethylaniline is prepared from the hydrox-
ide by the action of sodium sulphide. It crystallises from benzene in

lustrous, colourless needles, M.pt. 178 to 179 C., sparingly soluble in

alcohol, insoluble in ether.

p -Nitro "0 -acetoxymercuri-monomethylaniline .
l The follow-

ing general method of preparation for compounds of this type has been

given. One molecule of the compound in a small volume of alcohol
is boiled with an aqueous solution containing 0-9 moL of mercuric
acetate until a test portion gives no precipitate with ammonium sul-

phide. The solution is filtered whilst hot, and the mercurised acetate

crystallises out on cooling. The mother-liquor from this, when treated
with aqueous sodium chloride, yields the chloromercuri compound.
Yields are quantitative. The substance forms small, yellow crystals,

M.pt. 197 C. with decomposition, soluble in acetone and alcohol-acetic
acid. The corresponding chloride is a yellow crystalline compound, melt-

ing with decomposition at 215 C., soluble in acetone or boiling alcohol.

p-Dimethylammophenylmercuric acetate 2
may be obtained :

1. By the interaction of the amine and mercuric acetate at room
temperature.

2. By dissolving yellow mercuric oxide in an aqueous solution of

dimethylaniline acetate*

It crystallises in colourless, glistening needles, M.pt. 165 C., soluble

in benzene, chloroform, or dilute acetic acid, insoluble in water. No
mercuric sulphide is precipitated when it is treated with cold ammonium
sulphide. Boiling with potassium iodide and subsequent passing of

hydrogen sulphide only gives traces of mercuric sulphide.
3 The hydrox-

ide is formed by the action of sodium hydroxide, and crystallises in

microscopic prisms, turning brown at 150 C. and melting at 179 C.

It is fairly soluble in warm water, the solution being feebly alkaline.

On boiling the hydroxide with methyl iodide a quaternary "ammonium

compound is formed, HgI.CtjH4.NMe3!. This crystallises from boiling
water in thin, flexible needles, which turn brown at 21 8 C. and melt at

230 C. on rapid heating. It is not attacked by boiling potassium
hydroxide, but moist silver oxide yields the corresponding base as a
caustic liquid, which rapidly absorbs carbon dioxide. The methiodide

gives a chloride when treated in aqueous solution with silver chloride,
which crystallises in small needles, soluble in water or alcohol. The
latter yields a double salt with mercuric chloride, crystallising in laminae,

M.pt. 225 C. with decomposition.
The acetate with sodium chloride solution gives p-dimethylamino-

phenylmercurie chloride. The latter may also be obtained by
shaking a benzene solution of p-mercuri-bis-dimethylaniline with a
saturated benzene solution of hydrogen chloride, or from alcoholic p-

mereuri-bis-dimethylaniline and mercuric chloride.4 It crystallises
from boiling alcohol in hexagonal plates, M.pt, 225 C., becoming red

and decomposing. It is soluble in cold hydrochloric acid or chloroform,

1 KJiarasoh and Jacobsolm, J. Amer. Chem. tioc., 1921, 43, 1894
8

Pesci, too. cit* ; Dimroth, Ber.> 1902, 35, 2032.
8 Dimroth, Zeit. anorg. Chem., 1903, 33, 314.
4 Michaelis and Kabinersou, Ber., 1890, 23, 2342.
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but less soluble in benzene. Warmed with sodium carbonate it yields

dimethylaniline and mercuric chloride. The corresponding bromide

melts at 226 C. 5 and the iodide forms colourless plates, M.pt. 195 C.

with decomposition.

p -Mercuri -bis -dimethylaniline .
l

1. The p-l>romodimethylaniliiic derived from 100 grams of dimethyl-

aniline is dissolved in 70 "grams of xylene, 1/10 the volume of ethyl

acetate added, and suflicicnt 1-5 percent, sodium amalgam to give

double the quantity of sodium required for the reaction, and the mixture

boiled for twenty-four hours. The mass is filtered and the filtrate dis-

tilled under reduced pressure, a faint yellow crystalline residue resulting,

which changes to a white powder in contact with air.

2. By treating p-dimethylaminophcnylmercuric chloride in pyridine

with metallic copper. Yield 81 per cent. 2

3. p-Dimethylaminophenylmercuric hydroxide in aqueous sus-

pension is reduced by sodium sulphide, the product being extracted

from the resulting precipitate by hot benzene.

It crystallises from benzene in needles containing benzene, this

benzene of crystallisation being lost on standing in air. It is slightly

soluble in alcohol or ether, but readily in chloroform, the crystals melting

at 160 C. It is precipitated from its dilute hydrochloric acid solution

by sodium hydroxide, but warming with hydrochloric acid leads
^

to

decomposition. It readily reacts with phosphorus trichloride to give

dimethylamidophosphenyl chloride, Cl 2RC 6H 4
.NMe 2 .

When 2 mols. of p-mercuri-bis-climethylaniline in benzene solu-

tion are treated dropwise with a solution of thionyl chloride in the

same solvent, a bright yellow product is precipitated. The reaction is

represented as follows :

2^^^

This compound is decomposed by hydrogen sulphide, hexamethyl-

triamidotriphenylsulphine chloride being obtained. 3

Methyl iodide reacts with p-mercuri-bis-dimethyl aniline to form the

quaternary ammonium compound (CeII4.NMe I) 2Hg, colourless crystals,

becoming yellow at 218 C. and melting at 230 C. This yields the

corresponding chloride with silver chloride, the mercuric chloride double

salt of which decomposes at 225 C.

o-Acetoxymercuri-p-bromodimethylaniline.
4 An alcoholic

solution of p-bromodimethylaniline and an aqueous solution of mercuric

acetate are mixed at 30 C., tightly stoppered in a bottle, and allowed

to stand for six days. Needles separate out in 74 per cent, yield. If

more concentrated solutions are used and heat is applied only a brown oil

is obtained, which does not crystallise after standing for three months,
and a lower yield also results when the mercuric acetate is slowly added

with vigorous stirring. The acetate crystallises in white needles,

M.pt. 144 C., very soluble in hot methyl alcohol or carbon disulphide,

fairly soluble in hot ethyl acetate, benzene, carbon tetrachloride, or

cold concentrated ammonium hydroxide, practically insoluble in water

* Pesci, tiazzetta, 1893, 23, ii. 521
; Michaelis and Schlenk, Ber., 1888, an, 1501 ;

AnnaUn, 1890, 260, 6.

8 Hein, Wagler, and Ketter, Her., 1925, 58, [B], 1507.
* Miehaelis and Godchaux, Ber. t 1891, 24, 758.
* Whitmore, /. Awer. Vhem. Soc., 1919, 41, 1841.
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or petroleum ether. No black mercuric sulphide is precipitated by
ammonium sulphide. The following salts are also known :

Chloride, from alcoholic, solution of acetate by alcoholic calcium
chloride ; separates from alcohol or benzene in felted masses of needles,

M.pt. 183 C. Bromide, forms larger crystals than the chloride and is

more soluble ; M.pt. 182 C. Iodide, much more soluble, JVI.pt. 169 C.

Thiocyanute, fine white, gritty crystals, M.pt. 335 C., decomposing at
140 C. Hydroxide, from alcoholic acetate and the requisite amount
of sodium hydroxide in alcohol, forms hard, warty masses of crystals,

M.pt. 162 C. Formate, fine felted needles, M.pt. 145 C., decomposing
at 150 C.

Mercuri-bis-p-bromodimethylaniline. The acetate, 27-6 grams,
is mixed with 23 grams of potassium iodide in 200 c.c. of alcohol, and the
mixture heated under reflux for eight hours. The precipitate is filtered

and extracted with cold benzene to remove impurities. Yield 15-5

grams, 86 per cent. Four crystallisations from benzene give fine, white

needles, M.pt. 123 C., readily soluble in cold benzene, toluene, ether,

acetone, or carbon disulphide. Smaller yields of this compound are also

obtained from the above acetate by the action of sodium thiosulphate or

potassium sulphide.
The mercuri-bis compound reacts with mercuric chloride, bromide,

iodide, and thiocyanate, giving good yields of the above salts.

o -Nitro -p -acetoxymercuri -dimethylaniline .
l The preparation

of this and the following compounds has been described under p-nitro-

o-acetoxymercuri-monomethylaniline (p. 121). It is a bright yellow,

crystalline substance, M.pt. 160 C., soluble in the usual organic solvents.

With sodium chloride solution it yields the p-chloro derivative, a red

amorphous product, M.pt. 185 C. with decomposition, soluble in acetone
or boiling alcohol.

m-Nitro-p-acetoxymercuri-dimethylaniline occurs as brilliant

orange needles, M.pt. 140 C.
3 soluble in the usual solvents. The

chloride is red and amorphous, M.pt. 220 C. with decomposition.
p-Ethylaminophenylmercuric acetate 2 forms colourless prisms,

M.pt. 130 C., insoluble in water. Treated in alcoholic solution with

calcium chloride, the chloride is obtained as hexagonal plates, M.pt.
143 C., soluble in boiling alcohol, but insoluble in water. The acetate

reacts with potassium hydroxide to form the hydroxide, colourless

needles, decomposing at 145 C., slightly soluble in cold water, insoluble

in ether. This hydroxide with methyl iodide yields the quaternary
ammonium compound, HgI.C 6H 4.Et.NMe 3I, which crystallises in long,

colourless, glistening needles, M.pt. 202 C., easily soluble in hot water,

and unchanged by caustic alkali. From this "may be obtained the

chloride, colourless needles, which form a double salt with mercuric

chloride, M.pt. 169 C., and the hydroxide, which forms a highly caustic

solution which absorbs carbon dioxide from the atmosphere.
p -Mercuri-bis -monoethylaniline is obtained by the action of

sodium sulphide on the hydroxide. It crystallises from boiling xylene
in colourless needles, M.pt. 166 C., whilst from alcohol or benzene it

crystallises in plates.

p-Nitro-o-acetoxymercuri-monoethylaniline occurs as small

yellow crystals from alcohol, M.pt. 183 C. The chloride is a yellow,

1 Kharasch and Jaoobsohn, J. Amer. Chew* Soc.9 1921,' 43, 1894.
*

Pesci, Zeitsch. anorg. Chem., 1897, 15, 20a
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amorphous solid, M.pt 218 C. Both are soluble in alcohol or

acetone. 1

p-Diethylaminophenylmercuric acetate 2 forms colourless, glis-

tening needles, M.pt. 104-4 C., soluble in alcohol, ether, or dilute acetic

acid, insoluble in water. The chloride crystallises in thin needles, M.pt.
164-5 C., sparingly soluble in hot water, and when heated with aqueous
sodium carbonate yields an oxide, (Hg.C 6H 4.NEt2 ) 2O, crystallising in

lustrous, colourless needles, M.pt. 220 C.3 The hydroxide forms colour-

less needles, M.pt. 200 C. with decomposition, slowly decomposed by

boiling water. When heated with methyl iodide in methyl alcohol

solution it gives a quaternary ammonium compound, (C 6H4.NEt 2MeI ) 2Hg,
small colourless prisms, M.pt. 203 C., slightly soluble in cold alcohol,

insoluble in ether or benzene. The corresponding chloride crystallises in

long, colourless needles, which yield a double salt with mercuric chloride,

M.pt* 200 C. with decomposition.
p -Mercuri-bis-diethylaniline is prepared (1 )from p-bromodiethyl-

aniline and sodium amalgam, (2) from reduction of the hydroxide by
sodium sulphide, (3) from the above oxide by the action of sodium thio-

sulphate. It crystallises in small, colourless prisms from hot benzene,

M.pt. 160*6 C., soluble in ether, insoluble in alcohol. With methyl-
iodide it gives the usual quaternary ammonium compound.

DERIVATIVES OF BENZYLANILINE.*

p-Benzylaminpphenylmercuric acetate, obtained by the inter-

action of benzylaniline and mercuric acetate in aqueous alcohol at 50 C.,

forms colourless needles, M.pt. 143 to 144 C., soluble in benzene or

chloroform, insoluble in water. The chloride, isolated in the usual way,
is a powder, crystallising from benzene or alcohol in glistening plates,

M.pt. 173 to 174 C, The hydroxide sinters at 82 C. and melts at 215 C.,

and is decomposed by alcohols or benzene. Treated with nitric acid

the hydroxide gives a nitrate, a crystalline powder, decomposed by boiling
water and melting with decomposition at 150 C.

p-Mercuri-bis-benzylaniline, prepared from the hydroxide by the
action of aqueous sodium thiosulphate, crystallises from benzene in

small, colourless needles, M.pt. 171 C. with partial decomposition. It
is insoluble in methyl or ethyl alcohol.

DERIVATIVES OF ACID ANILIDES.S

p-Acetaminophenylmercuric acetate. An intimate mixture of
2 inols. of mercuric acetate and 1 mol. of acetanilide is heated for one
hour at 114 to 115 C., then for two hours at 100 C. Two volumes of

boiling water are then added, and the mixture filtered after standing for

twenty-four Jhours. It crystallises from boiling water in microscopic
tetrahedra, M.pt. 220 C., soluble in boiling water, methyl, or ethyl

1 Khaxasch and Jacobsoim, J. Amer. Chem. 8oc., 1921, 43, 1894.
2

Piccinini, Gazzetta, 1893, 23, it 534 ; Ruspaggiari, Qazzetla, 1893, 23, ii. 544 ;

Peaci, Zeitsch. anorg, Chem., 1897, 15, 208.
3

Pigorini, Gazzetfa, 1894, 24, ii. 465.
4

Pcsci, Zeitsch. anorg. Ghem., 1897, 15, 208.
6

Pesci, CJazzetta, 1894, 24, ii. 449 ; Zeitsch. awrg. Ghem,, 1897, 15, 222 ; (Jhem. Zeit.,
1899, 23, 58 ; Chem. Zentr., 1899, i. 527 ; Piccinini, Gazzetta, 1894, 24, ii. 453.
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alcohol, insoluble in benzene. The chloride crystallises with 2 mols.
of water in microscopic needles which lose their water at 100 C.

They rnelt at 250 C., are slightly soluble in alcohol, insoluble in water,
The hydroxide is a micro-crystalline substance having a strongly alkaline
reaction. It decomposes at 270 C., and with sodium or barium sul-

phides yields p-mercuri-bis-acetanilide. When the acetate is treated
with sulphuric acid, a sulphate is obtained as colourless needles, soluble
in acetic acid or alkali acetates, insoluble in water or alcohol.

p-Mercuri-bis-acetanilide, prepared as stated above, crystallises
in colourless needles, M.pt. 244 to 246 C., and when heated with
alcoholic potassium hydroxide at 100 C. in a sealed tube it yields p-
mercuri-bis-aniline. The anilide is slightly soluble in boiling alcohol, but
insoluble in other solvents.

Penta-acetoxymercuri acetanilide, C 6.NHAc.(Hg,OAc)5 .
1 An in-

timate mixture of 16 grams of mercuric acetate and 1 gram of acetanilide

is heated at 115 to 145 C. until a test portion gives no reaction for

mercury ions. The product is dissolved in ammonium hydroxide, acetic

acid added, and in twenty-four hours needles are deposited. These
dissolve in cold water, the solution being viscous, and when heated to

80 C. coagulation takes place. When treated with bromine, penta-
bromacetanilide, M.pt, 284 to 285 C., is obtained.

DERIVATIVES OF DIPHENTYLAMINE.

p -Acetoxymercuri-diphenylamine, C GH 5.NH.CeH 4.Hg.OAc.
2 An

alcoholic solution of diphenylamine is treated with a solution of mercuric
acetate in 50 per cent, alcohol in the presence of a little acetic acid. The
acetate crystallises from alcohol in plates, M.pt. 178 C., slightly soluble

in alcohols or hot benzene, insoluble in water. Treated with alcoholic

calcium chloride it gives the chloride, microscopic plates, decomposing
above 240 C.

With potassium hydroxide the hydroxide is formed, a white, amor-

phous substance decomposing above 200 C. It has an alkaline reaction

in aqueous and alcoholic solution.

p-Mercuri-bis-diphenylamine, obtained from the hydrate by
sodium thiosulphate, is a white powder. It crystallises in scales from

boiling benzene or chloroform, M.pt. 182-5 C.

2 : 2' : 4 : 4'-Tetrachloromercuri-diphenylamine,
3

HgCl

Diphenylamine and mercuric chloride are heated together, and the melt

poured into acetic acid and boiled for some time. A yellow product is

obtained, from which unchanged diphenylamine is removed by extrac-

tion with acetic acid. It does not melt at 260 C*, and is insoluble in all

organic solvents.

When boiled with pyridine the compound appears to be decomposed

1 Kaffo and Rossi, Zeiteck. Chem. Ind. KoUoide., 1912, n, 120 ; Chew. Zewfr., 1912, ii.

2070 ; Bernard!, Gajzetiu, 1926, 5$, 337.
2
Prussia, Qaztetta, 1898, 28, iL 129 ; Chem. Jfanfr., 1898, ii. 928.

3 Kfcarasch and Placard, /, Amer. Cbem. Soc., 1920, 42, 1855,
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into mercuric chloride and 3 :3'-mercuri-mercazine, to which the

following formulae have been assigned :

This compound, with sodium thiosulphate in alcoholic solution at

70 C., yields a grey product insoluble in all organic solvents. It is

unstable towards nitric acid, and when heated to 100 C. in vacuo

mercury distils off.

Nitration of the tetrachloromercuri compound by mixed acid gives

a light brown compound, insoluble in organic solvents, but partly soluble

in sodium hydroxide, giving a red coloration. The position of the

nitro groups is uncertain, and the following structure is given :

^ ^ X
N02

X\ NH-

This compound, when treated with sodium thiosulphate, gives a light

brown substance, which loses mercury at 100 C. in rctcuo, and when
heated at 54 C. in vacua for fifteen minutes loses 5-22 per cent, of water.

The name, mercury-bis-3dinitro(?)-mercazine, has been assigned
to it, and the following structure :

N02 XTTT

/NH\/\
XTtT , 2 2

/\/NH\/X >N
II I I IIA /V HS U

p-Acetoxymercuri-methyldiphenylamine^prepared in the usual

manner, crystallises from alcohol in needles, which yield the hydroxide
when treated with potassium hydroxide, as a white amorphous powder.

p-Mercuri-bis-methyldiphenylamine is isolated from the acetate

by treatment with 25 per cent, sodium thiosulphate. It crystallises
from benzenc-ligroin in colourless plates, M.pt. 138 to 139 C.

Acetoxymercuri-N-methylthiodiphenylamine 2
is obtained when

N-methylthiodiphenylamine in alcohol or acetic acid is treated with
mercuric acetate. A diacetoxymercuri derivative is also produced at

the same time. The former compound melts at 165 C., the latter

decomposes without melting at 300? C. If the N-methylthiodiphenyl-
amine be replaced by thiodiphenylamine no mercury derivative results,
but only o-dithiotetraphenylhydrazine, this product also occurring on
the interaction of mercury acetamide and thiodiphenylamine.

3

DERIVATIVES OF CL-ANILIDO FATTY ACIDS AND THEIR ESTERS.*-

In this series of compounds the substitution of mercury becomes
more easy as the series is ascended. Whilst the ethyl a-anilido acetate

1
Garbarini, Gaxwtta, 1898, 28, ii. 132 ; Chem. Zentr., 1898, iL 928.

2
Finzi, Giorn. CUm. Ind. Appl, 1927, o, 176.

3
Pesci, Oazzetta, 1916, 46, i. 103.

*
Schoeller, Schrauth, and Golda^ker, Ber., 1911, 44, 1300 ; German Patent, 248291.
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forms only a mono-substitution product, the propionie ester gives a

mixture of mono- and di-substitution products. In the case of the

butyric and isovaleric esters, only di-substituted products of the type
C 6H 3.(Hg.OAc) 2.NH.CHR.CO 2Et" are obtained.

2-Acetoxymercuriphenylglycine ethyl ester,

OAc.Hg.C 6H 4.NH.CTI 2.C0 2Et.

Ten grams of the pure phenylglycine ester in 50 c.c. of methyl alcohol

are treated with a solution of 20 grams of mercuric acetate in 50 c.c. of

water, the mixture being stirred during the addition. A further quantity
of methyl alcohol is added, and in fifteen minutes pale yellow crystals

commence to separate. After twenty-four hours these are filtered off

and washed with water, the yield of crude product being 20 grams,
82 per cent. It is recrystallised from chloroform, small tabular crystals

being obtained. These soften at 129 C. and melt at 132 C. When
bromine or iodine in their respective alkali halides are added to the ester,

the acetoxymercuri group is replaced by halogen.

2-Chloromercuriphenylglycine ethyl ester. The above acetate

is treated with sodium chloride in aqueous alcohol solution. It crystal-

lises in needles or rhombic plates, sintering at 150-5 C. and melting at

152-5 C. The corresponding bromide forms rhombic plates, sintering at

144 C., M.pt. 147-5 C. ; the iodide, lustrous leaflets, sintering at 137 to

138 C., M.pt. 139 to 140 C.

2-Hydroxymercuriphenylglycine anhydride,

,

C 6H4<( I

\Hg.O.CO.

This product is obtained by saponifying the acetate by 1-25 mols. of

Normal sodium hydroxide solution, and acidifying the resulting solution

with Normal sulphuric acid. Yield 91 per cent. It is decomposed at

228 C. (corr.). When dissolved in the calculated quantity of Normal

alkali it gives precipitates with the salts of various metals : the copper
salt is light green, decomposing at 193 to 197 C. ; lead, iron, calcium,

silver, mercury and platinum salts are also known.

(2
- Chloromercuriphenyl - a - amino) propionie ethyl ester,

ClHg.C 6H4.NH.CHMe.C0 2Et. Equimolecular quantities of mercuric

acetate and the ester are allowed to react in aqueous methyl alcohol

solution. A 68 per cent, yield of the acetate is obtained, which is con-

taminated with dimercuri ester. It is soluble in organic solvents and

precipitated as a yellow oil by light petroleum. Standing in ice for

twelve hours does not induce solidification, so that the oil is treated

with sodium chloride and converted to the chloro compound. This

crystallises from 80 per cent, alcohol in microscopic needles, M.pt.

165-5 C. Yield 80 per cent.

(2 : 4-Diacetoxymercuri-a-amino) propionie ethyl ester. To

10 grams of the anilido ester in 10 c.c. of methyl alcohol, 35 grams of

mercuric acetate in 100 c.c. of water and 80 c.c. of methyl alcohol are

gradually added with constant stirring. The reaction is complete in an

hour. The product is left overnight in ice, then filtered and washed with

cold water. Yield 30 grams, 80 per cent. It is soluble m the usual

solvents, and completely soluble in 10 per ceat. acetic acid without split-

ting off the mercury. The above product contains a crystalline and an
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amorphous form of the diacetate, the former being soluble in hot methyl
alcohol containing acetic acid, and both give the same substance when
treated with alkali halides.

(2:4-Dichloromercuriphenyl-a-amino) propionic ethyl ester

is prepared from the above compound by the addition of aqueous sodium

chloride. It crystallises from ethyl acetate ligroin in small needles,

sintering at 128 C. and melting at 131 C. (corr.). The corresponding
dibromide forms needles, M.pt. 128-5 C. (corr.).

(2 : 4-Dihydroxymercuriphenyl-a-amino) propionic anhydride.

CHMe-
HOHg.C 6H3<( I

\Hg-0 CO.

This is obtained by hydrolysis of the diacetate, using aqueous sodium

hydroxide. It readily absorbs water and decomposes at 223 C. (corr. ).

(2:4-Diacetoxymercuriphenyl-a-amino) butyric ethyl ester,

(Hg.OAc) 2(
t

.

6H 3.NH.CHEt.C0 2Et. This is prepared in the usual

manner, with 82-8 per cent, yield. It crystallises in stout rods, sintering

at 150 C. and melting at 154-5 C. (corr.). It is readily soluble in

alcohols or chloroform, but only slightly in other solvents. With sodium

chloride it yields the dichloro compound, slender needles, M.pt. 127 C.

(corr.), and*the corresponding dibromo derivative forms needles, sintering
at 125 C., M.pt. 127 C. (corr.) ; the di-iodide forms needles, M.pt. 120 C.

(corr.).

(2 :4-Dihydroxymercuriphenyl-a-amino) butyric anhydride,

XNH-CHEt

HOHg.CeH,<( |

\Hg_0-CO
is obtained in 90 to 92 per cent, yield by saponification of the diacetoxy
ester with 3*25 mols. of Normal sodium hydroxide. It becomes

yellowish-brown at 200 C. and decomposes at 209 C. (corr.). It

readily takes up moisture on exposure to the air and the following
scheme may represent the change :

CH3CH2\ * CH3CH2\ #

>CH.COOH+H2 ^ \CH.COOH,v
O/ >CXHg/

^.NH/ HOHg\
>C 6H8.NH

HOHa

(2:4-Diacetoxymercuriphenyl-a-amino) isovalerianic ethyl
ester. The reaction is complete in thirty minutes, an 86 per cent, yield
being obtained. It crystallises in stellar aggregates of needles, M.pt.
126 C. (corr.). The dichloro compound forms microscopic rods, M.pt.
122 C. (corr.), and the dibromide occurs in' two forms: (a) a granular,
sandy, amorphous modification, decomposing at 215 C. and insoluble in

ethyl acetate; (&) a soluble form, white needles, M.pt. 135 C. (corr.);
the di-iodide crystallises in yellow needles, M.pt. 129 C. (corr.). The
anhydride is obtained in 90 per cent, yield, decomposes at 226 C. (corr.),
and readily takes up moisture on exposure to the atmosphere.

DERIVATIVES OF TOLYLGLYCINE ESTERS,

Acetoxymercuri-o-tolylglycine ethyl ester, AcO.Hg.C eH3Me.
NH,CH2.CO2Et. The ester and mercuric acetate in methyl alcohol
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give a 77 per cent, yield of this compound. It is soluble in methyl or

ethyl alcohol, ethyl acetate, chloroform, acetone, ammonium hydroxide,
or dilute acids; insoluble in light petroleum. It melts at 125-5 C.

(corr. ).

Hydroxymercuri-o-tolylglycine anhydride,

/NH CH 2

Me.C 6H 3< |

\Hg~0 CO

is obtained in 93 per cent, yield by saponification of the above acetate.
It is insoluble in water or organic solvents, but easily soluble in alkali.

Diacetoxymercuri-o-tolylglycine ethyl ester is prepared in the
usual manner, using 2 mols. of mercuric acetate. It forms slender

needles, M.pt. 167 C. (corr.), difficultly soluble in alcohol, but readily
in ammonium hydroxide. It is saponified by hot alkali.

Acetoxymercuri-m-tolylglycine ethyl ester, M.pt. 127-5 C.

(corr.), yields a yellow anhydride on saponification.

Triacetoxymercuri-m-tolylglycine ethyl ester is formed in 20

per cent, yield when 3 mols. of mercuric acetate are used. It melts
at 185 C. (corr.), is readily soluble in ammonium hydroxide, with

difficulty in alcohol, and insoluble in the usual solvents.

Acetoxymercuri-p-tolylglycine ethyl ester, M.pt. 140 C. (corr.),

yields an amorphous anhydride on saponification.

DERIVATIVES OF TOLUIDINES AND TOLUIDIDES.*

The mercuration of o-toluidine in methyl alcohol solution gives rise

to a mono and a dimercurated compound, the latter forming 85 per cent,

of the product. When 50 per cent, ethyl alcohol is used as the solvent
the main yield is the monomercuri derivative.2 If the reaction be carried

out in aqueous solution, only a dimercurated product is obtained, which
is isomeric with the one isolated from methyl alcohol solution.3

5 -Acetoxymercuri-o-toluidine. A solution of o-toluidine (3
mols.

)
in ethyl alcohol is rapidly added to a 50 per cent, alcoholic solu-

tion of mercuric acetate (1 moL), The product is recrystallised first

from 50 per cent, alcohol, then from absolute alcohol, any dimercuri

compound being insoluble in the latter solvent. It is soluble in hot
water or alcohol, less so in ethyl acetate, and melts at 144 to 145 C.

When treated with sodium chloride solution the 5-ckloromercuri

compound is obtained. It crystallises from absolute alcohol in needles,

M.pt. 178 C. Its diacetyl derivative forms colourless leaflets, M.pt.
170 C.

Diacetoxymercuri-o-toluidine. (a) From methyl alcohol solu-

tion.

A solution of 37 grams of mercuric acetate in 100 c.c. of methyl
alcohol is stirred into 10 grams of o-toluidine in 50 c.c, of methyl alcohol,

and in a few minutes no mercury ions can be detected in the solution.

After several hours the crystallisation of the diacetoxy compound
commences. The small microscopic needles are allowed to stand in ice

for forty-eight hours, then filtered, washed with alcohol, and dried at

*
Sehrauth, Schoeller, and Bother, er. f 1912, 45, 2808.

z Jacobs and Heidelberger, J. JBiol. Chem., 1915, 20, 513,
8

Veochiotti, Gaz&tta, 1926, 56, 155. See Rossi and BoooM, Qwszetta, 1926, 55, 93,

VOL. XI. : I. 9
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100 C. Yield 21 grams, 73 per cent. It crystallises from methyl

alcohol in microscopic needles, M.pt. 228 C. with decomposition, is

insoluble in most organic solvents, slightly soluble in methyl alcohol, but

readily soluble in acids, ammonium hydroxide, amines, ethylenediamme,

or pyridine.

(6) From aqueous solution.

When equimolecular quantities of mercuric acetate and o-toluidme

react in aqueous solution, the resulting diacetate melts at 208 C. The

position of the acetoxy mercuri groups has not been determined, but

they are apparently not 3 : 5 or 4 : 6.

Dihydroxymercuri-o-toluidine. The diacetate (M.pt 228 C.)

in 30 parts of water at 80 to 90 C. is treated with an excess of sodium

hydroxide, and on cooling the dihydroxymercuri compound separates in

long, colourless needles. These when heated at 100 C. lose water, giving

an infusible canary-yellow substance which blackens when heated and

probably has the constitution :

NH
HOHg.C 6H 2.Me/ |

NHg

The hydroxide obtained from the diacetate (M.pt. 208 C. )
melts at 235 C.

The acetate (M.pt. 228 C.) when treated in the usual manner yields a

chloride, bromide, iodide, and hydroxide; the acetate (M.pt. 208 C.)

gives the following derivatives : chloride, decomposes at 221 C, ; bromide,

decomposes at 232 C. ; acetotoluidide, sinters at 214 C., M.pt. 219 C. ;

hydroxide, M.pt. 235 C.

Acetoxymercuri - aceto - o-toluidide. Tea grams of o-aceto-

toluidide in 250 c.c. of hot water are treated with 20 grams of mercuric

acetate and the mixture boiled for forty minutes, then filtered whilst hot.

It is then cooled in ice for twenty-four hours, the solution yielding 7 grams
of needles, 28 per cent* yield. After recrystallisation from 80 per cent,

alcohol, the needles melt at 233 C. (corr.). With iodine it gives 5-iodo-

aceto-o-toluidide. Treatment with sodium chloride solution yields the

chloromercuri-aceto-O'toluidide, M.pt. 167 C., which may also be obtained

by acetylation of the chloromercuri-o-toluidine.

Diacetoxymercuri-aceto-o-toluidide. Diacetoxymercuri-o-tolu-
idine is dissolved in ethyl acetate and acetylated by means of acetic

anhydride. The product melts at 240 C., and by double decomposition
the following are obtained : chloride ; bromide, microscopic needles ; iodide,

precipitated in flocks, which gradually change to a crystalline modifica-

tion on standing. The acetate with iodine gives long, silky needles,

M.pt. 222-5 C. (corr.), which contain no mercury.
6-Acetoxymercuri-tn-toluidine crystallises in small needles, M.pt.

176 C., and 2 : 5-diacetoxymercuri-m-toluidine forms white needles,

M.pt. 170 C., these yielding an hydroxide, decomposing at 200 C. ; a

chloride, decomposing at 239 to 240 C. ; a bromide, decomposing at

150 C.

Diacetoxymercuri-m-toluidine (1 : 3 : 4 : 6)
l
crystallises in white

plates, M.pt. 191 C.; the hydroxide is not very stable; the chloride and
bromide crystallise in plates, melting at 195 C. and 210 C. respectively.

Triacetoxymercuri-m-toluidine. Three grams of m-toluidine
and 27 grams of mercuric acetate in 85 c.c. of methyl alcohol gave

1
Vecohiotti, Qauetta* 1924, 54, 411.
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23 grams of crystals after two days' standing. Yield 95-3 per cent. It

forms bright yellow microscopic crystals, insoluble in the usual organic
solvents, but soluble in ammonium hydroxide.

Acetoxymercuri-aceto-m -toluidide may be obtained from an

aqueous solution of mercuric acetate and the toluidide by heating for

one hour. Yield 20 per cent. It gives crystals from 30 per cent,

alcohol, M.pt. 99 C.

If the above diacetoxy compound is acetylated, diacetoxymereuri-
aceto-m-toluidide is formed. It is insoluble in organic solvents, slightly
soluble in hot water, and easily soluble in ammonium hydroxide.
With iodine 4 : 6-di-iodoaceto-m-toluidide is obtained. In a similar

manner the triacetoxymerciiri compound yields a toluidide^ as a heavy
insoluble powder.

Diacetoxymercuri-aceto-m-toluidide, prepared from the 1:3:
4 : C compound, forms tufts of needles, M.pt. 250 C., and may be
converted to 4 : 6-dibromo-aceto-m-toluidide ; S-acetoxymercuri-acetQ-m-
tolwidide melts at 192 C. and yields C-bromoaceto-m-toluidide ; 2:5-

diacetoMymercuri-aceto-m-toluidide forms silky, white needles, M.pt. 183
to 184 C.

Acetoxymercuri-p-toluidine.
1 The reaction is carried out in

50 per cent, alcohol, and occupies two days. The product is purified by
dissolving it in a mixture of ammonium acetate and hydroxide and

adding acetic acid. It melts at 184 C., is insoluble in water, slightly
soluble in alcohol, ether, or benzene*

With calcium chloride in alcoholic solution it gives the chloride,

prismatic crystals, M.pt. 170 C., insoluble in water, only slightly
soluble in alcohol.2 The hydroxide crystallises from a solution of the
acetate in concentrated potassium hydroxide in yellowish plates, M.pt.
21 2 to 21 3 C. It is insoluble in the usual solvents.

Mercuri-bis-p-toluidineis obtained from the preceding hydroxide,

by the action of concentrated sodium thiosulphate. It crystallises in

plates, M.pt. 156 C.

Condensation with Dinitrophenylpyridinium chloride? The pyridine

compound (1 moL) in methyl alcohol is added to the mercurated tolu-

idine (1 mol.) in pyridine solution. A deep red coloration takes place
on mixing and the whole is boiled for about thirty minutes. Then
a slight excess of dilute hydrochloric acid is added to remove the

pyridine, and the precipitate washed with boiling acetone to remove any
dinitraniline. The pure substance is a brown powder, M.pt. 133 C.,

soluble in chloroform. Formula :

Me Me

(J Hg U
:OH CH NH

CH CH H a

%CH/
Hydroxymercuri-aceto-p -toluidide anhydride is obtained from

1
Vecchiotti, Gazzetto, 1921, 51, iL 208 ; Pesci, Gazzetia, 1898, 28, ii. 445 ; Chem. Zentr.

1898, ii. 546 ; Zeit. anorg. Cfom., 1898, 17, 276.
2 Kee Klein, Ber., 1878, xi, 748.
3 Reitzenstein and Stamm, J. prakt Chem., 1910, [2], 8l, 150.
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the tohridide and mercuric acetate in aqueous solution. It crystallises

in leaflets, IVLpt. 229 C. (corr.). Formula :

Ig.C 6H3MeN.COMe.

Acetoxymercuri dimethyl-p-toluidine
1
crystallises from boiling

benzene in colourless, slender, glistening needles, M.pt. 131-5 C., in-

soluble in water, more soluble in methyl than ethyl alcohol.

The following compounds are obtained from the acetate in the usual

manner :

Chloride, very fine needles, M.pt. 159 to 159-5 C., soluble in benzene,
insoluble in water. Bromide, colourless, glistening needles, M.pt. 149 to

150 C. Iodide, needles, M.pt. 126 C. Nitrate, using alcoholic calcium

nitrate, colourless needles, M.pt. 131 C., soluble in alcohol or benzene.

Hydroxide, obtained by allowing acetate to stand with concentrated

potassium hydroxide for twenty-four hours; colourless needles, M.pt.
117 C., fairly soluble in hot water, slightly soluble in benzene or methyl
alcohol.

Mercuri-bis-(dimethyl-p-toluidine) is obtained when the above

hydrate is treated with concentrated sodium thiosulphate, and when
bromo-dimethyl-p-toluidine is heated with 1 -5 per cent, sodium amalgam
for forty-eight hours at 120 to 125 C., a little ethyl acetate being used
as catalyst. It crystallises in colourless, glistening plates. M.pt. 60 C.,

slightly soluble in benzene.

DERIVATIVES OF BENZIDINE.

3(?)-Acetoxymercuri-benzidine.
2 This compound appears to be

formed when benzidine and mercuric acetate react in glacial acetic acid.

It is a brown product, decomposing at 138 to 140 C., and forming a

hydrochloride, M.pt. 239 to 240 C. Diacetylbenzidine and mercuric
acetate when heated at 120 to 160 C. give a crystalline compound,

,
which seems to be of indefinite composition.

DERIVATIVES OF THE NAPHTHYLAMINES AND THEIR SULPIIONIC AciDS. 3

2 : 4-Diacetoxymercuri-a-naphthylamine,

g.OAc

a-Xaphthylamine (4 2 grams) is dissolved in a mixture of 20 c.c. of
alcohol and 20 c.e. of acetic acid, then 50 c.c. of boiling water are added.
To this hot solution, a hot solution of 10 grams of mercuric acetate in
50 c.c. of water is added. An intense yellow precipitate is formed ; this

gradually becomes white and crystalline, and is filtered off. Yield 9-5

grams. The substance is coloured faint yellow by sodium hydroxide,
but does not react with ammonium sulphide even on long standing. It

1
Pesoi, Gazzetta, 1898, 28, ii. 445.

* Bernardi and Tartarini, (Jaz&tta, 1927, 57, 223.
3

Brieger and Schulemann, J. prakt. Chem., 1914, 89, 140.
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is very stable towards halogen salts. No monomercuri derivative is

isolated.

Tetra - acetoxymercuri - a - acetonaphthalide, NHAc.C10H 3(Htf.

OAeJ^fronia-acetonaphthalide and 4 mols. of mercuric acetate, decom-

poses at 220 C., and forms aqueous solutions which froth when shaken,
are highly viscous, and coagulate when heated,

1 -Acetoxymercuri -
jS

- naphthylamine . jS-Kaphthylamine (
1*4

grams) and 8*2 grams of mercuric acetate in 25 c.c. of dilute acetic acid

yield colourless crystals. These become intense yellow without dissolv-

ing when treated with concentrated sodium hydroxide, and ammonium
sulphide readily reacts with the acetate.

Mercuriphenyl-j8-naphthylamine,

<TJ
8M 4 \

>NH.2EtOHTT /
10^6

is formed by treating phcnyl-jS-naphthylamine with dilute alcoholic

mercuric acetate containing a little acetic acid. It melts at 173 C.,
2 and

crystallises with 2 mols. of alcohol

jS-Naphthylamine -6 -sulphonic acid Derivatives.3 The sodium
salt of this acid in aqueous solution reacts with aqueous mercuric acetate

if the compounds are allowed to stand for a long time. A white product
is obtained, which gives mercuric oxide when treated with sodium

hydroxide. If the reaction mixture is boiled for five to ten minutes, a
white body is again obtained, but this does not react with sodium

hydroxide. It is insoluble in all solvents. To these two bodies the

following formulae have been assigned :

-Hg

pr>,

Sodium naphthylamine sulphonate (5-6 grams) is dissolved in 125 c.c.

of boiling water, and a solution of 6-4 grams of mercuric acetate in 25

c.c. of water is poured in. The mixture is boiled for a few minutes, then

sodium hydroxide is added dropwise until complete solution is obtained.

The whole is then quickly cooled to 70 C. and 150 c.c. of alcohol

added, a yellow body being precipitated. The whole is cooled quickly,

shaken, and filtered, the residue washed with 50 per cent, alcohol,

absolute alcohol, and finally with ether. A pale yellow powder is

obtained which corresponds to the formula :

A pure white product is obtained from this by the action of an excess

of sodium hydroxide. This product is soluble in water, aqueous alcohol,

and dilute alkali. It does not react in aqueous solution with ammonium

1 Rossi and Bocchi, Gaz&tia, 1926, 56, 817.
2 Rossi and Cecohetti, Oazzetta, 1925, 55, 869.
*
Brieger and Sohulemann, kc. ctt.



134 ORGANOMETALLIC COMPOUNDS.

sulphide, but with acetic acid a white precipitate is thrown out. This

latter reacts with ammonium sulphide, and contains 1 mol. of water

which cannot be removed by drying over phosphorus pentoxide, hence

formula L has been assigned to it, although analysis points to II. Thus :

NaO

I. II.

These mercurated naphthylamine sulphonic acids react immediately
with halogen halides, the mercury being freed, and in the case of

potassium iodide solution mercuric iodide separates.

Monomethylaminonaphthalene- and j8-dimethylaminonaphthalene-

G-sulphonic acids only reduce mercuric acetate to mercurous salt or

metallic mercury.
Naphthionic acid Derivatives. By the interaction of the sodium

salt of this acid and mercuric acetate in the cold, a white, finely divided

precipitate is obtained. When this is boiled it becomes soluble in

sodium acetate and acetic acid. It crystallises from the latter as a

colourless body, which is only slightly affected by sodium hydroxide,
and only slowly attacked by ammonium sulphide. The following
formula has been ascribed to it :

x

From a solution of 6*4 grams of sodium naphthionate and 6*4 grams
of mercuric acetate in 150 c.c. of water, treated with a large excess of

sodium hydroxide, a colourless product is obtained. This does not react

with ammonium sulphide, and towards halogen salts it reacts similarly
to hydroxymercuri -

/?
- naphthylamine - 6 -

sulphonic acid (sodium salt).
When dried over phosphorus pentoxide the body becomes canary yellow,
and on addition of water becomes white again. It has been formulated
as the sodium salt of Z-hydroxyinercuri-naphthionic acid.

Using an excess of mercuric acetate does not produce dimercurated
derivatives, the yellow solution becoming yellow-red on addition of

alkali, but the colour is less intense than in the case of j8-naphthylamine
sulphonic acid.

1 : 5-Naphthylamine sulphonic acid Derivatives. The free acid

(2-4 grams) is dissolved in 25 c.c of water containing a little sodium
1 Whitmorc, Organic Compounds ofMercury, Chemical Catalog. Co., prefers to consider

the compound to be 2-acetoxymercuri-naphthionic acid.
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hydroxide, then dilute acetic acid is added until the solution is just acid.

A solution of 6 4 grams of mercuric acetate in 25 c.c. of water is poured
in, and a fine canary-yellow precipitate is deposited. This is soluble

in acetic acid, and becomes deep yellow when treated with sodium

hydroxide, but excess of hydroxide yields no precipitate, but tends to

decompose the substance, mercurous oxide separating out. The yellow

product does not react with ammonium sulphide. The body is very re-

active with halogen salts, the addition of sodium chloride to its solution,

followed by ammonium sulphide, causes blackening at once. With

potassium iodide the reaction is quantitative, and with potassium
bromide nearly so. The substance is represented by the structure :

-NHS

/\/\,EgOAc

OAc



CHAPTER VIII.

MERCURY (continued).

DERIVATIVES OF AROMATIC COMPOUNDS CONTAINING HYDEOXYL
GROUPS.

MOST of the monohydric phenols and their substitution products react

with mercuric acetate under suitable conditions to give acetoxymercuri

compounds. When phenol is treated with an aqueous solution of

mercuric acetate at room temperature, three products are formed :

OH OH OH

/\HgOAc

HgOAc HgOAo
I. II. III.

If, however, the reaction is carried out at 100 C., and no solvent used, only
I. and II. are formed.

The methyl and ethyl ethers of phenol are more difficult to mercurate
than phenol itself, and although ortho- and para-substituted mono-
mercurated products can be made, no dimercurated derivatives are yet
known.

The nitrophcnols differ from all other phenols, in that they are cap-
able of forming anhydrides instead of acetoxymercuri derivatives when
treated with mercuric acetate. When, for example, the sodium salt of

o-nitrophenol is shaken with aqueous mercuric acetate, it yields com-

pound I. ; but if the nitrophenol is dissolved in warm water containing
a little sodium hydroxide, and the mercuric acetate solution added drop-
wise, compound II. is produced.

Compound I. gives the corresponding chloride and hydroxide when
treated with hydrochloric acid and sodium hydroxide respectively, but
bromine, or iodine in potassium iodide solution, replace the mercury by
halogen. p-Nitrophenol is more difficult to mercurate than the ortho
compound, and the reagents have to be boiled for a long period.

4 : 6-Dinitropheno] is'mercurated by boiling for sixteen hours with
t*%l*
136
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mercuric oxide in aqueous solution, but picric acid yields a product \\hen

shaken with aqueous mercuric oxide for several hours at 80 C.

Dimethylaminophenol readily reacts with mercuric acetate in alcoholic

solution, the operation going to completion in two minutes at 100 C.,

but the compound formed slowly decomposes when kept. If, however,
no solvent is used, no organic mercury derivative is formed. A rather

unstable body containing two benzene nuclei connected by a mercury

bridge is formed from m-hydroxyphenyltrimethylammonium acetate,

but its aqueous solution decomposes in a week.

In the same way that the phenolic ethers are more difficult to mercur-

ate than the phenols themselves, so cresol methyl ether is less readily
attacked by mercuric acetate than cresol, and requires five days' heating
at 50 C. to complete the reaction, a diacetoxymercuri compound only

being produced.
Thymol and carvacrol yield mono or dimercurated products accord-

ing to the number of molecules of mercuric acetate used in the reaction.

Safrol, eugenol methyl ether, apiol and isoapiol yield a mixture of

two isomeric acetates, one of which is crystalline, the other syrupy.
Other methods have also been used for producing mercurated anisoles

and phenetoles of the type KHgX. (1) The type R 2Hg, e.g. mercury

dianisyl, is treated with an alcoholic solution of mercuric chloride. (2)

The mercuric chloride addition products of the triarylstibines, R 3Sb,

HgCl 2, are boiled in alcoholic solution.

The R 2Hg compounds of the phenols are prepared by the usual

methods, mercuri-bis-o-phenol being formed by the action of sodium

thiosulphate on o-chloromercuri phenol, whilst the anisyl and phenetyl

compounds are formed either by treating o-bromoanisole or phenetole
with 1-5 per cent, sodium amalgam or by the action of alcoholic

potassium iodide on o-iodomercuri anisole or phenetole.
The following evidence has been collected to show the behaviour of

mercurated phenols towards acids, bases, and salts :

o-Chloromercuri phenol in sodium hydroxide solution, when treated

with sodium nitrite at 4 to 5 C., and the mixture acidified with

concentrated sulphuric acid, yields p-nitrosochloromercuriphenol ; the

latter when heated with a mixture of ammonium chloride, acetate, and

carbonate for thirty minutes at 100 C. is transformed into p-nitroso-o-

chloromercuri aniline.

p-Chloromercuri phenol is decomposed when boiled with hydro-

chloric acid, giving mercuric chloride and phenol, but with ethereal

iodine solution, mercuric iodide and p-iodophenol result.

Chloromercuri anisole and phenetole yield oxides when treated with

aqueous sodium carbonate solution, e.g. 0(HgC 6N4OMe) 2.

4-Acetoxymercuri-nx-dimethylaminophenyl acetate is immediately

decomposed by ammonium sulphide.

Acetoxymercuri-p-cresol does not yield the corresponding iodide

when treated with potassium iodide, but the mercury is eliminated as

mercuric iodide. Chloromercuri-p-cresol in alcoholic solution gives the

anhydride of hydroxymercuri-p-cresol when a boiling sodium carbonate

solution is added. The diacetoxymercuri derivative of p-cresol methyl
ether is stable towards ammonium hydroxide or sulphide, but gives the

chloride on the addition of aqueous sodium chloride.

The crystalline chloromercuri compound obtained from safrol is stable

towards ammonium sulphide or ammonium and sodium hydroxides,
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but decomposed when boiled with dilute hydrochloric acid. The corre-

sponding iodomercuri derivative, however, is decomposed by hydrogen

sulphide. Similar reactions have been noted with the crystalline chloride

of eugenol methyl ether.

Chloromercuri resorcinol is readily decomposed by sodium hydroxide
and immediately 'by ammonium sulphide, and the dichloromercuri

resorcinol is even less stable to sodium hydroxide. Diacetoxymercuri
resorcinol dimethyl ether does not give mercuric sulphide with ammonium

sulphide, but only a yellow precipitate.
The stability of the mercurated a-naphthols towards alkali halides

decreases from the chlorides to the iodides, potassium iodide eliminating
the mercury as mercuric iodide. Diacetoxymercuri-a-naphthol is stable

to ammonium sulphide. 2-Acetoxymercuri-l : 4-naphthol monosulphonic
acid is very stable towards ammonium sulphide, but when warmed
with sodium chloride in acetic acid solution, mercury is split out, and

l-aeetoxymercuri-2:6-naphthol sulphonic acid has similar properties.

l-Acetoxymercuri-j8-naphthol is not blackened by cold ammonium

sulphide, but gives mercuric sulphide on heating.
The following table shows the positions taken up by mercury on

entering the benzene nucleus. All rings are numbered from the top

(position 1) in a clockwise direction, irrespective of the group occupying
that position. This method of numbering applies only to the table and
not to the text.

OH

S03Na

*R=tert-butyI orisoamyl,
**

These compounds give two series of isomeric salts,
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DERIVATIVES OF PHENOL.

o-Chloromercuri phenol, HO.CeH4.HgCL 1 When an aqueous
solution of mercuric acetate and phenol reacts at room temperature or

by heating on the water-bath, three mercury compounds are obtained,
two containing acetoxymercuri groups in the ortho- and para-positions
to the hydroxyl group, and the third being a diacetoxymercuri derivative.

The following method, due to Whitmore and Middleton, produces no
dimercurated product, owing to the fact that no solvent is used. Phenol

(12 grams) is heated on a steam-bath, and 25 grams of mercuric acetate

gradually added, the mixture being well stirred. When the solution of

the acetate is complete, boiling water is added, and the whole boiled for

a few minutes, after which a hot solution of 5 grams of sodium chloride

is poured in. The p-chloromercuri phenol is at once precipitated and
filtered off, the filtrate on cooling depositing crystals of the ortho

compound. This product can be further purified by crystallisation
from hot water, when glittering crystals, M.pt. 152-5 C., are deposited.
It forms an acetyl derivative, M.pt. 170 to 171 C., which does not react

with potassium iodide, but if heated with concentrated hydrochloric
acid and hydrogen sulphide, mercuric sulphide is formed. The acetyl

compound is reduced to mercuri-bis-o-phenol diacetate when acted upon
by sodium thiosulphate, a yield of 80 per cent, being obtained.

When o-chloromercuri phenol in sodium hydroxide solution is

treated with sodium nitrite, the mixture cooled to -4 to 5 C., and
acidified with concentrated sulphuric acid, p-nitroso-o~chloromercuriphenol
is formed, HO.CeH3.NO(4)HgCl(2). This substance crystallises from

xylene or anisole in light brown needles, which respond to Liebermann's
nitroso reaction and partially dissolve in ether, giving an intense green
solution. Two grams of the nitroso compound, 2-4 grams of ammonium
chloride, 6-6 grams of dry ammonium acetate, and 0*2 gram of ammon-
ium carbonate when heated on the water-bath for thirty minutes with

vigorous stirring yield p-nitroso-o-chloromercuri aniline, NH 2.C 6H3.NO

(4).HgCl(2), The melt is poured into 75 c.c. of cold water and allowed

to stand thirty minutes, when a brown amorphous precipitate settles out.

This is filtered, well washed, dried, and crystallised from anisole. Its

solutions in benzene and ether are green, in alcohol reddish-yellow.
When 2-43 grams of o-chloromercuri phenol in a freezing mixture are

treated with the diazotised solution from 7 grams of m-amino-leuep-
malachite green in 50 c.c. of water and 6 grams of hydrochloric acid

(density 1-18) a dark green precipitate is obtained, which is brown-

black when dry. It is tetrametkyJdiaminotriphenyhnetkane-a^o-o-chloro-
mercuri phenol and has the following constitution :

2

1 Dimroth, Ber., 1902, 35, 2853 ; Whitmore and Middleton, J> Amer. Chem, Soc., 1921,

43, 619.
1 Beitzenstein and Boaitsch, J. prate. Ckem., 1912, [2], 36, 73.
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o-Acetoxymercuri phenol.
1 This product is obtained by a

similar method to AVhitmore and Middleton's o-chloromercun phenol,

i.e. using no solvent in the reaction. The compound crystallises
in long

needles or white, hexagonal, or rhombic prisms, M.pt. 157 C., decompos-

ing at 210 to 215 C. In the usual way the following derivatives may
be prepared: hydroxide; internal oxide; bromide, slender silky

needles, M.pt. 130 to 132 C,, the liquid becoming turbid at 190 U and

decomposing at 195 C. ; iodide, stellar aggregates of
*f?scopic

prisms, M.pt. 121 C., the clear red liquid becoming turbid at 170 to

180 C., and decomposing at 200 to 210 C. ; nitrate, infusible compound,

blackening about 200 C. ;
the sulphate and hydroxide are white, infusible

powders.
p-Acetoxymercuri phenol crystallises in slender needles or

triangular prisms, M.pt. 165 C., decomposing at 210 to 215 L. ;

the bromide forms scales, M.pt. 144 to 146 C., decomposing at

200 to 210 C.; the iodide, a white powder, M.pt. 134 to 135

C., decomposing at 200 to 210 C. ;
the nitrate, white crystals, de-

composing at 210 C. ; the sulphate and hydroxide are white, infusible

compounds.
Diacetoxymercuri phenol.

2 Phenol in concentrated aqueous

solution is treated with mercuric acetate, when a white precipitate

separates out, the reaction being accelerated if heat is applied. This

product crystallises from dilute acetic acid in needles, M.pt. 216 to

217 C. The mother-liquor from this preparation contains o- and

p-acetoxymercuri phenols.. Treatment of the diacetoxy compound with

sodium chloride gives the dichloromercuri phenol, a white powder, M.pt.

258 C. with decomposition.
3

p-Chloromercuri phenol.
4 The preparation of this mercury

compound has already been dealt with above. It crystallises from

acetone or alcohol in needles, M.pt. 219 to 220 C. or 224 to 225 C,,

both figures being given in the literature. The sodium hydroxide
solution when treated with alcohol yields the sodium salt, which

^

on

boiling with alcoholic methyl iodide yields p-anisylmercuric chloride.

Boiling with hydrochloric acid gives mercuric chloride and phenol, and

ethereal iodine solution gives mercuric iodide and p-iodophenol. The

ttcetyl derivative melts at 235 C., and with sodium thiosulphate a 50 per
cent, yield of mercuri-bis-p-phenol diacetate results.

Mercuri-bis-o -phenol, HO.C 6H4.Hg.C6H 4.OH. o-Chloromercuri

phenol dissolves in sodium thiosulphate solution, giving a clear solution

which rapidly becomes cloudy, a white precipitate eventually separating
out. In small quantities it may be recrystallised from alcohol, if the

operation be conducted rapidly, small, white, glistening tablets being
obtained. It is easily soluble in ethyl acetate or acetone, insoluble in

water, benzene, ether, or chloroform. When heated alone its colour

changes to gray without melting, but the alcoholic solution when rapidly
boiled soon decomposes, metafile mercury separating out. It has the

characteristic properties of a phenol, being soluble in caustic alkali,

1 Mameli, Gazzetta, 1922, 52, i. 352.
2 Dimroth, Ber., 1898, 31, 2154 ; 1902, 35, 2853.
3 8ec Mameli and Oocconi, Gazzetfa, 1922, 52, ii. 113.
*

Desesquelle, BuU. Soc. chim., 1894, (3), u, 268; Dimrotb, Ber., 1898, 31, 2155;
1899, 32, 761 ; (xnitzuer, Arch. Pharm., 1899, 236, 622; Wliitmore and Middleton, J. Amer.
Chem. Soc. f 1921, 43, 619.
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insoluble in sodium carbonate, and is precipitated unchanged from its

alkaline solutions by carbon dioxide. 1

DERIVATIVES OF AxisoLE. 2

Mercuri-bis-o-anisole. The best method of obtaining this com-

pound is that due to Whitmore and Middleton, which consists of heating
o-iodomercuri anisole with alcoholic potassium iodide solution in a
reflux apparatus. It also occurs as a by-product in the preparation of

o-iodomercurianisole, from which compound it may also be derived by
the action of sodium stannite solution.

The usual method for preparation of compounds of the type R 2Hg is

also available, namely, heating together o-bromoanisole and l"5 per
cent, sodium amalgam.

It crystallises from hot alcohol in prisms, M.pt. 108 C. s soluble in

chloroform and benzene. When treated with mercuric chloride in

alcoholic solution it yields the chloride, and when dissolved in hot acetic

acid, o-acetoxymercuri-anisole (M.pt. 123 to 124 C.) is formed, which

may be precipitated by the addition of water.

o-Chloromercuri anisole. This was first obtained in small yield

by Dimroth, when dry mercuric acetate was warmed with excess of

anisole. After removal of the p-acetoxymercuri anisole, the mother-

liquors are treated with sodium chloride, and the mixture steam distilled,

the excess of anisole passing over; the product is recrystallised from

benzene, and has M.pt. 173 to 174 C. It crystallises from alcohol in

needles and from chloroform in plates. When obtained by heating
mercuri-bis-o-anisole (1 gram) with 0-7 gram of mercuric chloride in

25 c.c. of alcohol for fifteen minutes, the crystals melt at 177 to 178 C.

The corresponding bromide melts at 183 C.

o-Iodomercuri anisole is best prepared by gently heating an
alcoholic alkaline solution of o-chloromercuri phenol with methyl iodide ;

it is also formed when the chloride is treated with potassium iodide

solution. It crystallises in colourless needles, M.pt. 165 C., which
react with alcoholic potassium iodide to form mercuri-bis-o-anisole.

Mercuri-bis-p -anisole.
3

p-Bromoanisole (100 grams), 80 grams
of xylene, 1/10 the volume of ethyl acetate, and sufficient 1-5 per cent,

amalgam to give double the quantity of sodium required in the reaction

are heated in an oil-bath at 160 C, for twenty-four hours. The flask

should be frequently shaken, and more ethyl acetate added at eight-
hour intervals. The residue obtained crystallises from hot benzene

in transparent needles, 200 grams of p-bromoanisole yielding about

80 grams of pure product. It melts at 202 C., sublimes on strong

heating, and is readily soluble in hot benzene or cold chloroform. Pro-

longed heating with hydrochloric acid decomposes it to anisole and
mercuric chloride. It readily reacts with phosphorus and bismuth

chlorides, forming mercuric chloride and phosphorus or bismuth anisyl

halides.

1 For mercury compounds of p-chlorophenol, see German Patent, 234851; phenol
and cresol sulphonic acids, German Patent, 410969 ; phenol-p-sulphonic acid, Eupp
and Herrmann, Arch. Pharm., 1916, 254, 500.

8 Dimroth, Ber., 1902, 35, 2853 ; Manohot, Annalen, 1920, 421, 340 ; Whitmore and

Middleton, J. Amer. Chem. Soc., 1923, 45, 1753 ; Michaelis, Ber. t 1894, 27, 257.
3 Michaelis and Babinerson, Ber., 1890, 23, 2342.
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p-Chlorpmercuri anisole may be obtained :

1. By mixing alcoholic solutions of mercuric chloride and mercury

dianisyL
2. By boiling the alcoholic solution of the double salt of trianisyl

stibine and mercuric chloride, (OMe.C^H^Sb.HgClg.
1

3. By adding sodium chloride to the product obtained when 1 moL
of anisole and I mol. of mercuric acetate react in aqueous solution. 2

It crystallises in colourless, pearly plates, M.pt. 239 C., readily

soluble in hot benzene or oold chloroform, but with difficulty in alcohol.

\Vith arsenic trichloride on heating it forms anisyl dichloroarsine.3

The bromide is a similar compound, M.pt. 187 C.
;
the iodide forms

colourless plates, M.pt. 227 C., and may be prepared by the use of

potassium iodide, or by heating p-hydroxymercuri phenol with methyl
iodide in alkaline alcoholic solution.

The compound mentioned in method 3 above, obtainable from

mercuric acetate and anisole, is stated by Manchot to possess the formula :

(C 7H8O.HgOH)OH or C7H8O.Hg(OH) 2

It crystallises in white needles, sintering at 164 C. and melting at 169

C. Another method of preparation is as follows : 7-8 grams of anisole

(1 mol.) and 70 grams (3 mols.) of mercuric acetate in 700 c.c. of

water are maintained at 50 C. and shaken for half-hour periods during
three to four days. The product when crystallised from 25 per cent,

acetic acid is obtained in fine needles, M.pt. 173 C., and although its

melting-point differs from that of the first preparation, analysis shows
the two compounds to be identical* The substance is unchanged when
treated with sodium hydroxide, ammonium hydroxide, or sulphide, but

decomposes when warmed with dilute hydrochloric acid. The above
formulae have recently been criticised by Dimroth,

4 who has shown that

Manchot's compound consists of a mixture of p-acetoxymercuri anisole

and 2 : 4-diacetoxymercuri anisole, M.pt. 197 C.

p-Acetoxymercuri anisole, MeO.C 6H 4.HgOAc. Dry mercuric
acetate and excess of anisole (8 mols.) are heated on the water-bath
until a test portion gives no precipitate with sodium hydroxide. The
solution on cooling deposits crystals of the acetate, which crystallise
from dilute alcohol in needles, M.pt. 176-5 C. The mother-liquors
from this preparation contain o-acetoxymercuri anisole.

A similar product is obtained when mercuri-bis-p-anisole is dissolved
in acetic acid. The substance yields the chloride when treated with

aqueous sodium chloride.

p-Anisylmercuric oxide,

,Hg.C 6H4.OMe

\Hg.C 6H4,OMe

When the preceding halogen compounds are treated with aqueous
sodium carbonate, the oxide is deposited as the solution cools. It

crystallises from alcohol in fine, white needles, M.pt. 177 C., easily
soluble in alcohol or hot sodium carbonate, but with difficulty in water.

1
Loloff, Ber., 1897, 30, 2836.

8
Manchot, Annakn,, 1920, 421, 340.

$ Roeder and Blaise, Ber., 1914, 47, 2752,
4
Pimroth, Ber., 1921, 54, [B], 1504.
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The solution has an alkaline reaction and absorbs carbon dioxide from
the air.

Derivatives of p-Allyl anisole, Methyl chavicol. 1 When
treated with mercuric acetate this compound yields a syrup, from which
two chlorides and bromides are obtainable. The first chloride is soluble

in alcohol but insoluble in water, and forms white, glistening needles,

M.pt. 81 to 82 C. ; the isomeride forms a resinous mass, insoluble in

alcohol. The second chloride hardens when first heated, but softens

at 55 C. without showing any definite melting-point, and both isomers

yield p-allyl anisole on reduction. The acetate gives a bromide, white

needles, M.pt. 70 C., and also a resinous isomeride.

DERIVATIVES OF PHENETOLE.

Mercuri-bis-o-phenetole is obtained :

1. By heating o-iodomercuri phenetole under reflux with alcoholic

potassium iodide, thiocyanate, or sodium thiosulphate.
2

2. As a by-product in the preparation of o-iodomercuri phenetole

(see below).
3. From o-bromophenetole and sodium amalgam.

3

The substance crystallises in needles, M.pt. 88 C., is soluble in the

usual organic solvents, and has similar properties to the anisyl derivative.

The following compounds have been obtained from it in the usual

manner: o-acetoxymercuri phenetole, tablets, M.pt. 150 to 155 C.;

chloride, needles, M.pt. 132 C. ; bromide, needles or prisms, M.pt. 121 C.
;

iodide, needles or prisms, M.pt. 111-5 C. Whitmore's preparation of

the latter compound is of interest. Five grams of o-chloromercuri

phenol in 50 c.c. of 50 per cent, alcohol, 0-7 gram of sodium hydroxide,
and 3-5 grams of ethyl iodide are gently heated on the water-bath

for one hour. On cooling a small quantity of mercuri-bis-o-phenetole

separates out and is removed. Addition of water precipitates the

iodide. Yield 7 grams.
Mercuri-bis-p-phenetole separates as leaflets from benzene,

M.pt. 135 C. It is obtained by the amalgam method.

p-Acetoxymercuri phenetole occurs as tablets, sintering at 100 C.

and melting at 162 C, It is prepared by the same methods as used for

the anisyl compound.
p-Chloromercuri phenetole. The melting-point ofthis compound

appears to differ slightly according to the method of preparation. From
the acetate by aqueous sodium chloride, the M.pt. is 234 C.

;

4 from

mercuri-bis-p-phenetole and mercuric chloride, M.pt. 241-5 C. ;

s from

the compound EtO.C eH5.Hg(OH) 2,
and sodium chloride, M.pt. 238 C.6

It may also be prepared by boiling an alcoholic solution of (C8HgO)3Sb.

HgCI2 . The bromide crystallises in needles or leaflets, M.pt. 241*5 C.,

and the iodide in needles, M.pt. 216 C. The oxide is deposited in fine

needles from alcohol, M.pt. 202 C,

The compound, EtO.CeH5.Hg(OH) 2 or (EtO.C 6H5.HgOH)OH, is pre-

1 Balbiano and Paolini, Ber., 1903, 36, 3580 ; Gaztetta, 1906, 36, i. 264 ; Balbiano,

Ber., 1909, 42, 1505.
* Whitmore and Middleton, J. Amer. Ohem. Soc., 1923, 45, 1753.
3

Michaelis, Ber., 1894, 27, 261 ; Dimroth, ibid., 1899. 32, 758.
4 Dimrotn, loc. tit. ; Miehaelis, Ber., 1894, 27, 259.
6
Michaelis, loc. cit.

* Manchot, Annalen, 1920, 421, 40.
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pared as follows : 12-2 grams of phenetole (1 moU) and 81-8 grams of

mercuric acetate in 318 c.c. of water are heated at 50 0. for ten days,

with frequent shaking. Yield 18 grams* It crystallises from dilute

alcohol in small needles, M.pt. 135-5 C., from methyl alcohol in spherical

or globular aggregates, from water in fine silky needles. When warmed
with dilute hydrochloric acid it decomposes, but with 10 per cent,

potassium bromide, a bromide, M.pt. 193 C*, is isolated, which is probably
an impure form of the bromide referred to above, M.pt. 241*5 C. It

has been stated more recently
1 that the compound, EtO.C 6H 5.HgOH5

can be separated into p-acetoxymercuri phenetole and 2 : 4-diacetoxy-
mercuri phenetole, M.pt. 183 to 184 C.

DERIVATIVES OF NITROPHENOLS.

Anhydride of 4~hydroxymercuri-2~aci-nitrophenol,-

The sodium salt of o-nitrophenol is shaken with the calculated amount
of mercuric acetate in aqueous solution, when the anhydride separates
out as a yellow precipitate. When treated with bromine or iodine in

potassium iodide, bromo-2-nitrophenol and iodo-2-nitrophenol result.

4-Chloromercuri-2-nitrophenol is formed when the above

anhydride is treated with hydrochloric acid. It forms colourless solu-

tions in acetic acid or acetone, but yellow solutions in pyridine ; it is

somewhat soluble in alcohol or ether and insoluble in chloroform.

4 -Hydroxymercuri -2 -nitrophenol forms pale yellow crystals, M.pt.
*240 to 250 0., obtained by treating a sodium hydroxide solution of the

anhydride with dilute sulphuric acid. It is readily soluble in acetone,
less soluble in hot alcohol, and insoluble in water. Its sodium salt crystal-
lises from alcohol in dark red crystals.

4-Acetoxymercuri -2 -nitrophenol*
3 To a warm solution of

10 grams of o-nitrophenol in 200 c.c. of water and 10 c.c. of 40 per cent,

sodium hydroxide, a solution of 22-3 grams of mercuric acetate in 200 c.c.

of water plus a few drops of acetic acid is added drop by drop. The
precipitate first formed is orange, but after two hours' stirring this

becomes pale yellow, when it is filtered and washed with very dilute

boiling acetic acid. The product obtained is dissolved in 5 per cent,

sodium hydroxide, filtered and re-precipitated by acetic acid, the result-

ing substance after washing and drying weighing about 16 grams. It
is easily soluble in hot glacial acetic acid, but insoluble in ordinary
organic solvents.4

6-Acetoxymercuri-2-nitrophenoL A mixture of 15 grams of

o-nitrophenol and 3 grams of mercuric acetate is gradually heated to 150

1
Oimroth, Ber., 1921, 54, [B], 1504.

2 Hantzsch and Avid, Ber., 1906, 39, 1105.
3 Raiziss and Proskouriakoff, J. Awr. Qhem. See,, 1922, 44, 787; see Hodgson, ibid,.

1927, 49, 2840.
^ ' *

4
Hodgson, loc, ci.
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C. during one hour, then kept at 140 to 150 C. with frequent shaking
for four hours. The reaction mixture is then treated with a saturated

solution of sodium chloride and steam distilled. From the non-volatile

residue 2 grams of 6-chloromercuri-2~nitrophenol is obtained by extraction

with boiling alcohol. The light brown colourless residue is dissolved in

dilute sodium hydroxide, filtered and re-precipitated by acetic acid.

Crystallisation from acetic acid gives a pale brownish-yellow product,
unmeJted below 300 C. The product is transformed by iodine in

potassium iodide to 6-iodo-2-nitrophenol.
The melting-points and crystalline forms of the 6- and 4-halide-

mercuri-2nitrophenols is as follows : 6-fluoro-, pale yellow plates, M.pt.
187 C. ; 6-chloro-9 pale yellowish-brown rectangular plates, M.pt.
185 C. ; Q-hromo-, pale yellow plates, M.pt. 177 C. ; 6-iodo-> deep

yellow needles, M.pt. 215 C. ; 4-fluoro-, micro-crystalline plates, M.pt.
195 C. ; 4*-ehloro~, creamy yellow micro clusters, M.pt. 205 C. ; 4-

bromo-, needles, M.pt. 236 C. ; 4-t'odo-, bright yellow needles, M.pt.

above 300 C.

Sodium - 6 - hydroxymercuri - 2 - nitrophenolate gives scarlet

crystals; the 4-compound is deeper red. 1

Anhydride of 2-hydroxymercuri-4-aci-nitrophenol
2

O

This product is a yellow powder, formed by prolonged boiling of a dilute

alcoholic solution of mercuric acetate with sodium p-nitrophenoxide.
It yields a double salt with pyridine, which is a scarlet powder decom-

posing at 190 C. into its constituents. The mercury must be ortho to

the hydroxyl group, since 2 : 6-dibromo-p-nitrophenol does not yield a

corresponding derivative. The anhydride does not react with potassium
iodide or hydrogen sulphide, but with iodine it gives mercuric iodide and

o-iodo-p-nitrophenol .

2~Chloromercuri-4-nitrophenol occurs as colourless crystals,

M.pt. 175 C. It may be obtained by adding hydrochloric acid to the

anhydride, or by treating the mixture used in the preparation of the

acetoxymercuri compound with warm dilute sodium hydroxide, when

an orange deposit of the monosodium salt appears on cooling. This is

filtered off, dissolved in water, and the solution acidified with hydro-

chloric acid s when the chloride is deposited as a white precipitate, which

is recrystallised from 50 per cent, alcohol. The chloride is soluble in

alcohol and ethyl acetate.

2-Hydroxymercuri-4-mtrophenol, obtained from the sodium

salt, is an amorphous powder, M.pt. 206 C., soluble in acetone, alcohol,

or acetic acid, giving colourless solutions, but a slightly yellow solution

in pyridine. Its sodium salt contains 0-5 mol. ofwater of crystallisation,

is easily soluble in water, and darkens when heated.

2-Acetoxymercuri-4-nitropheaol. Aqueous solutions of equi-

1 For compounds from o-nitrophenol with mercuric nitrate and 4-ohloro-2-nitrophenol

with mercuric oxide, see German Patent, 23485L
2 Raiziss and Proskouriakoff, loc. cit.

VOL. xi. : i. *0
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molecular quantities of mercuric acetate and sodium p-nitrophenolate
are boiled for two hours, the yellow precipitate washed with water and

recrystallised from hot glacial acetic acid. This compound is dried for

three days over calcium chloride and found to contain some dimercurated

derivative when analysed.
1

2 : 2'-Mercuri-bis-4-nitrophenol
2
is isolated from its sodium salt,

the latter being obtained from the corresponding oxide by reduction with

sodium sulphide. This oxide is formed from sodium p-nitrophenolate
and mercuric acetate, the two being boiled in aqueous solution.

Anhydride of 2Hydroxymercuri-4-aci-nitro-6-nitrophenol,
3

II

No2
/\

NO

Freshly precipitated mercuric oxide and the calculated quantity of

dinitrophenol are boiled together in aqueous solution for sixteen hours, a

lemon-yellow powder resulting which is only slightly soluble in water or

alcohol, and insoluble in other solvents except pyridine. When heated

witli the latter it forms a double compound which may be precipitated

by the addition of ether. This derivative is dark yellow in colour and is

decomposed when heated, and in aqueous solution it yields no mercury
ions. When the anhydride is treated with bromine, o-bromodinitro-

phenol is formed, and with dilute hydrochloric acid the chloromercuri

derivative is obtained, a colourless, crystalline powder, M.pt. 182 C.

with decomposition.
2-Hydroxymercuri-4:6-dinitrophenol, obtained as a micro-

crystalline powder from alcohol, is neutral to litmus. It may be pre-

pared from its sodium salt The latter is formed when the chloride

is treated with concentrated sodium hydroxide, and it crystallises from
water or alcohol in orange-red prisms containing 1 mol. of water of

crystallisation, and which explode when strongly heated.
*

Anhydride of 3 * hydroxymercuri-4-aci-nitro-2 : 6-dinitro-

phenol,

NO.

NO

Mercuric oxide (8-4 grams) is shaken for several hours with a solution of
15 grams of picric acid in 800 c.c. of water at 80 C., when orange-yellow
needles separate. If this mixture is then boiled the anhydride results.

It yields small, pale yellow crystals which are only slightly soluble in
the usual solvents and decompose without melting. In aqueous solu-
tion it is a non-electrolyte, and with dilute hydrochloric acid the chloro-

1 Baiziss and Proskouriakoff, J. Amer. Chem. 8oc. t 1922, 44, 787.
2 Fourneau and Vila, J. Pharm. Chim., 1912, [vii.], 6, 433.
8 Hantzsch and Auld, Ber., 1906, 39, 1105.
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mercuri compound is formed, pale yellow crystals, M.pt. 118 C. These

crystals with sodium hydroxide give the sodium salt, yellow needles,

which in turn are decomposed by dilute sulphuric acid, yielding the

hydrovym ercuri derivative.

DERIVATIVES OF AMINOPHENOLS.

2 :2'-Mercuri-bis-4-aminophenol
1

is obtained from the corre-

sponding nitro compound by reduction in alkaline solution with sodium

hydrosulphite. It forms heavy needles, insoluble in water, but readily

soluble in alcohol. The hydrochJoride crystallises in brilliant needles,

soluble in water. The free base in alkaline solution is rapidly oxidised

on exposure to air, and its acetyl derivative crystallises in slender needles,

soluble in alkali, forming stable solutions.

4-Acetoxymercuri-m-dimethylaminophenol
2

NMe 2

/\
I I

JOE
:goAc

A solution of 2-8 grams of m-dimethylaminophenol in 10 c.c. of alcohol

is mixed with 7 grams of 90 per cent, mercuric acetate in 80 c.c. of water.

A jelly forms, and this when heated for two minutes on the water-bath

melts, and yellow crystals separate. The precipitate is collected,

washed with water, and dried in vacuo. Yield 7-4 grams, 92 per cent.

It forms dirty yellow crystals, insoluble in the usual solvents, except

pyridine. It dissolves in sodium hydroxide, and the solution may be

boiled without decomposition. In water it only dissolves to a slight

extent, the solution giving mercuric sulphide on addition of ammonium

sulphide. When the dry product stands for two weeks metallic mercury

separates out. If the substance is slowly heated it melts with decom-

position at 100 to 110 C.

When m-dimethylaminophenol is heated with mercuric acetate in

equimolecular proportions mercury is precipitated, and a mercury-free

pink dye is formed.

The acetoxymercuri compound when methylated yields ^-acetoxy-

mercuri-m-dimethylaminoani$ole hydrochloride, pink leaflets, M.pt. 140

to 150 C., and at 190 C. it decomposes with evolution of gas and

formation of a pink, fluorescent dye.

4-Acetoxymercuri-m-dimethylaminophenyl acetate is pre-

pared as above, using m-dimethylaminophenyl acetate. Yield 78 per

cent. It forms colourless crystals, M.pt. 110 C. (com), readily soluble

in hot alcohol. The cold alcoholic solution with ammonium sulphide

gives a yellow precipitate which blackens in a few minutes. When the

substance is warmed for a few minutes with dilute sodium hydroxide,

cooled and neutralised with acetic acid, ammonium sulphide immedi-

ately gives mercuric sulphide. This is no doubt due to the hydrolysis of

the acetyl group by alkali and the formation of the less stable mercury
derivative of m-dimethylaminophenol. The dry acetate blackens when

kept for several months.

1 Foumeau and Vila, /. Pharm. Chim., 1912, [TU.], 6, 433.

* Kharasdi and ChalHey, J. Amer. Chew. Soc.* 1924, 46, 1211.
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Mercuri-bis-m-hydroxyphenyl-trimethylammonium acetate.

A solution of 5-6 grams of m-hydroxyphenyl-trimethylammonium
iodide in 20 c.c. of water is shaken with the silver oxide from 4-6 grams
of silver nitrate. After ten minutes the solution is filtered and neutral-

ised with acetic acid. It is mixed with a solution of 7-1 grams of 90 per
cent, mercuric acetate, and the mixture heated until a test portion gives
a yellow and not a black precipitate with ammonium sulphide. The
solution is evaporated to diyness in tacuo and the residue dissolved in

about 15 c.c, of alcohol, and 275 c.c. of acetone added. The solution is

warmed until clear, then the liquor poured off, 450 c.c. of acetone added,
and the whole allowed to stand for twenty-four hours, when colourless

crystals separate. These are collected and dried in vacuo. Yield 2*2 to

2-8 grams, 53 to 69 per cent, calculated on the following equation :

AcO.NMe3 AcO.NMe3

HO! HOV \/
It may be purified by solution in alcohol and precipitation with

acetone. The substance is a white, very hygroscopic powder, which

melts with decomposition and evolution of gas at 116 to 117 C. (corr.).

It is soluble in water or alcohol, but insoluble in ether. Its aqueous
solutions decompose on standing for a week, yielding a white precipitate
and inorganic mercury in solution.

3-Chloromercuri - m - hydroxyphenyl - trimethylammonium
anhydride. A solution of 2-3 grams (1 mol. equivalent) of the pre-

ceding compound in 5 c.c. of 60 per cent* alcohol is treated with 0-9

gram (0*9 molecular equivalent) of mercuric chloride in 12 c.c. of 60

per cent, alcohol. The suspension is shaken and gently warmed until

practically all the precipitate has dissolved, the liquor poured oft and
allowed to stand for twenty-four hours. From this, 0-6 gram of solid

is obtained, 25 per cent. The dry compound is insoluble in cold water,

but readily dissolves in dilute acetic acid. It melts with decomposition
at about 130 to 150 C., turning purple.

2:6-Diacetoxymercuri - p - hydroxyphenyl - trimethylam-
monium acetate, C 6H 2(l)OH(4)NMe3.OCOCH3(2:6)(HgOAc) 2, forms

large colourless needles which, when slowly heated, decompose with gas
evolution at about 155 to 160 C. It is extremely soluble in water,
insoluble in benzene, acetone, or ether.

2 - Chloromercuri - p - hydroxyphenyl - trimethylammonium
acetate, C 6H3(l)OH(4)NMe3.OCOCH3(2)HgCl, obtained from the

mother-liquors of the preceding compound, decomposes at 155 to 160 C.,

turning blue-green. It is solubleln pyridine, sparingly in water, and is

stable when dry.
3:5- Dichloromercuri - o - hydroxyphenyl - trimethylam-

monium anhydride,

r\3

The product of reaction between o-hydroxyphenyltrimethylammonium
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hydroxide and mercuric acetate is treated with sodium chloride. The

compound is practically insoluble in water, but dissolves in dilute-

sodium hydroxide, acetic acid, or pyridine. When heated it suddenly
becomes violet at about 200 to 210 C., and 5 or 10 higher suddenly
becomes brick-red and decomposes.

(4:6)? Dichloromercuri - m - aminophenyl - trimethylam-
monium acetate is obtained by the action of mercuric acetate on m-

aniinophenyl-trimethylammonium chloride. It forms colourless or pale

brown crystals which decompose at 200 C. It is sparingly soluble in

water, the solution giving an immediate black precipitate with ammon-
ium sulphide.

1

DERIVATIVES OF CRESOLS.

The mercuration of o-cresol by mercuric acetate in aqueous acetic

acid solution, using equimolecular quantities of the reagents, gives rise

to three products, in yields as given below :

2

OH

AcOHg/\)H3

ii.
| |

in.

3Ac

50*3 to 62-3 per cent. 134 to 20-7 per cent. 2-6 to 7-0 per cent.

4-Acetoxymercuri-o-cresol (I.) melts at 158 to 155 C. and de-

composes at 186 to 190 C. ; it is converted by bromine into Jrbromo-o-

cresol, and yields a chloromerwri compound, melting with decomposition
at 200 to 202 C., and a nitmtomercuri derivative, M.pt. 212 to 213 C.

with decomposition.
6-Acetoxymercuri-o-cresol (II.) melts at 123 to 125 C. ami

decomposes at 191 C., and. is transformed into 6-bromo-o-cresol on

bromination. Its chloride and nitrate melt at 160 to 162 C. and 208 to

210 C. respectively with decomposition.
4 : 6-Diacetoxymercuri-o-cresol (III.). The yield of the product-

may be increased by raising the temperature in the above reaction or by

using 2 mols. of mercuric acetate. The diacetoxy compound melts

with decomposition at 192 to 195 C., and yields dickloromercuri and

dinitratomereuri derivatives, melting with decomposition at 210 to 212

C. and 222 C. respectively. The above three compounds when nitrated

give t : 6-dinitro-o-cresol.

2 : 6 -Diacetoxymercuri-p-cresol,
3

OH

AcOHg/NHgOAc

When p-cresol is mercurated, using mercuric acetate, two products are

formed, one a monoacetoxymercuri and the other a diacetoxyniercuri

1 For mechanism of raercuration of o-acetaminophenols, see Maschmanu,

1926, 450, 85,
* Mameli, Gazzetta, 1926, 56, 948.
3 Bimroth. Br., 1902, 35, 2853.
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compound. To 21*6 grains of mercuric oxide in 500 c.c. of water,

10-8 grams of p-cresol in a little alcohol and 18 grams of acetic acid are

added. If left at room temperature the reaction is complete in two

clays, but if carried out at 90 C. it only takes thirty minutes. The
mixture is filtered whilst hot, and the residue is almost pure diacetoxy-
mercuri compound. It crystallises from dilute acetic acid in granular

crystals, which contain 1 mol. of water of crystallisation when dried in

air, and when heated it decomposes at about 200 C. without melting.
Chloromercuri -p-cresol is obtained from the warm mother-

liquors in the above preparation by the addition of sodium chloride. It

separates in fine needles, which are contaminated with the chloride from

the diacetoxy compound. To effect a separation the mixture is treated

with cold alcohol, the solvent partially removed, and the substance

precipitated by water and recrystallised from hot benzene, when long

branching needles are obtained. These are readily soluble in cold

alcohol and melt at 166 C. to a clear liquid, which at 176 C. becomes

turbid, and again solidifies at 183 C. Its benzoyl derivative melts at 241

to 242 C. The corresponding iodide cannot be obtained by the addition

of potassium iodide to the acetate, since this precipitates mercuric

iodide ; but when the chloride is treated with a large bulk of boiling
water and potassium iodide is added, the iodide separates out in fine

needles* These become yellow at 145 C. and red at 170 C., partial

decomposition taking place and the substance subliming. It is easily
soluble in ether or alcohol, with difficulty in benzene or chloroform, but

prolonged boiling with alcohol or benzene tends to decompose it, although
it is quite stable in boiling water. When treated with iodine it forms
mercuric iodide and o-iodo-p-cresol.

Anhydride of o-hydroxymercuri-p-cresol,

1. The chloride is dissolved in dilute sodium hydroxide and carbon
dioxide passed in, the anhydride being precipitated.

2. By adding the requisite amount of boiling sodium carbonate
solution to an alcoholic solution of the chloride.

It is a fine white powder, insoluble in the usual solvents, but soluble in

phenol. When dissolved in an excess of 12 per cent, sodium hydroxide,
carbon dioxide passed in, and the mixture slowly cooled, the sodium
salt separates in needles which are decomposed when exposed to light.
Treatment of the anhydride with hot dilute acetic acid gives the o-acetoxy-
mercuri compound, which sinters at 150 C. and melts with decomposition
at 163 C.

Mercuration of p-cresol methyl ether. 1 The ether (4-8 grams ; 1

mol. ) is shaken with a solution of 38-4 grams of mercuric acetate (3 mols. )

in a stoppered flask for several days at 50 C. The precipitate is then
"

removed and washed with water until the washings give no reaction for

mercury. About 12 grams of product are obtained which, after crystalli-
sation from 20 per cent, acetic acid and then from alcohol, yield long
needles, M.pt. 131-5 C. When the ether and mercuric salt are used in

1
Manckofc, Annakn, 1920, 421, 335.
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the proportion 1 : 1, the resulting product melts at 132" C. 1
Analysis

of this substance agrees with the formula :

3Me.C 6H 4.OMe.Hg(C 2H 3O 2 ) 2.2HgO

It is unaffected by ammonium sulphide or sodium hydroxide, but when
its clear alcoholic solution is treated with aqueous sodium chloride,

chloromercuri-p-cresol methyl ether, Me.C 6H 4.OMe.HgCI, is precipitated.

This crystallises from 96 per cent, alcohol in white needles, M.pt. 162 C.,

which are not acted upon by ammonium hydroxide, sulphide, or sodium

hydroxide, although easily soluble in the latter.

DERIVATIVES OF THYMOL. 2

o(?)
-Chloromercurithymol . To a hot alcoholic solution of 5 grams

(1 mol.) of thymol, 10-6 grams (1 mol.) of mercuric acetate in acetic

acid-alcohol solution are added, and the mixture boiled for one hour. On

cooling, a slight precipitate of 0-5 gram of dimercuri compound is de-

posited, and after filtering, sodium chloride solution is added, when chloro

mercuri thymol is obtained as a voluminous precipitate. This is re-

crystallised from 40 per cent, alcohol, hair-fine needles, M.pt 189-5 C,,

being deposited. Yield 10 gratis. The substance is readily soluble in

dilute sodium hydroxide, but if the latter is too concentrated the sodium

salt is produced.
2 : 6-Diacetoxymercuri thymol is formed when 2 mols. of mercuric

acetate are used to 1 mol. of thymol, the reaction being carried out

in boiling alcoholic solution containing some acetic acid. After a

time the mixture which practically solidifies is cooled, filtered, and re-

crystallised from ethyl acetate-acetic acid mixture, white shining needles

coming down. These melt at 215 to 216 C, with decomposition, and

are soluble in sodium hydroxide, from which the sodium salt crystal-

lises in plates,
3 A hot 10 per cent, solution of sodium hydroxide yields

2 : 6-dihydro%ymercuri thymol, which crystallises in colourless plates, con-

taining 3 mols. of water of crystallisation ; in aqueous solution it is

converted by carbon dioxide into the anhydride,

/Hg
OH.Hg.C6HMePi< 1

^O

With sodium chloride, 2--dichloromercuri thymol is formed, M.pt, 210

to 211 C. with decomposition, which may be reduced to thymol by
zinc and potassium hydroxide. The corresponding iodomercuri com-

pound is also known, and a 2 : 6-dwitratomercuri thymol formed from the

diacetate and 5 per cent, nitric acid.

2-Acetoxymercuri thymol, prepared in the usual manner, forms

a lustrous, white powder, M.pt. 147 C,, decomposing at 182 C., and

giving an immediate precipitate with ammonium sulphide, but with

hydrogen sulphide only in the presence of hydrochloric acid. With

sodium chloride the 2-chloromercuri derivative is formed. M.pt. 144 to

145 C. decomposing about 160 C.4 This compound is probably
1
Dimroth, Bar., 1921, 54, [B], 1504, gives the meltmg-point as 136 C.

3 Bimroth, Ber., 1902, 35, 2853. ..

3 See Merck, Arch. Pharm., 1893, 231, 124 ; Paolini, Gamtto, 1921, 5* n. 188 ; Rupp,
Arch. Pharm., 1917, 255, 191.

4 MameH and MamJeH-3Mknnessier, Gazzetta, 1922, &, ii. 1,
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identical with Dimroth's chloride mentioned above. The following

thymol-2-derivatives arc also known: Bromide, crystalline powder,

contracting at 140 C. and reddening and subliming at 180 C. ; sulphate,

amorphous, white powder, reddening without melting at 220 C. ; nitrate,

pink powder, M.pt. 148 to 150 C., decomposing at 155 C. and turning

violet in the light ; oxide, white precipitate, M.pt, 195 C. with decom-

position.
6 -Acetoxymercuri thymol occurs as small, lustrous crystals, M.pt.

163 C., decomposing at 178 to 180 C. The bromide is a white com-

pound, M.pt. 149 C. with decomposition ; sulphate, amorphous powder,

decomposing at 235 C. ; nitrate, white powder, M.pt. 167 C. with decom-

position ; oxide, white powder, blackening at 180 C., and decomposing
about 205 C. ; hydroxide, M.pt. 190 to 195 C. with decomposition.

2 -Acetoxymercuri -6-iodothymol
1 forms white crystals, redden-

ing at 170 C. and melting at 175 C. with decomposition; the chloride

turns yellow at 119 C. and melts at 322 to 124 C. ; the bromide turns

yellow at 102 C., M.pt. 105 to 108 G. ; oxide, M.pt. 162 to 165 C. with

decomposition.
3 - Acetoxymercuri - 4 - hydroxy - 2 - methyl - 5 - isopropyl -

benzaldehyde ,
2 Molecularproportions of4-hydroxy-2-methyl-5-isopro-

pylbenzaldehyde (p-thymolaldehyde) and mercuric acetate, in alcoholic

solution containing a little acetic acid, are boiled for fifteen minutes and
cooled. The precipitated product crystallises from acetone containing a

small quantity of acetic acid in colourless, hard prisms, sintering at

179 C. and decomposing at 185 C. Iodine in potassium iodide solution

splits off the mercury, with probable formation of 3-iodo-4-hydroxy-2-

methyl-5-isopropylbenzaldehyde, pale yellow, octagonal prisms, M.pt.
128 to 129 C.

DERIVATIVES OF CAEVACEOL.S

Acetoxymercuri and Diacetoxymercuricarvacrol . Solutions

of carvacrol (1 moL) and mercuric acetate (2 mols.) in 50 per cent,

alcohol are boiled for fifteen minutes, then cooled, a crystalline sub-

stance separating out. Concentration of the filtrate gives a pale yellow
oil, which may be crystallised on warming with alcohol. The mother-

liquors from the oil are mixed with the alcoholic filtrate from the

solid, and the above process of concentration, etc., repeated. In this

way eight crops of crystals are obtained, the fourth and sixth being
mercurous acetate, and 18 grams of carvacrol give 61-3 grams of crude

mercury compound. The first two crops (34 grams) are practically

pure monomercuri derivative, crops 3, 5, and 7 (21-8 grams) nearly pure
idiacetoxymercuri compound, whilst 8 consists of 5*5 grams of a mixture
of the two compounds. One crystallisation of the above 34 grams gives
pure acetoxymercuricarvacrol, in short, highly refractive, colourless

crystals, decomposing at 196 C. Similarly crops 3, 5, and 7 yield the'

diacetoxymercuricarvacrol in colourless, well-formed prisms, sintering
at 190 C. and decomposing at 215 C. Although orientation experi-
ments are not very satisfactory in the case of three compounds, and since
the mercuri residue apparently never enters the benzene ring in the meta

1
MamelJ, Gazzetta, 1922, 52, ii, 18.

2
Henry and Sharp, J, Chem. Soc., 1926, p. 2436.

8
Henry and Sharp, toe. c&
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position to a Jiydroxyl group, these compounds arc probably 4- or 0-

monoacetoxymercuri and 4 : 6-diacetoxymercuricarvacrols
*

(OH in

position 1).
5 - Chloromercuri - 4 - hydroxy - 3 - methyl - 6 - isopropyl-

benzaldehyde. Molecular proportions of 4-hydroxy-3-methyl-6-iso-

propylbenzaldehyde (p-carvacrolaldehyde) and mercuric acetate in

alcohol containing acetic acid are boiled for 1-25 hours. The solution is

filtered and treated with an excess of 10 per cent, aqueous sodium chloride,
when a pale cream-coloured precipitate is thrown down. This is filtered

off , dried, and recrystallised from acetone containing one drop of hydro-
chloric acid, small, four-sided plates being deposited, which sinter and
darken about 209 C. and decompose indefinitely about 260 C. A
50 per cent, yield of the corresponding 5-acetoxymercuri derivative is

obtained when molecular proportions of p-carvacrolaldehyde and mer-
curic acetate are heated for 1-5 hours on the water-bath. A yellow oil

is formed, and this after extraction with hot ligroin is dissolved in a
little acetic acid and the solution filtered. On cooling, colourless needles

of 4-hydroxy
- 5 -

acetoxymercuri
- 8 - methyl -

6-isopropylbenzaldehydc

separate, M.pt. 120 C. These crystals contain 1 mol. of acetic acid,

which is not lost on drying in vacuo. When treated with a solution of

iodine in potassium iodide, a product is obtained which crystallises from
alcohol in long, colourless needles, M.pt. 157 C. It is probably 5-iodo-

4-hydroxy-3-methyl-6-isopropylbenzaldehyde.

DERIVATIVES OF ALKYL PHENOLS.

2-Acetoxymercuri~p-tert.-butylphenol. Two molecules of the

phenol and 1 mol. of mercuric acetate in 50 per cent, alcohol containing
a little acetic acid are allowed to stand ; a test portion dissolves in

sodium hydroxide after about twenty hours. In three days 2-53 grams
of product rich in monomercurated compound crystallises out in white

needles. The filtrate on concentration gives some unchanged butyl-

phenol, and a clear yellow oil which solidifies on standing. The latter,

after steam distillation and drying, weighs 3-6 grams. It crystallises
from ligroin, saturated with acetic acid, in colourless, shining plates,

M.pt. 180 C, 1

2 :6-Diacetoxymercuri-p-tert.-butylphenol. Six grams of the

phenol in 10 c.c. of alcohol and 25-6 grams of mercuric acetate in 160 c.c.

of alcohol containing 4 c.c. of acetic acid, are mixed and boiled for one
hour. After standing overnight the mixture is filtered, concentrated

to half-bulk, and 200 c.c. of water added. A white, sticky solid is

precipitated, which becomes crystalline when warmed with alcohol.

The total yield, taking into account recovery from mother-liquors, is

23-35 grams. It melts at 224 C. with decomposition, and is readily
soluble in the usual organic solvents. When nitrated with concentrated

acid at C. it yields 2 : 6-dimtro-p-tert-butylphenol, thus proving the

positions of the mercury in the compound.
2-Acetoxymercuri-p-isoamylphenol is prepared in a similar

manner to the above monomercurated product. It crystallises in white

flakes, M,pt. 176 to 177 C. with decomposition.
2 : 6-Diacetoxymercuri-p-isoamylphenol crystallises from acetic

acid in shining prisms, M.pt. 128 to 125 C., containing 1 mol. of

1 Henry aaad Sharp, J. Cfam* Soc. f 1926, p. 2434.
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solvent. With twice its weight of ice-cold, concentrated nitric acid it

yields 2 : 6-dinitro-p-isoamylphenol.

DERIVATIVES OF GuAiACOL. 1

Mercuric acetate reacts with guaiacol in methyl alcohol or ethyl

alcohol acetic acid solution to yield principally diacetoxymercuri

guaiacol and possibly some monomercuri compound.
4 : 6 -Diacetoxymercuri guaiacol,

OHJSg.OAc

g.OAc

forms white crystals which turn yellow, then red when heated, but do

not melt. Nitric acid converts the compound to 4 : 6-dinitroguaiacol.

This diacetate with 5 per cent, sodium hydroxide yields an oxide,

OH_Hg.OAc
OMe<

V
an infusible, heavy powder, turning brown at 200 to 210 C. The

chloride is formed in the usual manner, and is a crystalline powder,

decomposing at 179 to 180 C, and the nitrate is an infusible, white,

crystalline compound.
5-Iodo-acetylguaiacol is also stated to give a diacetate.

Vanillin on mcrcuration yields a crystalline monoacetate, which may
be converted to the chloride, the latter giving iodovanillin on treatment

with iodine. 2

DERIVATIVES OF SAFKOL.3

Mercuratioii of safrol by mercuric acetate yields a syrup containing

two isomeric acetates, one of which eventually crystallises out, the other

remaining as a sticky mass. Both isomers are reduced to safrol when
treated with zinc and sodium hydroxide. The crystalline form yields a

mercurichloride, a white crystalline powder, insoluble in water and very

slightly soluble in boiling alcohol. When heated it blackens towards

170 C. The syrupy isomeric acetate yields a chloride, which crystallises

from alcohol in rosettes of hard, glistening, prismatic needles, M.pt. 138

C. This form can be more conveniently prepared as follows : 8-1 grams
of safrol in a stoppered flask are shaken with 16 grams of mercuric

acetate (1 moL) in 160 c.c. of water for about two and a half hours

at 50 C. When the reaction is complete the mixture is shaken with

10 per cent, sodium chloride solution, a crystalline precipitate of the

chloride being deposited. Yield about 12 grams. Recrystallisation
from alcohol gives long, white, stellate, monoclinic prisms, M.pt. 136 to

137 C. The compound gives no reaction with ammonium sulphide,

hydroxide, or sodium hydroxide,' but if warmed with dilute hydro-
chloric acid the smell of safrol becomes evident. It is only slightly

1 Mameli, Gwztifa* 1922, 52, ii. 23.
*
Paolini, Gazzetta, 1921, 51, ii. 188.

8 Balbiano and Paolini, Ber., 1902, 35, 2998 ; Atti. It. Accad. Lined, 1902, [v.j, ii, ii.

65 ; Ben, 1903, 36, 3579 ; Balbiano, Ber., 1909, 42, 1505 ; Manchot, AnnaUn, 1920, 421,
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soluble in water, but easily in sodium hydroxide, from which it may be

precipitated by hydrochloric acid. The compound is an oxychloride of
the formula, Ci H10 2Hg(OH)Cl. The corresponding bromide is pre-
pared in a similar way, sodium chloride being replaced by potassium
bromide. It melts at 144 to 145 C., and crystallises in" long, silky,

shimmering, white needles from dilute alcohol. It exhibits" similar

properties to the chloride. The iodide forms small, white needles, M.pt.
152 C., which are decomposed by hydrogen sulphide, becoming first

orange, then black. It does not redden when boiled with water and is

unchanged by potassium iodide solution. In water it is insoluble, but

readily dissolves in dilute alcohol or sodium hydroxide. The base,
C10H10 2,Hg(OH)OH, is easily obtained from the bromide by the action

of moist silver oxide. The clear solution is faintly alkaline to litmus,
but gives no colour with phenolphthalein. Treated with hydrochloric
acid it becomes turbid, and on warming the mixture smells strongly of

safrol. Potassium bromide solution decomposes it, with formation of

the oscybromide.
Isosafrol reduces mercuric to mercurous acetate, and is itself oxidised

to aglycoL

DERIVATIVES OP EUGJSNOL METHYL ETHEK. X

This compound yields a syrup of mixed acetates, from which two
chlorides may be obtained. One of these forms small, hard, white

prisms, M.pt. 112 to 113 C.
? soluble in alcohol but insoluble in water,

whilst the second isomer is resinous. The crystalline variety is best

obtained as follows : Equimolecular quantities of the eugenol compound
and mercuric acetate in seven times the bulk of water are heated for

one hour on the water-bath, and after cooling poured into four times

the volume of 3 per cent, sodium chloride solution* After standing for

several days the product separates out, and on recrystallisation melts

at 112-5 C. It is unchanged by ammonium sulphide or hydrate, but

decomposed by warm dilute hvdrochloric acid. Its constitution is

given as (OMe) 2C ?
H 3-CH 2~-CH=CH 2.Hg(OH)CL

Apiol reacts with mercuric acetate fairly rapidly, completion of the

reaction being reached in four to five hours. The acetate forms fine

needles, M.pt. 157 to 158 C., insoluble in water but dissolving in warm
alcohol. It is reduced to apiol by zinc and sodium hydroxide. Isoapiol

gives an acetate which softens at 160 C. and melts at 174 C.

DERIVATIVES OF RESOKCINOL.2

Chloromercuri resorcinol, C
e
H 3(QH)2.HgCl. To a solution of

*28-8 grams of mercuric acetate (1 mol.) in 60 c.c. of water at room

temperature, a solution of 29-7 grams of resorcinol (3 mpls.)
in 25 c.c.

of water is added with frequent shaking. The reaction is completed in

fifteen minutes. White flocks appear, which are- filtered and quickly
dissolved in concentrated sodium chloride solution, from which the

chloride separates in needles. These are placed for a short time in

ice, then filtered off, washed with ice-cold water, and dissolved in

a large volume of ether. Removal of the solvent, and drying of the

residue in vacua, gives 16 grams of product. This consists of a mixture

1 Balbiano and Padini, loc. c& ; Balbiano, loc. tit. ; Mancfaot, lac. ctt.

9
Dhnroth, Ber., 1902, 35, 285S ; see Leys, J. PAam. Ghim., 1905, [vL], 21, 388.
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of mono and dimereurated compounds, from which the mono is removed

by boiling with chloroform, in which it is soluble. From this solution

prisms are deposited, M.pt. 105 C., the compound containing chloro-

form of crystallisation, which may be removed in vacua, when the

melting-point rises to 123; at 170 the colour changes to blood red.

Yield 11-7 grams. It is soluble in ether, but only with difficulty in

water, the aqueous solution becoming turbid after a short time. When
warmed with a little water a clear solution is obtained, but a fine

yellow powder rapidly separates out and decomposes. The solution in

sodium hydroxide after a short time becomes yellow, then green, then

brown, and a black precipitate finally appears ; these changes are

accelerated by warming the solution. With ammonium sulphide the

substance is immediately decomposed.
Dichloromercuri resorcinol is the insoluble residue left after the

chloroform extraction, and is purified by crystallisation from ether.

Yield 2-5 grams. It is a fine powder, becoming dark towards '200 C.,

but does not melt. In alcohol it is soluble with difficulty and is

decomposed by sodium hydroxide even more rapidly than the mono
compound.

4~Acetoxymercuri-2-nitroresorcinol
1

is prepared by heating

together equimolecular quantities of mercuric acetate and 2-nitro-

resorcinol on a water-bath for thirty minutes. The orange precipitate
is filtered, washed with water, alcohol, and ether, then dried over
calcium chloride for forty-eight hours. Yield 75 per cent.

4-Chloromercuri-2-nitroresorcinol. Freshly precipitated mer-
curic oxicle and 2-nitroresorcinol suspended in water are heated on the

water-bath for two hours, and the orange precipitate filtered off, washed
with water, alcohol, and ether, then converted to the chloride by the

addition of 10 per cent, hydrochloric acid. The product when washed
and dried is a pale orange powder, soluble in dilute sodium hydroxide,
methyl or ethyl alcohol, ether, benzene; only slightly in water.

4 :6-Diacetoxymercuri-resorcinol-dimethyl ether,

OMe

AcO.I

An alcoholic solution of resorcinol dimethyl ether and mercuric acetate
in equimolecular proportions is boiled until the reaction is complete.
On cooling, beautiful, white, feathery crystals separate. The product
melts at 21 8 to 220 C. (eorr. ). It is quite stable to ammonium sulphide,
the alcoholic solution giving a yellow precipitate with this reagent.

2' 3

DERIVATIVES OF NAPHTHOLS AND THEIR SULPHONIC Acms.4

Mercuration of a-Naphthol. When 8*6 grams of a-naphthol arc
dissolved in 25 e.c. of acetic acid and a solution of 8 grams of mercuric

1 Kaizifis and Proskouriakoft J. Avier. Chem. tioc., 1925, 44, 787.
5 Kharasch and Chalkloy, J. Amer. Chem. Soc.t 1924, 46, 1216.
3 For mercwation of p-xylcnol, monobromo-p-xylenol, 2:3-dihydroxy-l-inelhylbenzene

and pyrogallol-1 : 3-diethyl ether, see German Patent, 250746.
*
Brieger and Scnulemann, J. prafa. Chem., 1914, 89, 97,



MERCUKY. 157

acetate in 50 c.c. of dilute acetic acid is added, a white crystalline pre-
cipitate soon separates out, and a further quantity may* be obtained
from the mother-liquors. This substance does not react with ammonium
sulphide, dissolves very readily in sodium hydroxide, and if more alkali

is added a white crystalline precipitate appears. The body is also

soluble in acetic acid, and crystals deposited from the solution when
filtered oft and washed with water soon become intense yellow ; the
addition of a drop of sodium hydroxide changes the colour*from yellow
to white. Its alcoholic-alkaline solutions soon decompose, but it is fairly
stable towards cold sodium chloride solution, yet on heating the solu-

tion gives an alkaline reaction. Potassium bromide also gives an alkaline

reaction ; potassium iodide only shows a faint alkalinity at first, but

suddenly mercuric iodide separates and the solution becomes strongly
alkaline. The compound contains no acetoxy group, and the formula

assigned to it from analysis is as follows :

2 : 4-Diacetoxymercuri-a-naphthol,

OH

i

jHgOAc

vV
HgOAo

When the mercuric acetate in the preceding preparation is replaced by
16 grams of mercuric acetate in 50 c.c. of 3 per cent, acetic acid,

colourless needles crystallise out in a short time, and these are filtered off

and washed with water. The diacetoxy derivative is stable to ammon-
ium sulphide, but behaves towards halogen salts in a similar way to the

mono mercury compound.
2-Acetoxymercuri-l-naphthal-4-sulphonic acid (Sodium salt),

OH "

Six grams of the sodium salt of the acid in 50 c.c. of water are treated

with 6-4 grams of mercuric acetate in 50 c.c. of water, and after long

standing yellowish-brown bushy needles separate* These after several

crystallisations from dilute acetifc acid become white. The product
obtained is the sodium salt of the acid, and it is very stable towards

ammonium sulphide, although this stability is reduced in the presence of

sodium chloride. When warmed with sodium chloride in acetic acid

solution, mercury is split off. Attempts to prepare a diacetoxy com-

pound have been unsuccessful.

l-NaphthoI-5-sulphonic acid when treated with mercuric acetate

gives only mercurous acetate and tarry products.
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Mercuration of /J-Naphthol,
1-Acetoxymercuri-^-naphthol,

1

HgOAo

1. Twenty grams of mercuric oxide are dissolved in 520 c.c, of hot

acetic acid, and on cooling, the white, glistening plates are filtered off and

mixed with an acetic acid solution of 13-2 grams of jff-naphthol. A
heavy, crystalline precipitate separates out, and if removed, the mother-

liquors give further crops on standing. Yield almost quantitative.

2. j3-Naphthol (144 grams) is dissolved in 75 c.c. of acetic acid, and

to this 32 grams of mercuric acetate in 125 c.c. of 30 per cent, acetic acid

are added, when the acetoxy compound separates out.

It crystallises in white, glistening needles, which on rapid heating
blacken and melt at 185 C. with violent frothing. It is only slightly

soluble in the usual solvents, does not blacken with ammonium sulphide,

but a yellow, voluminous precipitate separates which decomposes on

heating, with deposition of mercuric sulphide* Treatment with aqueous
sodium chloride yields the 1-chloromercuri compound, which may be

transformed into 1-iodo-jS-naphthoL
2

l-Acetoxymercuri-2-naphthol-6-sulphonic acid (Sodium salt),
3

HgOAc

The sodium salt of Schaffer's acid (14-1 grams), containing 2 mols. of

water of crystallisation, is dissolved in 100 c,c. of hot water and a solu-

tion of 1C grams of mercuric acetate in 100 c.e. of hot water added. The

compound soon separates out, and is only slightly soluble in water, but

readily in dilute acetic acid or sodium hydroxide. It has similar pro-

perties to the derivative from l-naphthol-4-sulphonic acid.

1 :8-Amidpnaphthol -4: 6-disulphonic acid (K acid) yields with

mercuric chloride or acetate unstable red compounds, to which no
formula* have been assigned; the same result is obtained with its

mono and dibenzoyl derivatives. 1 : 8-Amidonaphthol-3 : 6-disulphonic
acid (H acid) and 1 : 8-amidonaphthol-4-sulphonic acid give colours and
reactions similar to K acid, but these compounds are even more readily

decomposed. Constancy of composition has not been obtained in the

case of 1 : 8-dihydroxynaphthalene-3 : 6-disulphonic acid (chromotrope
acid), the derived compounds being orange in colour.4

Mercuration of Salicylyl alcohol (Saligenin).
5 This alcohol

forms a dimercurated compound when 1 mol. is heated with 2 mols.
of mercuric acetate in alcoholic solution containing a little acetic acid.

Needles separate out, from which a pure product is isolated by extract-

i
Bamberger, Be*., 1898, 31, 2624; Brieger and Sohulemann, /. waM. Chew,,, 1914.

89, 97.
8

Paolini, Qaudta, 1921, 51, ii. 188.
8 German Patent, 143726.
4 For ^-napMiol disulphonic acid R, see German Patent, 143448; ^

sulphonio acid, see German Patent, 143726.
5 Hart and Hirschfelder, 7. Amr. Gfain. 8oc., 1920, 42, 2768.
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ing with water, alcohol, and ether. It is only soluble iu hot glacial
acetic acid or acetic anhydride and alkalies ; with mineral acids it forms
salts. The mercury present is non-ionic in character, and since it

readily forms an anhydride is probably in the ortho position to the

phenolic hydroxyl group. The following formula has been assigned
to it :

1

HgOH

When dissolved in hot acetic anhydride it forms a triacetate of the

composition :

OH

AcOHg

Hg OAc

Mercuration of p -Hydroxy-m-nitrophenyl carbinol. The
carbinol is prepared by the action of bromomethyl alcohol on o-nitro-

phenol and then treated with 2 mols. of mercuric acetate in alcohol-

acetic acid solution. Fine, pale yellow needles separate, which may be

recrystallised from 20 per cent, acetic acid (I. ).
This compound does not

form an inner anhydride as in the preceding case, although the mercury
is in the ortho position to the hydroxyl group. The latter fact was estab-

lished by treating the compound with a solution of iodine in potassium
iodide, when 3-iodo-4-hydroxy-5-nitrobenzyl alcohol is obtained. 1

Treatment with acetic anhydride yields a monoacetyl derivative (II.)-

OH OH

HOHg/\N02 Ac.O-Hg/\NOa

CHaOH CHaOH
L II.

Kharasch, /. Amer. Chem. Soc., 1921, 43, 1203.



CHAPTER IX.

MERCURY

Dr.itiv \IIVI:N or AnoMATfc ACIDS.

Tin: simplest oi' th<* aromatic acids, namely, benzoic acid, docs not give
an aeetoxynii'reuri compound when heated with mercuric acetate, but

only an anhydride. The position oi the mercury in the ring in this case

is shown to be ortho to the carboxyl group, since the same anhydride
may be formed from phthalic arid, the only other products of reaction

u cartion dioxide and acetic acid,

~o =o

The same c'onijxiimd is also formed wlien mercuric benzoate is heated
lor some time at. 270" (!., and this method may yet become of great

importance in the preparution of mercurated aromatic acids. Mercury
saHeylate yields art onjano-mereuri anhydride, wh<*n heated for a pro-

NH 2
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longed period at ] 00 C. o-Chloromereuri-benzoic acid is obtained from
the anhydride by dissolving it in concentrated sodium chloride solution,
and adding acetic acid, but the p-chloromercuri compound has only been
obtained by the oxidation of p-tolylmercuric chloride by alkaline per-

manganate. The methyl ester of benzoic acid may be mercurated in the

usual way by means of mercuric acetate in the presence of a little acetic

acid, and the esters of salicylic acid may be treated similarly. 5-

Nitrosalicylic acid is mercurated by using an aqueous suspension of

mercuric oxide at 100 C.

The interaction of mercuric acetate and anthranilic acid is more

complicated than the preceding cases, and is best illustrated by the

scheme on opposite page, which shows also the main reactions of the

acetoxy-mercuri compounds of this acid.

A similar set of reactions has been carried out with the ethyl ester of

p-aminobenzoic acid, but in addition a mercuric acetate salt of acetoxy-
mercuri-p-aminobenzoic acid has been obtained, and the mono and

diacetoxymercuri derivatives may be isolated from this under suitable

conditions. Also in the case of this ester only the diacetoxymercuri
compound has been obtained directly from the N-isodiaeetoxymercuri
derivative, direct mercuration being used to obtain the monoacetoxy*
mercuri product.

In the mercuration of cinnamic acid and its esters, C6H6.CH2.CH2,

COOH, the mercury residue always attaches itself to the a-carbon atom,
and the solvent takes part in the reaction, attacking the jS-carbon atom,

alkyloxy groups becoming linked to the latter (L). When the mercur-
ated esters are saponified by sodium hydroxide, and the resulting product
treated with sulphuric acid, water is eliminated between the hydroxy-
mercuri and carboxyl groups, and an anhydride results (II.).

C BH5 CH CH C0 2R C
fi
H

fi
CH CH C=0

OAlk HgOAc OAlk Hg
L II.

In the case of /?-hydroxynaphthoic acid the mercury enters position
1 9 and may be removed again by the action of iodine in potassium iodide

solution.

The mercuri-bis compounds of the mercurated acids have been pre-

pared in a variety of ways. The use of sodium thiosulphate, which was

given as a fairly general method in the case of mercurated amines, has

only been used for acids in the preparation of the following : Mercuri-

bis salicylic ethyl ester, mercuri-bis-2-aminobenzoie methyl ester, and
the corresponding ethyl ester of the 4-aminobenzoic acid compound.
The following sulphides yield mercuri-bis compounds by the action of

heat : o-Sulphidomercuri benzoic acid, sulphidomercuri salicylic methyl
ester, and the sodium salt of o-sulphidomercuri benzoic acid, the con-

version in the latter case being brought about by boiling the aqueous
solution. The interaction of mercuric cyanide and thiosalicylic acid in

aqueous solution yields mercuri-bis-o-thiolbenzoic acid, no other organic

mercury product being isolated.

o-Hydroxymercuri-p-nitrobenzoic acid has been changed to the

mercuri-bis compound by treatment with alkaline stannous chloride, and
in the case of the m-nitrobenzoic acid compound aluminium turnings in

VOL. xi. : i. ,
11
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alkaline solution were used. Alkaline stannous chloride has also been

used for the transformation ofp-chloromercuri benzoic acid.

The conversion of hydroxymercuri-salicylic acid to mercuri-bis-

salicylic acid is accomplished by dissolving the compound in potassium

hydroxide and treating the solution with formaldehyde sulphoxylate,
and by similar means the sodium salt of mercurated hydroxybenzene

sulphonic acid may be reduced.

In the case of the aminobenzoic acids, the mercuri-bis derivatives

have been prepared by the reduction of the hydroxymercuri nitro-

benzoie acids in neutral or alkaline solution.

An interesting formation of a mercuri-bis compound is the trans-

formation of the" anhydride of a-hydroxymercuri-j8-methoxy-jS-phenyl-

propionicacidtoa-nKTCuri-di-jS-anhydrohydroxy-j8-phenylpropionicacid,

by suspending the former in water and treating it with potassium iodide.

Certain mercurated acids have been tested with regard to their

stability towards ammonium sulphide, with the following results :

o-Chloromercuri benzoic methyl ester is only decomposed on prolonged

warming, but a sulphide may be obtained by the action of methyl
alcoholic hydrogen sulphide.

o-Chloromercuri benzoyl chloride in ethereal solution gives a sulphide
with hydrogen sulphide only after long treatment.

The anhydride* of 3-hydroxymercuri salicylic acid is decomposed
when its warm solution is treated with ammonium or hydrogen sulphide.

Acetoxymercuri salicylic methyl ester yields mercuric sulphide with
cold alkali sulphides.

N-Isodiacetoxymercuri-2-amino or 4-aminobenzoie acid esters when
dissolved in acetic acid, and neutralised by ammonium hydroxide, are

decomposed by ammonium sulphide, and a similar result is obtained
when hydroxymercuri-2- or 4-aminobenzoic anhydrides are dissolved

in ammonium hydroxide and treated with ammonium sulphide. The
sodium salt of 2 : 2'-mereuri-bis-4-aminobenzoic acid is stable to hydrogen
sulphide, and acetoxymercuri-4-aminobenzoic ethyl ester only yields
mercuric sulphide when boiled for a long time with ammonium sulphide.

The anhydride of a-hydroxymercuri-j8-hydroxy-j8-phenylpropionic
acid in alkaline solutions only yields mercuric sulphide on long standing
with ammonium sulphide ; but if the /J-hydroxy group be replaced by /J-

methoxy, the decomposition takes place immediately.
a-Mercuri-di-j8-anhydrohydroxy-j8-phenylpropionic acid is not de-

composed by ammonium sulphide.
The following compounds when heated with hydrochloric acid yield

mercuric chloride and an organic acid : The anhydride of o-hydroxy-
mercuri benzoic acid and the anhydride of a-hydroxymercuri-jff-hydroxy-
jS-phenylpropionic acid, whilst o-chloromercuri benzoic methyl ester
is decomposed by halogen acids, and cold dilute hydrochloric acid
eliminates the acetoxymercuri group attached to the nitrogen in N-
isodiacetoxymercuri anthranilic methyl ester.

DERIVATIVES OF BENZOIC ACID AND ITS ESTERS.*

Anhydride of o-hydroxymercuri benzoic acid may be prepared
as follows:

*
JDimroth, S s 1902, & 2853 ; Pesci, AM. & Accad. Lincei, 1900, [vj, 9, i. 255 ;

li' [ l l*t^' 4
5,; Wp*** * Woodward, J. Amer. Chen. Soc., 1926,48, 533 ;

Sacna, tier., 1920, 53, [Bjr 1737,
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1. Mercuric benzoate is heated in an oil-bath to 270 C. until a test

portion gives no precipitate of mercuric oxide when treated with sodium

hydroxide. The melt is cooled, powdered, and washed with alcohol

and ether to free it from benzoic acid. It is then dissolved in a small

amount of dilute sodium carbonate and carbon dioxide passed through
the solution, the anhydride being precipitated as a white powder.

2. Mercuric acetate is heated with benzoic acid until no mercuric

oxide is obtained by adding sodium hydroxide to a test portion. The
melt is then treated with ammonium hydroxide to form the ammonium
salt, from which the anhydride is isolated by adding acetic acid.

3. Sodium phthalate solution, mercuric acetate, and a little acetic

acid are boiled for some time, when the anhydride is precipitated. The
acid is only slightly soluble in all organic solvents, but readily soluble

in dilute alkali or sodium carbonate. The latter solution gives a
white precipitate with lead acetate, and blue-green with copper acetate.

Treatment with sodium chloride yields the sodium salt of o-chloro-

mercuri benzoic acid, but boiling with hydrochloric acid gives benzoic

acid and mercuric chloride. Bromine reacts with the anhydride, forming
o-bromobenzoic acid, and this, together with the fact that the anhydride
can be prepared from sodium phthalate, prove that the mercury is in

the ortho position. Pesci states that he also prepared the following
salts : Ammonium, isoamyl and benzylammonium, barium, calcium, and

magnesium. Also bromo- and iodo-mercuri benzoic acids are stated to

have been prepared.
1 The sodium salt at 150 C. reacts with ethyl mer-

captan according to the equation :

ClHg.C 6H4.CO 2H+HSEt=CeH5.C02H+ClHg.SEta
.

o-CMoromercuri benzoic acid. The crude anhydride obtained by
Pesci 3

is dissolved in concentrated sodium chloride and acetic acid added.

The precipitate is recrystallised from much hot water. It rnelts with

decomposition between 222 and 238 C. With ethyl mercaptan it yields

ethylthiomercuric chloride, EtS.HgCl. The sodium salt of the acid

in acetone solution gives, with ethyl mercaptan, o-mercaptornercuri-
benzoic add, according to the equation :

10 2Na /C02H
+HSEt=C6H4< +NaCl

KgCI \Hg.SEt

The compound may be recrystallised from acetone, and partly melts
at 138-5 to 140 C. with decomposition.

p-Chloromercuric benzoic acid is obtained from p-tolylmercuric
chloride by oxidation with alkaline permanganate. It is a white

amorphous powder which it is impossible to purify. Treatment with
alcoholic iodine yields p-iodobenzoie acid. Boiling with dilute alcoholic

sodium hydroxide gives sodium p-hydr<>xyi^cuMenzoate. The latter

salt with aqueous sodium bromide or iodide yields sodium p-bromo
1 See Geraau Patent, 229575. *

Sachs, J&n, 1920, 53, [B], 1737,
*
Pesci, loc. tit.
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and jhiodomercuribenzoate respectively. The chloro compound reacts

with phosphorous peniachloride in chloroform, giving the acid chloride,

the latter on boiling with n-butyl alcohol yielding p-chloromercuri-
henwie acid n-lutyl ester.

o-Mercuri-bis-benzoic acid l may be obtained either by boiling

an aqueous solution of the sodium salt of o-sulphidomercuri benzoic

acid, S(Hir.C| l
II

1
.C0 8Nu) 2 , or by saponiiicalion of o-mercuri-bis-benzoic

methyl ester. It crystallises from alcohol in shining needles, insoluble

in water, decomposing when heated, without melting.

p-Mercuri-bis-benzoic acid.-- p-Chloromereuribenzoic acid is

dissolved in sodium hydroxide and treated with stannous chloride. The
MHlium salt is very soluble in water.

o-Ghloromercuribenzoic methyl ester.3
Twenty grams of

finely powdered mercuric; acetate, 20 grams of benzoic methyl ester, and
3 grams of acetic acid are gently boiled, the reaction taking three to

four hours for completion. The mixture is filtered and evaporated
in menu. It) grams of a yellowish oil being obtained. Acetone is added
until no further precipitate is formed, the latter consisting of 5-6 grams
of diaeetoxymercuri compound. The acetone filtrate on evaporation

yields KK3 grams of yellow resin, which is mainly a mono substitution

product. It is dissolved in dilute alcohol and treated with sodium

chloride, when 9-1 grams of the o-chloromercuri compound are deposited.
It is fairly soluble in the usual organic solvents, insoluble in water or

petroleum ether. From dilute alcohol or ethyl acetate it crystallises
in needles, sintering at H2 f

C. and melting at 162 C. Ammonium
sulphide only splits off the mercury on prolonged warming, but halogen
acids, especially hydriodic acid, readily decompose it. Stannous
chloride in alkaline solution immediately reacts, metallic mercury
separating.

When the chloride is dissolved in warm methyl alcohol, and treated
with a methyl alcoholic solution of hydrogen sulphide (J mol.), which
has been saturated at about 2 C., a white amorphous precipitate
of ftulphidomemmbenzoic methyl ester is obtained. The quantity of

hydrogen sulphide present is controlled by titration, as excess dissolves

the sulphide. It is easily soluble in chloroform, benzene, or aniline,
but only slightly in other organic solvents.

o-Mercuri-bis-benzoic methyl ester, Hg(C 6H4.COOMe)2 . Seven
grams of the above sulphide are heated for three hours at" 120 C.,
then cooled, powdered, and extracted with ethyl acetate. Spontaneous
evaporation of the solution gives 4-1 grams of white crystals. Yield
00 j)er eent When saponified it gives o-mercuri-bis-benzoic acid.

Q-Chloromercuribeazoyl chloride.4 Five grams of the anhydride
of o-hydroxymercuribenzoic acid is treated with 15 grams of thionyl
chloride, when a vigorous reaction takes place accompanied by frothing.
The solid after filtration consists of microscopic needles and an amorphous
product, extraction with benzene leaving the bulk of the latter behind.
From the benzene solution 35 grams of substance are obtained, which
does not completely melt at 173-5 C. Prolonged treatment with
hydrogen sulphide in ethereal solution gives o-wlphidomercuribenzoyl

*
Seboeller, Sc&rautfc, and Heater, Bcr,, 1920, 53* [B], 638; Pesci, AM. & Accad.

Mncei, 1900, JV.1 9, i. 255; 1901, [vj, 10, i. 362 413.
1 Whitraor? and Woodward, J. Amer. Chem, Soe., 1926, 48, 533.

Bc-hoclier, Scrtuth, and Heuter, be. o& Sachs, Ber,, 1920, 53, [B], 1737,
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chloride, S(IIg.C 6H 4.C
1

OCl) 2, which remains unmclted at 2J30" C. When
boiled with methyl alcohol, the sulphide produces o-chioromercuri

benzole methyl ester.

o-Chloromercuri thiobenzoic ethyl ester is obtained from

ehloromercuribenzoyl chloride by dissolving it in hot benzene, and

adding ethyl niercaptan in benzene solution through a dropping funnel.

It crystallises from alcohol in pale yellow, microscopic, rhomboidal

plates, M.pt. 142*5 to 144<-5 C., soluble in ether, benzene, chloroform,
or acetone. Its constitution is probably represented by

ClHg.C 6H4.CO.SEt.

DERIVATIVES OF THIOLBENZOIC ACID.

Mercuri-bis-o-thiolbenzoic acid, Hg(S.C 6HrC0 2H)2,
1
is prepared

by the interaction of mercuric cyanide and thiosalicylic acid in aqueous
solution. It crystallises in needles, M.pt. 256 C., and is practically
insoluble in water and the usual organic solvents.

Anhydride of hydroxymercuri thiolbenzoic acid,

A solution of thiosalicylic acid in alcohol is treated with water until

faint turbidity is produced, then an aqueous solution of mercuric acetate

(1-5 mols.) slowly added. The precipitate is boiled with alcohol

to remove impurities, then treated with a mixture of ammonium
hydroxide and carbonate until complete solution is obtained. The
latter is filtered hot, and treated with acetic acid until faintly opalescent.
On cooling, the anhydride crystallises in pale yellow, microscopic rods.

Yield 50 per cent. When boiled with a concentrated solution of sodium

chloride, and the solution filtered and treated with acetic acid, impure
o-chloromercuri thiolbenzoic acid is precipitated. When the latter

compound or the anhydride are dissolved in concentrated ammonium
hydroxide, a substance crystallising in plates, M.pt. 206 C. with decom-

position, is produced. Its formula corresponds to C14H16 6N 2S 2Hg3
.

Some mercuri-bis thiolbenzoic acid is also formed.

DERIVATIVES OF NITROBENZOIC ACIDS.

o - Mercuri- bis- p - nitrobenzoic acid.2 o - Hydroxymercuri -
p-

nitrobenzoic acid (115 grams) is dissolved in about 1500 c.c. of water

with the aid of sodium hydroxide, and treated with an alkaline solution

of 100 to 150 grams of stannous chloride, until a filtered test on the

addition of stannous chloride gives no mercury. The mixture is then

warmed for a time to complete the reaction and filtered. The filtrate is

acidified with hydrochloric acid, the compound coming down as a yellow

powder. It is soluble in water or alcohol, but not in benzene, toluene,

ethyl acetate, or mineral acids. The sodium salt is a yellow powder,
soluble in water, the solution giving precipitates with" practically all

metallic salts.

A similar type of compound has been obtained from m-nitrobenzoic

and Btessl, JSer,, 1925, 58, [B], 1497.
* German Patent, 251332.
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acid. The reduction in this case is carried out with aluminium turnings

in alkaline solution. The compound has similar properties to the above.

Phend dixulphonic acid and mercuric acetate in equimolecular pro-

portions react to give a compound containing about 40 per cent, of

mercury. It is soluble in water and does not precipitate albumen in the

cold. 1
"

DERIVATIVES OF SALICYLIC ACID AND ITS ESTEHS.

Anhydride of 3-Hydroxymercuri -salicylic acid,

When dry mercury sulicylatc is heated for a long time at 100 C. it is

found that a test portion no longer gives a precipitate with sodium

hydroxide. If the reaction be carried out at 120 C. the change takes

place more rapidly, and the same product is obtained when equimolec-

ular proportions of freshly precipitated mercuric oxide and salicylic

acid are heated for a long time on the water-bath in aqueous solution.2

It forms a white mass, soluble in alkali, but cannot be crystallised from

solvents, and is decomposed on heating, without melting. When
warmed with hydrogen sulphide or alkali sulphides it undergoes decom-

position. The hydroxymereuri group is replaced by the action of iodine,

o-iodo-salicylic acid being formed, this proving that the mercury occupies

the ortho position to the hydroxyl group. The compound has been

purified by treating it with ammonium carbonate solution, when the

ammonium salt is formed HOJIgX' 6H3.OH.C0 2NH4,
and decomposing

this bv dilute acetic acid.8

3-Chloromercuri-salicylic acid, ClHg.C 6H.OH.COOH. This

acid is obtained from the corresponding sodium or calcium salts by the

addition of dilute acetic acid. It crystallises in needles from boiling

water or methyl alcohol. The sodium and potassium salts are known,
and the lithium salt is prepared from the anhydride and lithium chloride

solution. Both this and the calcium salt form thin needles, which are

more soluble in cold than hot water, Bromomercuri-salicylic acid,

obtained by the interaction of the acid and potassium bromide, is pre-

cipitated by acetic acid, and forms colourless crystals, insoluble in water,
but slightly soluble in boiling alcohol. The corresponding iodomercuri

acid has also been described.

Mercuri-bis -salicylic acid .* The anhydride of hydroxy mercuri

salicylic acid (38-6 parts) is dissolved in 5-6 parts of potassium
hydroxide in 000 parts of water, and a solution of 7-7 parts of sodium

1 The following patents also deal with benzole acids : German Patent, 23914,
(M'Morobenzoic acki, o-iodobenzoic acid, o-toluic acid. Ibid., 249332, addition to above ;

1 : 4-dimethyl-2-benzoic acid, trimethylbenzoic acid, 3 : 4-dimethoxybenzoic acid, 3 : 5-

dibromobenzoie acid. Ibid,, 234054, 261875, o-chlorobenzoio acid. Ibid., 290210, sodium

m-Bulphobenzoate. Ibid., 407669, 413835, p-benzyloxybenzdc anhydride and similar

compounds.
* Dimroth, Bern 1902, 35, 2873.

Buroni, Gaxxetta, 1902, 32, ii. 305, 311 ; Chem. #efo, 1903, L 578 5 Brieger, Arch.

Pfarm., 1 912, 250, 62 ; Ckem. Ztntr., 1912, i. 753.
4 German Patent, 255030.
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formaldehyde sulphoxylate in about 100 parts of water added with

stirring. The mixture is left until clear, filtered, and treated with dilute

acid. The white precipitate is dissolved in sodium hydroxide and

changed to the sodium salt, which may be obtained in the solid form by
evaporation in vacua. The free acid is a white, heavy, water-insoluble

powder. It has no melting-point, but decomposes at high temperatures.
It yields salts with alkalies or alkali carbonates.

By a similar method of reduction a mercuri-bis compound may be
obtained from mercurated 2-hydroxybenzene sulphonic acid (sodium
salt).

More recent investigators
x contend that salicylic acid can only be

mercurated to give pure products when mercuric sulphate is used. A
mixture of the anhydrides of o- and p-hydroxymercuri-salicylic acids is

formed, the latter yielding p-thiocyanomercuri-salicylic acid with potas-
sium or ammonium thiocyanates, and sodium p-sodium sulphitomercwri-

salicylate with sodium sulphite.

3-Chloromercuri-salicylic methyl ester,

COaMe

3H

The ester is obtained by adding sodium chloride to the mother-

liquors obtained in the preparation of the acetoxy compound described

below, from which 6 grams of substance are obtainable. It is soluble in

alcohol, but in other organic solvents less soluble than the acetate.

Acetoxymercuri -salicylic methyl ester. Fifteen grams of

mercuric acetate, an equal weight of the ester, and 2-5 grams of acetic

acid are boiled under reflux for about forty minutes, until the reaction is

complete. On cooling, needles separate, and after standing overnight
these are filtered off. Yield 9 grams, 52 per cent. It melts at 202 C.

(corr.) and is readily soluble in warm alcohols, ethyl acetate, acetone, or

chloroform, but with difficulty in water or petroleum ether. In alkali

it is soluble, but the ester is saponified.

Sulphidomercuri -salicylic methyl ester, S(Hg.C 6H3.OH.COO

Me) 2 . To a cold, saturated, alcoholic solution containing 10 grams
of the acetoxy ester, 35 c.c. of an alkali hydrogen sulphide solution

saturated at 20 C. are added dropwise. This is the requisite quantity

required to form the neutral sulphide, and excess should be avoided or

an acid sulphide is formed, which is markedly soluble. The precipitate
is filtered off, pressed on a tile and dried in vacua, 7-5 grams (85 per cent.)

of a white powder being obtained. It is soluble in chloroform, benzene,

aniline, dilute aqueous alkali or alkali sulphides.

Mercuri-bis-salicylic methyl ester, Hg(C6H3.OH.CO 2Me) 2

Ten grams of the above sulphide are heated for six hours at 110 C., and

the mass powdered and extracted with 120 c.c. of ethyl acetate, 0-8 gram,
12 per cent., ofthe ester being isolated. It is soluble in the usual solvents

and melts at 170 to 180 C. (corr.).

Acetoxymercuri-salicylic ethyl ester. This product is not so

readily formed as the methyl ester, but if the reaction is carried out

at 180 C. the yield is almost quantitative. It crystallises from ethyl,

1
Rupp and Gersch, Arch. Pharm., 1927, 265, 323,
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aortate-ligroin mixture in needles, sintering at 200
C
C. and melting at

20GC. (corr.).

When 12 grams of the acetate are powdered and dissolved in 120 c.c.

of eold, saturated sodium thiosulphate solution, a precipitate is im-

mediately thrown down. This is filtered after six hours and dried.

It consists of 9nemm-but-wlicylic ethyl ester, 0-2 grams, 82 per cent.,

yield. It melts at 193" C. (corr.) and lias similar properties and solu-

bilities to the methyl compound.
3-Chioromerciri-S-nitrosalicylic acid. 1

5-Nitrosalicylic acid

is heated with a moK of freshly precipitated mercuric oxide in

aqueous suspension for twelve hours at 100 C. The resulting orange

product is filtered, washed, and dried. When wanned with alkali, part
of the mercury is split off as mercuric oxide and is filtered off. The

solution is cooled, filtered, and acidified with hydrochloric acid, when a

precipitate consisting of mono and dimereti rated derivatives is thrown

down. This is treated with boiling 50 per cent, methyl alcohol, when
the mono compound goes into solution, and the mixture is filtered

through a hot-water funnel. Both compounds are thus isolated,

the mono-ehloro compound melting at 235
C

C. and the dichloro at

238
r
C.

Diacetoxymercuri-5-mtrosalicylic acid is obtained by heating

5-nitrosalicyIie acid with 2 mols. of mercuric oxide in hot glacial acetic

acid, filtering whilst hot and cooling, when \\hite crystals are deposited.
These are recrystallised from acetic acid and become pale yellow when

dry.
Several ajamnnfTcuri-mlinjlic acids have recently been described,

but difference of opinion seems to obtain regarding their mode of

formation.2- *

DERIVATIVES OP ANTHRANILIC ACID,* ,

N-Isodiacetoxymercuri-anthranilic methyl ester. One gram
of anthranilic methyl ester is added to a solution of 2-4 grams of
mercuric acetate dissolved in 25 c.c. of 80 per cent, methyl alcohol.

Flocks separate in a few minutes, and after about 1-5 hours no mercury
ions can be detected when tested for by sodium hydroxide. If allowed
to stand for a long time the crystals become yellow and change to

acetoxymereuri-anthranilie ester, according to the scheme shown below
in (I,). To remove any by-products from the iso compound it is

thoroughly washed with methyl alcohol and dried with ether. When
its acetic acid solution is neutralised by ammonium hydroxide, then
treated with ammonium sulphide, a precipitate of mercuric sulphide
is deposited, showing that the mercury residue is substituted in the
ammo group. When digested with cold dilute hydrochloric acid, an
acetoxymercuri group is split off, and chloromercuri anthranilic acid

* RaJzi08 and ProBkouriakoflf, J. Amer. Cbem. S&c., 1922, 44, 787.
1 Boodecker and WanBtorf, Arch, Pham. t 1925* 263, 430 ; Gersch, MM., 1926,

264, SB.
* The following German patents taken out in 1909 deal with the xnercuration of salicylic

acid derivatives : 224435, 224864, 227391, 229574, 229575, 229781. Ibid., 261875, o-chloro-
benxoic acid, salicylic acid, (ierman Patent, 30511, British Patent, 161922 (1909),

rI^ytt
J!fJ?

uri M"oy]Uo ^hydrides. German Patent, 216267, saKcylsuIphonic acid
(COOH : OH : SO.H-I : 2 : 5). Ibid., 248291, glycol ester of salicylic acid.

* Schoeller and Hueter, Ber., 1914, 47, 1930.
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methyl ester is formed (II.). The iso compound is soluble in ammonium
hydroxide, acetic acid, hot water, and hot alcohols, but insoluble4 in

acetone, chloroform, benzene, or petroleum ether. The hot aqueous
or alcoholic solutions set to a jelly on cooling.

NH.HgOAe 1S
TH

2 XH2

2C6H4.NH2C0 2Me4-2Hg.OAe- COOMe /NcOOMe /X
;COOMe

HgOAc

+HgCl2H-2CH3.CO.OH

Acetoxymercuri-anthranilic methyl ester may be obtained:
1. From the preceding N-iso-diacetoxy compound. 2-5 grams of the

latter are suspended in 15 c.c. of methyl alcohol and 0-6 gram (1 mol.)
of methyl anthranilate in 2 c.c. of acetic acid added, the whole being
heated for thirty minutes on the water-bath. The mass is then allowed
to stand for twenty-four hours in the ice-chest, filtered, and dried in vacua
over sulphuric acid. Yield 2-6 grams.

2. Nine grams of methyl anthranilate is added to a warm solution

of 22-5 grams of mercuric acetate (1 mol.) in 100 c.c. of methyl
alcohol containing 10 c.c. of acetic acid. After fifteen minutes' heating
at 50 C. the reaction is complete, and the product is cooled overnight in

ice, when the ester crystallises out in pale yellow needles. These are

filtered and washed with methyl alcohol and dry ether. Yield 22 grains,
90 per cent. The crystals melt to a yellow liquid at 178 to 180 C.,

which decomposes at 180 to 182 C. The compound is readily soluble

in boiling water, hot alcohols, or acetic acid, sparingly soluble in benzene,

ethyl acetate or acetone, very slightly soluble in chloroform or petroleum
ether.

Diacetoxymercuri-anthranilic methyl ester results as follows :

1. Three grams of the N-iso compound are heated with 2-5 grams
of acetic acid in 20 c.c. of methyl alcohol for about an hour at 50 C.

The mixture is cooled to C., filtered, washed with methyl alcohol, and
dried. Yield 2-6 grams, M.pt. 218 to 220 C.

2. Methyl anthranilate (1 mol.) is heated with 2 mols. of mercuric

acetate in methyl alcohol-acetic acid mixture at 50 C. until a test gives
no reaction with ammonium sulphide. The product thus obtained

melts at 221 to 222 C., is soluble in the usual organic solvents, but less

readily than the mono-substitution products. The structural formula
is shown above.

Ghloromercuri - anthranilic methyl ester is obtained, as

previously stated, by treating the N-iso compound with cold dilute
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hydrochloric acid. It also results by the addition of aqueous sodium

chloride to an alcoholic solution of the acctoxymcrcuri compound. It

forms small needles or rods, M.pt. 184" CM soluble in the usual organic
solvents. The corresponding bromide crystallises in fine needles, M.pt.
178' (darkening) ; the iodide'sinters at 172'' C., melting at 173 to 174 C.

to a brown liquid.

Hydroxymercuri anthranilic anhydride,

XH3

Hfc o

This compound is obtained as follows :- -

1. The monoaeetoxy compound in aqueous suspension and 2-25

inols. of Normal sodium hydroxide are boiled for a short time, when the

acetate group is split off, the sodium salt of hydroxymercuri anthranilic

add being formed. The cooled solution is treated with cold Normal sul-

phuric acid, the anhydride being precipitated, filtered, washed with

water, and dried.

2. Steam is blown through an equimolecular mixture ofpure anthran-

ilic acid and yellow mercuric oxide foi t\vo to three hours, until a test

|x>rtion gives a clear solution in alkali. The product is purified by
solution in sodium hydroxide and precipitation by sulphuric acid.

Yield Oil per cent.

The compound is a faint yellow,amorphous powder. Prep. 1 has M.pt.
215! to 214 C. (darkening)'. Prep. 2 has M.pt. 210 C. It is readily
soluble in aqueous potassium iodide, cyanide, or sodium thiosulphate,
not so easily in potassium bromide, and still less in potassium chloride ;

rather insoluble in the usual organic solvents. When dissolved in caustic

alkali or carbonates it may be precipitated unchanged by acids. Aqueous
alkaline solution gives, with aqueous solutions of heavy metal salts, a

corresponding salt in the form of an amorphous precipitate. The

copper salt is a bright green substance. The ammoniacal solution when
treated with ammonium sulphide and warmed gives a deposit of mercuric

sulphide. If the hydroxy compound be treated with potassium iodide
in aqueous solution, iodomercuri-anthranilic acid is deposited as a white

powder
on the addition of the calculated amount of sulphuric acid;

but if iodine in potassium iodide be used, iodoanthranilic acid is

produced.
Dlhydroxymercuri -anthranilic anhydride,

This substance is prepared in the same way as the preceding anhydride,
using the diacetoxymercuri compound as the starting material. It is a
pale yellowish-green, amorphous powder.

Acetoxymercuri-acetylanthranilic methyl ester, AcOHg.C6H3

(NHAc).COxMe. The acetylated ester is heated with mercuric acetate
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in an oil-bath for thirty minutes at 120 to 180 C. The excess of ester
is then extracted with ether and the mercury compound recrystallised
from very dilute alcohol. It crystallises in glistening plates, M.pt. 212
C., extremely soluble in all organic solvents except ether or petroleum.
If the above reaction be carried out in cold methyl alcohol solution, only
a 10 per cent, yield is obtained in 1-5 days, but two hours' boiling in

aqueous solution or seven hours in methyl alcohol completes the reaction.
The alcoholic mother-liquors from the crystallisation, when treated with
sodium chloride, give the corresponding chloride, fine needles from boiling
ethyl acetate, M.pt. 245 to 246 C.

Mercuri-bis-anthranilic methyl ester,

NH2 NH2

-Hg-
V \/

Ten grams of the acetate in a 75 per cent, alcohol solution are treated
with a very concentrated aqueous solution containing about 20 grams of
sodium thiosulphate. A white, amorphous precipitate at once appears,
and the mixture is raised to 45 C. and maintained at that temperature
for about 1-5 hours. The product is then evaporated in vacua, when 7-5

grams of dry substance are obtained. It is purified by dissolving in

ethyl acetate, filtering, concentrating the solution, then" adding petro-
leum ether dropwise until the mixture becomes opalescent. On
intense cooling, light yellow needles are deposited (4-5 grams, 65 per
cent.). The ester melts at 196 to 197 C. (corr.) with darkening.
It is soluble in the usual solvents, with the exception of water and

petroleum ether. 1

Acetoxymercuri-methylanthranilic methyl ester,

NHMe
/\OOtMe

:OAc

The ester is obtained in 97 per cent, yield by adding the methyl ester of

methyl anthranilic acid to mercuric acetate solution in methyl alcohol,

the reaction being complete in about thirty minutes. It forms fine

needles, M.pt. 200 C., easily soluble in chloroform, hot acetic acid, boiling

alcohols, ethyl acetate, acetone, or benzol, slightly soluble in cold

water.

The corresponding chloromereuri compound crystallises in white

needles, M.pt. 210 to 212 C., becoming violet ; the bromide has M.pt.
215 C., turning violet; iodide, needles, M.pt. 190 to 191 C., darkening
at 185 C.

Hydroxymercuri-methylanthranilic anhydride. Prepared in

the usual manner from the acetoxymercuri compound it is obtained in

99-2 per cent, yield. It is a greenish-yellow, amorphous precipitate,

decomposing at 203 C. When prepared from methylanthranilic acid

and yellow mercuric oxide the reaction is complete in fifteen minutes.

1
Schoeller, Schrauth, and Hueter, Ber., 1020, 53, [BJ, 642.
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The iodmntwiri'-ttitthtilunthrftnilit' and way he prepared from it. It

is more stable towards acids than the immethylated compound,, and

is insoluble in the usual organic solvents.

Acetoxymercuri - ethylanthranilic ethyl ester, M.pt. 178 C.

(dccomp.), is soluble iu the usual solvents on warming, and^erystallises
from alcohol in needles, the corresponding mrtlnfl ester forming needles,

M.pt. I8fr('.

Acetoxymercuri -dimethylanthranilic methyl ester forms thick,

prismatic crystals from methyl alcohol, M.pt. 134" C
4

., and is easily

soluble in the common solvents* Prepared in the. usual way the reaction

is complete in about three hours. The chlvridf forms strongly refracting

prisms, M.pt. lti
:

to !<$- C. ; the bmuitle. white needles, M.pt. 164 C. ;

iodide, thick prisms. M.pt. 150" C.; the chloride and bromide contain

1 mol. of water of crystallisation.

Sulphatomercuri-dimethylanthranilic acid, S0 1(IIgC 6H 3.NMc2 .

COJI) s,3!I aO. The acetoxy compound is boiled for fifteen minutes

with Normal sodium hydroxide, and the solution treated with Normal

sulphuric add. After cooling for twenty-four hours in ice, thick prisms
are obtained, which on crystallisation from alcohol form small, white

needles. These contain 8 mols. of water, and when heated slowly

decompose towards I80
:

C. It is easily soluble in hot water, but insoluble

in the usual organic solvents. It should be noted that when other

acetoxyrnereuri compounds are treated in the above manner the anhy-
drides are isolated.

The chlommercuri derivative is prepared by saponifying the acetoxy

compound and adding Normal hydrochloric acid. It crystallises from

!x>iling water in prisms, M.pt. 175" C. with decomposition, and is spar-

ingly soluble in organic solvents.

6:6'-Mercuri-bis-2-aminobenzoic acid. From 30 grams of

mercury o-nitrobcnzoatc treated in the same way as the para compound,
27-5 grams of the anhydride of hydroxymercuri-o-nitrobenzoic acid are

isolated. This is then reduced with ferrous carbonate as before. The

product is pale yellow, easily soluble in acids or alkalies, and has no
definite melting-point.

1

DERIVATIVES OF META-AMINOBENZOIC ACID.

From m-Acetaminobenzoic acid. 25 m-Aoetaminobenzoic acid (53

grams) in sodium hydroxide is treated with a solution of 48 grams of
mercuric acetate. The precipitate is the mercury salt of m-acetamino-
benssoic acid, which is dried and heated at 150 to 175 C, until a test

gives a clear solution in sodium hydroxide. The melt is extracted with

boiling alcohol, the residue dissolved in sodium hydroxide, and the

compound precipitated by hydrochloric acid. It is filtered, dried, and
reerystallised from methyl alcohol. It forms white needles, melting
about 200 C., very easily soluble in alkalies. From the aqueous solution,

of the sodium salt other salts may be obtained in the usual way. The
constitution is as follows :

1 Tlw* following deal with mercurated anthranilic acids : German Patent, 234054,
anthranilic acid* /&, 24829 1, methyl ester of methylanthranilic acid.

* Carman Patent, 364338.
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XH.AO
/\

The method may he varied by heating m-aeetaminobenzoic acid with
mercuric oxide in an oil-bath, first at 210 C. until the product becomes
grey, then for a further two hours at 220 C. If the mercuric oxide be
replaced by the acetate, heating at 180 C. for three to four hours will

complete the reaction.

In a similar way the corresponding m-benzoylaminobenzoic acid
derivative is prepared. It melts at about 220 C. with decomposition,
and has properties similar to the acetyl compound.

Mercuri-bis-3-aminobenzoic acid. m-Nitrobenzoic acid and
mercuric oxide are heated at 200 C. until the reaction is complete. The
result is the mercurated nitro compound, and this is reduced in neutral
solution with aluminium-mercury couple at 40 to 50 C. to the amine.
It has similar properties to the para compound.

From p-Aminobenzoic acid: 2:2'-Mercuri-bis-4-aminobenzoic
acid. 1

Seventy-five grams of the mercury salt of p-ftitrobenzoic acid
is heated at about 225 C. until a test of the reaction product gives a
clear solution in sodium hydroxide, This usually takes about three
hours. The mass is then cooled, extracted with alcohol, and dried. The
dry product (38 grams) is dissolved in about 600 grams of 15 per cent.
sodium hydroxide and boiled. The boiling solution is treated with a
solution of ferrous sulphate to bring about the reduction, approximately
225 grams of the iron salt being required. The mixture is filtered and
the filtrate strongly acidified with hydrochloric acid, the compound
separating as a voluminous precipitate. It is insoluble in the usual
solvents, but dissolves in alkalies or hot hydrochloric acid, a crystalline
hydrochloride separating from the latter in fine, microscopic "needles.
The sodium salt of the acid is a pale yellow, crystalline powder, easily
soluble in water, the solution becoming brown on standing for a long
time. When hydrogen sulphide is passed through the solution no mer-
curic sulphide is precipitated. The constitution is as follows :

It may also be obtained by alkaline or neutral reduction of the deriva-
tives of hydroxymercim-p-nitrobenzoic acid.

2

N-Isodiacetoxymercuri-p-aminobenzoic ethyl ester*3

NH.HgOAc

/NffgOAo

COsEt

1 German Patent, 249725.
2 See Blumenthal and Oppenbeim, Biochem, Zeft., 1913, 57, 261,
*
Schooler, Schrauth, and Liese, Ber., 1919, 52, BJ. 1777.
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Two grains of th ethyl ebter (1 moL) in 10 c.c. of methyl alcohol

are added to 8 grams of mercuric acetate (2 mols.) in 50 c.c. of the

same solvent, and the mixture allowed to stand for a day. A pale

yellow, non-crystalline product separates out, and this is filtered and

washed with methyl alcohol and ether. Yield 7-7 grains, 93 per cent.

It cannot be recrybtallised, melts about 243
3

C., and is soluble in am-

monium hydroxide, acetic acid or mineral acids, but with decomposition
in the latter; in the usual organic solvents it is practically insoluble.

Its acetic acid solution after neutralisation with ammonium hydroxide

splits off mercuric sulphide when treated with cold ammonium

sulphide.
When dissolved in acetic acid-methyl alcohol mixture and warmed,

then treated with aqueous sodium chloride, chloromercuri-p-aminobenzoic

ethyl eulcr is precipitated.

J-SNail+CH/uOH ! +HgCl t+3CHaCO.ONa
i i I J

V/
COEt

The same product may be obtained by treating the acetate with

sodium chloride. The yield by the first method is 94 per cent., and

when rccrystalliscd from ethyl acetate the M.pt. is 223 C.

Mercuric acetate salt of acetoxymercuri-p-aminobenzoic acid

ethyl ester,

tl Hg NH.OHt.COtH

SgOAe

COjEt

Four grams of the ethyl ester of p-aminobenzoic acid in 8 c.c. of methyl
alcohol are mixed with 84 c.e. of mercuric acetate in 1C c.c. of methyl
alcohol and 8 c.c. of acetic acid. The salt soon separates, and is filtered

and washed with alcohol and ether. Yield 8 grams. It forms micro-

scopic, rhombic crystals, M.pt. 230 to 240 C., is soluble in ammonium
hydroxide or acids with decomposition, and to a slight extent in cold

methyl alcohol, ethyl acetate, or acetone. -Ammonium sulphide decom-

jx>ses*it in the cold. When the substance is dissolved in methyl alcohol

containing a small quantity of acetic acid, treated with dilute acetic

acid, then with Normal sodium chloride solution, chloromercuri-p-
aminobenzoic ethyl ester is precipitated. The filtrate is made alkaline

with ammonium hydroxide, and the solution saturated with hydrogen
sulphide, mercuric sulphide being obtained in a quantity correspond-
ing to one-third of the mercury originally present in the mercuric
acetate salt.

When the substance is boiled with methyl alcohol for about two
hours, N-isodiacetoxymercuri-p-aminobenzoic ethyl ester separates out,
and if the mother-liquors are diluted with water, acetoxymercuri-
p-aminobenzoic acid ethyl ester, M.pt. 228 C. is obtained.

If the methyl alcohol in the above operation be replaced by acetic

acid, the resulting products are the mono- and diacetoxymercuri com-

pounds, These^changes are shown below :
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CK3.C02H.NH Hg NH.OH3.CO,H

AcO.Hg/\ /\Hg.OAc

\

NE.Hg.OAc NH2 NH8 NHZ

/\Eg.OAc /\Hg.OAc AcO.Hg/\Hg.OAc /\Hg.OAc

| j

+
| |

+2CH8CO.OH
*| j

+ ||
C0 2Et C02Et C0 8Et C0a:aEt

Acetoxymercuri-p-aminobenzoic ethyl ester. A mixture of
3 grams of the ethyl ester and 6-3 grams of mercuric acetate is heated
in a glycerine bath. At 130 C. the mass becomes liquid and acetic

acid is evolved, and as the temperature rises to 160 C. the melt solidifies.

The product is cooled, pulverised, and extracted with methyl alcohol,
the solution partly evaporated and diluted with hot water. The acetate

crystallises in shining, bushy needles as the solution cools. Yield
2-3 grams.

Using the same quantity of starting material and carrying out the
mercuration in acetic acid solution, the reaction takes twenty-four hours,
and 3-3 grams of product are isolated. Both methods give a certain

amount of diacetoxymercuri derivative, which remains behind during
the methyl alcohol extraction.

The compound melts at 182 C., then solidifies, and melts again at

228 C. It is only slightly soluble in ether or petroleum ether, but
soluble in other organic solvents. With ammonium sulphide it gives
a yellow sulphide, but prolonged boiling with this reagent precipitates
black mercuric sulphide. It is converted to the chloromercuri compound
when treated with sodium chloride.

Hydroxymercuri-p-aminobenzoic anhydride,

The preceding acetoxymercuri compound (3*1 grams) is powdered, sus-

pended in 40 c.c. of water and boiled for a short time with 16-5 c.c. of

Normal sodium hydroxide (2-25 mols.). The addition of 9*2 c.c. (1-25

mols.) of Normal sulphuric acid precipitates the anhydride in white
flocks, excess of acid being avoided or the anhydride will dissolve, form-

ing salts. Yield 2*4 grams. It is only slightly soluble in the usual

solvents. The ammoniacal solution gives mercuric sulphide, if wanned
with ammonium sulphide. It dissolves in water, and aqueous solutions
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of potassium chloride, iodides or sodium thiosulphate; whilst in bases it

is soluble, ionmu^r salts.

DJacetoxymercuri-p-aminobenzoic ethyl ester.One method

of preparation has already been mentioned and two others are available.

(a) Hv heating the X-iso 'compound \\ith acetic aoid; (b) I gram of the

i-thylYsfar iu 8 <.c. of wuti<- arid is treated uith M grains (2 raols.) of

iiiiwiiru' aeetate in 10 c.o. of the same solvent. After several days

the crystals are littered off and washed with methyl alcohol and ether.

Yield *14 grams. It melts at 2j5~ to 257" C., and is rather insoluble,

except in acetic arid or ethyl aeetate. Heating with acetic anhydride

in acetic acid solution produces an ttwtyl derivative, fine needles from

dilute alcohol, M.pi. 2 17" C. The addition of hot Normal sodium chloride

solution to the compound in methyl alcohol-acetic acid mixture gives a

theoretical yield of the (HMirunwrcitri compound. It crystallises in

small needles, which melt at about 270'" (V

Mercuri-bis-p-aminobenzoic ethyl ester, Hg(C 6H 3.XH 2.CO.

OKt),,.- The corresponding chloromercuri body is heated with aqueous

sodium thiosulphate, a llocculent precipitate soon forming. This crystal-

lises from ethyl acetate in shining needles, M.pt. 176' C, 2

DERIVATIVES OF CIXNAMIC ACID AND ITS ESTERS.

Billman 3 has shown that when the malenoid forms of compounds

containing oleiine linkages contain two negative groups* they react

with mercuric halts to form complex mercury compounds. Since

allocinnamic acid reacts with mercuric chloride in this manner, whilst

ordinary cmnarnic acid docs not, the conclusion has been drawn that

the allocinmume arid has the cte configuration.

Anhydride of a-hydroxymercuri-j8-hydroxy-^-phenylpropionic
acid,

4

C',H,-CH-CII-C=0

OH Hg~0

This substance is prepared by adding a hot solution of mercuric acetate

to a lM>iling aqueous solution of allocinnamic acid. It crystallises in

colourlebs microscopic crystals, which have neutral properties. Its

alkaline solutions are not affected by ammonium sulphide, unless allowed

to stand for a considerable time, when mercuric sulphide separates out.

When heated with hydrochloric acid, mercuric chloride and ordinary
cinnamic acid are produced. The anhydride reacts with potassium
iodide according to the equation :

/
1

\H

2

+2KI+H 20=HO.CHC 6H5.CH2.COOK+HgI2+KOH
Hg

1

p-Aminubenzoic acid isobutyl ester is dealt with in German Patent, 248291.
1 For mechanism of mensuration of 3-acetaraino-4-hydroxybenzoate and sodium

aminofaenzoateB, see Maachuraun, Annakn, 1926, 450, 85, 98. For diaminodiphenyl-

dieArboiylk} acids, aee Blumenthal, Biochem. Ztit. f 1911, 32, 59 ; 1912, 39, 50 ; 19H, 65,
460 ; Chem. cftfr., 1911, i. 1523 ; 1912, i. 1(531 ; 1914, i. 1245. Arylaminosulphonic acids

are dealt with in German Patent, 281009. Bulphophenol carboxylic acids, German
Patent, 410969.

1
Biilmann, far., 1902, 35, 2756.

1 Biilmann and Bjerrum, Ber., 1910, 43, 568,
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a - Acetoxymercuri -
]3

- methoxy - p - phenylpropionic methyl
ester,

1

C CH5 CH CH CO,Me

OMe Hg.OAc
Mercuric acetate (19-6 grams) is dissolved in 100 to 120 c.c. of warm
methyl alcohol and 10 grams of methyl cinnamate stirred in. After
six hours the reaction is complete, and in two days 18 grams of product
are obtained. Yield 65 per cent. It is easily soluble in the usual

organic solvents, and crystallises from ethyl acetate in warty needles,

M.pt. 140*5 C. (corr.); from methyl alcohol spear-shaped crystals arc

deposited which change in four to six days to prisms. The* acetoxy-
mercuri group reacts in the usual way with alkali halides, forming a

chloride, short needles, M.pt. 333-5 C. (corr.); bromide, needles, M.pt,
110-5 C. ; iodide, needles, M.pt. 100 C. The acetoxyniercuri group
may also be replaced by sodium diethylbarbiturate when the corre-

sponding veronal compound is formed.

Anhydride of a-hydroxymercuri-j3*methoxy -
j8

- phenylpro-
pionic acid,

C 6H5 CH CH C=0

OMe Hg O
This derivative is obtained in a pure state when the preceding compound
is saponified by heating with Normal sodium hydroxide and then Normal

sulphuric acid added. It decomposes at about 187 C., and its solution

in ammonium hydroxide yields mercuric sulphide immediately when
treated with ammonium sulphide., whilst its alkali solutions give pre-

cipitates with aqueous solutions of the salts of heavy metals.

a-Acetoxymercuri-/8-ethoxy-jS-phenylpropionic methyl ester.

The preparation is carried out as for the methoxy compound, but
the methyl alcohol is in this case replaced by ethyl alcohol. It crys-
tallises from ethyl acetate in long needles, M.pt. 123 C.

t easily soluble

in most organic solvents. When treated with alcoholic ammonium
sulphide, /J-ethoxy-jS-phenylpropionic methyl ester is formed, as a colour-

less oil, B.pt. 256 C. (corr.).
2 The chloride crystallises in needles, M.pt.

114 C.; the bromide in small needles, M.pt. 85 C.; the iodide in small

prisms, M.pt. 71 C. The internal anhydride may be prepared by warm-

ing 3 grams of ester with 15 c.c. of Normal sodium hydroxide until a

clear solution is obtained, and then adding 10 c.c. of Normal sulphuric
acid. It decomposes at 191 C. (corr.).

The following derivatives are prepared in a similar manner to the

methoxy compound and the change of alkyloxy group is brought about

by carrying out the mercuration in the corresponding alcohol.

a-Acetoxymercuri-j8-propoxy-j8-phenylpropionic methyl ester

yields white, matted needles, M.pt. 135*5 C. (corr.), very soluble in

the usual solvents. The yield is about 71 per cent, after two weeks*

standing. The chloride, bromide, and iodide crystallise in needles,

melting at 109, 84, and 84 C. respectively. The internal anhydride

decomposes at 188 C. (corr.),
a - Acetoxymercuri -

j8
- isopropoxy -

j8
-phenylpropionic methyl

1 Schrauth, Schoeller, and Stniensee, Ben, 1910, 43, 695.
*
Schrauth, Schoeller, and Straonsee, Ber., 1911, 44, 1048, 1452.

VOL* XI. : I. 12
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ester occurs as white, felted needles, M.pt. 150 C. (corr.) ; the anhydride

decomposes at 191 C.

a - Acetoxymercuri -
jS

- isobutoxy -
j8- phenylpropionic methyl

ester yields white needles, M.pt. 154 C. (corr.), the reaction taking

eight days for completion. The anhydride decomposes at 193 C. (corr.).

a-Acetoxymercuri-)3-methoxy-j3-phenylpropionic ethyl ester

is much more difficult to obtain than the methyl ester, the reacting sub-

stances being allowed to stand for twelve days before being removed.

The compound crystallises in prisms, M.pt. 107 C. ; yield 45 per cent.

A similar yield of the corresponding benzyl eater may be obtained in a

few days. This substance crystallises in long, silky needles, M.pt. 127 C. x

A compound has also been obtained from allyl cinnamate by treat-

ing it with 2 mols. of mercuric acetate in methyl alcohol solution.

Sodium chloride solution is added, and the oil which first separates
solidifies on standing. The formula assigned to the substance is

CeH 5.OMeCH.CH(HgCl).C0 2CH 2.CHOMe.CH 2HgCl

It is readily soluble in alcohol, chloroform, benzene, or ethyl acetate,

and is precipitated from its sodium hydroxide solution by sulphuric
acid.

a-Mercuri-di-jS-anhydrohydroxy-j8-phenylpropionic acid.

When the anhydride of a-hydroxymercuri-jS-methoxy-j8-phenylpro-

pionic acid is moistened with alcohol, then suspended in water, and

potassium iodide added until a solution is obtained, the addition of

Normal sulphuric acid gives a white, ffocculent precipitate. It crys-
tallises from alcohol in shining rhombic leaflets, M.pt. 200 C. with decom-

position. It acts as a dibasic acid, and does not yield mercuric sulphide
when treated with ammonium sulphide. Probable constitution :

CeH5 CH CH C0 2H

Hg

,HC.HI CH-

a-Acetoxymercuri-jS-methoxy-j8-phenylpropionic 1-menthyl
ester.2 1-Menthyl einnamate in methyl alcohol is treated with mercuric
acetate in the usual way. It melts at 95 to 105 C. and gives the value,

[a]i
21 28-1 in chloroform solution.

When the compound is treated with sodium bromide in methyl
alcohol solution, the a-bromamtrcuri derivative is formed. This has been
isolated as two optical isomerides: the first has M*pt. 145 to 146

C., [a] ,*
& ~48'C; the second has M.pt. 134 to 135 C., [a]D

25
+61-9.

Similarly the iodide is obtained as a mixture of the two isomerides,

M.pt 126 to 128 C., [aju
26

+65-89, and M.pt. 102 to 103 C., [a]i>
25

24*27 respectively. Only one chloride, however, has been obtained,
M.pt 150 to 152 C., [ofo

25 -45-08,*
From jS-Hydroxynaphthoic acid.4 To a boiling solution of 1-88

grams of p-hydroxynaphthoic acid in 25 c.c. of 96 per cent, alcohol, a
solution of 8*2 grams of mercuric acetate in 25 c.c. of boiling water is

1 See German Patent, 228877.
1 Sandbora and Marvel, J. Amer. Chem. #oc., 1926, 48, 1409.
* Tfce following deal with tyrwiiu : German Patents, 267411, 267412, 279957.
4

Brieger and Rchnlemann, J. prakt. Chern., 1914, 89, 97.
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added with shaking. A yellowish-white precipitate is obtained which
is readily soluble in sodium hydroxide, but not acted upon by cold

ammonium sulphide. This is filtered and washed first with 96 per cent,

alcohol, then with much water and dried over calcium chloride in vacuo.

The preparation is a pale yellow, fine powder, insoluble in all organic
solvents. It is soluble in alkali, imparting a pale yellow colour to the

solution. This solution when treated with stannous chloride gives
metallic mercury. It therefore contains no preparation of the type
R Hg R. With iodine in potassium iodide the mercury is removed,
and a compound of j8-hydroxynaphthoic acid formed. Sin ce the analysis
for mercury is somewhat low in compound L, it has been suggested that

salt formation takes place between the mercurated product and the

excess of acid present, giving compound II., as excess of naphthoic acid

cannot be removed by careful washing with alcohol. The same com-

pound is also obtained when the acid is mercurated by means of mercuric

oxide. The above facts are represented by the following formula? :

Hg-

\A>00-
I.

A dimercurihydroxy naphthoic acid cannot be obtained, and mercura-

tion of jS-hydroxynaphthoic-4 : 7-disulphonic acid has not been very
successful.



CHAPTER X.

MERCURY (continued).

MISCELLANEOUS MERCUJIY DERIVATIVES OF OKGAXIC COMPOUNDS.

MERfTRY COMPOUNDS DERIVED FROM OLEFINEft.

THE compounds formed from the ethylenes have given rise to con-

siderable diseussion. The formula' assigned to them are very complex,
and no two investigators seem in agreement as to their constitution.

This is probably due to experiments not being carried out under standard

conditions. llobnann and Sand l divide the compounds obtained by
the action of ethylene on mercuric salts into the following types :

1. Kthene mercury salts, CII a CILHgX
2. Polymerised ethene mercury salts, (C,JLjHgX)n
tf. Ethanol mercury salts, OILC1I 2.CH 2JI^X
4. Kthyl ether mercury salts, 0(CII 2.CH 2.HgX) 3

The formation of these types is explained on the assumption that the

mercuric salt, HgX 2 , ionises into HgX and X ions, which combine with

the ethylene to form CII 2X.CH 2.HgX. If such a compound loses its

hydrogen halide it forms an ethene compound. Hydrolysis of the com-

pound would form an ethanol salt, whilst partial hydrolysis and coup-
ling with the original compound would give the ether type, if hydrogen
halide were lost.

They draw the following distinction between ethanol salts (I) and
ether salts (II) :

1. An alkaline solution of (I) in potassium iodide remains clear, but

(II) gives a white precipitate.
*J. An alkaline solution of (I) gives a white precipitate with potassium

sulphide, soluble in hot potassium hydroxide ; (II) gives a white pre-

cipitate, insoluble in boiling potassium hydroxide.
tf. The halogen-free alkaline solutions of ether salts yield insoluble

carlxmates, whilst the ethanol salts do not.

Manehot and his co-workers have criticised the above types and
consider them to be molecular addition compounds. Their arguments
will be found when discussing the respective compounds.

In the ease of the acetylene compounds very little satisfactory work
has been accomplished, and with both ethylenes and acetylenes only
such work as has given more or less definite results has been included in

the following pages.
The references given on the next page should be taken along with

those given in the text by anyone desiring a more complete knowledge
of the work clone on these compounds.

1 Hofmann and Sand, Ber., 1900, 33, 1340, 2692.
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Ethylene,
1

butylene and amylenef acetylene? isopropyl acetylene.
1

Ethanol mercuric chloride, CH 2OH.CII 3.IIgCl.
3
--Ethylcii( is

passed into a nearly saturated solution of mercuric chloride, and a
double salt of the ethanol compound with mercuric chloride is obtained.

This is washed free from other compounds and recrystalliscd from spirit.

It forms plates, soluble in potassium hydroxide, from which solution

carbon dioxide precipitates ethanol mercuric chloride. The chloride is

also formed by the action of ethylene on saturated mercuric acetate,

treating the solution, with potassium cliloride, then precipitating the

compound by carbon dioxide. It melts at 153 C.

This compound with potassium cyanide or concentrated acids (not

acetic acid) yields ethylene. From an aqueous solution of the chloride,

hydrogen sulphide precipitates all the mercury as sulphide, but from
an alkaline solution potassium hydrosulphide precipitates ethanol

mercuric sulphide (CH 2OHCH 2Hg) 2S.

Ethanol mercuric bromide is prepared in a similar manner to

the chloride. It has also been formed from the mother-]iquor obtained

in the production of ethanol mercuric sulphate by the action of ethylene
on mercuric sulphate. The liquor is saturated with ammonia, then

treated with acetic acid, the grey-blaek residue filtered off and potassium
bromide added to the filtrate, the bromide separating out. It crys-
tallises from alcohol in thin, glistening plates, M.pt. 158 C., which

yield ethylene when treated with 20 per cent, hydrochloric acid at 15 C.

A similar result takes place with 30 per cent, acetic acid, the re-

action becoming more rapid on heating. Cold sodium and ammonium
hydroxides give clear solutions from which ammonium sulphide throws

down a white precipitate. By bromine in alcohol, the bromide is oxidised

to bromomercuri acetic acid, HgBr.CH 2.COOH. Sodium ethyl ate with

an alcoholic solution of the bromide precipitates a white powder,

CHr-Hg

CH a

which melts indefinitely at 146 C., is soluble in water and alkali, from
which solution dilute acids give a white precipitate.

Evaporation of the bromide with acetic anhydride gives an acetyl

derivative, HgBr.CH 2.CH 8.OAc, lustrous leaflets, M.pt. 75 C., which

with hydrochloric acid yield ethylene.
When oxidised by permanganate the bromide is converted mainly

into oxalic acid, bromomercuri acetic acid being formed at the same
time.7

1 Sand and Breest, Zeitsch. anorg. Chem., 1907, 59, 424 ; Sand, Ber., 1901, 34, 1385 ;

Annakn, 1903, 329, 138.
8
Deniges, BuU. Soc. chim., 1898, [3], 19, 494.

3
Plimpton, Proc. Chem. Soc., 1892, 8, 110 ; Keiser, Amer. Chem. J. 9 1893, 15, 537 ;

Plimpton and Travers, Trans. Chem. Soc., 1894, 65, 266; Biginelli, Chem. Zentr., 1898, i. 925;
Le Comte, J. Pharm. Chim., 1902, [61 16, 297 ; Chem. Zentr., 1902, ii 1499 ; Burkard and

Travers, Trans. Chem. Soc., 1902, 81, 1270 ; Biltz, Ber., 1905, 38, 133 ; Brame, Trans. Chem.

Soc. 9 1905, 87, 427 ; Hieuwland and Maguire, J. Amer. Chem. Soc., 1906, 28, 1025 ; French

Patent, 479656, Chem. Abe., 1914, n, 870 ; Swiss Patent, 74446, Chem. Ate., 2027 ; Patents

Chem, Ate., 1918, 12, 42, 280, 484, 566, 588.
*
Perkin, Chem. Ate., 1913, 7, 2095 ; British Patent* 277 (1913).

5 Hofmann and Sand, Bear., 1900, 33* 1340, 2692.

Biilmann, Ber., 1900, 33, 1641.
7 Sand and Singer, Anwten, 1903, 329, 166.
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Ethanol mercuric sulphate, (CH 2OH.CH 2,Hg) 2S04 . Ethylene is

passed into a solution of mercuric sulphate, and the sulphate is precipi-

tated as a white crystalline body. It is easily soluble in warm water,'not

decomposed on boiling with ammonium hydroxide, and gives a white pre-

cipitate with ammonium sulphide. Although stable to boiling alkali, it is

decomposed by boiling add, mercuric sulphate being formed. Concen-

trated hydrochloric acid decomposes it with the evolution of ethylene.

Ethene mercuric iodide, CHg=CH Hg~L A solution of

mercuric nitrate is treated with potassium hydroxide until a slight pre-

cipitate is formed. The latter is then dissolved by passing in ethylene,

more potassium hydroxide is added to give a
precipitate

and more

ethyleiN* passed in." This process is repeated until no more ethylene is

absorbed. Potassium iodide solution is added and carbon dioxide

passed in, glistening silver plates of the iodide being precipitated. It

melts at 147 C., is easily soluble in hot alcohol and fairly soluble in hot

water. It is decomposed by hydrochloric acid or potassium cyanide

with evolution of ethylene. Boiling with mercuric oxide and potassium

hydroxide yields the" insoluble form of dimcrcuri acetic acid, (HOHg)
(ilg)C.COdlL

1 The iodide is easily soluble in alcoholic potash, either

the hydrujridc, CH^CILIIgOII, or the anhydride, CH2.CH 2.Hg.O,

being formed, and the alkaline solution of this compound when boiled

with methyl iodide regenerates the iodide. At 150 C. methyl iodide

decomposes the iodide, forming mercuric iodide and hydrocarbon.

Reduction in alkaline solution by sodium amalgam or electrolysis gives

ethyl alcohol.
1 When ethanol mercuric chloride in methyl alcohol

solution is treated with silver nitrate, etliene mercury nitrate is formed,

CH t ~CH.HgNOa . It crystallises in strongly refracting plates, easily

soluble in water and exploding when heated. The addition of a little

dilute hydrochloric add to the aqueous solution precipitates ethanol

mercuric chloride.

Ethyl ether mercuric chloride, (HgCLCH2.CH 2 ) 20. Kthylene
is passed into a nearly neutral solution of mercuric sulphate, a sulphate
of composition C $Hgt(S04 ) a

O
i
H10 being precipitated. This is dissolved

in ' 10 per cent, potassium hydroxide, potassium chloride added, and

carbon dioxide passed in. The precipitated chloride meltsat about 190 C.,

is slightly soluble in water, alcohol, or ether. The corresponding bromide

is obtained by substituting potassium bromide for the chloride. It is a

line, white powder, has a similar solubility to the chloride, and sinters

above 200 C. It only reacts very slowly with dilute hydrochloric or

acetic acid, whereas the ethanol salt is readily attacked. It dissolves

in sodium hydroxide, forming a clear solution.

An alkaline solution of the sulphate when treated with carbon

dioxide yields the carbonate, [(Hg.CH2,CH2 )20]C0 2 .

An etiwne nwcuric iodide of the polymerised type (C 2H3HgI)a. is

formed by the action of potassium iodide on the sulphate. It crystal-
lises from alkali in platelets, M.pt. 161 C.

An analogous sulphide is obtained from an alkaline solution of the

sulphate by the action of potassium hydrosulphide. It is a white

precipitate, unchanged by boiling with water, and is insoluble in hot

potassium hydroxide.
* Hofraann and Sand, J?er., 1901, 34, 1385, 2006.
* Sand and Singer, Ber., 1902, 35, 3180
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Mercurodiethylene oxide, O; (C 2H 4 ) 2 : Hg^ 1
Ethyl ether mer-

curic bromide dissolved in 10 per cent, potassium hydroxide is treated

with an alkaline stannite solution until no further precipitate is obtained.

The grey-violet product is decanted, washed, and dried over sulphuric
acid. Yield nearly quantitative. It is a bluish-black precipitate,

sintering at 80 C. and melting at 140 to 150 C., insoluble in water,

alkalies, and the usual organic solvents. It is completely decomposed
by hot hydrochloric acid, and when heated with benzene in a sealed

tube at ] 40 C. is converted into mercury and the mercuric compound.
Mercuridiethylene oxide,

H,~C _
fig

Prepared as just described, it crystallises from benzene in glistening,
colourless needles, M.pt, U5 C., insoluble in water, alkali, or dilute

mineral acids, but readily soluble in most organic solvents, except
ether and acetone. It is not decomposed when heated with potassium
hydroxide, iodide, or cyanide, but with fuming hydrochloric acid it

gives a theoretical yield of ethylene.
2

Manchot and Kltig
3 criticise the above work of Hofmann and Sand,

and advance arguments against the structures given above, in favour

of additive formula. Their points are :

1. Hofmann and Sand's formula does not explain why the com-

pound of the type CH2OH,CH 2.HgX is immediately decomposed by
halogen acids with the evolution of ethylene, whereas it is stable towards

other acids. According to Manchot, a similar result is obtained by
potassium cyanide or thiocyanate in the presence of acids.

2. The reaction is caused by all those substances which combine
with mercuric halides to yield additive compounds of the type HgCl 2.

2HCI, and may be expressed by the equations :

C 2H4,OH.HgCl+HCl.^:C2H 4.HgCl 2+H aO
and

l 2.2HC1+C2H4

3. It was shown by Sand that the complex C2H 4.Hg(OH )
is univalent

and that the dichromate was prepared by Manchot and expressed as

[C 2H4.Hg(OH)] 2Cr20 7

4. The decomposition by iodine of the ethylenic compounds con-

taining mercury is more readily explained by the additive formula.

It is assumed that the iodine displaces the oxygen, followed by the addi-

tion of oxygen at the double bond, thus yielding CH aI.CH2.OH and

O(CH 2.CHaI)2 respectively.
5. According to Sand's formula, the ethanol mercuric iodide should

yield propyl alcohol when treated with methyl iodide, whereas methyl

alcohol, ethylene, and mercuric iodide are obtained*

1 Sand, Ber., 1901, 34, 2910.
*
Stoehr, J. prakt. Chem., 1807, [2], 5$> %><

9 Manchot and King, AnnaL&n, 1920, 420, 170.
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6. Ethyl ether mercuric suits yidd ethyleiic when heated with

methyl iodide at 1 10" I
1

.,

and this is also advawvd to support the* uddith e structure.

Acetoxymercuri -ethyl methyl ether, Ac^II^C'IM'H^OMe.
1

Mercuric aeetate (20 grains, *<> per cent.) is shaken with 100 e.c. of

methyl alcohol, and air-free ethylene passed in. The a1)sorption is

measured, and in our* hour at J' (', and 7*>0 nun., 1 KM) c,e. of ethylene are

absorbed. When the read ion is complete the mixture is distilled under

reduced pressure to remove the alcohol and acetic acid, and a yellow, oily

liquid remains. This after standing for twenty-four hours in vacua over

sulphuric acid and caustic alkali solidifies (17 grams). Yield
82^ per

cent. It crystallises from petroleum ether in fine needles, M.pt. 42 C.,

easily soluble in water and the usual solvents. Treated with a little

hydrochloric acid in aqueous solution it yields the chloride, but with

excess of hydrochloric acid ethylene is evolved on gentle warming.
With ammonium sulphide a white amorphous sulphide is precipitated
which splits off mercuric sulphide on wanning. Sodium stannite

solution jrives metallic mercury in the cold. The acetate decolorises

permanganate and ethereal iodine solutions.

The bromide is obtained by treating the alcoholic acetate with

aqueous potassium bromide. It crystallises in small bushes of white

needles, M.pt. 58" (',, which are readily soluble in all the usual solvents,

except %ht petroleum. The corresponding iodide crystallises in white

needles or plates, not particularly stable.

Acetoxymercuri -dimethyl ether is prepared in the same way as

the preceding compound, but the reaction takes longer to complete.
Yield 95 perVent. It forms fine white needles, sintering at 83 C. and

melting at 'M C. The chloride yields white needles, M.pt. 92 C., and
when heated with methyl iodide at 100 C. practically 1 mol. of

ethylene is produced and mercuric iodide formed.
Since these compounds are readily decomposed by halogen acids

yielding ethylene, and the latter is evolved when they are treated with

alkyl iodides, the following constitution has been proposed
2

:

C2H4.Hg(OEt)X

Propanol mercuric chloride,
3
CH,.CHOH.CH 2.HgCL Propyleae

is passed into an alkaline solution of mercuric nitrate, and the required
amount of potassium chloride added. After twelve hours, carbon
dioxide is passed in and the solution extracted with ether. It crystallises
from this solvent in prisms, melting at about 53 C. Instead of using
mercuric nitrate, the acetate may be used, but not the sulphate, as a

yellow precipitate is then obtained which contains much basic sulphate.
The corresponding bromide is prepared similarly to the chloride, but

in this case the salt is precipitated by the carbon dioxide. It is

recrystallised from absolute alcohol-ether mixture and melts at 76 C.
The iodid* crystallises in needles, M.pt. 68 C from benzene or ether.

It is easily soluble in absolute alcohol, sparingly in carbon disulphide,

1
Schoeller, Schrauth, and JEsaers, Ber., 1913, 46, 2804.

z M&nchot, Jfen, 1920, 53, [B], 0$4.
* Sand and Hofmaan, 8er. 9 1900, 33, 13^3 ; Sand and Genseler, ibid., 1903, 36, 3699.
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benzene, or water. When an alkaline solution of the chloride or bromide
is treated with hydrogen sulphide, a white t>ulplri(h is precipitated, this

in time dissolving with the formation of a hydrosiilphide.

Dibromomercuri-diisopropyl ether is obtained by dissolving
the bromide in alcohol and passing carbon dioxide into the solution. It

may be purified by solution in pure potassium hydroxide and precipita-
tion by carbon dioxide. It is a heavy, crystalline powder, insoluble in

organic solvents, and has no melting-point. When dissolved in alkali

and treated with potassium iodide solution, the iodide is obtained. This

may be recrystalliscd from boiling potassium hydroxide. It has similar

properties to the bromide. The structure of these compounds is as

follows :

CH 8 CHa

CII 0CII

XHg CH 3 CH a HgX

Butanol mercuric chloride. 1
Isobutylene, (CH 3 ) 2C==CH 2 , con-

taining a little pseudobutylene, CH3.CH==CH.CH3 ,
when passed into

an aqueous solution of mercuric chloride, only slowly deposits a white

micro-crystalline compound. If, however, mercuric acetate is used, the

absorption of the mixture of butylenes is rapid, and the solution becomes
intense red, the addition of potassium hydroxide only precipitating a
little mercuric oxide. Potassium chloride is added, the solution allowed
to stand for twenty-four hours, and treated with carbon dioxide. In the
case of the bromide, the compound is precipitated at this stage, but to

obtain the chloride the solution is extracted with ether, from which this

salt crystallises. It melts at 52 C., and is easily soluble in alcohol, ether,

water, or benzene. The bromide crystallises in glistening prisms, M.pt.
66 C., the ether solution forming a compound with ammonia having the

composition HO.C 4H8.HgBr.NH3 .

Butene mercuric iodide, C4H7HgI. When potassium iodide is

used in the above preparation, Sand and Hofmann state that a butauol

compound is not obtained, but the butene derivative. It crystallises
in spears from ether, and prisms from benzene or carbon disulphidc.
All the above substances with 20 per cent. hydrochloric acid give a

quantitative yield of olefine and mercuric salt.

When isobutylene is passed into neutral mercuric sulphate solution,

it gives an intensely yellow powder of complex composition. This is

insoluble in 10 per cent, sulphuric acid, and on boiling with sodium
chloride a mixture of calomel and a red chloride, C4CI 4Hg4(OH) 6,II20, is

obtained.

Mercury trichloroethylene, Hg(CCl==CCl 2 ) 2 Trichloroethylene
is shaken for several days with an alkaline solution of mercuric cyanide.
An oil separates out, the excess of trichloroethylene is removed by
evaporation, and the residue recrystallised from ether. It crystallises

in colourless, strongly refracting plates, melting at 83 C., easily soluble

in alcohol or ether. It is decomposed by yellow ammonium sulphide,
mercuric sulphide separating out.

1 Sand and Hofmann, loc. tit.
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MERCURY COMPVrXDft DERIVED FROM AQETYLEXSS.

Product* from Mercuric Chloride. When pure acetylene is passed

into mercuric chloride solution a white precipitate is obtained, to which

Hofmann 1

gave the structure :

HR
Bilte and Muinni a state that this compound is really a trichloro-

rcMi-aretoldehyde. C(HgCl ) 3.CHO. The evidence put forward is that

the analysis corresponds to this formula, and also that the following

equation* may represent the reaction :

C 8H,+3HpCU+H 2 =C(HpCl ) 3.CHO+3HCI

The equation is based on the fact that the compound when toiled

with hydrochloric ucicl yields 8 inols. of hydrogen chloride and acetal-

dehyde. Chlorine water converts it into mercuric chloride and chloral :

With an aqueous suspension or a potassium iodide solution of iodine, only

mercuric iodide is isolated. Permanganate in the presence of sulphuric

acid converts it directly to carbon dioxide and mercuric salts, whereas

Hofmann stated that trichloromercuri acetic acid was formed. Later,
3

Hofmann admitted that his compound was so rapidly hydrolysed by
water tiiat he could not obtain a preparation free from oxygen. He
therefore considered his compound to be an aldehyde. When heated

with aqueous jxrtassium cyanide, trichloromercuri acetaldehyde yields

aldehyde resin, mercuric cyanide, and metallic mercury. No precipitate

is formed when acetylene is passed through an aqueous solution of

mercuric chloride containing an excess of sodium chloride,

Manchot 4 considers that this trichloromercuri acetaldehyde is

merely an additive product of vinyl alcohol.

Although not obtained by the direct action of ethylene, a body to

which an ethylenic structure has been assigned is obtained when diethyl

ether is shaken with mercury oxyehloride. It has been styled vinyl

ojrymercurochloridc, CH 2~CILQHg.O.Hg2Cl 2 .
5 If boiled for a long time

with potassium hydroxide solution, and the residue in alkaline solution

treated with nitric acid, a colourless compound is precipitated,

CH^C.Hg 2(OH) 2.Hg 2(OH}r It will be noted that the compound has

assumed an acetylenic structure, and has been named ct

acetylene-

mercury" Treated with glacial acetic acid it yields a crystalline acetate,

CHslUIgt,(OAc)aJJg(OAe)?
, decomposing at 100 C. or when boiled

with water. When nitric acid is added to an alkaline solution of vinyl

oxymercurochloride, colourless acetyknemercury oxyehloride is precipi-

tated, CHsC.Hg(XHgCl t. It is an amorphous powder, insoluble in

nitric or hydrochloric acids, ammonium hydroxide, or alkali carbonates,
but readily soluble in potassium hydroxide. It is not explosive, but
when heated volatilises, leaving a carbon residue.

Hofraann, Ber., 1899, 32, $70.

Biltz and Mumm, An, 1904, 37, 4417.

Hofmann, J&r., 1904, 37, 4459.

Manchot, Anmleti, 1918, 417, 93.

Poleck and Thummel, Ber., 1899, 22, 2863.
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From Mercuric Nitrate.* By passing acetylene into a cold solution

of mercuric nitrate for fifteen to twenty minutes, Hofmann obtained

a compound to which he assigned the formula, C 2Hg 2N0 4H. He
also mentions a compound, C 2Hg3N05H, to which he ascribed the

constitution,

N0 3.Hg.CJ/
*\\O.CHO

as being prepared in the following manner : 20 grains of yellow mercuric

oxide in 70 c.c. of 30 per cent, nitric acid and 500 c.c. of water is treated

with acetylene for two hours at 18 C. A greyish-white, powdery
precipitate is obtained. This is mixed with 150 c.c. of 8 per cent, nitric

acid, and allowed to stand for six hours at room temperature, and after

repeating the operation three times the product is filtered, washed with

alcohol and ether, and dried in racuo. If acetylene be passed into hot

mercuric nitrate, some mercury separates as well as the above product.
When boiling mercuric nitrate solution is saturated with acetylene

the composition of the precipitate is HgC=CHg.HgN0 3.H 20. "This

yields acetaldehyde when treated with dilute acids.

If the mercuric nitrate solution contains an excess of potassium
nitrite and 1 per cent, nitric acid and acetylene be passed into the cold

mixture, nitrito-dimercuracetaldehyde is precipitated as a bright yellow

powder. It is explosive, and is proved to be a nitrite by its behaviour

towards a-naphthylamine in the presence of acetic and hydrochloric
acids.2

From Mercuric Qwide? When acetylene is passed through a sus-

pension of mercuric oxide in boiling phosphoric acid, density 1-15, or

in 30 per cent, sulphuric acid, acetaldehyde is produced.
From Mercuric Chlorate and Perchlorate.* Chloratotrimercuriacetalde-

Jiyde, C103.Hg,C(Hg20).CHO, is obtained by passing acetylene into

an aqueous solution of mercuric chlorate or a mixture of sodium chlorate

and mercuric nitrate. The precipitate obtained is digested with

3 per cent, hydrochloric acid. The compound is less explosive than

chloratodimercuracetaldehyde. If the perchlorate is substituted for

the chlorate, perchloratomercuracetaldehyde is formed, the substance

being less sensitive to shock than the chlorate.

From Mercuric Bromide.5 When acetylene is left in contact with

the bromide and water at 100 C. in a sealed flask acetaldehyde is

formed, and methyl acetylene under similar conditions yields acetone.

Methyl Acetylene.* When methyl acetylene (allylene) is passed
into mercuric chloride solution at ordinary temperatures, a white,

crystalline precipitate is obtained. Kutscheroff gave its constitution

as 3HgCl 2.3Hg0.2C3H 4, whilst Biltz and Mumm consider it to be a

trichloromercuri acetone, CH3.C<XC(HgCl) 3. The product is insoluble

in water or cold alcohol, but is decomposed by acids, with the formation

of acetone and mercuric salts. The reaction between methyl acetylene

i Hofmann, Ber., 1898, 31, 2212, 2785 ;
Erdmann and Kothner, Zeiteck. tw*rg. Chem.,

1898, 18, 48 ; Kothner, Ber., 1898, 3** 2475.
* Hofmann, Ber., 1905, 38, 1999.
3 Erdmann and KMiner, Zeiteck. anorg, Ghem., 1898, 18, 48.

* Hofmann, Ber., 1906, 3* 199&
* Kutecheroff, Ber., 1881, 14, 1540.

Kutscheroff, Ber., 1884, 17, 13 ; BOta and Mumm, Ber., 1904, 37, 4417,
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and mercuric bromide takes place to a less extent, and in the case of

mercuric iodide no reaction can be perceived.
A compound, Ilg(C 3II.,) 2 . is obtained by the action of methyl acety-

lene on alkaline solutions of mercuric iodide in potassium iodide, or

mercuric chloride. It melts at 203 to 204 C. with slight darkening.
1

Methyl acetylene \\itli mercuric sulphate gives u compound which

Kutschcroff designates as HjrSOj.SHffO.M^IIj.TIIpO, and with mer-

curic acetate a white amorphous precipitate, HgAc.3Hg0.2C 3H j.

Kthyl acetylene gives compounds analogous to those from the

methyl derivative. They dissolve readily in hydrochloric acid, yielding

methyl ethyl ketono. and Bilt/ and Muimn consider the compound from

mercuric chloride to be trh>hlt>n>memn'i-mdhyl ethyl ketom. The com-

pound from alkaline mercuric iodide forms long white needles, M.pt.
102

U
to 103" C. from 05 per cent, alcohol. Ethyl n-butyl acetylene and

ethyl propyl acetylene are said to yield derivatives with mercuric chloride,

but the compounds have not been analysed.
2 The melting-points of

the cQWpmindft obtained from other mono-substituted acetylenes by
the action of alkaline mercuric iodide are as follows : terL-butylacetylene,

M.pt. JH
r

to 92" C. ; n-amylacctylene, M.pt 01 C. ; n-Qetylacdylne^l.\)t.
s:j to81 J

C'.
a

Mercury chloroacetylide, Hg(C=CCl) a .
4 This compound is

formed: (1) By shaking sym.-dichloroethylene with mercuric cyanide
and aqueous potassium hydroxide solution; (2) the gas obtained by
heating triehloroethylonc with alcoholic potassium hydroxide is washed
with water and concentrated sulphuric acid, then passed into an
alkaline mercuric cyanide solution. The product is obtained as a white

precipitate, which crystallises from ether in thin quadratic plates, M.pt.
1HJ5" IV decomposing with explosion at 195 C. It is not attacked

by concentrated hydrochloric acid, but with an ethereal solution of

iodine, when exposed to sunlight, it yields chloro tri-iodoethylene,
mi -a,.

Mercury bromoacetylide is prepared as above, using dibromo-

cthylim* or tribromocthylcne. It crystallises in thin, rectangular

plates, decomposing at 153 to 155 C., readily detonating when rubbed
on a tile. It is decomposed by boiling with potassium cyanide solution
or dilute hydrochloric acid, yielding bromoacetylene, and is volatile

in steam. With mercuric bromide it forms an addition compound.
When a mixture of hydrogen and monochloroacetylene is passed

into a saturated aqueous solution of mercuric chloride, irichloromercuri-

(H'ttic add. t\IlgC]) 3.CO 2II, is precipitated as a crystalline powder.
This is decomposed by hydrochloric acid, yielding* acetic acid and
mercuric chloride, but in cold potassium hydroxide solution a poly-
merised form of the acid is obtained. When the mercuric chloride solu
tion contains sodium acetate, chloroacetylene gives dichloromonohydroxy-
triMcrcuri-acetic acid, HgOH.C(HgCl) 2.C0 2H, From its solution in

potassium hydroxide, carbon dioxide precipitates trihydroxymercuri-
acetic acid,

C(HgOH)3,C02H.

1 Johwon and M'Ewon, ./. Aiuer. (Jfotn, <SV;c., 102tt, 48, 472.
3

B&hal, Bull. #or. cAiw., 1888, [2J, 49, 581 ; Ann. Chim. Phy*., 1888, [6J, 15, 415.
3 Johnson and M'JEwcn* he. cit.

* Hufmaiwi and Kiruireuther, Btr., 1908, 41, 314 ; 1909, 42,
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Productsfrom Phenylacetylene.
1

From Mercuric Chloride. A white, insoluble, amorphous solid is

obtained. This when boiled with hydrochloric acid and steam distilled

yields acetophenone, but if steam distilled after addition of the acid

some phenylacetylene is also obtained.

From Mercuric Bromide. In this case a yellow, crystalline substance
is formed, which yields phenylacetylene and acetophenone if treated
with concentrated hydrochloric acid and steam distilled.

Mercury phenyl acetylide, Hg(C 6H5.C=C) 2 , is formed when
mercuric oxide reacts with phenylacetylene. This compound has
been more recently obtained 2

by dropping a solution of 1 equivalent
of phenylacetylene in 20 volumes of 95 per cent, alcohol into a cooled,
dilute solution of 2 equivalents of alkaline mercuric iodide, the mixture

being mechanically stirred. The product separates as a white, crys-
talline precipitate if the acetylene solution is not added too rapidly;
in the latter case the product is at first sticky, but becomes crystalline
on standing. The alkaline mercuric iodide is prepared as follows :

GO grams of mercuric chloride are dissolved in a solution of 163 grams
of potassium iodide in 168 c.c. of water, and 125 c.c. of 10 per cent. aq.
sodium hydroxide added. The above crystalline precipitate is stirred for

two or three minutes, then filtered and washed with 50 per cent, alcohol.

The mixture should not be allowed to stand too long before filtration,

or secondary reactions set in. The crude product is recrystallised from
benzene or 95 per cent, alcohol. From the latter it forms glittering
white leaflets, M.pt. 124-5 to 125 C. It is moderately soluble in cold

ether or alcohol, readily soluble in chloroform, benzene, or hot alcohol.

The following substituted acetylenes are prepared in a similar

manner :

Mercury benzyl acetylide is purified by solution in hot benzene
and precipitation by petroleum ether, then crystallisation from hot,

absolute alcohol. It forms white needles, M.pt. 106-5 to 107-5 C.

Mercury phenyl ethyl acetylide occurs as small, white crystals,

M.pt. 83-5 to 84-5 C.

Mercury p-tolyl acetylide yields long, white needles, M.pt. 199

to 202 C. ; yield 75 per cent. It is moderately soluble in warm benzene
or toluene, slightly soluble in cold, sparingly soluble in ether or boiling

alcohol, and almost insoluble in cold alcohol.

Mercury p-anisyl acetylideforms small, white crystalsfrom toluene,

M.pt. 207 to 209 C., when rapidly heated. When heated slowly, the

salt turns brown before the melting-point is reached.

Mercury hexahydrobenzyl acetylide yields long, white needles,

M.pt. 104 C. ; yield 78 per cent.

Mercury phenoxymethyl acetylide gives long, white needles, M.pt.
120-5 to 121 C. ; yield 84 per cent.

Mercury tribromoethylene. Acetylene tetrabromide is shaken

for about ten hours with alkaline mercuric cyanide solution. A crys-

talline deposit is obtained, which after crystallisation from ether yields

monoclinic prisms, the parameters of which are a:b : c =1-4829 : 1:

0-5637 ; j3=105 26', M.pt. 141 C. With yellow ammonium sulphide

1 Manchot and Haas, AnnaUn, 1913, 399, 123; Btttz and Eeinkober, Annakn, 1914,

404, 219 ; Nef, AnnaUn, 1899, 308, 290.
* Johnson and M'Bwen, J. Amer. Oh&m. Soc., 1926, 48, 472.
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it ijives tribromoethylene, but is not decomposed by toiling water or

10 per cent hydrochloric acid. 1

Vinyl bromide 2
(monobromoethylene) gives a white, amorphous

compound when heated with mercuric acetate at 100 C., the product

probably beine? a compound of acetaldehyde with mercurous bromide.

Mercuration of Styrol (phenylethylene).
8 Two grains of styrol with

a solution of 19 ^rams of mercuric acetate in 170 c.c. of water are shaken

for eight hours and the reaction product poured into 10 per cent,

sodium chloride solution. The product is easily decomposed, and with

sodium hydroxide becomes yellow, with ammonium sulphide black. It

crystallises from water in plates, M.pt. m C., the aqueous solution

having an odour of styrol, which becomes intense on warming. A
similar product is obtained if a mixture of mercuric chloride

^

and

acetate is used. The composition is given as 3C8H8.3lIgOHCllIgCl 2.

When styryl ethyl ether is warmed at 50 C. with an aqueous solution

containing i* mols. *of mercuric acetate, and poured after two hours

into 10 per cent, sodium chloride, a white precipitate is obtained.4 The

substance formulated as CHPh-CH.OIL2lIgC10H ? partially melts

atout 1120 CM is stable towards dilute acids, but decomposed by hydro-

chloric acid, yielding phcnylacetaldehyde.

DERIVATIVES OF GYGLO- AND DICYCLO-PHNTADIENE*

Cyclopcntadiene when shaken with an alcoholic solution of mercuric

chloride and sodium acetate gives a heavy white precipitate of di-

chloromercuri cyclopentadiene, C5H 4(HgCl ) 2> insoluble in all solvents.

Chloromercuri methoxy dicyclopentadiene. To 35 grams of

mercuric chloride in 200 e.e. of acetone-free methyl alcohol, 5 c.c. of

dicyclopentadiene are added, and the mixture allowed to stand for two

days at 15 C. It is then filtered, and the filtrate added to boiling water

until turbidity disappears, and on cooling the compound is deposited in

shining crystals. Yield 10 to 12 grams. It is obtained in pale yellow

needles, M.pt. 133 C. T when recrystallised from aqueous methyl alcohol

(1 : 2). In alcohols, ether, acetone, benzene, or acetic acid it is
readjfly

soluble, also in hot alkali. Boiling potassium cyanide solution or acids

convert it into dicyclopentadiene and mercuric salts. When its solution

in concentrated sulphuric acid is warmed it assumes a pink coloration,

with a green iluoreseence.

If the methyl alcohol in the above preparation is replaced by ethyl

alcohol, the corresponding ethoxy compound is formed. It crystallises

from aqueous alcohol in prisms, M.pt. 98 C.

The amyloxy compound is a heavy oil, which solidifies at 12 C..

and is soluble in hot methyl alcohol, from which solution it may be

precipitated by the addition of water.

ALKYI AND ARYL MEMCUJKIC ALKYL XANTEATES.<

To the alcoholic solutions of the alkyl or aryl mercuric hydroxides,
obtained from the corres|>onding chlorides by treatment with sodium

1 Hofmann and Kirmreuther, Jfrr. 1908, 41, 314 ; 1909, 42, 4232.
1
feyteff and Glinsky, Jahrester., 1867, 663 ; Zeitsch. <?&*., 1867, [2], 3, 675 ; Bull.

Soc. chim., 1868, [2], 9, 474. a Manchot, Annakn, 1920, 421, 316.
4 Manchot, Haan, and Mahrlein, Annakn, 1918, 4x7, 93.
*
Thiele, Ber>, 1901,34,71 ;

Hofmann and Seller, Ber., 1906,39,3187.
* Koten and Adams, J. Awr. Qhem. Roc,, 1924, 46, 2767.
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hydroxide in 200 c.e. of absolute alcohol, 15 c.e. of carbon disulphide
are added. A slight evolution of heat is noticed, and a faint yellow colour

develops. Partial evaporation at room temperature precipitates the

compounds, which are recrystallised from 95 per cent, alcohol. The

products are white, and the yields average 70 per cent. They are

soluble in ether, chloroform, or hot alcohol, but insoluble in water.

Exposure to sunlight causes them to blacken. Iodine in chloroform
solution decomposes the compounds, forming the corresponding alkyl
or aryl iodides and a yellow oil. The following substances have been
obtained : methylmercuric methyl zanthate, CH 3 CS SHgCH3,

M.pt. 59 C. ; methylmercuric ethyl ocanthate, M.pt. 69 C. ; ethyl-
mercuric ethyl vanthate, M.pt. 53 C. ; n-propylmercuric ethyl xanthate,

M.pt. 38 to 39 C. ; n-butylmercuric ethyl xanthate, oil ; p-tolyhnercuric

ethyl xanthate, M.pt. 128 C. ; p-tolylmercuric methyl xanthate, M.pt. 145

C. ; benzylmercuric ethyl aanihate, M.pt. 74 C.

DERIVATIVES OF SUBSTITUTED ARYLOXJ-FATTY ACIDS*

From Thymo%y-acetic Acid. One hundred parts of the acid are sus-

pended in 2500 parts of water and mixed with a solution of ICO parts of
mercuric acetate. After warming for one hour at 70 to 80 C. an
insoluble sandy powder separates. It is purified by solution in strong
alkali and precipitation by carbon dioxide. It is insoluble in the usual

organic solvents, but readily soluble in alkali. The mercury is split off

again when heated with dilute hydrochloric acid. The compound has
the following constitution :

Me

In the same way the following acids may be mercurated : a-guiacol-

propionic acid, a-cravoxy-propionic add, o-chlorophenylglycollic acid,

naphtholfatty acids or salicyloxy-acetic-add or their derivatives.2

DERIVATIVES OF HYDRAZINES*

A solution of 30 grams of ethyl hydrazinecarboxylate in 150

c,c. of water is added to 63 grams of freshly precipitated mercuric

oxide suspended in 1 litre of water. A violent gas evolution soon

takes place and heat is developed. The yellow colour of the

mercuric oxide disappears, and the mass becomes dirty green. After

the reaction subsides, the whole is left for several hours, then boiled

and filtered. The residue is boiled up several times, with about
500 c.e. of water, and from the filtrate colourless needles separate on

cooling. These are recrystallised from much water or a little benzene

1 German Patent, 261229 ; cf. American Patent, 1074781 ; British Patent, 4075 (1913).
2 German Patent, 264267, deals with th combination of the above type of deriva-

tive from phenoxyacetic acid with alanine to form a water-soluble double compound.
The compound of o-chlorphenoxyacetic acid is combined with sodium diethylbarbiturate.
The mercury compounds may be replaced by the derivatives of pyrooatechol glycollic acid,

p-cresoxyvalerianic acid or zylenol butyric acid, and the alanine and sodium diethyl barbit-

urate by urea* acid amides or imides, caffeine or polypeptides'; cf. German Patent, 261875.

Diels and XTthemann, J3er., 1920, 53, [B.] 723.
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or toluene. Yield 5 grains. The compound melts at 155 C. and has
the following constitution :

C 2H5OX.X N.C02C2H5

C 2H 6OX.Hg Hg.COAH 5

It is decomposed by hydrochloric acid into ethyl hydrazodicarboxyl-
ate, mercuric chloride, carbon monoxide, and alcohol ; by piperidine
into ethyl hydrazodicarboxylate, mercury, and piperylurethane ; by
bromine into ethyl azodicarboxylate, mercuric bromide, and ethyl
bromofornmtc.

A similar derivative is formed from methyl hydrazine carboxylate.
It molts at 215* C. and has similar properties to the ethyl compound.

DERIVATIVE OF PYElMIDINE. 1

Sixty parts of freshly precipitated mercuric oxide and 50 parts of

2: C-dihydroxy-l!-iniiuo-dihydropyrimidine-*J-ucctic acid (sodium salt) in

200 parts of water are shaken for ten hours. The greater part of the

mercuric oxide dissolves. The iiltratc is concentrated in racuo and
the residue treated with pure alcohol, the mercury derivative being

precipitated pure in a crystalline form. It is extremely soluble in water,

alkalies, or carbonates, insoluble in alcohol, ether, chloroform, or

benmie. The compound has the constitution :
2

NH-CO

CO C=Hff

)S
T-C=NH

CH,.CO,Na

JWR1VATIVEH OF MLWYL AXD N1TR08AUC7LAIDEH7DES*

3 : 5-Diacetoxymercuri salicylaldehyde. Ten grams of the alde-

hyde and 5*J grams of mercuric acetate are dissolved in 500 e,c. of 50 per
cent, alcohol containing 5 c,c. of acetic acid, and heated for one hour at
100 C. From the cold, filtered solution 32 grams of crude diacetate
are obtained, the filtrate yielding a further 10 grams if left overnight.
The addition of sodium chloride to the filtrate gives 8 grams of dichloro

compound,
The diacetate is soluble in acetic acid, but insoluble in other solvents.

It crystallises in needles, M.pt. 234 C. with decomposition. It is

soluble in aqueous sodium hydroxide, and when boiled with alcoholic

potassium iodide the mercury is split off and salicylaldehyde and potas-
sium hydroxide formed. With hydroxylamine or phenylhydrazine,
metallic mercury is precipitated.

The above dichloro compound is insoluble in organic solvents and
does not melt at 270 C.

1 German Patent, 22449L
2 For derivatives of pyramidone, see Weehuizen, Chew. Zentr., 1906, ii. 1628 r Oliveri-

(Jaxwtta, 1921, 51, j. 125.
8 Whitmorc and Middleton, J. Avwr. Ohfm. 8oc. 9 1923, 45, 1330: Henry and Sharp,

Tram. Ghem. Soc., 1932, m, 1055.
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3(?)-Chloromercuri salicylaldehyde. Ten grams of aldehyde
in 2 litres of water are treated with 26 grams of mercuric acetate, and
the mixture mechanically stirred until no mercury ions can be detected in

a test portion after filtering. Filtration yields 3 grams of diacetate, and
sodium chloride precipitates 19 grams of a mixture of mono and dichloro

compound from the filtrate. Repeated extraction with boiling alcohol

gives 5 grams of pure monochloromercuri salicylaldehyde. M.pt. ISO" to

190 C. When this is suspended in chloroform and "treated with one
molecular proportion of iodine, an iodosalicylaldehydc, M.pt. 52 to 5s" C.,

is isolated, 3-iodosalicylaldchyde melting at 55
C
C.

3-Acetoxymercuri-5-nitrosalicylaldehyde, Twelve grams of
the aldehyde and 23 grams of mercuric acetate in 400 c.c. of alcohol and
5 c.c. of acetic acid are heated for one hour at 100" C. Filtration gives
2C grams of product, which deposits pale yellow crystals from acetic acid,

which do not melt at 200 C. Its solution in sodium hydroxide is yellow,
and when acidified with hydrochloric acid gives the corresponding
chloride. This is insoluble in organic solvents and does not melt at

260 C.

5 - Acetoxymercuri - 3 - nitrosalicylaldehyde. Four grams of

aldehyde and 7 grams of mercuric acetate when treated as above give
9 grams of the compound. It is insoluble in organic solvents and does
not melt at 260 C.

Condensation of the foregoing Mercurated Salicylaldehydes with

Aromatic Amines.

2 : 5-Diacetoxymercuri salicylal aniline. Five grams of the di-

acetate in 10 c.c. of hot aniline give 5-5 grams of a brick-red, amorphous
product, insoluble in organic solvents and not melting at 200 C. A
similar product is obtained from p-toluidine. p-Aminolenzoic acid gives
a deep red, insoluble powder, and anthranilio acid a similar compound.

3(?)-Chloromercuri salicylal aniline yields flat, yellow plates,

M.pt. 182 to 184 C., insoluble in organic solvents.

3-Hydroxymercuri-5-nitrosalicylal aniline anhydride,
o

0=N -0

is obtained by condensation between 3-acetoxymereuri-5-nitrosalicyl

aldehyde and aniline, 1 mol. of acetic acid being lost during the con-

densation or on drying. It is a red, amorphous product, insoluble in

organic solvents, but soluble in alkali.

3-Chloromercuri-5-nitrosalicylal aniline is an orange-red

compound.

DERIVATIVES OF META AND P~HYDROXYBENZALDEHYDE8 AND
THEIR NITRO COMPOUNDS. 1

2 - Acetoxymercuri - 3 - hydroxybenzaldehyde, AeO.Hg.C6H 3

(OH).CH(X One molecular proportion of the aldehyde in 50 per cent,

alcohol is mixed with one molecular proportion of mercuric acetate

i Henry and Sharp, Tr*n*. Chem. Soc., 1922, 121, 1050.

VOL. xi. : i. 13
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in 50 per cent, alcohol containing 1 per cent, of acetic acid. The

mixture is boiled under reflux and the reaction mixture eoncentratea,

when a precipitate separates. This is filtered off, washed with water,

alcohol, and ether, and dried. Reciystallisation from alcohol Containing

5 per cent, of acetic acid gives colourless needles, M.pt 185 to ibt> y.

(corr.) with decomposition, It is soluble in sodium hydroxide, ana is

coloured yellow by sulphuric acid. Iodine in potassium iodide solution

converts it into* iodo-m-hydroxybenzaldehyde, and potassium per-

manganate in acetone solution oxidises it to an iodo-m-hydroxy-

benzoic add. Potassium nitrate in sulphuric acid below C. gives

2-nitro-3-hvdroxybenzaldehyde.
4:5- Anhydro - 3 - acetoxymercuri - 5 - hydroxymercun-

4-hydroxybenzaldehyde,

CHO/VI
1

-o

Hg.OAc

When the preceding method is applied to p-hydroxybenzaldehyde,
this

anhydro derivative is produced. It is a colourless, crystalline powder,

insoluble in water and most organic solvents, and has no melting point.

It is soluble in hot acetic acid, bein<r converted into 3:B-diacetoxydi~

werwri-4>-hijdrQMjbenzaldehyde, minute, colourless, glistening plates

being deposited as the solution cools. This compound darkens on

heating, but does not melt below 300 C. The diacetoxy derivative

gives a turbid solution in sodium hydroxide, from which carbon dioxide

precipitates 8 : 5-dihydroxydimemiri^'kydro^ybenzaldehjde,
and with

hydrochloric acid the dichiorodimercuri compound is obtained.

Iodine in potassium iodide solution converts the anhydro compound
into 3 : 5-di-iodo-4-hydroxybenzaldehyde.

The following method "of preparation is a general one for the com-

pounds now described. The nitrohydroxybenzaldehyde (1 mol.) with

mercuric acetate (1 mol. or 2 mols.) in 50 per cent, alcohol containing

a little acetic acid is boiled until a test portion is completely soluble

in sodium hydroxide.
1

5-Hydroxymercuri-3-nitro-4-hydroxybenzaldehyde occurs as

microscopic, orange platelets, darkening about 285 C,, but not melting

at 300 C. It forms an orange solution in sodium hydroxide. Addition

of hydrochloric acid to this solution precipitates the chloromercuri

compound, which crystallises from alcohol in tufts of minute, colourless

needles, M.pt. 226 C. (corr.) with decomposition. From a solution

of the hydroxymercuri compound in glacial acetic acid the acetowy-

mercuri derivative separates in colourless prisms, darkening about

250 C., but not melting at 300 C. The hydroxymercuri compound,
when shaken with an excess of 5 per cent, solution of iodine in potassium
iodide, is converted quantitatively into iodo-3*nitro-4-hydroxybenz-

aldehyde.
The mercuration of 6-nitro-3-hydroxybenzaldehyde leads to the

production of a solid (A) consisting of dimercurated compounds, and
concentration of the filtrate from this yields mixtures of mono- and
dimercurated compounds.

Products from A. This product proves to be insoluble in the usual

1 Hemy and Sharp, Trans. Chem. Soc. f 1924, 125, 1049.
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solvents, but dissolves in formic, acetic, propionic, or n-butyric acicls*.

From propionic acid, orange-yellow needles of 2 :4-dipropionoxy-
dimercuri-6-nitro-3-hydroxybenzaldehyde separate. These ex-

plode at 235 C. (corr,) and are sparingly soluble in sodium hydroxide,
to which they impart an orange colour. If hydrochloric acid is added
to this solution, the 2 : -It-dicMorodimercuri compound is precipitated,
and may be recrystallised from alcohol in colourless, microscopic needles!

The monomercurated compound is obtained from the more soluble
fractions by extraction with ether, dissolving the residue in potassium
hydroxide solution and adding hydrochloric acid. Monochloro-
mercuri-6-nitro-3-hydroxybenzaldehyde is thus precipitated. It

decomposes at 198 C. (corr.). The dimercurated product is converted
by 5 per cent, bromine in alcohol into 2 :

4-dibromo-6-nitro-3-hydroxy-
benzaldehyde, and with iodine in potassium iodide solution into*2 : 4-di~

iodo-6-nitro-3-hydroxybenzaldehyde. The monomercuri compound in
a similar manner yields monoiodo-6-nitro-3-hydroxybenzaklehyde.

If two molecular proportions of mercuric acetate be used, most of
the product consists of dimercurated compounds.

4-Nitro-3-hydroxybenzaldehyde also yields a mixture of compounds.
The dimercurated product appears to be a hydroxymercuri-acetoxy-
mercuri-4-nitro-3-hydroxybenzaldehyde. It is insoluble in most
solvents, but gives 2 :

^diformo^dimercuri^nitro^hydroxijbenzalde-
lujde from hot formic acid solution. It crystallises in pale yellow needles,
which darken at 120 C. and explode at 257 C, When boiled with formic
acid, metallic mercury separates. It gives a red solution in potassium
hydroxide, from which hydrochloric acid precipitates the 2 : Q-dichloro-
dimercuri derivative. This crystallises from alcohol in bundles of
minute, pale yellow needles, which darken at 240 C. but do not melt
at 300 C. When heated in vacuo it loses a molecule of water at 60 C.,
and decomposes at 282 C. (corr.). Its potassium hydroxide solution
is decomposed by carbon dioxide with precipitation of 2 : 3-anhydro-
2 :

6-dihydroxymercuri-4-nitro-3-hydroxybetizaldehyde. The di-
mercurated compound may be converted by the usual means into a

di-iodo-4-nitro-3-hydroxybenzaIdehyde.
Monoformoxymercuri-4-nitro-3-hydroxybenzaldehyde may

be obtained from the monomercurated compound. It melts at 233 to
235 C. (corr.) with decomposition. Other compounds from this

hydroxybenzaldehyde are :

propionoxymercuri-4*-nitro-3-hydro^benzalfe~
hyde, pale orange needles ; chloromercuri^nitro-S-hydroxybenzaldehyde,
decomposing about 187 C, The monomercuri compounds may be
converted to an iodo-4-nitro-3-hydroxybenzaldehyde.

Using the general methods described in the preceding cases, 2-nitro-

3-hydroxybenzaldehyde yields the following derivatives: hydroxy-
mer<wriacefoxymercuri-Z-nitw^ amorphous ; di-

acdottydimercwri-Z^itro-B-hydroscyben^ pale yellow needles
;

dicMorodimercuri^nitro-S-kydroxybenzaldehyde9 pale green, decom-
posing at 236 C. (corr.); acetoaymercuri-S-nUro-S-ty
bundles of microscopic needles, not melting at 300 C. ; cMoromercuri-

^-ntirO'B-hydroi^bmaldehyde> decomposing about 207 C.
Other substituted Bmwldehydes.

1
2-Hydroxy-3-acetoxymercuri-

5-tert.-butylbenzaIdehyde* The aldehyde and mercuric acetate
in molecular proportions are dissolved in alcohol containing acetic acid

1
Henry and Sharpt, Zoc. c&
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and boiled for fifteen minutes. The hot solution is then poured into

a large volume of water, the resulting white precipitate filtered off

immediately awl dried in racuu. Re-crystallisation from alcohol con-

taining acetic acid gives white, needle-shaped crystals, M.pt. 220 C.

If the~ahove preparation be repeated without using a solvent and the

mixture heated for two hours on the \vater-bath, a 73 per cent, yield

is obtained.

2-Hydroxy-3-acetoxymercuri-5-isoamylben2;aldehyde. This

compound is prepared by the second method mentioned abo.ve. It

crystallises in bundles of white needles, M.pt. 1&1'* to 185
:
C.

UKJtl l\ 1 77 r A'.S' OF ArE

Phenacylmercuric chloride, (
1

II 5.C().CH iS.IIgCL Two parts of

mercuric acetate and three parts of aectophciionc are quickly heated in

an oil-bath to I/M*
1

('., and the temperature maintained until mercury

ions ran no longer be detected. The mixture is filtered hot and treated

with an excess of aqueous sodium chloride. The precipitate is extracted

with ether to remove the excess of acctoplicrionc and reerystallised from

high-boiling ligroin. Needles are obtained. M.pt. 1 i3" to 140 C.

Warmed with dilute hydrochloric ncicl it gives acetophenone and

mercuric chloride; and with cold ammonium sulphide, acetophenone
and mercuric sulphide. Bromine yields phenacyl bromide.

It reacts violently with ethyl magnesium bromide forming (chloro-

i methyl) -rthyf-phenjil-ewbinnl,

Kt

CH5-C-OH

This is u crystalline powder, M.pt. 120 to 131 C. with decom-

position, ammonium sulphide decomposing it with the formation of

mercuric sulphide,

Aeetophemme yields a precipitate when added to an aqueous solution

containing mercune cyanide and sodium hydroxide. It is a pale yellow,

insoluble powder, which retains about 3 per cent, of water when dried

in air. Like the acetone compound, it is decomposed by potassium

cyanide or hydrochloric acid. Its constitution may be expressed as

l^Hg), HgC 2N 2 or

CX.Hg.CIUIg.CH.Hg.CH.Hj?.CN

CO CO CO

JI5 C.H. CJH.

Diphenylmethyl ketone alsio gives a compound with mercuric cyanide
in alkaline solution.

Products from Benzulacdvphenone? a-Acetoxymercuri-j8~meth-
oxy-j8-pheiiylpropiophenone. A solution of 25 grams of benzalaceto-

* Dimroth, Rer., 1902, 35, 2853 ; ilarsh and Fleming Struthers, Trans. Chem. Soc. f

1005, 87, 1H81 ; <irignard und Abelmann, Bull. Soc. eMm*, 1916, [ivj, 19, 18.
*

Middletoii, J. Amr. Chew. $oc., 1923, 54, 27<i3.
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phenone and 38 grams of mercuric acetate in 250 c.c. of absolute methyl
alcohol is allowed to stand until a sample is soluble in sodium hydroxide.
The solution yields 53 grams f product on evaporation, and when

recrystallised from methyl alcohol it melts at 115 C. When treated

with potassium bromide (1 mol.) in alcoholic solution it yields the a-

bromomercuri derivative, M.pt. 141" C., but with one molecular equi-
valent of bromine the mercury is split off, and a-bromo-/J-methoxy-j8-

phenylpropiophenone is formed. The latter compound when treated

with sodium methylate and afterwards with mercuric acetate yields the

diacetoxymercuri derivative of dibenzoyl methane* The above a-

bromomercuri compound reacts with ethyl magnesium bromide, giving

jB-phenyl valerophenone and mercury diethyl. The a-acetoxymerenri
derivative is slowly decomposed by cold hydrochloric acid, and rapidly

by hot acid, mercuric chloride and benzalacetophenone being formed.

Hydrogen sulphide gives an immediate precipitate of mercuric sulphide
when passed through an alcoholic solution of the compound, and an

aqueous solution of potassium iodide on boiling decomposes the com-

pound with the formation of benzalacetophenone.
In a similar manner the following compounds may be prepared, and

have properties like those of the above compounds :

a-Acetoxymercuri-fi-ethoxy-p-pJienyl propiophenone is formed as

above, but using ethyl instead of methyl alcohol in the preparation. It

melts at 134 C.

The a-bromomercuri compound melts at 138 C., and a-acctojry-

mercuri-p-nietho^-f$-phenyl-p-cliloropropiophenone lias M.pt. 12 i C.

Dibenzalacetone yields an acetoxymercurimefhoxy derivative, M.pt. 183
7

C. ; and an efkoxy compound, M.pt. 188 to 190 C.

DERIVATIVES OF BEXZOPHEXOXS. 1

o-Chloromercuri benzophenone. Dry mercuric acetate is heated

with an excess of benzophenone (3 mols.) in an oil-bath at 120 C.

and finally at 130 C. until the reaction is complete. The mixture is

poured into a hot salt solution and shaken with ether. The latter is

distilled off and the benzophenone removed by ligroin, a mixture of

mono and dimercurated compounds remaining. Recrystallisation
from alcohol produces glittering plates of the mono derivative, M.pt.
167 to 168 C. Yield 40 per cent. It is readily soluble in acetone,

chloroform, or ethyl acetate, sparingly in ligroin. It is decomposed by
boiling hydrochloric acid into benzophenone and mercuric chloride, and
its warm solutions are slowly decomposed by hydrogen sulphide. With

magnesium ethyl bromide it forms phenyl o-chloromercuriphenyl ethyl

carbinol, which may be crystallised from ether-ligroin, M.pt. 106 C.

with decomposition. It reacts vigorously with Grignard reagents,

but gives no reaction in the cold with hydrogen or ammonium sulphides,

owing to the attachment of the mercury to the nucleus, as shown :

Et

1 Dimroth, er., 1902, 35, 2853 ; Grigaurd and Abelraann, Bull, Soc. cAtm., 1916, [ivj,

19, 18.



198 ORGANOMETALLIO COMPOUNDS.

The dteUorowercuri compound crystallises from hot alcohol as a

yellow powder.
o-Bromomercuri benzophenone is prcpare<l in a similar manner

to the chloride. It melts at about 1 76 C., is difficultly soluble in alcohol

or ether, and bromine transforms it to bromobenzophenone, The latter

jjtfves o-bromobenzophenone oximc (M.pt. 132" to 188
r '

C.), and this with

alkali gives phenyl indoxazcne, thus fixing the constitution of the bromo

compound.

DERIVATIVES Of ZyDAyDIOyjS AND OXIXDONE.

2-Chloroniercuri-2-carbethoxy-indandione,
1

/C0\
Call/ >C(CO aEt)HgCl

\(JQ/

The sodium eomjKmnd reacts with aqueous mercuric chloride to give
the above derivative. It crystallises in colourless prisms, M.pt. 240 to

215* C., and is insoluble in the usual solvents, but dissolves in pyridine.
2 -Chloromercuri -2 -acetyl-indandione ,

/C(\
C fH/ >C(Ac)HgClXXK

The 4 condensation of ethyl phthalate and acetone in the presence of

sodium yields 2-acetyI-indandione, and this reacts with mercuric chloride

forming a colourless, micro-crystalline powder.
2-Chloromercuri indandione is obtained by treating sodio-1 : 8-

diketohydrindene with excess of mercuric chloride in aqueous or alcoholic

solution.2 The pale yellow salt is easily soluble in pyridine, but with

difficulty in sodium hydroxide. When shaken for two days with sodium
carbonate the colour changes from yellow to white, and the correspond-
ing hydroxide is obtained as a white solid.

DERIVATIVES Of CAMPHOR*

aa-Di-iodomercuri camphor. 1. Camphor (9 grams) is dis-

solved in a solution containing 1-5 grams of potassium in 50 c.c. of
absolute alcohol. The addition of 13-5 grams of mercuric iodide gives
no precipitate and the solution is poured into water, a white product
being deposited. The liquid is saturated with carbon dioxide to prevent
rcduction

f and the precipitate collected and dried. It is digested with

aqueous potassium iodide to remove excess of mercuric iodide, washed
and dried. Yield 6-5 grams. Reaction is in accordance with the

equation :

9(\ HuO+4HgI2+2KOC 2H5-C10HMOHgiI 2+2KHgI 3,4C10HieO
+2C2H6O

2. A solution of 0*75 gram of camphor in a little petroleum is added
to a mixture of 50 e.c, of Normal potassium hydroxide and 6-7 grams of

1 Haatzsch and Gajewski, Annalen, 1912, 302, 302.
8

Peters, Ber., 1907, 40, 235.
3 Maih and Fleming Struthers, Trans. Chen. 8oc., 1909, 95, 1777; Marsh,

1910, 97, 1410.
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mercuric iodide, and the mixture shaken until the red colour disappears.
The petroleum is removed in vacua and the precipitate washed and dried.
The above quantities are taken in accordance with the equation :

C10H160+3HgI 2+2KOH=C10H14OHg 2I 2+K2HgI 4+2H 2

It is found, however, that the product contains a small variable
amount of the compound C10H14O.Hg 2O.

3. By the action of cold glacial acetic acid on the substance (C10H14O)3

Hg4I 2,
a 53 per cent, yield of di-iodide is obtained.

(C10H140)3Hg4I 2+2C 2HA=C10H14OHg2I 2+2C10H15O.Hg.C 2H3 2

The di-iodide is a colourless, amorphous powder, insoluble in water
and neutral solvents. It sublimes without melting and apparently
without decomposition. It is unaffected by aqueous potassium iodide,
and is insoluble in alcohol or acetone, but when mixed with potassium
iodide it is soluble in both these solvents.

Compound (C10H14O) 3Hg4I 2 . This body is prepared by dissolving
camphor in a little petroleum and heating on a water-bath for twenty-
four hours with an alkaline solution of potassium mercuric iodide. The
precipitate is dried at 100 C. A 51 per cent, yield is obtained using
2 grams of potassium iodide, 21 grams of camphor, and 63 grams of
mercuric iodide, the latter being added in thirteen stages.

It is a pale yellow, amorphous powder, scarcely affected by ordinary
solvents. Aqueous potassium iodide only slowly decomposes it, but
in acetone solution the decomposition is rapid. Halogen acids yield
mercuric salt and camphor. Concentrated nitric acid oxidises it to

camphoric acid, and concentrated sulphuric acid decomposes it, with

separation of mercuric iodide. Cold glacial acetic acid gives di-iodo-

mercuri camphor, but hot glacial acetic acid yields a-acetoxymercuri

camphor only, no di-iodide being formed.

C10H14 3Hg4I 2-f3C 2H4 2=HgI+3C10H15O.Hg.C 2H 3 2

With a cold solution of iodine in benzene (C10H14O)3Hg4I 2 yields

di-iodocamphor. Prolonged heating with potassium hydroxide eventu-

ally gives a compound represented by (CioH^O^HgsO. Condensation
of camphor with mercuric iodide in the presence of alkali probably first

forms the di-iodo compound, which on further heating condenses to

(C10Hi4O)3Hg4I 2. If in the preparation of the latter the amount of

potassium iodide is diminished, a compound agreeing with the formula

(C10H14O)6HgeI 2 is formed. It is likely that the potassium hydroxide
and iodine acting on (C10H14O) 3Hg4I 2, first form more highly condensed

compounds, (C10H14O) 4Hg6I 2 and (C10H14O)5Hg6I2,
and the latter is

decomposed by potassium hydroxide as follows :

4(C10HuO)3Hg4Ia-3(C10H140)4Hg5I 2+HgI2

5(C10H140)4Hg5Ia=4(C10H140)6Hg6I2+HgI 2

(C10H140)sHg6I 2+2KOH-2(C10HuO) 2HgsO+C10HieO+2KI

In the series (C10H14O) 2Hg3I a is missing, but is probably represented

by (C10HX4O) 2Hg3(X
a-Chloromercuri camphor, C10HuO.HgCL The compound

(C10H14O)3Hg4I 2 is dissolved in cold glacial acetic acid and the solution

treated with sodium chloride* It crystallises well from glacial acetic



2(K) ORGAXOMETALL1C COMPOUNDS.

arid, the crystals melting at 222 C., but is insoluble in water. The
bromide separates from glacial acetic acid in colourless, transparent

crystals, M.pt. 220' to 221
;

C., insoluble in water. Using potassium
iodide, the a-iodomerenri compound is obtained as a double salt with

mercuric iodide, l\oH 15O.IIgI.IIgI 2 . The mercuric iodide may be

rcmo\ed by the action of potassium iodide in neutral solution, the

a-indidf lieing left as a nearly colourless precipitate. It crystallises

from ethyl acetate in minute, colourless crystals, M.pt. 184 C., decom-

posed by glacial acetic acid.

a-Mercuri camphor oxide, (C 10irlfiOIIg) 20, is obtained from

the acetate by treatment with pure potassium hydroxide. It is readily
soluble in alcohol or carbon disulphicle, evaporation of the latter solution

leaving a clear, transparent glassy solid.

In all the above compounds the mercury appears to be in the mercuric

state, no mereurous salts having been obtained by decomposition with

halogen acids. The structural relationships of the mercury and iodine

derivatives to camphor quinoue is shown by the formulae :

/CHtfJ82* a

Mo
/CO

'O

Products from Camphorcarbtwylic acid. 1 To a methyl alcohol

solution of 08 parts of the acid, a solution of 1GO parts of mercuric
acetate is added, a precipitate soon separating. After twelve hours
the mixture 5s filtered, the residue washed with alcohol and water,
and dried. The product is a snow-white powder. The carboirylic

methyl MU'r has been treated in a similar manner. The reaction is

represented as follows :

C'H

Me C Mo

COOH

OAc

Jco

T *XOAc H2
i

.COOH

HgOAc
-J-CHa.CO.OH

CO

From CtunplteHe.i-A saturated aqueous solution of 2 mols. of
mercuric acetate is shaken with a solution of I mol. of camphene in

petroleum ether for thirty days. White, glistening, colourless plates
are obtained, M.pt. 188 to 180 C

1

., having the composition C10H160.

(Hg.OAe)o. Hydrogen sulphide regenerates camphene. The corre-

sponding chloride is a white, amorphous powder, insoluble in all neutral
solvents. It sinters at 150 C. and does not melt at 250 C. Reduction
by sodium amalgam in aqueous solution, or zinc and potassium hydroxide,
yields camphene.

l-Pinene when treated with mercuric acetate yields dioxypinene.
3

J German Patent, 275932.
2 Balhiannand Paoliui, #m, 1003,36,3575,
Balbiaiioand PaoJini, Btr., 1902, 35, 2994 ; Am. R. Accad. linen, 1D02, [v.j, u, ii. 65.
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DERIVATIVES OF TEEPISEOL ASD DIMETHYLHEPTEXOL*

Yellow mercuric oxide is dissolved in 20 per cent, nitric acid, and

potassium hydroxide added until the basic nitrate begins to appear.
An ethereal solution of terpineol is then added and the mixture shaken
until a clear solution is obtained. More potassium hydroxide is added
and the precipitate again dissolved by more terpineol, these processes

being repeated until the addition of the alkali gives a black precipitate.
The solution is then made strongly alkaline, and potassium iodide

added, when iodomercuri cineol is at once precipitated. This is filtered

off, and from the filtrate in a few days a crop of a -iodomercuri trans -

terpineol crystallises out. If these crystals are filtered off and carbon
dioxide passed through the filtrate, j8-iodomercuri-trans-terpineol
is precipitated.

a-Iodomercuri cineol,

/CH 2 CH 2 \
CMef CMe^CH

\CH(HgI) CH 2
/

crystallises from alcohol in small, glistening prisms, which dissolve very
readily in cold benzene or chloroform. It becomes yellow at 115 C.

and melts with decomposition at 352 to 154 C. It does not yield a

benzoate, and reduction with sodium amalgam does not give a terpineol,
but a mobile oil. This gives precipitates with hydrogen chloride,

bromide, or ferrocyanide, and is therefore probably cineol. The corre-

sponding chloride crystallises from alcohol in felted needles, M.pt. 102 (!.,

and unlike the iodide is readily soluble in alkali.

a-Iodomercuri-trans-terpineol,

<H
2 CH 2\

>CH.CMe 2.OH

H(Hgl) CH/
This separates from benzene in glistening, colourless prisms, which
are sensitive to light, become red at 120 C., and melt at 144 C. with

decomposition. It is readily soluble in hot benzene, ether, alcohol, or

concentrated potassium hydroxide solution, but less so in ethyl acetate*

It may be obtained from the j8-form by boiling the latter with organic
solvents. The a-form combines with alcohol to form an alcoholate,

C10H19 2IHg.C 2H G0, which crystallises from alcohol in glistening

needles, turning red and melting at 123*5 C. It is reduced to trans-

terpineol by sodium amalgam, or by electrolysis.

jS
-Iodomercuri -trans-terpineol, M.pt. 38 C., separates from

organic solvents as an oil. It is very soluble in ether, ethyl acetate,

alcohol, cold acetic acid, potassium hydroxide or iodide solution, with

difficulty in cold benzene. It is reduced to trans-terpineol by sodium

amalgam, and converted to the a-form by boiling with organic solvents.

Since the a-form is readily converted into terpineol by mineral acids,

it is probably the cis compound, whilst the /J-form, which is only slowly

decomposed, is the trans form.

a- and /?
- Mercuridimethylheptanediol Iodides. Dimethyl-

1 Sand and Singer, Ber,, 1902, 35, 3170 ; AnwUn, 1903, 329, 100.
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heptenol, CMe 2^=CH.CH 2.CH 2.OIe 2.OH, readily dissolves in aqueous
mercuric acetate solution, and addition of alkaline potassium iodide

solution precipitates two pairs of isomeric iodides. One pair of iodides

are soluble in alkali hydroxides, and have the constitution : HO.CMe 2 .

CH(III}.CIL>.CHn.CMe2.OH. The a-form is a solid, M.pt. 124 to

125 C.", and differs"from the
ft -form in its solubility and stability towards

acids.

The second pair of iodides have the cyclic structure,

(\
>C/

Me

and are prepared as above, but with the addition of 10 per cent, potas-
sium hydroxide before adding the potassium iodide. The a-form is

a solid, M.pt. 108 to 110- C., whilst the p-fonn separates as an oil,

and may be separated from the a-form by treating the mixture with

cold alcohol. The oil is insoluble in concentrated potassium hydroxide

solution, soluble in alcohol or ether, and slowly changes to the a-form

in the presence of alkali.

When the alkaline liltrate from these cyclic iodides is treated

with carbon dioxide, the unstable p-mercuridimethylheptanediol iodide is

precipitated as an oil. The latter when boiled or kept in the presence
of alkali for some weeks changes to the stable a-modification, M.pt.
124 to 125 C.

Allylacetoxime.
1 When allowed to react with mercuric acetate

this compound yields an hyclro-iso-oxazole derivative,

yCH
LCHg.CH-/HgLCHrCH < >CMe

2 CH 2y
>CMc

N'

M.pt. 1*22 I'., which may be crystallised from alcohol.

Methylheptenone dxime. The products derived from this body
depend on the conditions under which the reaction takes place. If

the oximc be treated with mercuric acetate in presence of potassium
bicarbonate and potassium iodide be added, a solid is obtained. This

product when dissolved in methyl alcohol gives a precipitate with

ether, which decomposes at 150 C. and probably has the constitution,

(C8HHONIHg) 2HgI 2 , The alcohol-ether mother-liquors contain a
more soluble isomeride, M.pt. 114 C. The above preparation wheft
carried out in acid solution gives a mixture of compounds which are

separated by treatment with cold alcohol. The a-form is a white,

crystalline substance, M.pt. 94 C., yielding a picrate, sintering at
65 C. and melting at 78Q

to 80 C* The f}-form is an insoluble,

yellow, crystalline body, M.pt. 123 C., and probably has the constitution,

et
-NLHgl

HgI.CH Ji

\CH2 CH2 C.Me

If potassium bromide be used for precipitation instead of the iodide,
a bromide, C8HuONBr3Hg2, M.pt. 128 C., is obtained ; both the iodides

1 Sand and Singer, Annakn, 1903, 329, 166.
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and bromide have half their mercury precipitated as metal, when treated
with hydrazine in the presence of alkali.

Ethylhexenol, CHg-CH^CHJa.C.MeEtOH. 1 This compound is

dissolved in mercuric acetate solution and potassium iodide solution
added, when an oil is precipitated; carbon dioxide is then passed in.

Extraction with ether and evaporation of the solvent yields a crystalline
compound, M.pt. 44 C., to which the following structure has been
assigned :

CH 2
-CMeEt,

CH2.CH(CH 2.HgI)/

This appears to be a tetrahydrofurfurane derivative, since it gives
an oily iodide with iodine, an aldehyde when oxidised by chromic acid,
and is found to be saturated when treated with potassium permanganate.
The iodide is reconverted to ethylhexenol when acted upon by hydro-
chloric acid.

DERIVATIVES OF AZO COMPOUNDS.

Mercuration of these compounds leads to dimercurated products if

the ortho and para positions with respect to the amino or hydroxyl
groups are available. No meta compounds are obtained.

Hydroxymercuri - acetoxymercuri - benzeneazo - phenol anhy-
dride,

2

/
C 6H5N 2.C 6H 2(Hg.OAc)< |N

Mercuric acetate (32 grams) in 150 c.c. of water and 20 c.c. of acetic acid
is added to 10 grams of benzeneazo-phenol in 300 c.c. of alcohol. The
red mixture is heated on the water-bath for six hours. An orange
precipitate is formed, filtered, washed with dilute hot acetic acid, water,
and alcohol, and dried at 110 C. Acetic acid is lost during this process,
and to obtain a uniform product the substance must be dried at 120 C.

It is purified by dissolving in 150 c.c. of glacial acetic acid and adding the

solution to 400 c.c. of alcohol. The resulting product is washed with acetic

acid alcohol mixture and ether and dried at 120 C. It is the loss of acetic

acid which accounts for the formation of an anhydride. A yellow-brown

powder is finally isolated, which does not melt at 300 C. It is readily
soluble in glacial acetic acid, insoluble in hot water, and sparingly soluble

in alcohol, chloroform, ethyl acetate, benzene or nitrobenzene. When
dissolved in 5 per cent, potassium hydroxide, and the hot filtered solu-

tion treated with saturated sodium chloride solution, the dichloromercuri

compound is precipitated. The orange-red precipitate is washed with

water and digested with hydrochloric acid, the colour changing to brick

red. It is filtered, washed with hot water and alcohol, and dried at

110 C. It forms a dull red, amorphous powder, which does not melt

at 300 C. and is insoluble in the usual solvents. The corresponding
dibromide is a brownish-red powder, having similar properties to the

dichloride.

1 Sand and Singer, loc. cit.

2 Smith and Mitchell, Tran*. Client Soc., 1908, 93, 847.
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Diacetoxymercuri-2 : 4 :6-tribromobenzeneazo~phenol, C 6H 2

Br3.Xo.tV>Ho(H^OAc) 2.OIL Six grains of mercuric acetate (2 mok.)

are dissolved in 20 e.e. of water containing 1 e.c. of acetic acid

and a solution of * grains (I niol.j of the liydroxyazo compound in

200 c.c. of alcohol added. After six hours' heating on the water-bath

the precipitate is filtered, washed with dilute acid, then water, and dried.

acetic acid at 120" C,
4

Acetoxymercuri - benzeneazo - o - nitrophenol,t GIl 5.N sX 6li2

(XO^dJg.OAeJ.OIL yields a pale yellow, crystalline powder, not melt-

ing below #00" C. and insoluble in'all solvents except acetic acid. The

bromide is a pale yellow powder.
Acetoxymercuri - benzeneazo - p - cresol,

1
tyi5.N 2.C 7

H 5 (OH).

Hg.OAc.-- Mercuric aeetate in very dilute acetic acid is boiled under

reilux with alcoholic benzeneaxo-p-cresol for seven hours. It is purified

by fractional precipitation from its acetic acid solution by water, and

recrystallisatioii from glacial acetic acid. Jt crystallises in red-brown

needles, M.pt. 209
:

to 270' C. with decomposition, and lias similar

solubilities to the above compounds. Its chloride melts with decom-

position at 2W to 21-8 C. Dimroth prepared these compounds from

acetoxyinercuri-p-cresol and benzene diazonium chloride. 2

8( ?*)
- Acetoxymercuri - 2 - nitro - 4 - benzeneazo - a - naphthoL

3

A mixture of 1 gram of the azo-a-naphthol in 250 e.c. of boiling water

containing e.c. of glacial acetic acid and 2-5 grams of mercuric acetate

in 5 e.c. of warm water is heated for six hours on the water-bath. The

mixture is filtered hot, washed with alcohol, boiling water, and hot

dilute acetie acid. It is a lustrous, reddish-brown, crystalline mass,

blackening at 220
:

C., but not fusing at 270 C., practically insoluble in

all solvents.

8{?)
- Acetoxymercuri -

/}
- benzeneazo - a - naphthol, C 6II6.

N 2.C10H 5(OH),Hg.OAc, is a brick-red powder, darkening at 180 C.

and inciting with decomposition at 208
C
C.

8(?)
- Acetoxymercuri - 4 - nitro - 2 - benzeneazo - a - naph-

thol is a red substance having the appearance of amorphous phos-

phorus, melts with decomposition at 221 to 222 C., and is practically

insoluble in all solvents.

Acetoxymercuri - bis - benzeneazo - a - naphthol, (C 6H5.N 2 ) 2.

C10II4(QH).Hg.OAc, forms lustrous black needles with a bronze lustre.

The following derivatives of azo dyes have been isolated :
4

Dihydroxymercuri-dihydroxyazobenzene sulphonic acid. By
the action of mercuric acetate on the mono-potassium salt of chrysoine in

hot water or alcoholic solution containing a little acetic acid.

Dihydroxymercuri - p - naphthoi-azobenzene sulphonic acid,

by a similar method to the above, using
tfc

Orange II."

Mercuri-bis (hydroxymercuri -
jS

- naphthoi-azobenzene sul-

phonic acid), by heating
u
Orange II" in methyl alcohol containing

1 Smith and Mitchell, Trana. Chem. Sw., 1008, 93, 847 ; Diraroth, Ber., 1902, 35, 2853.
a Diinroth's nwnioir also describe** further reactions of benzene diazonium chloride

\vith iw*rouratecl phenols and p-crpfiob.
3 Mitchell and Smith, Trans. Chem. Soc., 1009, 95, 1430.
4 ProBkouriakoff and Kaiziss, /. Amr. Chem. 8oc. t 1925, 47, 1974.
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acetic acid with 2 equivalents of mercuric acetate. It is a red. amorphous
powder.

Dihydroxymercuri-hydroxyazobenzene sulphonic acid, brown-
ish-red powder.

Mercuri-bis (nitrobenzene-azosalicylic acid) is a light brown
powder.

Compounds formed by diazotising p-acetoxymereurianiline, and

coupling it with various compounds :
*

4-Acetoxymercuri-4'-dimethylaminoazobenzene yields brick-

red crystals having a violet reflex, M.pt. 215 C. With sulphuric aeid it

forms reddish-brown solutions having a green fluorescence, and with
nitric and hydrochloric acids sparingly soluble salts are formed.

4-Acetdxymercuri-4'-diethylaminoazobenzene consists of glit-

tering orange-brown plates, becoming red at 120
:

C. and melting at

15i-5
c
to 156 C. (corr.).

p-Acetoxymercuribenzeneazo-phenol, orange crystals, M.pt. 218
J

to 219 C. (corr. ).

p-Acetoxymercuribenzeneazo-resorcinoL Dark brown powder,
sintering at 160 C. and melting with decomposition at 190" to 195" C.

4 - p - Acetoxyrnercuribenzeneazo - 1 - naphthylamine - 5 - sul-

phonic acid, brownish-black, micro-crystalline powder, decomposing
at 280 C.

5 - Acetoxymercuritoluene - 2 - azophenol is obtained from 5-

aeetoxymercuri-o-toluidine, M.pt. 204-5 to 205 C. (corr.).

DERIVATIVES OF HYDROXYAZOBENZEXE8*

Sodium - 3 - chloromercuri - 4 - hydroxy - azobenzene - 4' -

sulphonate is formed by diazotising sulphanilic acid and adding the

diazotised solution to a cold solution of o-ehloromereuriphenol in sodium

hydroxide. The coupling requires about four hours for completion.
The mixture is then acidified with acetic acid, when the sodium salt of

the azo compound separates as a heavy, orange-yellow precipitate. The

product is recrystallised from hot water, air-dried, and then dried in a

vacuum dryer at 50 C. Since the C Hg linkage is easily split it is

impossible "to obtain the free acid. The reaction is represented as

follows :

HO-/ y -f CIN2</ ^>-SOsH + 2NaOH

:

H0<^ )>-N
-

N~<( ^>-S08Na + Nad + H.O

HgCl

In a similar manner o-chloromercuriphenol has been coupled with

the following diazotised aromatic acids :

1 Jacobs and Heidelberger, J. Bid. Chem., 1915, 20, 513.
2 Whitmore, Hanson, and Leuck, J. Amer. Chem. Soc., 1926, 48, 1013.
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Sodium anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 -

methyl - azobenzene - 4' - sulphonate.In this ease 2 : G-diacetoxy-

mercuri-p-msol, in sodium hydroxide solution, is added to the diazo-

tisod sulphanilu* acid. The mixture is stirred for ten hours and cooled

in ice during this period. Acidification with acetic acid precipitates

the slightly soluble, yellow sodium salt. It is purified by crystallisa-

tion from water. Strong acids remove the mercury completely, so that

the free acid cannot be obtained, and attempts to prepare the chloride

have been unsuccessful. The reaction is represented as follows :

-K.* + nN2-\ >-SQSH

Hg OH

OAr
CHS

HgO + 2NaOAc + 3H

Anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 - methyl -

azobenzene - 2' - carboxylic acid is prepared using anthranilic

instead of sulphanilie acid. The free acid is deep red, but no method is

available for its purification, owing to its insolubility in all except basic

solvents. The purest product is obtained when exact quantities of

carefully purified anthranilic acid and mercurated cresol are used.

In a" similar manner, anhydro-2-hydroxy-3-hydroxymercuri-5-
methyl-azobenzene -4' -carboxylie acid is prepared, and its pro-

perties are very like those of its isomer.

DERIVATIVES OF METH7LEXE BLUE. 1

The work done on this compound, which presents numerous diffi-

culties, is admitted by Chalkley to be very incomplete. To obtain

complete mercuration, a large excess of mercuric acetate has to be
used. With three molecular equivalents of the latter, benzoyl-leuco-
methylene blue yields an acetoxymercuri compound in the form of a
white powder, which gives a yellow sulphide with hydrogen sulphide.
Methylene blue acetate heated with 15 mols. of mercuric acetate in

aqueous solution in the presence of acetic acid gives two organic mercury
1
Ch&lkley, J. Amer. Chem. Soc., 1025, 47, 2055 ; see Kharasch and Pjccard, ibid.'

Chem. tor. t 1920, 42, 1855.
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compounds, L, II., the former readily going into colloidal suspension,
and consequently is difficult to handle. 1

DERIVATIVES OF PHTHALEIXS*

Hydroxymercuri phenolphthalein. To a solution of 3 grams
of phenolphthalein in 25 e.c. Normal sodium hydroxide, about 125 e.c. of
water are added and the solution boiled with 3 grams of yellow mercuric
oxide for three hours. The mixture is then allowed to settle, the liquor

poured off and centrifuged to remove traces of sediment. Carbon
dioxide is passed in, and the mercurated product separates as a purplish,

milky precipitate, which is separated by centrifuging. It is washed
with alcohol and dried at 110 C. It is insoluble in all the usual solvents,

except glacial acetic acid, in which it gives turbid solutions. It cannot
be crystallised, and gives the same colour with alkali as phenolphthalein.

Triaeetoxymercuri phenolphthalein. Three grams of phenol-
phthalein in 50 c.c. of alcohol are mixed with a filtered solution from
25 grams of mercuric acetate in 50 c.c. of water and 50 c.c. of glacial
acetic acid. After standing overnight, any mercurous acetate is

removed, and the liquid heated on the water-bath for three hours.

After twenty-four hours the residue is removed and washed with

alcohol, then with water containing a little acetic acid, and finally
with water. The crystals are dried in the air for several days, then
heated for one hour at 100 C. It forms bladed crystals, insoluble in

the usual solvents, dissolving in sodium hydroxide with the production
of a deep-blue colour.

Trihydroxymercuri phenolsulphone-phthalein is prepared
in a similar manner to hydroxymercuri phenolphthalein. It is a

purplish powder having a bronze lustre. When mercuric acetate reacts

with phenolsulphone phthalein in acetic acid solution, a mixture of

hydroxymercuri and acetoxymercuri derivatives is produced.
Diacetoxymercuri-o-cresolphthalein is prepared in the usual

manner, more mercurous acetate being formed than with the previous
derivatives. It is a yellow, granular substance, which cannot be re-

crystallised,

Hydroxymercuri and dihydroxymercuri fluoreseem. Fluores-

cein, 3'5 grams, in 200 c.c. of one-tenth Normal sodium hydroxide is

treated with 5 grams of mercuric oxide, and the mixture boiled for four

hours, water being added to replace that lost by evaporation. It is

then clarified by centrifuging, and evaporated to dryness, an iridescent,

green, scaly product being obtained. This is the monoraercurated

product. The dihydrowymercuri compound is formed when 10 grams
1
Compounds of the acridine aeries are dealt with in American Patent, 1259517, and

those of the mfranine series in German Patent, 286097.
*
White, J. Amer. Chem. 80c., 1920, 42, 2355 ; German Patent, 308335.
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of mercuric oxide are used in the above preparation. Treatment with

hydrochloric acid yields chlonimmuri derivatives.

The mcrcurutiun of lluoresceiu by mercuric acetate in aeetie acid

solution leads to the production of a mixture of tetmhydrtwymercuri

and tetra-ttcetMyinmuri fluwexmn, the latter predominating. No

attempt seems to have been made to separate these products.

Hydroxymercuri-dibromofluorescein* Dibromofluorescein (49

grams) and 8 grains of sodium hydroxide are dissolved in 50 c.c. of

water and the solution made up to 200 c.c. This is stirred and treated

with lii-5 O.P. of glacial acetic acid until an even pasty precipitate

is formed. A solution prepared from 22-5 grams of mercuric oxide

in 23 e,e. of glacial acetic acid and 50 c.c. of water is diluted to 100

c.cM and added to the former solution, the whole being diluted to

500 c.c. The mixture is boiled 4*5 to 6 hours, a quantitative yield

being obtained. The precipitate is collected and washed by centri-

fuging, a red powder beini isolated, which is insoluble in the usual

solvents, but gives a deep cherry-red solution in sodium hydroxide.
1

Hydroxymercuri-salicylsulphone-phthalein.
2
~-Salicylsulphonc-

phthalein (salieyl red) is dissolved in sullicientNormal sodium hydroxide

to form the di-sixiium salt, then treated with a solution of mercuric

acetate containing a few drops of acetic acid, and the mixture boiled

until a lest gives no reaction with ammonium sulphide. It is then

filtered and poured into dilute hydrochloric acid. The mercurated

product separates as a brown powder.

VYGLDMERCl'K/POL YMETIIYLEXES*

Cyclomercuri pentamethylene,

y. /
Hg< Vila or Hg<\CH 2.CH/ \CH t )

A mixture of 30 grams of 1 : 5-dibromopentane, 100 grams of benzene,

3 grams of ethyl acetate, and 900 grams of 1 per cent, sodium amalgam
is shaken for twenty-four hours in- a pressure flask at 75 C. The solvent

layer is washed, evaporated, and the residue extracted with absolute

alcohol, from which 23 grams of waxy product are obtained. This

is extracted with light petroleum and ether, 6-5 grams of solid, M.pt.
41

s CM remaining behind. Evaporation of the extract gives 2-5 grams
of crystals, M.pt. 120 C,, which are separated from an oil

Cyclomercuri pentamethylene, M.pt, 120 C., forms hard, white,

rhombic, doubly refracting crystals from a mixture of benzene-light

petroleum. It is readily soluble in cold ether, light petroleum, or

benzene, with difficulty in water. Its molecular weight as determined

by the ebullioscopic method is about 360 (270 calc.), and this appears
to correspond to a simple ring. v. Braun, however, points out that a

comparison of the boiling-points of the pentamethylene series of com-

1 (Jerman Patent, 201903, deals with a process for preparing mercurated salts of

fluoreacein, see Dimroth, Btr. t 1902, 35, 2853. The products obtained may be used directly
for dyeing. The dyestuffs dye cotton in the following manner : Chromium mordant
brown red; iron mordant reddish brown; uranium mordant red; nickel and cobalt

mordant red; alkaline earth mordant red; cerium mordant light red.
* Harden, /. Awr. Cfam. Soc., 1927, 49, SHI.
* v. BrauB, Ber., 1913, 46, 1792; I9U, 47, 490; Hilpert and Gruttner, Ber., 1914, 47,

180, 177.
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without decomposition under diminished pressure, and probably with-
out decomposition under ordinary pressure. He therefore considers the

product, M.pt. 120 C., to be a polymeride of the true compound. The
following is the list of compounds upon which the argument is based :

Et-O-Et, B.pt. 35 C. (CH 2 )5>0, B.pt. 88 C.
Et-CH 2 ~Et, B.pt. 36 C. (CH 2 ) 5>CH 2, B.pt 80 C.

Et-NH-Et, B.pt. 55 C. (CH 2 ) 5>NH, B.pt. 105 C.

Et-S-Et, B.pt. 92 C, (CHo) 5>S, B.pt. 141 C.

Et-Hg-Et, B.pt. 159 C. (CH) 5>Hff, B.pt. 210 C. (about).

The compound, M.pt. 41 C., probably a polymer, may be recrys-
tallised from much ether, and obtained as a white powder". Its mole-
cular weight is four times that of the compound, M.pt. 120 s

C,, and
the oil obtained has six times the molecular weight of the latter.

All these compounds give the same products when treated with

bromine, iodine, or mercuric halides. With iodine in benzene solution

theoretical yields of pentamethylene-dimereuri-iodide and di-iodo-

pentane are obtained.

Pentamethylene-1 : 5-dimercuri-dibromide, C5H10Hg2Br 2.

The Grignard solution from 20 grams of 1 : 5-dibromopentane, 4*1 grams
of magnesium, and a trace of iodine, after standing for twelve hours is

warmed on the water-bath, and treated with 66 grams of mercuric
bromide in ether, in 5-gram portions. The mixture is then boiled

for an hour and decomposed by 1 per cent, hydrochloric acid. The
ether is removed at 60 C., and the product again treated with 1 per
cent, hydrochloric acid at 60 C. It is filtered hot, washed with cold

water, then with alcohol. The residue is added in small portions to

500 grams of boiling water, digested for fifteen minutes, filtered boiling

hot, washed with cold water, alcohol, and ether, and dried at 100 C.

Yield of crude product, 49 grams or 8-94 per cent. It crystallises from

toluene in doubly refracting needles, M.pt. 150 C., very soluble in

pyridine, aniline, or dimethylaniline in the cold, and may be precipitated

by the addition of light petroleum. It is less soluble in hot alcohol,

acetone, boiling toluene or xylene, and with difficulty in hot water,

hot carbon tetrachloride, ether, or petroleum ether. When boiled for

one hour with alcoholic potassium iodide it yields the di-iodide> sintering

at 115 C. and melting at 117 C. It crystallises best from alcohol-

benzene, and is less soluble than the dibromide. Prolonged boiling in

benzene solution gives mercuric iodide and di-iodopentane. Hydrogen
sulphide precipitates a quantitative yield of the

sulphide^
from a

pyridine solution of the dibromide. It is a snow-white, insoluble,

odourless powder, having the constitution (I.). By passing acetylene
into a solution of the pure dinitrate in alcoholic ammonia, for one hour

at C., an acetylide (II.) is formed. It is a white powder, which takes

fire on heating, is insoluble in the usual organic solvents, and heated

in benzene yields mercuric iodide and di-iodopentane.

/-avCH / J>CHa CH
Hg.C :

I. .
n*

VOL. xi. : i.
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The dihydroxide crystallises in hair-fine, white needles, and is isolated

by boiling the bromide with silver oxide in 80 per cent* alcohol for

twenty hours. Treatment of the hydroxide in 50 per cent, alcohol

with sulphuric aeid precipitates the sulphate as microscopic white

needles, suddenly blackening above 150
C
C. The dibromide with silver

nitrate gives the dinitrate, from which the dichloride is prepared. It

crystallises in white needles, M.pt. 181 C. The following compounds
are also mentioned: cwalate, succinate, ferrocyanide, white precipitates,

and the azelate, white scales.

Pentamethylene -1:5- dimercuridiphenyl, C 6H ft.Hg.(CH8 )6 .

Hg.C<jH5 . This remarkable compound is prepared by treating magnes-
ium phenyl bromide (4 times the calculated amount) with dry, powdered

pentamethylene-1 : 5-dimereurie dibromide in small portions. The
reaction is "completed by boiling for one hour on the water-bath* The

mixture is decomposed by dilute sulphuric acid, and worked up in the

usual manner.
It is a colourless, viscous oil, decomposing when heated in vacua at

180 C. It quickly decolorises a solution of iodine in benzene, with

formation of the above di-iodide, and prolonged boiling with an excess

of the iodine solution gives mercuric iodide, 1 : 5-di-iodopentane and

iodobcnzenc.

It will be seen from the above reactions that the mercury atoms in

these compounds are very lirmly attached, whilst the halogen atoms are

very reactive.

DERIVATIVES OP THE PJRAZOLONE GJtOUP. 1

When the phenyl-5-pyrazolones are treated with mercuric acetate in

alcoholic solution, four aeetoxymercuri groups are introduced into the

molecule, together with a methoxy group. If, however, the hydrogen
in the 4-position be substituted by halogen or methyl groups, mercura-
tion only takes place at 160 C.

3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri-
phenyl -2:3- dimethyl - 5 - pyrazolone,

/CO C(OMe)JHg.OAc
C*H3(Hg.OAe) 2.N<( |

^NMe.CMe.Hg.OAc

One gram of phenyldimethylpyrazolone (1 moL) is dissolved in 5 c.c.

of methyl alcohol and 7-28 grams of mercuric acetate (4 mols.) in

45 e.e. of methyl alcohol poured in. The temperature is maintained at
60 C. and rhombic plates begin to separate in fifteen minutes, and after

about two hours the product is filtered off. It is washed several times
with warm methyl alcohol, faintly acidified with acetic acid, then dried in
vacuo over sulphuric acid. Yield 6-5 grams, 97-4 per cent- The sub-
stance sinters between 200 and 205 C., then decomposes with gas evolu-
tion. It is insoluble in most organic solvents, somewhat soluble in hot
methyl or ethyl alcohol, especially if these contain a trace of acetic acid,
and easily soluble in water faintly acidified with acetic acid. It is also
soluble in ammonium hydroxide and amine bases such as ethylene-
diamine. Ammonium sulphide removes the mercury in the 4-position.

1 Schrauth and Bauerschmidt, tier., 1914, 47, 2736 ; see also, Paderi, Chem. Zentr.
1919, iii. 226 , Oliveri-Mandala, Qatzetta> 1921, 51, i. 125.
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This is probably due to the adjacent earbonyl group, since it is also

removed by dilute hydrochloric acid when 3 -chloromercuri -4-meth-
oxy - 1 - dichloromercuriphenyl -2:3- dimethyl - 5 - pyrazo-
lone is produced.

/CO CH.OMe
C 6H3(HgCl) 2.N<( [

\NMe.CMe.HgCl

The latter is prepared by suspending 2 grams of powdered tetra-acetoxy-
mercuri compound in about 40 c.c. of a quarter Normal hydrochloric
acid, and shaking on a machine for twelve hours. It is filtered and
washed free from chloride and dried in vacua over phosphorus pcntoxidc
at 100 C. The substance is a micro-crystalline powder, slightly soluble

in acetone, but insoluble in all other solvents. It does not melt, and is

not immediately blackened by ammonium sulphide.
3:4- Diacetoxymercuri - 4 - ethoxy - 1 - diacetoxymercuri-

phenyl-2:3-dimethyl-5-pyrazolone is prepared in a similar

manner to the 4-methoxy compound, but the methyl alcohol in the
latter preparation is now replaced by ethyl alcohol. Yield 9G-G per
cent. It forms small, colourless needles which crystallise with 1 mol.

of water, which may be removed by heating in vacuo over phosphorus
pentoxide at 110 C. It has similar solubilities to the methoxy com-

pound, and hydrochloric acid removes the mercury in the 4-position.
3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri-

phenyl - 3 - methyl - 2 - ethyl - 5 - pyrazolone,

/CO C(OMe).Hg.OAc
C 6H3(Hg.OAc) 2.N< I

\NEt.CMe.Hg.OAc

One gram of phenylethylmethylpyrazolone in a little methyl alcohol is

treated with a solution of 7 grams of 90 per cent, mercuric acetate

(4 mols*
)
in 50 c.c. of methyl alcohol. The mixture is maintained at

60 C. and crystals separate in twenty-five minutes, are filtered after two

hours, washed with acidified methyl alcohol, and dried. Yield 6-1 grams,
90 per cent. The substance has similar solubilities to the above 4-

methoxy compound and decomposes above 200 C. It crystallises in

prismatic needles, from which the mercury in the 4-position is removed

by hydrochloric acid in the usual way, 3-Chloromercuri -4-methoxy -

1 -dichloromercuriphenyl-3-methyl-2 -ethyl-5 -pyrazolone being
obtained, which has the structure:

/CO CBLOMe
C6H8(HgCl) 2.N< 1

\NEt.CMe.HgCl

In a similar manner l-p-tolyl-2 : 3-dimethyl-5-pyrazolone and l~o-

tolyI-3-methyl-2-ethyl-5-pyrazoIone in methyl alcohol solution are

converted into 3 :4-diacetoxymercuri-4-methoxy-l-[diacetoxy-
mercuri-p-tolyl] 2 : 3-dimethyl-5-pyrazolone and the correspond-

ing 3 : 4-diacetoxymercuri-4-methoxy-l -[diacetoxymercuri-o-
tolyl]-3-methyl-2-ethylpyrazolone, both of which lose mercury
from the 4-position by the action of hydrochloric acid, yielding tricMoro-

mercuri derivatives.
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3:4- Diacetoxymercuri - 4 - methoxy - 1 - acetoxymercuri-

phcnyl - 3 ~ methyl - 5 - pyrazolone,

AX) C(OMe).Hg.OAcV/ !

-CMc.Hff.OAc

A 06 per cent, yield is obtained by carrying out the niercuration in the

usual manner, but no heating is necessary, the reaction being complete

in several hours at room temperature." From the mother-liquor a

further quantity may be obtained, raising the yield to DO per cent. The

crystals melt at 167 C. with decomposition, and contain 1 mol. of

water of crystallisation, which may be removed by heating in racuo

over phosphorus pentoxide at 188
6
C. The mercury in the 4-position

is removed by ammonium sulphide or hydrochloric acid, a dichbro-

inewuri compound being obtained which is somewhat soluble in acetone.

If, however, l-phenyl-^methyl-5-pyrazokme be mercurated in

boiling methyl alcohol solution for three* hours, 3-diacetoxymercuri-

4 methoxy -1 -diacetoxymercuriphenyl-3-methyl-5-pyrazolone is

formed :

/CO C(OMe).HR.OAc
C 6H3(H<r.OAc) 2.X< |

\XH-CMe.Hg.OAc

It is a crystalline product, decomposing at 225 C., sparingly soluble or

insoluble*! n the usual solvents.

4 -Bromo-4-hydroxy-3-acetoxymercuri
- 1 -triacetoxymercuri -

phenyl-2 : 3-dimethyl-5-pyrazolone,

CO CBr.OH
*- \NMe_CMe Hg OAc

Two grams of 4-bromo-l-phenyl-2 : 3-dimethyl-5-pyrazolone (1 mol.)

and 10-5 grams of mercuric acetate (4 mols., 90 percent.) are heated

for thirty minutes in an oil-bath at 160 C. The melt is cooled, ex-

tracted with alcohol, the solution boiled with charcoal, filtered, and

treated with ether. The white precipitate is filtered, washed with ether,

and dried. It is a hygroscopic substance, readily soluble in cold water,

less soluble in methyl or ethyl alcohol faintly acidified with acetic acid.

It decomposes with gas evolution at 225 C., and is unaffected by
ammonium sulphide unless boiled. From its aqueous solution sodium

chloride precipitates an insoluble chloride, and sodium hydroxide the

corresponding hydroxide.
4 - Hydroxy - 3 - acetoxymercuri - 1 - triacetoxymercuri -

phenyl -2:3:4- trimethyl - 5 - pyrazolone,

.CO CMe.OH
C eH 2(Hg.OAc) 3.N< |

NSTMeXMe.Hg.OAe

This is formed from 1-phenyl-2 :B: 4-trimethyl-5-pyrazolone in the same
manner as the preceding compound. It melts at 237 C. (corr.) with

strong decomposition, and has similar properties to the bromo deri-

vative. When treated with hydrochloric acid it yields 4-hydroxy-
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3-chloromercuri-l-trichloromercuriphenyl-2 : 3 : 4-trimethyl-5-
pyrazolone, which decomposes at about 2U3" C,

4 -
Acetoxymercuri-3-diacetoxymercuriphenyl-5-pyrazolone,

,C(OII).CJtlg.OAc

Tlie reaction between 3-methyI-5-pyrazolone (1 inol.) and mercuric
acetate (3 mols.) takes place when the two are boiled for three hours
in methyl alcohol solution. The effect of the possibility of cnolisu-

tion is marked by the absence of any methoxy group in the product. In

methyl or ethyl alcohol strongly acidified "with acetic acid it is only
soluble with difliculty, and from these solvents it crystallises in colour-

less needles, which decompose about 250 C. Treated with hydro-
chloric acid, it is converted into a dichloronwmiri compound, decompos-
ing near 240 C. With ammonium sulphide, these two compounds do not
blacken immediately.

5 -Chloro -4-acetoxymercuri - 1 -pheny1 -3 -methylpyrazolf me ,

C.Hg.OAc

NPhi

-CMe

This compound is prepared as the preceding one, from o-chloro-I-

phenyl-3-methylpyrazole. It melts at 123 C., is readily soluble in

water, alcohol, and all the usual solvents. It is unaffected by cold

ammonium sulphide, but with hydrochloric acid yields a dichluro-

mereuri compound, needles, M.pt. 105 C.

DERIVATIVES OF

Pyridine and mercuric acetate when heated at 175 to I<SO
C
C. for 25

hours, and the reaction mixture diluted with 5 to 6 volumes of water,
followed by the addition of sodium chloride give 3 : 5-dichloromercuri

pyridine (I. )
as a pale bro\vn, amorphous, odourless powder, decompos-

ing at 220 C. Bromine in sodium bromide solution converts it into 3 : 5-

dibromopyridine. The mother-liquors from the dichloromereuri com-

pound yield 3-iodomercuri pyridine (II.) when treated with sodium
iodide. The product is a yellow, amorphous powder, M.pt. 68 to 69'

J

C.,

which forms 3-bromopyridine with bromine in sodium bromide.

L IL

DERIVATIVES OF FURANM AND PYRROLE.

Tetra-acetoxymercuri-furane
2

is formed when mercuric acetate

reacts with furane. It decomposes at 226 to 228 C. and is converted

by potassium hydroxide into the tetrahydrosy"Compound^ decomposing
1 Sachs aad Eberiiartinger, J&r., 1923, 56, [B], 2223.
* Ciasa and Grille, Gazzetta, 1927, 57, 322,



214 ORGANOMETALLIC COMPOUNDS.

at 210 C. The latter with sodium chloride gives tetrachloromercuri-

furane, decomposing at 235' C., iodine transforming this into tetra-iodo-

furane. A monoacetoxymercuri-furane has been reported, but its

existence seems doubtful.

Pyrrole likewise forms tetrachloro and tctra-acetoxij derivatives, the

former yielding tetra-iodopyrrole when treated with iodine in potassium

iodide.

UER1VAT1YE8 OF THE INDOLE SERIES. 1

3-Acetoxymercuri-2-methyl-J-phthaIyl-indole,

/
(

--C.Hg.OAc

N.CO.C6
H4.C02H

Mcthylphtlwlylindole (1-t parts) is dissolved in 30 parts of hot alcohol,

and mixed with a solution of 1-0 parts of mercuric acetate in 10 parts

of alcohol. The product separates immediately as a pale reddish

precipitate. After cooling, it is iiltered and washed with alcohol and

ether. It is insoluble in the usual solvents, and when heated with

mineral acids methylphthalylindole is formed.

3-Acetoxymercuri-l-methylindole. To a solution of 3-8 parts

of mercuric acetate in 20 parts of methyl alcohol, a methyl alcohol

solution of K3 parts of N-methylindolc is added. The
^
compound

separates as a white, crystalline mass, which is washed with methyl
alcohol and ether. It is readily soluble in hot alcohol, benzene, or

acetone, crystallising in line needles as the solutions cool. It is decom-

posed by heating with dilute mineral acids.

3-Hydroxymercuri-2 -carboxy-1 -methylindole is prepared from

N-methyliudolc carboxylic acid in the usual manner. It is insoluble

in the usual organic solvents, but dissolves readily in alkalies* Hot
dilute mineral acids split off the mercury.

3 -Hydroxymercuri-2 -anisylindole ,

KH

Anisylindole (1-1 parts) in 100 parts of hot alcohol is mixed with

1-8 parts of mercuric acetate in 10 parts of alcohol. A turbidity appears,
and the mixture is warmed for a short time on the water-bath, when
the product separates as a brown precipitate. It has similar properties
to the preceding compounds.

A product has also been isolated from %-methyl indole (methylketole)
as a pale yellow precipitate, resembling the other indole derivatives.

Treatment of its aqueous suspension with hydrogen sulphide immedi-

ately gives blaek mercuric sulphide.

DERIVATIVES OF QU1NQLINE*

Hydroxymercuri - 2 - hydroxyquinoline - 8 - carboxylic acid .

The acid (20-6 parts) is suspended in about 1000 parts of water, and the
mercuric oxide from 13*5 parts of mercuric chloride stirred in. The

1 German Patent, 236S93. * German Patent, 289246.
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mass is boiled until a portion no longer gives a precipitate of mercuric
oxide when treated with sodium hydroxide. The compound is isolated
as a dark yellow, water-insoluble precipitate. The acid is insoluble
in alcohol, ether, and benzene, and after wanning with hydrochloric
acid, ammonium sulphide precipitates mercuric 1

sulphide.
Hydroxymercuri-8-hydroxyquinoline-5-sulphonic acid is pre-

pared in a similar manner. The free acid is bright yellow, sparingly
soluble in water and insoluble in alcohol, ether, or benzene.

Hydroxymercuri -2 -phenylquinoline-4 -carboxylic acid.Ten
grams of the acid are mixed with 13-3 grams of mercuric acetate in

aqueous solution, and the whole heated until a clear solution is obtained
with sodium hydroxide. The product is then filtered, washed with water
and dissolved in very dilute sodium hydroxide, excess being avoided,
and the solution treated with alcohol The sodium salt is precipi-
tated, and has a similar solubility to the preceding compound. The
preparation may also be carried out using mercuric oxide in place of
acetate.

Using the above methods, compounds have also been obtained from

quinoline-8-sulphonie acid and 8-hydroxyquinoline.

DERIVATIVES OF DIHYDROBENZOFURAXES*

The addition of mercuric salts to o-allylphenols leads to the pro-
duction of a series of mercurated dihydrobenzofuranes of the general
formula :

J/\ /"**> \v

CH.CH2.HgX

In comparison with other mercury salt - olefine compounds, these

bodies are very stable towards acids. They yield compounds of the

type R 2Hg when reduced by sodium amalgam, and the corresponding
iodide when treated with potassium iodide. No reasonable molecular
formula has been devised for these compounds, which completely fits

in with the facts, so that they are at present merely written as -additive

formulae.

1-Acetoxymercurimethyl-l : 2-dihydrobenzofurane,

CH,\
CH.CH 2.HgOAc

This is prepared by suspending o-allylphenol in water, and adding
an aqueous solution of mercuric acetate. It crystallises in colourless

plates, M.pt. 80 to 81 C. The corresponding chloride may be obtained

by adding sodium chloride to the above compound or by replacing the

mercuric acetate by mercuric chloride. It melts at 137 C. The
bromide crystallises in lustrous crystals, M.pt, 122 C., and the iodide

in colourless plates, M.pt. 114 to 115-5 C.

1 Since it has not been definitely decided whether these compounds are
"
molecular*

1

substances or merely addition compounds, only general directions have been given for

their preparation. Evidence at present points to the latter type. Adams, Roman, and

Sperry, J. Amer. Ckem. &*?., 1922, 44, 1781 ; Mills and Adams, ibid., 1923, 4$, 1842,
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1:1- Sulphato - mercuridimethylene-bis-1 : 2-dihydrobenzo-

furane,

.-a
\ ^o/

o-AIlvlphniol is carefully added to a solution of mercuric oxide in dilute

sulphuric- acid. The product melts at 123 C. with decomposition.

1 : 1-Mercuridimethylene-bis-l :2-dihydrobenzofurane,

/ /CH 8 \

Cell,/ XCII.CH 2 HgN--'
This is obtained in colourless crystals, M.pt. 03

-

C., when 1-ehloromethyl-

1 : a-clihydrcibeir/oliiraiio is reduced by sodium amalgam in ethyl alcohol

solution.

The following is given as a general method oi preparation oi sub-

stituted 1-mereurimethyl-l : 2-dihydrobenzofuranes. Ten grams of a

substituted o-allylphcnol are slowly added to an aqueous solution con-

taining one molecular equivalent of mercuric acetate or chloride. With

the latter, a saturated solution is used, and the phenol slowly added

until a flocculcnt precipitate is obtained, the operation lasting one hour.

The stirring is maintained until the oil solidifies. With mercuric

acetate, about 10 grams of salt are used with each 100 c.c. of water.

The following merciirated 1 :2-dihydrobenzofuranes have been pre-

pared by the addition of mercuric salts to o-allylphcnols : l-Acetoxij-

mereurimeth!(l-G-mcthul-< M.pt. 113 C. ; l-chhromercurimethyl-Q-mcfhyl-,

M.pt. or C. ; l-acetojrymercurimethyl-5-mefliyl-, oil; 1-cMomnercuri-

methyl-5-mcthyl-< Jil.pt. 1
427>5 C. ; I-acetoxymercurimethyl-4,-Methyl-> oil ;

l-chiorommurimethyl-4-methyl~, M.pt. 09-5 C. ; 1-acetoxymemm-

wethyl'4-bromo-, oil; l-cMorvmereurimethyl--bromo- 9 M.pt. 108 C. ;

l-chlorwereurimethyl-G-carboxy- 9 M.pt. 200 C. with decomposition;

l-chhromcrwrimethyl-facarbometkoary-, M.pt. 107 C. with decomposition ;

l-cMwomemirimethyl-4rcarboxy-9 M.pt. 212 to 213 C. with decom-

position; l-chloromercurimethyl-^carboxyvinylene-, M.pt. 300 C. with

decomposition.
The following is a general method for conversion of 1-chloromercuri-

or l-acetoxymercurimethyl-1 : 2-dihydro-benzofuranes into the corre-

bjxmdiug bromides and iodides : A solution of 5 grams of the ehloro or

acetoxymercuri compound in absolute alcohol is mixed with a boiling

solution of alcohol containing one molecular equivalent of the potassium
halide. The compound separates on cooling, is washed and crystallised

from alcohol. The following xncrcurated 1 : 2-dihydrobcnzofuranes are

thus obtained : l-Iodomercuiimethyl-$-mfliyli M.pt. 88 C. ; I-iodo-

Mereurimethyl-&-meihyl- t M.pt. 131-5 C.; l-iodomercurimethyl-4t-methyl-9

M.pt. 94 C. ; l-foomoinmurimethyl-4t-bromo-t M.pt. 93 C. ; l-iodo-

mercurimethyl~k-bromQ-, M.pt. 101 C.

l-IIydroxyniercurimethyl-l:2-dihydrobenzofuranes are obtained by
treating 10 grams of the corresponding ehloro compounds with one mole-
cular equivalent of sodium hydroxide in 50 c.c. of warm absolute alcohol.

The products are recrystallised from 95 per cent, alcohol. The following
are recorded : I-Hydroxymercurimethyl-9 M.pt. 152 C. ; I-hydroy-
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mercwimethyl-G-methyl- 9 thick oil ; l-hydrojuMcreiirimethyl--mcthyl- 9

M.pi. H9 C.

When the above compounds are dissolved in hot alcohol, diluted with
hot water, and a hot aqueous alcoholic solution of the requisite aeid added,
the following compounds are obtained: l-Tnrtruto-di-Mercnriwcthyl-,

M.pt. 192 C. with decomposition; l-ojrala1o-di-uiercuriHuihyl-9 Mipt.
175 C, ; \-pwitrobenxatomercurimelhyl- 9 M.pt. 14-JiT C. ; 'l-p-nilw-

bensatomercurimethyl-G-methyl-, M.pt. 102-5
-

C.
; 1-p-Hitrobenzttfa-

mercurimethyl-&-methyl-9 M.pt. 13G-5 C.

1-ChloromercurimethyI-l: 2-dihydrobenzofuranes, when added to satu-

rated solutions of potassium cyanide or thiocyanatc in absolute alcohol,

yields: l-Thiocyanatomercurimethyl-, M.pt. 112-5 C. ; 1-cyanomercuri-

methyl-, M.pt. 102 C. ; l-thiQcyunatomercurimethyl-^-methyl-, M.pt.
102-5 C. ; l-cyanomercurimefhyl-4i-methyl- 9 M.pt. 148 C.

The following compounds have also been described : \-^odiuwthio'

sidphutomcrcurimetliyl-liZ-dihydrobenzofurane

curimethyl-4i-methyl-9 and 1 : l-niercuridimethylenc-bis-'l-methyl-l :2-diiiy-

drobenzofumnes.

DERIVATIVES CONTAIMM* MERCURY AXD 8ELEX1UM.

Products from 2 : A-Diphenyl-selenophene.
1

5 - Chloromercuri -2:4- diphenyl - selenophene. -An alcoholic

solution of the selenophene is treated with the mercuric Imlide in the

presence of sodium acetate, and the solution mechanically stirred for

twelve hours. After a further twelve hours' standing, a 90 per cent,

yield of product is obtained, which melts at 224 C. (corr. )
after crystallisa-

tion. When heated under reflux for an hour with aqueous bromine it is

converted to tribromo-diphenyl-selenophene. An acetone solution of

potassium bromide gives the 5-bromomercuri derivative and mercuri-bis-

(2 : 4-diphenyl-selenophene-5).
5-Bromomercuri-2 :4-diphenyl-selenophene is prepared by the

methods outlined above or by heating the mereuri-bis compound for ten

minutes with mercuric bromide in acetone solution. It crystallises

from alcohol in microscopic, colourless, felted hairs, M.pt. 215 C. (corr.),

soluble in benzene, toluene, or glacial acetic acid. When its toluene

solution is boiled, it decomposes with formation of diphenyl-seleno-

phene and mercurous bromide.
5-Iodomercuri-2 :4-diphenyl-selenophene cannot be formed by

the action of mercuric iodide and sodium acetate on 2 : 4-diphenyl-

selenophene, or by sodium iodide upon the 5-chloromercuri compound.
A 30 per cent, yield is obtained when the mercuri-bis derivative in acetone

solution is heated for ten minutes with mercuric iodide. The pure

product forms colourless crystals, but unless the experiment is per-
formed in the dark only a red product is isolated.

5 - Cyanomercuri -2:4- diphenyl - selenophene. The 5-chloro-

mercuri compound is treated with sodium cyanide in acetone solution.

The mercuri-bis derivative is precipitated, and dilution of the filtrate

gives a 50 per cent, yield of the 5-cyanomereuri compound, M.pt. 2504
C. A 90 per cent, yield is obtained when the mereuri-bis derivative is

heated for ten minutes in acetone solution with mercuric cyanide.
1
Bogert and Eerrara, J. Amer. Chem. 8oc., 1023, 45, 238 ; Bogert and Anderson

, 1926, 48, 223.
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When boiled in benzene, toluene, or xylene it is decomposed into 2 : 4-

diphenyl-selenophene and mercurous cyanide.

Mercuri-bis~(2 : 4-diphenyl-selenophene-5), (Ph.X^HSe^Hg,
may be isolated from the 5-chloromercuri compound and potassium
bromide, sodium cyanide, or sodium iodide, also from the 5-bromo-

mercuri compound and sodium bromide. It forms pale gray, minute,
felted hairs, M.pt. 280-7 C. (corr.).

Derivatives containing mercury and arsenic are given under the

latter element in Part II. of this volume.



CHAPTER XL

ORGANOMETALLIC DERIVATIVES OF THE METALS
OF GROUP III.

BOEON, aluminium, indium, and thallium are the only elements in this

group from which true organo-compounds have been obtained. The
metalloid boron forms a greater variety of compounds than the other
three metals, its derivatives bearing some resemblance to those of silicon

and phosphorus. Whilst aluminium and gallium when heated with dry
hydrogen chloride yield A1C13 and GaCL, respectively, indium and
thallium only give InCl2 and T1C1 respectively; also the stability of the
trichlorides of these metals diminishes from aluminium to thallium.

This gradation in basicity is reflected in the organo-compounds, for

whilst it is possible to obtain the type R 3M from aluminium, only
the form R2MX can be isolated from indium and thallium. Moreover,
in the case of the latter metal, the inorganic tervalent compounds are

less stable than the thallous salts, but no organo-thallous derivatives

have ever been isolated.

The first organic compound of boron was isolated by Frankland in

1862, by the interaction of zinc methyl and triethyl borate. 1 This
method and the use of zinc alkyls with boron trichloride was continued
until the discovery of the Grignard reagent. In 1900 2 boron tri-

methyl was prepared by the action of magnesium methyl iodide on tri-

methyl borate, and in 1921 3 a number of boron trialkyls were obtained

by the interaction of magnesium alkyl halides and boron trifluoride.

Of the derivatives of the type R3B, boron trimethyl is a gas, spon-
taneously inflammable in air; boron triethyl, a spontaneously inflam-

mable liquid ; whilst the higher members of the series are liquids, readily
oxidised when exposed to air* , The methyl and ethyl derivatives

combine with ammonia to forrfr R*.jB,]NfH0. *Wie type RJBOH only
has one representa&i^'tJie' ethyl compound, -wBieb

,
Isja liqi$$ readily

absorbing oxygeiSrftom Jfcb<* air:
;

- ^ i ,***. v. .

The alkyl boric acids, RB(OH)^,$airebe^ prepared by the action of

magnesium alkyl halides on boric AewaAliiffllhey are all solids, and the

lower members of he series are volatile at low temperatures.
***

In the aromatic series only one member has been obtained of the

type R3B, namely, boron triphenyl.
4 It is formed by the interaction of

magnesium phenyl bromide and boron trifluoride, an excess of Grignard

reagent giving boron diphenyl fluoride and boron phenyl difluoride at the

same time. Boron triphenyl is a solid, which readily yields additive

1
Frankland, Annakn, 1&62, 124, 129.

1
Khotinsky and Melamed, Bar., 1909, 42, 3090.

Krause and Nitscbe, Jfcr,, 1921, 54, IB], 2784.
* Kwmse and Nitsche, Jfcr., 1922, $& [B], 1261.
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compounds with ammonia and aromatic amines, in which boron has

the co-ordination number 4.

The type R 2BX is represented by boron diphenyl chloride and

bromide, "both being prepared by the "use of mercury diphenyl. The
chloride is a liquid, B.pt. 270 to 271

3
C., and the bromide a solid, M.pt.

SJ4
ri

to 25 C. Treatment with sodium hydroxide yields the typeR 2JB.OII.

A considerable number of derivatives are known of the type RBXg,
the general method of preparation consisting of treating boron tri-

chloride with mercury diaryls, in the proportion of 1 mol. of the latter to

iJ inols. of the boron halide. Some of tlie products are solids, others

fuming liquids, but all when treated with water are converted into the

corresponding acids, RB(OH) 2 .

The diaryl boric acids, R 2B(OH), are eoniined to the diphenyl and

di-p-tolyl compounds, although in the latter case the anhydride and

not the acid is formed.

The monoaryl boric acids, RB(OH) 2, are usually isolated, as stated

above, by the aVtion of water on the type RBX 2, although in certain

CUSPS this leads to the formation of the oxide RBO. The phenyl

compound has been obtained by boiling with water the product of

reaction from magnesium phenyl bromide and boron trifluoride. The
most remarkable feature of the type RB(OH) 2 is that the action of

mercuric chloride upon them leads to the production of mercury aryl
halidcs (KHgX). The anisyl and phenetyl compounds do not yield

oxides when heated, or form salts, and the jS-naphthyl acid exists in two
modifications. Dehydration of the acids in vacuo gives the oxides, RBO.

Aluminium compounds of the type R 3A1 were first investigated by
Cahours in 1800. *

They are difficult to handle, and the methyl, ethyl,
and propyl derivatives are liquids, spontaneously inflammable in air.

In attempting to devise new methods for the preparation of these

substances, Krause and Wendt 2 isolated the etherates, 4AlR3.3EtO,
which arc colourless, mobile liquids rapidly undergoing decomposition
in the air, but do not inllame.

Only one compound of each of the types R 2A1X and RA1X2 is known,
namely, the ethyl derivative, and this in each case is spontaneously in-

flammable, although the etherates, like those above, do not exhibit

this property.
The only other alkyl compounds known are derivatives of methylene

iodide or bromide, aluminium powder reacting with these compounds
to produce the type GH a=AIX, which are heavy liquids.

Aluminium triphenyl is the sole aluminium aromatic organic com-

pound. Like the corresponding alkyls, it forms an etherate, but its

decomposition by air is not so rapid. Mercury diphenyl and aluminium
in a nitrogen atmosphere at 140 C. produce the compound, with much
evolution of heat, in a few seconds. Iodine decomposes it, with formation
of aluminium iodide and iodobenzene.

The metal indium has so far only yielded one derivative, indium

diphenyl chloride.3 This was isolated by the interaction of mercury
diphenyl and metallic indium in boiling xylene. It is an insoluble com-
pound, not melting at 050 C* When metallic indium and mercury
diphenyl arc heated at 270 C. in a nitrogen atmosphere under reduced

1
Cahours, Annakn, I860, 114, 242.

8 Krause and Wendt, Bcr., 1923, 56, [B], 466.
3
Goddard, unpublished.
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pressure, and the residue extracted with ether, a compound correspond-
ing to C 6II 5InO,In 8 3 is isolated from the solution.

The first organic thallium compound was obtained by Hanscii, 1

by
treating zinc diethyl with thallie chloride. Four years later Ilartwi/-
prepared salts of the type R 2T1X. Xo further work was done upon the
metal until 1904, when Meyer and Bertheim 3 isolated thallium dimethyl
chloride by a reaction which may be expressed in a general form :

T1C1, -r2MRCl=R 2T1C1 +2MgCl 2

The present authors have shown since that this reaction may be used
to form any aliphatic or aromatic compound of thallium of the typeR 2T1X.

4 If it is desired to prepare thallium compounds containing
secondary radicles, an excess of Grignard reagent must not be used, or
reduction takes place to metallic thallium.5 When thallium dialkyl
halidcs are treated with silver oxide, the halogen is split off and hydrox-
ides formed. The solutions thus obtained are strongly basic, rapidly
absorb carbon dioxide from the air, and when treated with acids, or

compounds containing acid groupings, they yield salts. Thallium

diethyl hydroxide has been isolated in the solid state, and with aqueous
solutions of metallic salts it precipitates hydroxides. In the case of

halides, cyanides, or thiocyanates in the aliphatic series, the following
reaction with silver nitrate takes place quantitatively,

R 2T1X+AgN0 3
=AgX+R 2T1NO3

and since the nitrate is soluble, this affords a method of estimating the
acid radicle.6 Although many double salts are found in inorganic

chemistry containing thallium in the thallie state, very few arc met with
in organometallic derivatives. In spite of the fact that the authors have

prepared considerable numbers of salts of the type R 2T1X, both in the

aliphatic and aromatic series, only the following double compounds have
been isolated: thallium dimethyl m-nitrophenoxide, C8H10O 3NT1.

CgHgC^N; thallium diethyl 4-mtrosophenoxide,C10H 14 2NTl.C ti
H 40.2N;

thallium diethyl 5-nitro-o-tolyloxide, CnHi 6O3NTl.C7H7 3N ; thallium

diphenyl acid propionate, acid valerate, acid butyrate, acid m-hexoate.

Moreover, with the exception of the fluorides, none of the salts

appear to contain water of crystallisation.
Thallium diphenyl bromide was first mentioned by Meyer and

Bertheim in 1904, but in 1922 the present authors showed that this com-

pound was impure, and that the reactions given for it did not represent
the facts, as shown by their later preparation. They therefore claimed

their preparation to be the first organometallic compound of thallium, in

the aromatic series, to be obtained in the pure state. The compound,
which is typical of the aromatic thallium diaryl halides, does not melt

below 300 C., and may be crystallised from pyridine. The correspond-

ing chloride is decomposed by iodine monochloride according to the

equation :

Ph 2TlCl+2lCl=2PhCl+TlCl+I 8

1 Hansen, Ber., 1870, 3, 9.
*
Hartwig, Ber., 1874, 7, 298 ; Anwlen, 1875, 176, 257.

3
Meyer and Bertheim, Btr. 9 1904, 37, 2051.

* Goddard and Goddard, Tmna. Chem. &&, 1921, 119, 672, 1310; 1922, xax, 36,

256, 483 ; 1923, 123, 1161.
* Krause and Groese, Ber. 9 1925, 58, [B], 1933.
6
Goddard, Trans. Chen. J3oc, t 1921, 119, 673.
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If the thallium diphenyl chloride be replaced by thallium diethyl

bromide, only thallous iodide is isolated from the reaction. It has been

pointed out that thallium dialkyl halidcs when treated with moist silver

oxide yield the corresponding hydroxides, and that the latter with acids

#ive salts. In the aromatic series, it is found that the best method of

preparing the salts is to boil together a mixture of the halide, silver oxide,

and the organic acid in toluene. Alcoholic potassium hydroxide trans-

forms the halidcs to oxides, and these are also available for production
of salts.

It is well known that many organo mercury compounds of the type
R 2H# react with metallic and non-metallic chlorides to form organo-
metallie derivatives of the metals iu question. The present authors l

carried out a considerable number of reactions of this type, with various

oqrauomctallio compounds, the results of which arc shown in Table IV.

of the Appendix.
It will be seen that a number of the reactions afford means of

obtaining organo-tballium derivatives. In the case of organo compounds
of the elements of Group V., it may be stated that phosphorus and

antimony chlorides yield no organo-thallium derivatives, whereas arsenic

and bismuth chlorides are capable of yielding compounds of the type

Summarising the results for tin and lead compounds in the aliphatic
and aromatic series, substances of the type R,iM give rise to R2MX2

nnd R/riX ; R,MX and R3MR' yield thallous chloride and R,MRo
and K,MX respectively; R 8MRj' produces R 2'MX 2 and R2T1X,
where It' is the radicle of lower molecular weight ; and R2MX2 merely
exchanges its halogen, X 2 , should it be bromine or iodine, for the chlorine

of the thallie chloride.

"Whilst 2-chloromercuri-thiophene and metfcury 2 : 2'-dithienyl form

organo derivatives when treated with arsenic trichloride,
2 thallie

chloride merely decomposes the first compound, and gives no organic

compound with the second. 2-Iodomercurithiophene is converted to

*2-chloromercuri-thiophene and thallous chloride is formed. p-Amino-
phenylmercuric acetate treated with ethereal thallie chloride gives an
unstable additive compound, corresponding to the formula, 2C8H9 2

NHg.T10Ia, and p-aminophenylmercuric chloride behaves similarly, but
when the solutions are heated complete decomposition takes place.

p-Bis-mercurianiline and sodio-camphor do not yield thallium derivatives
under the above conditions. It is therefore evident that only normal

compounds of the type R2Hg give rise to thallium derivatives, where R
may be any radicle except benzyl, thienyl, or an iso-group ; in other
cases substances of the type R 2T1X are formed.

The estimation of thallium 3 in organic compounds is carried out
in a spherical flask of 200 c.c. capacity, having a short, ground-glass
neck, carrying an air condenser & feet long. About 0-2 gram of sub-
stance is treated in the apparatus with 20 c.c. of fuming nitric acid, and
the whole boiled until colourless. The contents of the flask are then
rinsed out and evaporated to dryness, the residue dissolved in water, a
few drops of dilute ammonia added, and the thallium precipitated by

*
Godd&jti, Trans. Chem. Sot.. 1922, m,30; 1923,123,1161; Goddard and Goddard'

ibid., 1922, 121, 25t>, 482.
9
Stemkopf and Bauermeister, Annalen, 1917, 413, 331.

* Goddard and Goddard, Trans. Chem. 8oc,, 1922, 121, 48$.
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hot potassium dichromate. In cases such as thallium diphenyl chrom-
ate, the thallium is first removed as thallous iodide, before precipitating
the other metal. For halogen estimation, silver nitrate in 1 c.c. of
water is added before the addition of the fuming nitric acid, and the
mixture boiled to destroy organic matter, then treated in the usual way.
This method of estimating halogens gives good results in the case of

thallium, lead alkyl, and mercury compounds, and would no doubt
answer for any type of organo compound which does not explode with

fuming nitric acid, or give a stable nitrate, like lead diphenyl nitrate, or

yield an insoluble oxide, as in the case of tin.

BORON.

Alkyl Compounds of the Type R 3B.

Boron trimethyl, Me 3B. This compound was first obtained 1
by

the interaction of zinc methyl and triethyl borate. It has more
recently been prepared by the interaction of magnesium methyl iodide
and trimethyl borate.2

The product isolated by the above methods is a gas of pungent odour,
which is spontaneously inflammable in contact with air. "Frankland
states that it can be liquefied at 10 C., under a pressure of three atmo-

spheres/ to a colourless liquid, whilst Stock and Zeidler give the melting-
point as 161-5 C. and the density at 100 C. as 0-C25 (as liquid").

They also recorded the following vapour pressures :

Vap. press, in mm. 1 2 3 46 10 15 21

Temperature C. . -118 -113 -108 -103 -98 -93-3 -88-4 -83-5

Vap. press, in mm. 32 43 60 82 113 147 192 253

Temperature C. . -78-4 -73-8 -68-9 -64-1 -59-2 -54-3 -49-4 -44-5

Vap. press, in mm. 319 406 511 759

Temperature CL . -39-6 -34-6 -29-7 -20-2

The vapour density between 25 C. and +100 C. corresponds to

the formula BMe3.

The gas is soluble with difficulty in water, but very easily soluble in

alcohol and ether. It combines directly with ammonia, yielding boron

trimethylammine, BMe3.NH3, M.pt. 56 C., B.pt. 110 C., which crystal-
lises from ether in many-sided, highly refractive, volatile crystals. The

compound has the vapour pressures 1*0 mm. at C., 1-8 mm. at 5*6 C.,

2 mm. at 10 C., 3*2 mm. at 15-2 C., 11-0 mm. at 31-2 C., and 16-5 mm.
at 36-9 C. The vapour density, measured between 25-0 C. and 70-0 C.,

shows that about 10 per cent, of undissociated ammine can exist in the

gaseous state at 25 to 30 C., but molecular weight determinations in

benzene solution by the cryoscopic method show that the ammine is

practically undissociated. The benzene solution is stable in air, smells

faintly of boron trimethyl, but not of ammonia.
Treatment of boron trimethyl with potassium hydroxide or an

ammoniacal solution with alcoholic potassium hydroxide yields a resinous

mass, to which Frankland ascribed the composition BMes.KOH.
1 Frankland, Annaten, 1862, 124, 129.
*
Khotdnsky and Melamed, Ber., 1909, 42, 3090. A re-examination of Franfcland's

compound was made by Stock and Zeidler (er, 1921, 54* [B], 531) who obtained the

compound in the gaseous state from boron chloride and zinc methyl, the violence of the

reaction being moderated by cooling or working under diminished^presgure.
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Boron triethyL This is prepared by the action of zinc ethyl on

the triethyl ester of boric acid. 1 and also by the interaction of zinc ethyl

and boron trichloride.8 Frankland described it as a fumintj liquid,

spontaneously inflammable in air. It melts at -02-0 C., and boils at

05 ('. ; density at 28 C., 0-G9 1 ; vapour pressure at C., 12-5 mm. It

undergoes slow decomposition on heating, yielding some hydrogen and

ethane ; the vapour density near the boiling-point corresponds to the

simple formula BEt,.
3 The liquid is only very slightly soluble in

water, prolonged treatment only showing very slow decomposition.

Iodine has no action upon it even at 100 C. It burns in air with a bright

green, sooty ilame, and explodes in pure oxygen. When heated with

concentrated hydrochloric acid over mercury to 00 C., an ethyl group

appears to be* replaced by halogen, yielding boron diethyl chloride.

Like boron trimethyl, it forms an am mine, BEt^XIIj,, which is stated to

have an aromatic smell and an alkaline reaction.

Boron tri-n-propyl, (C ;t
H7 ), :t

B. 4 This and the following trialkyl

boron compounds are prepared by the action of boron fluoride on

magnesium alkyl halides, details of a preparation being given under

the isoamyl compound. The following physical data have been noted

for the propyl compound : B.pt. CO C. at 20 mm. ; B.pt. 156 C. at

TOO mm. ; density at 24-7 C. 0-7204, whence density at 22-5 C.

0*7225 ; im. 1-11129, MI, 1-41352, nrL* 141895, nH- 1-42354 at 22-5 C.

Boron tri-isobutyl, (C 4H 9)3B. B.pt. 86 C.at 20 mm. (uncorr.);

B.pt 188 C. at 700 mm.; density at 25 C. 0-7380, whence density at

22-8
c
C. 0-7400; n llft 1-41052, m> 1-41882, nn^ 1-42445, nH,

1-42882 at

22-8 C.

Boron tri-iso-amyl (OgH^^E Boron trifluoride obtained by
the interaction of 75 grams of potassium borofluoride, 13 grams of

boric anhydride, and 250 c.c. of concentrated sulphuric acid, is passed
in a rapid stream into the magnesium compound from 100 grams (1

moL) of isoamyl chloride in 350 c.c. of absolute ether. The boron tri-

Huoridc is rapidly absorbed, and after completion of the reaction the

whole is heated to boiling for twenty minutes on the water-bath. The
ether is tlien distilled off in a streanTof nitrogen and the residue distilled

in dry nitrogen at 13 mm. The pure product obtained distils at 119 C.

at 1 i mm. in nitrogen. Yield 42 grams (55 per cent.
).

The compound is a colourless, very mobile liquid, having an odour

resembling nmyl alcohol It is readily oxidised in air, yielding isoamyl
boric acid. It burns with a bright green flame and is slowly acted upon
by water.

Physical data: density at 23-4 C. 0-7600, whence density at

22-0 C. 0-7C07; HH 1-42983, nD 1-43207, ngi 1-48782, nH-> 1-44254 at

22-(j C.

Alkyl Compounds of tJie Type R2B.OEL

Boron diethyl hydroxide or Diethyl boric acid, Et2B.OH,
5 is

prepared by the action of water on the ethyl ester of diethyl boric acid.

It is a liquid which cannot be distilled without decomposition ; it

1
Frankland, Annalen, 1862, 124, 129.

2 Stock and Zrirllfr, Ber.t 1921, 54, [B], 531 ; Frankland, Jahrexber., 1876, p. 469.
3 Ntuck and Zeidler, lac. cit.

* Krause and Nitsehe, Her., 1921, 54, [B], 2784.
s Frankiand, loc. cit,
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absorbs oxygen from the air, forming the monoethyl ester of ethyl boric

acid, EtB(OH).OEt. The 0-ethyl derivative of the above compound,
the efhylate of diethyl boric acid, Et 2.B.OEt, is prepared from the

compound of the diethyl ester of ethyl boric acid with the triethyl ester
of boric acid, Et.B(OEt) 2.B(OEt) :j,

and zinc ethyl. The product is a
colourless liquid, B.pt. 102 to 10:3

J

I., which is transformed by dry
oxygen into the diethyl ester of ethyl boric acid, and is decomposed by
water into alcohol and diethyl boric acid.

Alkyl Compounds of the Type RB.(OH) 2 .

Methyl boric acid, Me.B(OH) 2, Boric esters are best prepared by
the action of alcohols on boric anhydride under pressure, and it has been
found * that these esters react with Grijjrnard's reagents to form the
above type of compound, according to the equation :

RMgX+B(OR') 3=:BR(OR
/

) 2+R /

O.MgX
The interaction of trimethyl boric ester and magnesium methyl iodide
in ether, followed by decomposition with acidified water, yields methyl
boric acid, as white crystals, very volatile and unstable. It has never
been isolated in the pure state, but Michaelis and Becker 2 showed
that it exerts a methylating action on magnesium phenyl bromide, the

products consisting of phenyl boric acid and toluene. The esters of this

acid are readily hydrolysed by cold water.

Ethyl boric acid, EtB(OH) 2 ,
is deposited in white crystals from

ether, readily subliming at 40 C., and very volatile. It may be pre-

pared as the above methyl compound, or by decomposition of the

diethyl ester of ethyl boric acid with water,
3 also by the action of water on

the double compound of the diethyl ester of ethyl boric acid with triethyl
boric acid. The acid is easily soluble in water, alcohol, or ether, has an
acid reaction, but does not combine with bases.

The monoethyl ester, Et.B(OH)OEt, is a crystalline product, decom-

posed by water into alcohol and ethyl boric acid, and is prepared by the

action of atmospheric oxygen on diethyl boric acid below 8 C.

The diethyl ester, Et.B(OEt) 2, is a liquid, boiling with decomposition
at 125 C., and is decomposed by water like the monoethyl derivative. It

is formed when boron triethyl is oxidised in air and then in oxygen, or

when dry oxygen acts upon the ethyl ester of diethyl boric acid.

The ester combines with triethyl boric ester to form EtJB(OEt)r
B(OEt)3, which compound may also be obtained from zinc ethyl and
2 mols. of triethyl boric ester. It is a liquid, B.pt. 112 C

; , yielding

ethyl boric acid, boric acid, and alcohol when treated with water,
whilst zinc ethyl transforms it into the ethyl ester of diethyl boric

acid.4

Propyl boric acid, CSH7.B(OH)2, is described by Khotinsky and
Meiamed as melting at 74 to 75 C. and soluble in alcohol and ether.

Krause and Nitsche,
5
however, prepared the compound by placing boron

tripropyl in a flask filled with nitrogen, loosely corking the flask so that

1
Khotinsky and Melamed, Ber., 1900, 42, 3090.

* MwJhaelis and Becker, Jfcr., 1880, 13, 58.
8 Frankland, Armate*, 1802, 124, 40; Jakrtsber., 1876, p. 468,

* Krause and Nited^ Ber., 1921, 54 TO 2784.

VOL, xi* : i.
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air could gradually diffuse in, when boron propyl oxide was obtained by

oxidation, and this substance when recrystallised from a little hot

water gave the required acid. It formed thick, colourless plates, M.pt.

107
C

C., easily soluble in hot water, with difficulty in cold water, and

fairly soluble in the usual organic solvents.

Isobutyl boric acid, (C 4II 9 )B(OH)a.. is prepared as above as

colourless plates from hot water, M.pt. 112' C. 1

Isoamyl boric acid, (C 5Iln )B(OH)^ forms colourless, rectangular

plates from water, M.pt. 109'" C. It is fairly soluble in the usual

organic solvents, and forms sodium and ammonium salts, the latter being

unstable and readily evolving ammonia.

Aryl Compounds of the Type R a
B.

Boron triphenyJ, Ph 3B,
2 is prepared as follows: One quarter of

the Grignard reagent from 150 grams of bromobenzene and 24 grams
of magnesium in 500 e.e. of ether is saturated with the boron trifluoride

from 5t? grams of potassium borofluoride, 8 grams of boron trioxide, and

100 c.c. of concentrated sulphuric acid. The gas is readily absorbed, and
afterwards the remainder of the Grignard reagent is added, the mixture

being cooled in ire. The reaction is very violent, and the boron phenyl
fluoride is transformed to boron triphenyl, this change being completed

by se\ eral hours' heating on the water-bath. The ether is then distilled

off, and the residue distilled in nitrogen at 18 to 15 mm. pressure in an
oil-bath. Boron tripheny! slowly distils at 245 to 250 C. as a thick oil,

which solidifies on cooling to colourless, thick, six-sided columns, some
one centimetre in length. After several distillations in carbon dioxide

it boils at 203 C. at 15 mm., M.pt. 136 C., the yield of pure product
being about 50 per cent, of the theory.

The crystals resemble those of tnphenylarsine and triphenylstibine
in form, are easily soluble in benzene, toluene, and other benzene hydro-
carbons, less soluble in ether, but react with alcohols forming esters.

Its ethereal solution in the presence of sodium wire becomes intensely
coloured, and deposits orange-yellow, prismatic crystals, but oxygen
destroys the colour.8' 4

Boron triphenyl unites readily with ammonia and amines, yielding
additive compounds in which boron has the co-ordination number 4.

The method of preparation is general and consists in bringing the com-

ponents together in ethereal solution. 5

Boron triphenyl-ammonia, Ph 3B.NH3 ,
forms snow-white crystals,

very difficultly soluble in ether or cold benzene, easily in hot benzene,
cold methyl or ethyl alcohol The crystals in the dry state are stable in

air, begin to soften about 203 (\, and melt with gas evolution to a clear,

yellow-brown liquid above 212 C.

Boron tripJmiyl-methylamine, Ph sB.MeNH2, occurs as colourless

prisms, having similar properties to the above compound. It sinters at
208 to 209 C. t melting to a clear liquid at 210 to 211 C.

Boron triphenyl-ethylamine, M.pt. 166 to 168 C. ? and the corre-

1
Khotinsfey gives the melting-point as 104 C. and isoamyl boric acid as 101 C.

* Krause and Nitsche, J3er. 1922, 55, FBI 1261.
*
Krause, J&r., 1924, 50, [B], 216,

* If excess of Grignard reagent is used in the above reaction, a mixture of boron
triphenyl, boron diphefcyl fluoride, and phenyl boron difluoride, appears to be formed.

6
Krause, &?r, 1924, 57, [B], 813.
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spending n-propylamine derivative inciting above 180 C., with decom-

position, have been prepared.
The dimethyl &nd trimethylamine derivatives melt at 20(r C. and 135

5

to 137 C. respectively.
From aromatic compounds, the following combinations have been

isolated : boron triphenyl aniline, ll.pt. 138 to 14.0 C. with decom-

position ; with pyridine, M.pt. above 214 C. with decomposition ;

with quinoline* M.pt. 100 to 170 C. with decomposition ; with quin-
aldine, M.pt. 110 to 112 C. with decomposition ; with piperidine, ll.pt.
213 to 214 C., decomposing above 210 C. ; with phemjl hydrazine,

M.pt. 138 to 140 C.

Aryl Compounds of the Type R2BX.

Boron diphenyl chloride, Ph 2BCl, is a colourless liquid, faintly

fuming in air, and slowly decomposed by water. 1 It is obtained by
heating boron phenyl dichloride (8 grams) and 18 grams of mercury
diphenyl in a sealed tube at 300 to 320 C. for twenty-four hours. The
crude product is taken up in petroleum ether, the solvent removed, and
the residue fractionated, the portion distilling at 270 to 271 C. being
pure boron diphenyl chloride. Yield 3-5 grams.

Boron diphenyl bromide was lirst obtained as a by-product in the

preparation of boron phenyl clibromide, from boron tribromide and

mercury diphenyl, the compound being contained in the fraction dis-

tilling above 150 C. at 20 mm. It may be more readily isolated by
taking the proportions represented by the following equation :

Ph 2Hg+BBr3=Ph 2BBr+HgBr2

A crystalline, colourless mass is formed, M.pt. 24- to 25 C., redden-

ing in air, and decomposing with water with separation of diphenyl
boric acid.2

Aryl Compounds of the Type

Boron phenyl difluoride, Ph.BF 2 ,

3 an oil, B.pt 70 to 75 C.;
difluoride has been previously mentioned under the preparation of boron

triphenyl.
The dichloride is obtained according to the equation :

2BC13+Ph 2Hg=2PhBCl 2+HgCl 2

the substances being heated in a sealed tube at 180 to 200 C. It is a
colourless liquid, soon becoming red in air, and boiling at 175 C.,

although it may be solidified at low temperatures, but melts again at

C. Atmospheric moisture causes it to fume, and when dropped into

water it is decomposed with a hissing noise. If chlorine is passed into

the liquid at the ordinary temperature it is partly decomposed, yielding
chlorobenzene and boron trichloride, but if all the air is removed by
carbon dioxide before the chlorine is passed in boron phenyl tetra-

chloride results.

The dichloride reacts 4 with chlorobenzene and sodium to form boron

triphenyl.

1
Michaelis, Ber., 1894, 27, 244.

* Michaelis and Riohter, Annakn, 1901, 315, 26.
8 Krause, German Patent, 371467 ; Ckem. Zenir., 1923, ii, 10S9,
<

Michaelia, Ber,, 1S89, 22, ML



228 ORCUNOMETALLIC COMPOUNDS.

The dibromide is obtained when the boron trichloride in the above

equation is replaced by the tribroniidc. It crystallises in colourless

tablets, M.pt 32" toM C., B.pt. 09' to 1 01
: f . at 20 nun,, fumes strongly

iu air, has a pungent smell, and is decomposed by water giving phenyl
boric acid.

Boron o-tolyl dichloride is a colourless, thick oil having a strong

smell, and faintly fuming in air. When cooled to C. it solidifies,

melting again atV C., and with water yields the corresponding boric

acid. 1

Boron p-tolyl difluoride,
2 is an oil, B.pt. 95 to 07 C, The

corresponding dibromide,* forms a white, crystalline mass, M.pt. 44 to

-45"' C., B.pt. 1 *5
C
C. at 25 mm. (approx.), which fumes strongly in air,

and is violently decomposed to the acid by water.

Boron o- and p-anisyl dichlorides, CHSO.C 6II 4.BC1 8 . The former

was not analysed by Michaclis, but he stated that its properties were

similar to those of the p-anisyl derivative. This latter compound is a

light, yellowish-red to violet liquid, Ii.pt. 182 C. at 170 mm., and on

willin solidifies to a crystalline mass which melts atsolidifies to a crystalline mass which melts at 30 C. It fumes

strongly iu air, and reacts vigorously with water to form the acid.

Boron o- and p-phenetyl dichlorides. The first of these com-

pounds lias only been obtained in small quantities and has not been

analysed, although the acid has been derived from it. The para com-

pound is a colourless liquid. B.pt. 220 C. at 400 mm., which may be

obtained as a crystalline mass, M.pt 2 C., the general properties being
similar to those of the anisyl derivative.

Boron o-xylyl dichloride boils at 212 C. and melts at about C.4

The mcta compound is a colourless, very strongly fuming liquid, B.pt.

218*' CM and is prepared by heating mercury di-m-xylyl with an excess

of lx>ron trichloride in a sealed tube at 200 C. for twenty-four hours.

Boron m-xylyl dibromide is a colourless, refractive liquid, boiling

at about 125 C. at 15 mm., density at 15 C. 1-57.

Boron-p-xylyl dichloride may be prepared similarly to the meta

compound, but the reaction takes place at 180 C. It distils as a trans-

parent liquid at 205 C., and fumes
strongly

in air.

Boron pseudocumyl dibromide 6
is a colourless liquid, boiling

between 170 and 190 C. at 16 mm., with partial decomposition.
When treated with water it yields the oxide*

Boron a-naphthyl dichloride, C10H7BC1 2, boiling at about 164 C.

at 25 mm., is prepared by heating mercury di-a-naphthyl and boron

trichloride at 120 to 150 for eleven hours. The f3-naphthyl derivative

forms colourless needles, M.pt. 116 C. ? and is readily soluble in dry
benzene, ether, or petroleum ether, fumes slightly in air, and yields the

acid with water*

Aryl Compounds of the Type R2BOH.

Diphenyl boric acid, Ph2B.OH.
6 When boron diphenyl chloride

or bromide is treated with sodium hydroxide, and the clear solution

1
Michaelis, JSer., 1889, 22, 241; Mehaelis and Becker, ibid., 1879, 12, 58.

* Krause, German Patent, 371467; Chem. Zwtr., 1023, ii. 1089.
* Michaelis and Richter, Annakn, 1901, 315, 26,
*

Michaelis, Annakn, 1901, 315, 19.

0Hj.Me.Me.Me.BBrt==:l : 2 : 4 : 5.

*
Michaelis, 5<?r, 1894, 37, 244 ; Michaelis and Richter, lot. cti.
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neutralised with hydrochloric acid, the acid is formed, and may be
extracted with ether. Evaporation of the solvent yields a fuming
residue, B.pt. 215 to 235 C. at 17 mm., which crystallises on cooling ;

the crystals colour the flame green, and melt to a colourless liquid
with hot water. It is soluble in the usual organic solvents and in alkalies,

readily forming salts in the latter.

Di-p-tolyl boric acid is only known in the form of its anhydride

(CH3.C 6H 4.B) 2O, since the chloride has not been isolated in the pure
state. This oxide is a white powder, M.pt. 78 C., easily soluble in

organic solvents, but insoluble in water,

Aryl Compounds offlw Types RB(OH) 2 and RBO.

Phenyl boric acid, PhB(OH) 2 .
1 The magnesium compound from

50 grams of bromobenzene in 200 c.c. of ether is saturated with the

boron trifluoride from 52 grams of potassium borofluoride, 8 grains of

boron trioxide, and 100 c.c. of concentrated sulphuric acid. After

boiling for two hours under reflux, the product is ice cooled, and

decomposed by cautiously adding 60 c.c. of water. The ether layer is

then separated off, and the residue extracted several times with ether,

the solvent removed, and the solid obtained boiled with 100 c.c. of

water for one hour on the water-bath and filtered whilst hot. On slowly

cooling, pure phenyl boric acid separates in snow-white bushy needles,
several centimetres in length, M.pt. 216 C. It has similar properties to

the compound obtained by Michaelis and Bichter 2
by the action of

water on boron phenyl dibromide. When kept in vacua over phos-

phorus pentoxide it slowly changes to phenyl boron oxide. The

isobutyl ester is a liquid, B.pt. 180 to 187 C. at 30 to 35 mm.
p-Chlorophenyl boric acid forms sheafs of needles, M.pt. 275 C.,

and p-bromophenyl boric acid, needles, M.pt. 191 C.

The following boric acids, unless otherwise stated, have been pre-

pared by the action of water on compounds of the type ArBX 2 :-i-
3

o-Tolyl boric acid occurs as needles, M.pt. 160 to 161 C., easily

soluble in alcohol or ether, but with difficulty in petroleum ether or

water. When treated with ammoniacal silver solutions it gives a

pale yellow, flocculent precipitate, which soon blackens on boiling,

silver oxide and toluene being produced :

2C7H7B0 2HAg+3H2O=2C7H8+2B(OH)3+Ag2O

With mercuric chloride, o-tolyl mercuric chloride is formed :

C7H7.B.(OH) 2+HgCl2+H20=C7H7HgCl+HCl+B{OH)a

m-Tolyl boric acid, M.pt. 137 to 140 C., reacts with mercuric

chloride, yielding m-tolyl mercuric chloride. Its isolndyl ester, C
fi
H 4 .

CH3B(O.C 4H9 ) 2, is a liquid, B.pt. 195 to 207 C. at 66 mm., and it may
be prepared by the following general reaction :

RMgX+B(OR
/

) 8=BR(OR
/

)2+R
/

O.MgX
which is carried out under pressure.

4

Krause and NitscH Ber., 1922, 55, [B], 1261; Kraaae, German Patent, 371487?
Chem. Zentr., 1923, iL 1089.

*
Michaelis, J&n, 1894, 27, 244

*
Michaelfe, t&idL

* KhotinBky and Melamed, jfer,, 1909, 42, 3090.
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p-Tolyl boric acid, M.pt. 240 C,, yields p-tolyl mercuric chloride

by the usual treatment. An alkaline solution of potassium perman-

ganate oxidises the methyl group to carboxyl, when p-carboxy-phenyl
boric acid is formed, IIOOC.C

fl
II 4.B(OH) 2 , as white, glistening, refractive

needles, M.pt. 225" C. The crystals are" easily soluble in hot water or

alcohol, less soluble in ether or benzene, and when heated no anhydride
is formed. Rapid heating decomposes the compound to benzoic acid and

meta-boric acid :

yt'OOII
C 6H 4< =CH,COOH +BO(OH)XB(OH) 2

this reaction being similar to that of the related phosphorus derivative,

namely :

yCOOH
C 6H 4< CHBCOOH+HP0 8

\PO(OII)2

The reaction with mercuric chloride takes a somewhat different course

in the case of this compound ;

.COOH yCOOH
C 6H 4< +HgCI 2+H 20-C 6H +HC1+B(OH):JX

8(OH) t HgCl

This chloromercuri benzoic acid is a white, crystalline powder, M.pt.
272 C., soluble in absolute alcohol and insoluble in water, dissolves in

aqueous alkalies, but is reprecipitated by acids. The barium salt of

p-earboxy-phenyi boric acid,

coo

is obtained us a white precipitate by the action of barium chloride on a
carbon dioxide-free, ammoniacal solution of the acid. It is very soluble

in cold water, but the solubility diminishes with rise of temperature.
At 200 C. the water of crystallisation is not driven off, and the hydroxyl
group bound to the boron atom is unaffected.

Two lead salts are known, both white powders, namely :

[HO(HOPbO)BC 6H4COO] 2Pb and (Pb0 2B.C 6H 4COO) 2Pb.2H 2

The direr salt, A^O.CO.C6H 4.B(OH)OAg, is a white precipitate,
easily decomposed, and yellow when dry. On heating with water it

first becomes brown, then black, and silver oxide separates, along with
boric and benzoic acids, or silver benzoate.

o-Anisyl boric acid occurs as small, glistening plates, from hot
water, M.pt. 165 C. ; the para acid yields white tablets of the mono-
clinic system, melting at 201 to 203 C., soluble in ether, hot alcohol, or

benzene, less soluble in hot water. It reacts with ammoniacal silver

solutions in the usual way, and yields p-anisylmercuric chloride with
mercuric chloride.

o-Phenetyl boric acid crystallises from water in small, white
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needles, M.pt. 171 C. ; the para compound in clusters of feathery,
glistening needles, M.pt. 159 C., which are easily soluble in cold alcohol,
ether, or hot benzene. Both compounds react with mercuric chloride,
but neither of them yields an oxide on heating, or forms salts, these

properties being shared by the anisyl compounds.
Benzyl boric acid, M.pt. 161 C.,

1 forms an isobutyl ester, B.pt.
180 to 196 C. at 36 mm.

o-Xylyl boric acid 2
yields fine, colourless needles, M.pt. 190-5' C. ;

the meta acid is obtained by heating the oxide with water, its diethyl
ester being a colourless liquid, B.pt. 160 C., formed when boron m-xylyl
dichloride is dropped into a large excess of absolute alcohol. The para
acid crystallises from water in feathery groups of hair-like needles,

M.pt. 186 C., which slowly change to the'oxide in the desiccator.

a-Naphthyl boric acid 3
crystallises in fine, colourless needles from

water, sintering at 242 C. and melting at 259 C. It is easily soluble in

ether, alcohol, hot water, with difficulty in petroleum ether or cold

water. a-Naphthyl mercuric chloride may be isolated from the acid

in the usual way. When boiled with water, particularly in the presence
of alkali, the acid yields naphthalene and boric acid :

C10H7B(OH) 1+H 10=C10H8+B(OH),

Although the acid reddens litmus, it only forms salts with difficulty ;

the barium and silver salts are known, the latter reacting with water
to produce naphthalene, silver oxide, and boric acid.

j3-Naphthyl boric acid exists in two modifications. When re-

erystallised from water, colourless plates are produced, melting at 248 C. ;

these when dissolved in a little alcohol, and the solution poured into cold

water, appear as the second modification, in fine needles, M.pt. 266 C. ;

recrystallisation from hot water changes this second form back into the
first. The latter modification acts towards alkali and mercuric chloride

as the a-naphthyl acid. The barium salt forms pale reddish plates,

easily soluble in hot water, and the silver salt is also known. 'Distilla-

tion of boron-/J-naphthyl dichloride and sodium methylate under 50 mm.
pressure leads to the formation of the methyl ester of the acid, which is an

odourless, thick, colourless liquid, boiling at 160 to 180 C. at 50 mm.
It fumes in air, and changes to the oxide when treated with water.

The following oxides are formed either by the action of water on the

dihalides or by dehydration of the acid in vacua. Those obtained by
the first method are marked (A), by the second (B).

Phenyl boron oxide, (A) and (B).

o-Tolyl boron oxide, (B), is a white powder, soluble with difficulty

in alcohol or ether, and supposed to be formed when the acid melts.

The corresponding para oxide, (B), melting at 257 to 258 d, is recon-

verted by hot water to the acid,

o-Xylyl boron oxide, (B), M.pt, 226 C, The dehydration of the

acid in this case only requires forty-eight hours, but in the case of p-

xylyl boric acid three weeks is needed to complete the change.

m-Xylyl boron oxide, (A), crystallises from ether in white needles,

M.pt. 302 C., is soluble in alcohol or benzene, but insoluble in cold water.

A solution of the oxide in very dilute ammonium hydroxide, when treated

1
Khotinsky and Melamed, Bo%, 1909, 42, 3090; Krause, German Patent, 371467 ;

Chem. Zentr., 1923, ii. 1069.

Michaelis, Annals, 1901, 313, 19. *
Mich&elis, Bar., 1894, 27, 244*
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with silver nitrate, gives a pale yellow precipitate of the acid silver salt,

C 8H*B(OH)(OAg).
p-Xylyl boron oxide, (B), M.pt. 176 C., forms a silver salt as above.

Pseudocumyl boron oxide, (A), crystallises from ether in white,

glistening needles, M.pt. 211 C,, insoluble in water, easily soluble in

the usual organic solvents.

a-Naphthyl boron oxide is a white, micro-crystalline powder,

difficultly soluble in ether or petroleum ether, but more soluble in alcohol.

jS-Naphthyl boron oxide, (B), may be prepared also by the action

of sodium ethoxide upon boron naphthyl dichloride :

C10H7BC1 2+2XaOEt=C10H7BO -f2XaCl +Et2

The oxide crystallises in fine, colourless needles, M.pt. 266 C., is soluble

in alcohol, with difficulty in ether, and insoluble in light petroleum It

requires prolonged boiling with water to change it back to the acid.

ALUMINIUM.

Alkyl Compounds of the Type R3AL

Aluminium trimethyl, Me3Al, is a fuming liquid, spontaneously
inflammable in air, solidifying to a crystalline mass about C. It was
no doubt obtained for tlie first time by Cahours, l but only in small

quantities, by the action of mercury dimethyl upon aluminium at 100

to 130 C. The work has been repeated,
2 the same components being

heated for several hours in a sealed tube placed in a water-bath. The

compound obtained is then distilled over fresh aluminium, and after-

wards distilled in hydrogen, the liquid distilling at 130 C. The

boiling-point
3

is 127 to 129 C., and vapour density determinations

indicate that the substance has the simple formula, Me3Al.
4

Aluminium triethyl may be prepared in a similar manner to the

methyl compound.
5 Aluminium triethyl is a liquid, B.pt. 194 C. when

distilled in hydrogen ; it does not solidify at 18 C. It is decomposed
with explosive violence by water ; with iodine it yields ethyl iodide and
iodine derivatives. At 234 C. the vapour density is 4-5 (theory 3-9),
the refractive index having the value ni> 1-480 at 6-5 C,

A compound of aluminium triethyl with aluminium bromide has also

been described, (C2H5 )3Al.AlBr3,
but its existence seems doubtful. 6

Aluminium tripropyl,
7 formed in the usual way at 130 C., is a

1
Cahours, Annakn, 1860, 114, 242.

* Buckton and Odling, Annakn, Supp., 1865-1866, 109-113 ; Proc. Roy. Soc., 1865,
14, 19.

*
Quincke, Zeiteeh. physikd. Ckern., 1889, 3, lt&

4 See Louise and Roux, Compt. rend. t 1888, 107, 601 ; JBuU. Soc. chim., 1888, [2], 50,
51 1. Buckton and Odling gave the following figures for the vapour density ; 2-80 at 240 C. ;

2-80 at 220 0. ; and 2-81 at 220 C., theory requiring the value 2-5 ; the refractive index
is nw1* 1-432 (Bleekrode, Eec. frm Mm., 1885, 4, 80).

* Cahours states that aluminium and ethyl iodide when heated in a sealed tube for
24 hours at 130 give rise to a colourless liquid, fuming in air and boiling at 340 to 350 0.
It is found to be a double compound of aluminium iodide and aluminium triethyl, but
treatment with zinc ethyl decomposes it with the formation of zinc iodide and aluminium
triethyl. A similar observation was made by Hallwaohs and Schafarik (Annalen, 1859,
109, 207), but these investigators only appear to have isolated the double compound.

*
Furstenhoff, Chem. Zentr., 1904, u 785.

7
Cahours, Jahretber., 1873, p. 518 ; Jfcn, 1873, 6, 567 ; Com.^. rend., 1873, 76, 133,

748, 1383 ; Louise and Roux, fa. c&
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colourless liquid, inflammable in air, B.pt. 248 to 252 C. It yields
with water, propane and aluminium hydroxide.

Aluminium tri-isobutyl
l is a colourless liquid, fuming in air,

Aluminium tri-isoamyl is a liquid, boiling about 25<)
D
C. at 80 to

100 mm.; vapour density determinations indicate the formula to be

Aluminium Trialkyl Etherafes^

Aluminium triethyl-etherate, 4AlEt3, 3Et20, may be obtained
in several ways, namely :

1. By the action of ethyl bromide on an alloy of magnesium and
aluminium in the presence of dry ether. The alloy contains 15-10 per
cent, of aluminium, 0*24 per cent, of silicon, and traces of iron and
calcium. The reaction mixture is cooled, and the ethyl bromide added
in small portions, as the reaction is vigorous. After completion, the

ether is distilled off and the residue distilled in nitrogen under reduced

pressure, namely, at 140 to 180 C. at ]4 to 1C mm.
2. From aluminium triethyl and anhydrous ether.

3. In quantitative yield from ethyl magnesium bromide and anhy-
drous aluminium chloride.

The etherate is a colourless, mobile liquid, B.pt. 132 C. at 16 mm.,
and is stable in*a sealed tube, even when exposed to light. It reacts

with explosive violence with water, but is not spontaneously inflammable
in air, although it undergoes rapid decomposition. At atmospheric
pressure its boiling-point is 216 to 218 C., slight decomposition taking

place. The following physical constants have been determined :

B.pt. 110-5 C. at 13-5 mm. ; density at 17-4 C., 0-8200 ; nH 143433 ;

ni> 1-43700 ; HH/J 1-44349 ; nH -,
1-44884 at 17-4 C.

Aluminium trimethyl etherate, B.pt. 68 C. at 15 mm., tends to

be spontaneously inflammable.
Aluminium tripropyl etherate, B.pt. 135 C. at 18 mm., fumes

strongly in air.

Alkyl Compounds of the Types R 2A1X and RA1X 2.

Aluminium powder and dry ethyl iodide, free from alcohol, react in a

nitrogen atmosphere to give a mixture of these types of compounds. In

air, the compounds are spontaneously inflammable, but the etherates do
not exhibit this property.

4 Aluminium diethyl iodide is a clear, mobile

liquid, B.pt. 118 to 120C. at 4 to 5 mm.,density 1-609 at 27 C. Alumin-
ium ethyl di-iodide has M.pt. 35 to 37 C., B.pt. 158 to 160 C. at

4 mm. When its ethereal solution is treated with benzoyl chloride, aa-

dibenzoylethane, a little propiophenone and ethane are formed.5 Acetone

and acetophenone with aluminium ethyl or isoamyl iodides yield mesityl
oxide and triphenylbenzene respectively.

6 The following compounds
have also been obtained : Al2I3(NH )3.Et2O, from aluminium ethyl

iodide and ammonia; Al2I3(NHEt)s.EtiO from aluminium propyl

Cahours, Compt* rend., 1873, 77, 1403.

Louise and Roux, he. c&
Krause and Wendt, Ber., 1023, 56, [B], 466.

Grignard and Jenkins, Compt. rend,, 194, 179, .

Leone, ^*. M. Accad. JAncei, 1925, fri* 1, 229, 443.

Leone and Braioovie, Atti. JR. Accad. Lincei, 1924, [v.], 33, 567.
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iodide and ethylamine; AI2I3(NMe 2 ) 3.Et20, from aluminium propyl
iodide and dimethylamine; AI 2I 3(NHPli) 3.Et aO, from aluminium

ethyl iodide and aniline. All these compounds are white, crystalline

powders, decomposed by moisture with evolution of ammonia.

Aluminium Compound* from Methylene Iodide.

When aluminium and methylenc iodide are allowed to stand for a

considerable period, a reaction takes place and the mixture solidifies.

The compound is white, crystalline, and highly reactive. 1 If the

reaction is allowed to take place in anhydrous ether, the aluminium

dissolves, a heavy liquid is obtained, and ethylene evolved. The re-

action is represented as taking place as follows :

3CH aIt+4Al=3CH. : A1I+AU,
GCI1 2I 2 +4A1=8C 2H4

With methylene bromide a similar compound is obtained, but the

reaction is slower and less ethylene is evolved. The compounds yield

additive products with iodine, CH 2LAlBrI, and the latter when decom-

posed by water gives methyl iodide: 2

CH 2LAlBrI+H 20=CH3I+AlBrI.OH.
^

Aryl Compounds of the Type R3A1.

Aluminium triphenyl, Ph 3AI.
3 Five grams of mercury diphenyl

and 1 gram (4 mols.) of aluminium sheet cut into small pieces are

heated in complete absence of air and moisture in a stream of hydrogen
or nitrogen. At 140 C. the reaction takes place with considerable

evolution of heat and goes quantitatively to completion in ten to

fifteen seconds. The reaction mass contains some metallic mercury,

amalgamated aluminium, and a faint yellow, viscous product, which

crystallises on standing. It is washed with dry ether, in which the

bulk dissolves leaving a small residue which is filtered off, and the

ether in then removed in vacua. The product thus obtained as fine,

white needles, M.pt. 112 to 113 C., contains 1 moL of ether of

crystallisation (Ph 3ALEtgO) ; this on removal by heat gives pure
aluminium triphenyl, M.pt 196 to 200 C. In compact masses the

decomposition by air is slow, but dry air passed through the ethereal

solution produces a white, amorphous precipitate, probably phenyl
aluminium oxide (PhAIO). With water the compound inflames, alumi-
nium hydroxide, benzene, and diphenyl being formed. Its addition

compound with ether is only stable in perfectly dry solvents. Alumi-
nium triphenyl reacts with alcohol with evolution of heat, but the

compound produced does not appear to be the alcoholate, but an
infusible compound, which yields some benzene and a strong smell of

phenol on treatment with water.

Condensation products formed by acetone and chloroform do not

appear to have been very thoroughly investigated, but iodine decomposes
aluminium triphenyl, yielding aluminium iodide and iodobenzene.

1 Thomas, Compt. rend., 1922, 174, 464.
a

Faillebin, Compt. rend., 1922, 174, 112.
8
Hilpert and Griittner, Ber., 1912, 45, 2828.
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Indium diphenyl chloride. Indium trichloride 2 from 1-lG grains
of metallic indium, and 10-77 ^rarns of mercury dipheuyl (3 mols.)
are boiled with 50 c.c. of xylene for thirty-seven hours. After filtering,
the residue mostly melts at 245 to 250 C., but a portion does not melt
at 295 C. The mass is extracted in a Soxhlet apparatus with dry
benzene to remove any mercury compounds, and the residue in the
thimble (0*647 gram) is organic and found to be indium diphenyl chloride.

It is a crystalline, cream-coloured powder, insoluble in the usual organic
solvents, and does not melt at 350 C.

Indium .phenyl oxide. Metallic indium (1-5 grains) a**d 2-25

grams of mercury diphenyl are heated at 270 C. in a nitrogen atmosphere
for thirty minutes, the operation being carried out at a pressure of
17-2 mm. After cooling, the product is extracted with dry ether and
the solvent allowed to evaporate spontaneously. An oil remains which
solidifies on the addition of light petroleum. This is taken up in ether

and reprecipitated with light petroleum, when a cream-coloured organic

compound is obtained. It does not melt at 290 C., and its composition
corresponds to C 6H 5InO.In 2O 3 . It is insoluble in cold benzene, and

only sparingly soluble in cold glacial acetic acid.

THALLIUM.

Alkyl Derivatives of the Type R 2T1X.

Thallium dimethyl chloride, (CII 3 ) 2T1CI, is prepared by dissolv-

ing the sulphydrate in acetic acid, and after boiling to expel the

hydrogen sulphide, dilute hydrochloric acid is added. On cooling, the

chloride separates in glistening, white, shimmering plates, which do not

decompose at 280 C.3

Thallium dimethyl bromide may be obtained by the interaction

of magnesium methyl bromide and thaliic chloride, and crystallises
from dilute ammonia containing sodium bromide in white, silver,

glistening plates, which do not melt at 275 C. When treated with
silver fluoride it yields thallium dimethyl fluoride, which de-

composes above 230 C. It forms a hydrate containing 12 mols.

of water.4

Thallium dimethyl iodide. This compound is obtained 5
by

treating the mother-liquors from the above bromide with potassium
iodide, the decomposition temperature of the product being given as

264 to 266 C. It may also be prepared by the action of magnesium
methyl iodide on thaliic chloride. Obtained in this manner it only shows

1
(jroddard, unpublished*

2 In order to prepare this salt, metallic indium in placed in a porcelain boat in a com-
bustion tube into which chlorine is passed, the other end of the tube being protected from
moisture by means of a calcium chloride tube. When all the air has been displaced, the

tube is carefully heated, the indium burning with a pale blue flame, and the trichloride

subliming in white crystals along the tube. After cooling, the chlorine is replaced by
nitrogen and the chloride washed into a flask with dry ether.

*
Meyer and Bertheim, J&n, 1904, 37, 2051.

* Krause and Grosse, Ber., 1925, $8, [RJ, 272.
*
Meyer and Bertkejm, lac. cit,



236 ORCIAKOMETALLKJ COMPOUNDS.

slight decomposition at 295 C., and does not melt at 300
-

C. 1 The
reaction takes place according to the equation ;

TiCJ s -f-2MgRI=T1R 2I -fJlgCl 2+MgClI

The iodide crystallises from hot water or dilute ammonium hydroxide
in shining silvery plates, which are only slightly soluble in alcohol or

acetone, and insoluble in ether or light petroleum.
Thallium dimethyl hydrosulphide. When an excess of yellow

ammonium sulphide is added to an ammoniaeal solution of thallium

composes with explosion on heating or in contact with fuming nitric

acid. It dissolves in dilute nitric acid, with the separation of sulphur;
and in dilute sulphuric or acetic acid, with the evolution of hydrogen
sulphide.

Thallium dimethyl carbonate. This compound crystallises in

large, hexagonal plates from the solution occurring from the interaction

of thallium dimethyl iodide and silver oxide, after boiling and evaporat-

ing in air, the hydroxide formed during the reaction absorbing carbon

dioxide. It is very soluble in water, moderately so in alcohol or acetone,
and slightly soluble in ether. By treatment with mineral acids carbon

dioxide is evolved and salts are formed.

Thallium dimethyl nitrate is formed when silver nitrate and
thallium dimethyl iodide are boiled together in aqueous solution. The
salt does not melt at 800 C. and crystallises from alcohol in shining,
white plates, which are soluble in water and acetone, but less soluble in

ether,

Thallium dimethyl chromate is prepared as above, using silver

chromate, and forms brilliant yellow plates from water, these decom-

posing at 255 C. without melting. The chromate is very soluble

in water, alcohol, or acetone, and dissolves slightly in ether or light

petroleum.
The following methyl compounds have been prepared by treating

thallium dimethyl iodide with silver oxide, boiling the mixture until all

the thallium compound has dissolved, and then adding to the solution of

thallium dimethyl hydroxide thus obtained, the nitrophenol or nitro-

cresol, and evaporating the whole until crystals appear.
2

Thallium diniethyl o-nitrophenoxide crystallises from water
in brick-red needles, which melt at 237 C. It is easily soluble in warm
alcohol or pyridine, moderately soluble in acetone, chloroform, or

toluene, slightly soluble in ether or carbon tetrachloride, and insoluble in

light petroleum.
Thallium dimethyl m-nitrophenoxide is isolated both as the

add and normal salt. The former has' the formula, C 8H10 SNTL
CgII5O3N, and crystallises from water in brilliant red cubes, which soften
at 150 C,, and melt to a clear red liquid at 159 C. The normal com-

pound, however, crystallises in yellowish-orange plates, which melt to a
red liquid at 202 C., the latter decomposing on boiling. This form may
also be derived from the acid variety by treatment with alcohol or
ether. It is soluble in cold pyridine, acetone or warm alcohol, moder-

1
Goddard, Trans. Ghem. Soc., 1921, 119, 672.

*
Goddard, ifyid., 1310.
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ately soluble in ether, toluene, or chloroform, and insoluble in carbon
tetrachloride or light petroleum.

Thallium dimethyl p-nitrophenoxide crystallises from alcohol
in yellow plates, which darken at 273 C. and explode violently at 275 C.

It is easily soluble in cold pyridine, moderately soluble in* alcohol or

acetone, and insoluble in other organic solvents.

Thallium dimethyl 4 : 6-dinitro-2-aminophem>xide. This

compound, which is obtained by the use of picramic acid, crystallises
from water in small, deep reddish-violet plates, darkening at 220 C. and

melting with decomposition at 236 C. It is easily soluble in alcohol,

acetone, or pyridine, moderately soluble in ether, and insoluble in

chloroform, carbon tetrachloride, toluene, or light petroleum.
Thallium dimethyl 3-nitro-o-tolyloxide crystallises in deep red

plates, which have a brown reflex, and melt to a deep red liquid at 186-3

C. The salt is readily soluble in cold pyridine, warm alcohol, acetone,

ether, toluene, or chloroform, moderately soluble in carbon tetrachloride,
and slightly soluble in light petroleum. The colour of all these solutions

is red, dilution not completely destroying the red tone.

Thallium dimethyl acetate is formed when thallium dimethyl
hydroxide solution is treated with acetic acid, the concentrated solution

yielding elongated plates, M,pt. 293 C. The acetate is very soluble in

water, alcohol, or acetone, less soluble in ether or petroleum.
Thallium diethyl chloride. This derivative was first obtained

by the action of zinc diethyl on thallic chloride. 1 Hansen stated that

his compound was soluble in hot water, alcohol, and ether, crystallised
in silky, glistening crystals, which remained unmelted at 225 C., and

decomposed with explosion on sudden heating, forming thallous chloride

and a gas. The specimen obtained by Hartwig
2 was scarcely soluble in

ether, and when heated in the dry state in a paraffin bath to 100 C.

decomposed with slight explosion, an inflammable gas being evolved.

Another preparation
3 from the interaction of magnesium ethyl chloride

and thallic chloride was stated to decompose at 205 to 206 C., and to be
more difficultly soluble than the methyl compound. The present author,

however, from his observations of these thallium compounds, is in-

clined to believe that this chloride does not rnelt even at 300 C.

Thallium diethyl fluoride decomposes above 170 C. and forms

a hydrate crystallising in plates.
Thallium diethyl bromide is easily isolated from magnesium ethyl

bromide and thallic chloride ; its solubility falls between that of the

chloride and iodide, and it remains unmelted at 800 C.

Thallium diethyl iodide crystallises from water in white plates
when quite pure, and investigators differ regarding its temperature of

decomposition.
4 It may be prepared from the corresponding chloride or

bromide by the addition of potassium iodide to their aqueous solutions,

or by the interaction of thallium diethyl sulphate and barium iodide,

also by use of the Grignard reagent. It is difficultly soluble in water,

alcohol, or ammonia, but may easily be recrystailised from pyridine.
Thallium diethyl hydroxide. All the above halide compounds

when boiled with silver oxide give a solution of the hydroxide, and when

1
Hansen, Jfer., 1870, 3, 9 ; Hartwig, ibid,, 1874, %m

2
Hartwig, Annakn, 1875, 176, 257.

3
Meyer and Bertheim, Ber., 1904, 57, 2051.

4
Harfcwig gives 195 0.; Mb3?raiidBerfchcim,186 tol87 C.; Goddard, above 300* 0.
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making salts such a solution may be used, since it is not necessary to

isolate the solid hydroxide. Tins, however, may he accomplished as

follows : <ri grains of thallium diethyl iodide are dissolved in 300 c.c.

of boiling water, and the silver oxide derived from *Jt() grams of silver

nitrate added, whilst the whole is kept boiling by leading in steam until

a test portion of the filtrate is halogen-free. The liquid is then filtered

in carbon dioxide-free air, and evaporated to a small bulk in a stream of

hydrogen. After cooling in the gas stream, a white, crystalline mass

appears, and this is dried in vacua over phosphorus pentoxide and soda

lime. The base thus oWmecl melts at 1 i>7 to 128 C., is very solublem
water and alcohol, the solutions acting strongly alkaline towards litmus,

and rapidly absorbing carbon dioxide from the atmosphere. It explodes

in contact"with fuming nitric acid, precipitates the hydroxides of metals

from their aqueous solutions, and yields salts when treated with aeicls

or compounds containing acid irroupings.

Thallium diethyl hydrosulphide is prepared in a like manner to

the dimethyl compound and possesses similar properties.

Thallium diethyl carbonate.- -When the corresponding bromide

or iodide is fnjiled with silver oxide in aqueous solution, and the filtrate

evaporated in the presence of air, the carbonate is deposited in glistening

needles, which decompose at 204 C. The salt may be reerystallised

from alcohol or precipitated from alcoholic solution by ether, and it is

less soluble in hot water than in cold. Its solutions show an alkaline

reaction, and when treated with acids, salts are formed with the evolu-

tion of carbon dioxide.

Thallium diethyl hydrogen carbonate- When the "above salt

is dissolved in water and the solution saturated with carbon dioxide,

the addition of alcohol precipitates the hydrogen carbonate as a white,

crystalline powder. This in solution reacts feebly alkaline, but if the

solution be evaporated by heating, the normal salt is a#ain formed.

Thallium diethyl nitrite. 1 A suspension of thallium diethyl

iodide in acetone is shaken with the calculated amount of silver nitrite

for one hour, and allowed to stand overnight. After filtration, the

acetone solution is evaporated, the nitrite crystallising in large trans-

parent plates, which remain unmelted at 290 C. It is also completely

soluble in hot pyridine, but insoluble in other organic solvents.

Thallium diethyl nitrate, When the aqueous solution derived

from the interaction of thallium diethyl chloride and silver nitrate is

concentrated, white plates are deposited. This compound, which is

the nitrate, is said by Hartwig to explode at 230 C., but this seems

doubtful, considering that the nitrite does not decompose at 300 C. The

compound is moderately soluble in water, with difficulty in alcohol, and

insoluble in ether,

Thallium diethyl sulphate may be prepared by the same method as

the nitrate, ami crystallises in plates or needles, which are stated to

explode above 205* (\ It is soluble in water, ether, or alcohol

Thallium diethyl phosphate crystallises in needles, exploding at

180 C. and easily soluble in water and alcohol, slightly soluble in ether.

Thallium diethyl chromate is deposited from aqueous solution in

brilliant yellow plates, which are also very soluble in alcohol, but less so

in ether.
*

The chromate decomposes with violent explosion at 198 C.

Thallium diethyl thiocyanate forms small, colourless plates,
* Goddard, Tran*. Chem. Soc. t 1922, m, 37.
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which are readily soluble in water or alcohol, but only slightly so iu

ether, The compound is quite stable up to 300 C.

Whilst the foregoing compounds were prepared by the action of
silver salts on thallium diethyl halides, those now to be described
were obtained by direct action of acid compounds on thallium diethyl
hydroxide solutions. 1

Thallium diethyl acetate crystallises in short white needles, M.pt
232 to 233 C., and has a similar solubility to the corresponding methyl
compound. Hartwig described an acetate which slightly blackened at

21 2 C. 5 and distilled unchanged at 245* C.

Thallium diethyl trichloroacetate forms white, crystalline plates,
which do not melt at 300 C. The salt is very soluble in water, alcohol,
or acetone, but less so in light petroleum.

Thallium diethyl propionate, M,pt. 228 to 229 C., occurs in fine,

short needles, completely soluble in hot alcohol, ethyl acetate, toluene,

or acetone, in cold pyridine or chloroform, moderately soluble in hot
ether or carbon tetraehloride, and slightly soluble in light petroleum.

Thallium diethyl valerate yields small needles, M.pt. 215 C.,

which are completely soluble in cold alcohol, ether, pyridine, chloroform,
or hot carbon tetrachloride, moderately soluble in cold toluene, acetone,
or ethyl acetate, and insoluble in light petroleum.

Thallium diethyl n-hexoate forms transparent needles, half an
inch in length, softening at 182 C. and melting at 190 C, ; except
for its solubility in light petroleum, it agrees in all respects with the

valerate.

Thallium diethyl n-octoate occurs as long, transparent needles,

M.pt. 159 C., which exhibit similar solubility to the hexoate,

Thallium diethyl lactate crystallises in small plates from alcohol,

which decompose suddenly without melting at 267
l

-5 C. The salt is

soluble in cold water, acetone, or alcohol, and easily soluble in boiling

chloroform, toluene, or ethyl acetate,

Thallium diethyl p-nitrobenzoate yields microscopic needles,

M.pt. 213 C., which are completely soluble in cold pyridine, moderately
soluble in alcohol or chloroform, slightly soluble in carbon tetraehloride,

toluene, ethyl acetate, or acetone, and insoluble in ether or light petro-
leum.

Thallium diethyl p-iodobenzoate forms small white needles,

decomposing with slight explosion at 220 C. and having a similar

solubility to the p-nitrobenzoate.
Thallium diethyl m-bromobenzoate yields small, white needles,

which decompose with considerable gas evolution at 220 C., and with

the exception of its insolubility in acetone, the compound resembles

the nitrobenzoate.

Thallium diethyl o-nitrophenoxide softens at 200 C. and melts

with decomposition at 210 C,, crystallises from water in brilliant scarlet

plates which are soluble in cold alcohol, ether, chloroform, acetone, or

boiling toluene, and are insoluble in light petroleum.
Thallium diethyl m-mtrophenoxide forms brownish-orange,

oblong plates, M.pt. 196 C., after darkening at 194 C. The compound
is less soluble in the above-named solvents than the ortho derivative.

Thallium diethyl p-nitrophenoxide crystallises from water in

lemon-yellow, rhomboidal plates, darkening at 288 C. and melting at
1 Goddard, Tran*. Cfam* &*., 1922, 121, 3$.
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238 C. It is less soluble in water than the ortho- and meta-compounds,

only moderately soluble in alcohol, acetone, or chloroform, less soluble

in ether, and insoluble in boiling toluene or light petroleum.
Thallium diethyl 2 : 4-dinitropfaenoxide forms brownish-orange,

crystalline plates, M.pt . 1 74 C. The salt is easily soluble in'hot pyridine,

moderately soluble in alcohol, acetone, or ether, slightly soluble in

chloroform or toluene, and insoluble in carbon tetrachloride or light

petroleum.
Thallium diethyl 2 : 6-dinitrophenoxide forms deep orange

plates, sintering at 182 C, and melting with decomposition at 190 C.

The stilt is completely soluble in cold alcohol, ether, or acetone, giving

yellow solutions in pyridine, ethyl acetate, chloroform, or hot toluene,

fairly soluble in carbon tetrachloride, and insoluble in light petroleum.
1

Thallium diethyl 2:4: 6-trinitrophenoxide crystallises from
water in golden-yellow, oblong plates, which darken at 200 C* and
melt with decomposition at 204 C. The salt is very soluble in water or

cold alcohol, ether, chloroform, or acetone, moderately soluble in boiling

toluene, and insoluble in light petrolcum.
Thallium diethyl 4 : 6-dinitro-2-aminophenoxide gives small,

carmine-red plates, which have a metallic lustre and explode violently
when moistened with fuming nitric acid. The salt darkens at 140 C.,

melts with decomposition at 159 C., and is moderately soluble in alcohol,

acetone, or
pyridine, slightly soluble in chloroform, ether, or toluene,

and insoluble in carbon tetrachloride or light petroleum.
Thallium diethyl h^xanitrodiphenylamine crystallises in bril-

liant carmine plates, having a violet reflex, M.pt. 224? C. It is soluble in

cold alcohol, acetone, ether, pyridine or ethyl acetate, and insoluble in

toluene, light petroleum, chloroform, or carbon tetrachloride.

Thallium diethyl 4-nitrosophenoxide. This salt is only isolated

in the form of its acid salt, C10H14 2NTLC 6H4 2N. From water it is

deposited in blue-black needles having a violet reflex, these crystals being
completely soluble in pyridine , slightly soluble in acetone or alcohol,

giving a brown solution in the latter, and insoluble in other organic
solvents.

Thallium diethyl 3-nitro-o-tolyloxide crystallises in deep red

plates having a green reflex, M.pt. 190 to 191 C., and is easily soluble in

cold alcohol, ether, chloroform, pyridine, or boiling toluene, moderately
soluble in water or hot carbon tetrachloride, and slightly soluble in light

petroleum.
Thallium diethyl 4-nitro-m-tolyloxide gives pale red plates,

darkening at 220 C. and exploding violently at 228 C. The salt is

moderately soluble in alcohol, ether, or pyridine, slightly soluble in

toluene, chloroform, or carbon tetrachloride, and insoluble in light

petroleum.
Thallium diethyl 6-nitro-m-tolyloxide, obtained in small

lemon-yellow plates, darkens at 210 C., and melts with decomposition
at 216-5 C. It is easily soluble in cold pyridine, hot alcohol, or acetone,

slightly soluble in ether or chloroform, and insoluble in carbon tetra-

chloride, toluene, or light petroleum*
Thallium diethyl 3-nitro-p-tolyloxide is deposited from aqueous

solution in small, ruby-red, rhomboidal plates, having a green lustre.

It softens at 200 C. and melts at 206 C., is easily soluble in hot
1
Goddard, Trans, Chem. 8<x,, 1923, 123, 1167.
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pyridine, moderately soluble in chloroform or toluene, slightly soluble

iu alcohol, ether, acetone, or carbon tetrachloride, and insoluble in

light petroleum.
Thallium diethyl 5-nitro-o-tolyIoxide. This derivative is

obtained in the form of its acid salt, CnH10 3NTLC 7H7O 3X, which
softens at 165 C. and melts to a red liquid at 181-5'

J
C.

'

The salt

crystallises in brownish-yellow plates, which are easily soluble in cold

water, pyridine, warm alcohol, or acetone, moderately soluble in ether
or chloroform, slightly soluble in toluene, and insoluble in carbon tetra-

chloride or light petroleum.
Thallium diethyl dinitro -o-tolyloxide crystallises in terra cotta

plates, which blacken at 215 C. and explode with great violence at

"219 C. It is completely soluble in cold pyridine or hot alcohol, ethyl
acetate or acetone (giving yellow solutions in the two latter), moder-

ately soluble in toluene, ether, or chloroform, and insoluble in carbon
tetrachloride or light petroleum*

Thallium diethyl trinitro-m-tolyloxide forms brilliant, yellow
needles, which sinter at 203 C. and decompose with gas evolution at

5514 C. This compound has a similar solubility to the above dinitro

derivative-

Thallium diethyl dinitro-/3-naphthoxide crystallises in dull,

greenish-yellow, microscopic, flat-ended blades which decompose at

208 C. The salt is completely soluble in pyridine or acetone, moder-

ately soluble in alcohol, giving a reddish-yellow solution, slightly soluble

in chloroform, ethyl acetate, or ether, becoming bright yellow in the

latter, and insoluble in carbon tetrachloride, toluene, or light petroleum.
Thallium diethyl trinitro-a-naphthoxide is deposited in orange

plates from aqueous solution, these sintering at 213 C. and melting with

decomposition at 220 C. It is completely soluble in cold pyridine or

acetone and hot ethyl acetate, moderately soluble in alcohol or ether,

less so in chloroform or toluene, and insoluble in light petroleum or

carbon tetrachloride.

Thallium diethyl a-nitroso-jS-naphthoxide crystallises from
alcoholic solution in deep green needles which melt with decomposition
at 217 C. It is insoluble in light petroleum, and completely soluble in

all other organic solvents, giving green solutions in alcohol or carbon

tetrachloride, and brown solutions in other solvents.

Thallium diethyl 2:4- dinitronaphthoxide - 7 - sulphonate is

obtained in pale orange needles which darken at 217 C., but do not

melt at 280 C, These crystals contain 2 mols. of water of crystal-

lisation, and are completely soluble in cold acetone or warm pyridine,

moderately soluble in alcohol, slightly in carbon tetrachloride, and in-

soluble in other organic solvents, the colour deepening in toluene.

Thallium dipropyl chloride is obtained by the action ofmagnesium
n-propyl chloride on thallic chloride, the yield being 70 to 80 per cent, of

the theory. The compound crystallises from dilute aqueous ammonia
in glistening silver plates which decompose at 198 to 202 C. The
bromide and iodide (M.pt. 183 to 185 C.) are isolated in the usual

manner, and the hydrasttlphide is more easily obtained than in the

methyl and ethyl series.

Thallium dipropyl hydroxide is prepared as for the corresponding

ethyl compound, but is only obtained as an oil, which does not solidify,

and has not been analysed.
VOL. xi. : t, 16
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Thallium di-isopropyl chloride decomposes at 150 C., and its

nitrate is sparingly soluble in water.

Thallium di-n -butyl fluoride *
is obtained from the corresponding

bromide by treatment with silver fluoride. It forms colourless needles,

decomposing at 220 to 240 C. when rapidly heated. In alcohols or

water it is readily soluble, sparingly in ether. When treated in aqueous
solution with dilute hydrochloric acid, the chloride is obtained. This

crystallises from pyridine in thick plates, from n-propyl alcohol in thin,

colourless plates. It is sparingly soluble in water, and practically in-

soluble in ether. When rapidly heated to 240 or 250 C, it explodes.
The bromide crystallises in plates from pyridine or alcohols, is sparingly
soluble in water and explodes at 240 to 250 C. The iodide forms

plates which explode on rapid heating, but when slowly heated decom-

pose at 220 to 225 C., becoming first brown, then yellow. It is decom-

posed by nitric acid with the separation of iodine. The sulphate is

obtained from the carbonate, the latter being formed by the action of

sodium carbonate on the fluoride. The sulphate crystallises in plates
or needles, M.pt. 156 to 158 C., when placed in a bath previously heated

to 150 C. It explodes at 190 to 200 C. when rapidly heated. The
nitrate forms thick plates from pyridine, and small needles from alcohols,

which explode at 280 to 290 C.

Thallium di-isobutyl chloride crystallises from hot alcohol,

pyridine, or benzene, as well as cold ether, in long, glistening, colourless

needles. The corresponding nitrate is a difficultly soluble, crystalline

precipitate.
Thallium di-isoamyl chloride explodes at 253 to 257 C., and the

fluoride melts at 216 to 218 C. with decomposition. They have similar

properties to the n-butyl compounds.
Thallium di-sec-butyl chloride explodes at about 150 C- and

crystallises in colourless needles or plates, the form depending on the

solvent used. The nitrate crystallises in plates.

Aryl Compounds of the Type R
2T1X.

Thallium diphenyl chloride. 2 Sufficient dry ether is added to 5

grams of triphenylbismuthine to effect solution, followed by 8*54 grams
of thallic chloride in the same solvent. A white precipitate is

immediately thrown down, and this is extracted with acetone until

free from diphenylchlorobismuthine. The product after boiling with

glacial acetic acid is recrystallised several times from pyridine. It is

thus obtained in colourless, microscopic needles, which do not melt
at 300 C., and are slightly soluble in boiling glacial acetic acid, alcohol,

ethyl acetate, or chloroform, and insoluble in ether, acetone, or light

petroleum.
The same product may also be isolated by the interaction of mercury

diphenyl (1 mol.) and thallic chloride (1 mol.) in dry ether. In this

case, any mercury phenyl chloride which may be formed is removed
by extraction with benzene, then further purification is carried out as

above.

Thallium diphenyl bromide.3 10-3 grams of thallic chloride in

1 Krause and Grosse, Ber., 1925, 58, [B], 1933.
2
Goddard, Trans. Chem. Soc., 1922, 121, 256.

3 Goddard and Goddard, Trans, Chem. Soc., 1922, 121, 257.
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dry ether are slowly added to a solution of 23*8 grams of bromobenzene
and 3-2 grams of magnesium ribbon in the same solvent. The mixture
is cooled in ice during the operation, and after the reaction has subsided
the whole is heated on the water-bath for half an hour, cooled, and

decomposed with water. After filtering, the dried residue is extracted
with pyridine, when transparent, microscopic needles are obtained which
do not melt at 300 C. These are further purified as in the case of the

chloride, and are insoluble in alcohol, chloroform, benzene, acetone,

light petroleum, acetic acid, or ethyl acetate.

The fluoride melts at 305 to 310 C. with decomposition ; it is easily
soluble in hot water, insoluble in ether.

Thallium di-o-tolyl chloride. This compound is prepared by
the action of thallic chloride on magnesium o-tolyl bromide, then boiling
the product obtained with dilute hydrochloric acid. It crystallises from

pyridine in slender, microscopic needles, which do not melt at 300 C.

and are insoluble in all organic solvents.

Thallium di-p-tolyl chloride is isolated from the interaction of

tri-p-tolylbismuthine and thallic chloride. It crystallises from pyridine
in small, transparent needles, which remain unmelted at 300 C. and are

slightly soluble in alcohol or acetone, and insoluble in chloroform, light

petroleum, toluene, or alcoholic ammonia.
Thallium di-p-tolyl bromide is prepared as in the case of the

corresponding phenyl compound. It forms pale yellow needles, which
do not melt at 300 C. and are insoluble in all organic solvents with the

exception of pyridine.
Thallium di-a-naphthyl chloride is a white, crystalline powder,

unmelted at 300 C. and obtained from tri-a-naphthylbismuthine and
thallic chloride. It is fairly soluble in hot pyridine, slightly soluble in

glacial acetic acid, ethyl acetate, chloroform, or alcohol, and insoluble

in ether, acetone, benzene, or carbon tetrachloridc.

Thallium di-a-naphthyl bromide, prepared from magnesium
a-naphthyl bromide and thallic chloride, is a fawn, crystalline powder,

melting at 272 C. and is completely soluble in cold pyridine, insoluble

in toluene.

Thallium di-cyclohexyl chloride x
crystallises in long, colourless

needles, exploding at 210 to 230 C., is soluble in warm alcohol or

benzene, insoluble in hot water or warm ether.

Thallium diphenyl oxide.2 The chloride (4-5 grams) and 20

grams of potassium hydroxide, in a mixture of 30 c.c. of absolute alcohol

and 20 c.c. of water, are heated under reflux for eight hours. The whole

is then poured into water, the white flocculent mass thus obtained

being washed free from potassium hydroxide. The oxide is a white,

crystalline powder, unmelted at 300 C., and is completely soluble

in pyridine, slightly soluble in alcohol, chloroform, or water, and in-

soluble in acetone, xylene, carbon tetrachloride, light petroleum, or

ethyl acetate.

Thallium diphenyl nitrite 3 is obtained by boiling together
thallium diphenyl bromide and silver nitrite in xylene solution for two
and a half hours. The nitrite is deposited from pyridine in short, trans-

parent needles, completely soluble in hot pyridine, slightly soluble in

1 Krause and Grosse, foe. cit.

a Goddard and Goddard, Trans. Chem. Soc., 1922, xax, 486.
3 Goddard an Goddard, ibid., 487.
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chloroform or alcohol, very slightly soluble in acetone, and insoluble in

other organic solvents.

Thallium diphenyl nitrate has a similar crystalline form to the

nitrite, is completely soluble in hot pyridine, very slightly soluble in

boiling glacial acetic acid, water, or alcohol, and insoluble in other

organic solvents.

Thallium diphenyl chromate crystallises from xylenc in pale

yellow, short needles which are completely soluble in pyridine and

boiling glacial acetic acid, slightly soluble in acetone, and insoluble in

water and other organic solvents.

Thallium diphenyl pyrophosphate crystallises from pyridine-
ether solution in short, microscopic needles which are completely
soluble in pyridine, moderately soluble in boiling glacial acetic acid,

less soluble in alcohol, ethyl acetate, or chloroform, and insoluble in

acetone, ether, carbon tetrachloride, or light petroleum.
Thallium diphenyl acetate is obtained by treating the oxide with

boiling glacial acetic acid, the evaporated solution depositing fine, trans-

parent needles, M.pt. 262 C. The salt is completely soluble in hot

pyridine, chloroform, toluene, ethyl acetate, or alcohol, moderately
soluble in carbon tetrachloride or water, slightly soluble in ether or

acetone, and insoluble in light petroleum.
Thallium diphenyl acid propionate

x forms fine silky needles from

toluene, M.pt. 164 C., these being completely soluble in cold chloroform,

hot alcohol, pyridine, ethyl acetate, or glacial acetic acid, fairly soluble

in boiling water, and insoluble in ether or light petroleum.
Thallium diphenyl acid valerate.M.pt. 176 C-> forms fine white

needles from toluene, having a similar solubility to the propionate.
Thallium diphenyl acid butyrate forms waxy needles, M.pt.

170 C., when dissolved in acetone the addition of light petroleum
precipitates the normal butyrate, M.pt. 230 C.

Thallium diphenyl acid n-hexoate forms feathery rosettes of

needles from toluene, M.pt. 191 C. ; the normal salt obtained similarly
to the butyrate melts at 208 C.

Thallium diphenyl n-octoate is deposited from toluene in waxy
needles, M.pt. 195 C., and is less soluble than the acetate.

Thallium diphenyl p-nitrobenzoate forms faint yellow, blunt-

ended needles, M.pt. 228 C., which are completely soluble in cold pyri-

dine, hot acetone, toluene, or ethyl acetate, slightly soluble in alcohol or

ether, and insoluble in light petroleum, chloroform, or carbon tetra-

chloride.

Thallium diphenyl o-bromobenzoate forms cream, glistening

plates, M.pt. 243 C., to a clear liquid. The compound is fairly soluble in

chloroform, insoluble in ether or light petroleum, and completely soluble

in other organic solvents.

Thallium diphenyl m-bromobenzoate crystallises from toluene
in glistening plates, M.pt. 247 C., the solubility of this salt being slightly
less than the ortho compound.

Thallium diphenyl o-nitrophenoxide. This is obtained by the
interaction of thallium diphenyl oxide and o-nitrophenol, and is a bright
orange, crystalline powder which turns scarlet on heating, reverting to
its original colour on cooling. It melts to a blood-red liquid at 247 C.,
and is completely soluble in cold pyridine, fairly soluble in acetone or

1 Goddard, Trans, Chem, Soc. 9 1923, 123, 1164,
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alcohol, giving yellow solutions, slightly soluble in toluene (becoming
scarlet), ether, or hot water, insoluble in light petroleum, carbon tetra-

chloride, or ethyl acetate, being decolorised in the latter.

Thallium diphenyl p -nitrophenoxide . When thallium di-

phenylchloride, silver oxide, and p-nitrophenol are boiled in xylene for

three hours, and the product extracted with water, lemon-yellow
needles of the above compound are obtained. It melts with decom-

position at 250 C., and only differs slightly from the ortho compound in

solubility.
Thallium diphenyl trinitro-m-tolyloxide forms yellow needles

from water, melting with decomposition at 233 C. It is completely
soluble in cold pyridine or acetone, and warm alcohol, ether, or ethyl

acetate, fairly soluble in chloroform, slightly soluble in water, carbon

tetrachloride, light petroleum, or toluene, becoming orange in the latter.

Thallium diphenyl a-nitroso-/3-naphthoxide crystallises from
ether in microscopic, green needles, melting with decomposition at 238 C.

The salt gives green solutions in alcohol, acetone, pyridine, toluene, or

carbon tetrachloride, and is brown in other solvents, but differs from the

corresponding ethyl compound in its insolubility in water.

Thallium diphenyl trinitro-a-naphthoxide. This salt crystal-
lises in brilliant orange needles, which melt to a blood-red liquid at

232 C. With the exception of its complete solubility in hot alcohol,

it resembles the corresponding ethyl derivative.



CHAPTER XII.

ORGANOMETALLIC DERIVATIVES OF THE METALS
OF GROUP IV.

A CONSIDERABLE amount of work has been done during the past twenty
years on the organic compounds of silicon, tin, and lead, and although
the majority of the germanium derivatives are of recent date, this is

probably due to the rarity and expense of this metal.

Silicon, being a non-metal, forms many types of compounds which
could not be expected from the other three elements. Like carbon, it is

capable of forming both chain and ring compounds, but with this

essential difference, that whereas the carbon compounds consist of

carbon to carbon linkages, the silicon usually links itself alternately with

oxygen. Examples of such arrangements of atoms are shown as follows,

together with any relationships which may exist with similar inorganic

compounds :

Orthodisilicic Acid Type, H 6Si 2 7 .

HO Si- -Si OH HO Si-O-Si OH
/\ /\ /\ /\

OH OH OH OH Ph Ph Ph Ph

Orthotrisilicic Acid Type, H 8Si 3 10 .

HO Si- -Si Si OH

OH OH OH OH OH OH
HO Si Si OH

Ph Ph Ph Ph Ph Ph

Orthotetrasilicic Acid Type, H 10Si d 13 . (Free acid unknown.)
HO Si--Si--Si--Si OH

Ph Ph - Ph Ph Ph Ph Ph Ph

Germanium compounds corresponding to this tetrasilicic acid type
are also known. Chain compounds which have corresponding cyclic

anhydrides, formed by condensation and elimination of water, are given
below :

(HO) 2SiPh a

Ph

Ph

O
\Si/

Ph Ph

comPare

X ,V C</ \H

\C/
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Phx

J 'OTr

O

,Ph

Ph/ \Q/
S
N>h

Caven ^ has also pointed out that the oxychloride, Si 4 4Cl 8 , may
have a cyclic constitution, which has an organic analogue,

/SiCU O SiCl2X /SiPh 2 SiPh 2Nv

\ > \ y
\SiCl 2 SiCl/ \SiPh 2 SiPh/

Silicon also resembles carbon in forming ketones of the type R.SiO.R,
but the likeness between the two classes ends with the formulae. The
following comparison has been drawn between the hydrocarbons and
the silicon hydrocarbons :

2

Hydrocarbon.

Me3C.CMe3 106-0 C. Me 3Si.SiMe3 113-0 C.

Me 3C.Ph 168-2 C. MesSi.Ph 171-6 C.

Me 2C.EtPh 189-0 C. Me aSi.KtPh 198-0 C.

Et3C.Ph 221-0 C. Et3Si.Ph 238-3 C.*

The gradation in melting-points and boiling-points in passing from
silicon to lead, for some derivatives of the elements of Group IV., is

shown in Table V.^of the Appendix.
Tin and lead differ from silicon in forming divalent and tervalent

compounds, and tin also forms hydrides of the type SnR3H and SnR 2H 2 .

The tervalent compounds show true tervalency in dilute solution only,
for if the molecular weights by the freezing-point methods are carried

out with increasing concentration of solute, association appears to take

place.
The only ring compounds formed by tin and lead are of the type

2-CH 2

and those derivatives containing two atoms of the same metal are shown

R3M.MR3 ; RaM(CH 2 ) 5MR3 ; R3Sn(CH2 ) 10SnR3

Cases are also known in this group in which two different metals are

present in the same compound :

Me3Sn(CH 2 )5PbMe3 ; Et3Si.C 6H4.PbMe3 ; Et3Si.C 6H 4.SnEt3 ;

Et3Si.C 6H 4.AsPh 2

1 Caven, this series, Vol. v. (1917), p. 203.
2
Bygdeji, Ber., 1912, 45, 707.
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SILICON.

Most of the work carried out on this element is due to Kipping and his

co-workers, and the investigations are a model of patience and persever-

ance. Although many of the substances formed appear as glue-like

products, an enormous mass of information regarding the organic

compounds of this element has been collected together. The following

system of nomenclature for organic silicon derivatives is due to

Kipping :
1

The term silicane, used for silicon hydride, is maintained for

analogous derivatives of CH 4. The radicle SiH 3 is termed sllicyl, and

corresponds to CH 3 , e.g. SiPhgCl, triphenylsiHcyl chloride, Silicanol

and silicanediol are used for hydroxy derivatives :

SiH 3.OH SiPh 3OH SiH a(OH) t SiPh 2(OH) a

Silicanol. Triphenylsilicanol. Silicanediol. Diphenylsilicanediol,

The term silicone denotes analogues of ketones, e.g. SiEt 20, diethyl-

silicone. Owing to the dissimilarity between the ethers and the corre-

sponding silicon compounds containing yO,
the term oxide is

employed, thus :

SiPh

is known as triphenylsilicyloxide.
The following names show how many molecules of silicanediol have

condensed together, and how many molecules of water are eliminated in

the process :

SiPh 2OH SiPh2OH

SiPiPh 2OH SiPh 2

Anhydi'obisdiphenylsiHoanedioL

SiPh 2OH
Dianhydrotrisdiphenylsilicanediol.

In order to show how it is possible to pass from one type of aliphatic

compound to another, the scheme shown on opposite page has been

drawn up, using the ethyl derivatives as examples.

Alkyl Derivatives of the Type R4Si.

Tetramethylsilicane, Si(CH3 ) 4 . This compound is obtained by
heating together zinc dimethyl and silicon tetrachloride in a sealed

1
Kipping, Trans. Chem. 8oc. t 1912, xoi, 2106.
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tube at 200 C. 1 It boils at 30 to 31 C. and is a clear liquid, lighter
than water. When treated with excess of methyl alcohol at 250 C. for

fifteen hours, the methyl ether is obtained as a colourless liquid, B.pt.
121 to 126 C. ; density 1-0589. In 1911 Bygd6n

2
prepared tetra-

methylsilicane, using silicon tetrachloride and magnesium methyl
bromide, and found its boiling-point to be 26 to 27 C.

Tetraethylsilicane
3 may be prepared by heating silicon tetra-

chloride and zinc diethyl at 160 for three hours ;

4 or by the interaction

of silicon triethyl ethyl ether, zinc ethyl, and sodium, these yielding the

hydride SiH. (C 2H 5 ) 3 . This with bromine forms triethyl silicon bromide,
and further action of zinc ethyl and sodium at 150 C. produce tetraethyl-
silicane. It may also be prepared by the Wurtz reaction, 5

using silicon

tetrachloride, sodium, and ethyl bromide. Tetraethylsilicane is a

liquid, lighter than water, and it burns with a luminous flame, leaving a

deposit of silica. Its boiling-point is variously given as 152 to 354 C.,
6

and 151 to 153 C. 7 With chlorine it gives triethylchlorethy]silicane,

(C 2H 5 ) 3Si.C 2H 4CL
Tetrapropylsilicane

8
is obtained along with tripropylsilicane by

the action of zinc propyl on silicochloroibrm (trichlorosilicane) at

120 to 150 C. The lower fraction is tripropylsilicane and the

higher one tetrapropylsilicane. The reaction is probably represented
thus:

The silicane may also be produced by the interaction of silicon tetra-

chloride, propyl iodide, and zinc at 180 C. :

SiCl 4+4C 3H7I +4Zn =Si(C 3H7 ) 4+2ZnCl 2+2ZnI 2

Tetrapropylsilicane is a colourless, almost odourless oil, which burns
with a sooty flame, depositing silica ; it is soluble in alcohol or ether, and
insoluble in water or concentrated sulphuric acid. It boils a,t 213 C. ;

density 0-7979 at C., 0-7883 at 15 C. It is not attacked by con-
centrated sulphuric or nitric acids or by potassium hydroxide, but
bromine on warming readily substitutes. The compound can be purified

by the use of concentrated sulphuric acid, as was done in the case of

tetraethylsilicane.
9 Removal of tripropylsilicane and oxide is thus

effected.

Tetra-isoamylsilicane
10 is obtained from silicon tetrachloride,

sodium, and isoamyl chloride. An oily residue remains after distilling
off the tetra-isoamylsilicane. It is colourless, feebly fluorescent, boiling
between 360 and 370 C,, and is found to be silicon tri-isoamyloxide.
Tetra-isoamylsilicane is a colourless, odourless liquid, B.pt. 275 to
279 C., and miscible with alcohol and ether in all proportions,

1 Priedel and Crafts, Annakn, 1865, 136, 203.
2
Bygden, Ber., 1911, 44, 2640.

3 Friedel and Crafts, Annakn, 1863, 127, 28.
4
Ladenburg, Anncden, 1872, 164, 300.

5
Kipping and Lloyd, Trans. Chem. Soc., 1907, 79, 209.

6 Friedel and Crafts, loc. cit.
7
Ladenburg, Zoc. cit.

8
Pape, Annakn, 1884, 222, 354.

8 IHedel and Crafts, Ann. Chim. Phys., 1895, [4], 19.
10

Taurke, Ber., 1905, 38, 1661.
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Alkyl Derivatives of the Type R3SiR'.

Triethylsilicane, (C 2H 5 ) 3SiH.
:J This is formed by the interaction

of zinc ethyl sodium, and silicoheptyl ethyl ether. It is a colourless

liquid, boiling at 107 C., and of density 0-7510 at C. It is soluble
in both alcohol and ether, but insoluble in water and in concentrated

sulphuric acid. With fuming sulphuric acid it reacts according to the

equation :

2SiEt3H+2S0 3
= (Et3Si) 20+H 2O+2S0 2

With bromine it forms triethyl silicon bromide,

Tripropylsilicane
2 is produced by heating one part of silicochloro-

form (trichlorosilicane) and two parts of zinc propyl in a sealed tube at

150 C. for six hours :

2SiHCls +3ZnPr2 =2SiHPr3 +3ZnCl 2

The product obtained is a colourless oil. This is washed with water,
then drfed over calcium chloride and fractionated. Tripropylsilicane
distils between 170 and 175 C. ; the residue is tetrapropylsilicane.

Tripropylsilicane is a colourless, pungent, fuming liquid, and burns with
a luminous, sooty flame, It boils at 170 to 171 C., density 0-7723 at

4 C., 0-7621 at 15 C., and is difficult to free from the tetrapropyl body.
To prevent decomposition it should be distilled in a stream of hydrogen.
The compound is easily soluble in alcohol or ether, but insoluble in water
or concentrated sulphuric acid. With the latter, however, feeble oxida-

tion occurs in the cold, with evolution of sulphur dioxide, and on warm-

ing tripropylsilicon. oxide is formed.

Tri-isobutylsilicane may be prepared
a
by interaction of trichloro-

silicane, isobutyl chloride, and sodium. It is a colourless, odourless

liquid, B.pt. 204 to 206 C.

Tri-isoamylsilicane has been prepared in the same way as the

above, using isoamyl chloride. It is a feebly fuming liquid, B.pt. 245 C.,

soluble in alcohol or ether, and unattackcd by water or potassium
hydroxide.

Trimethylethylsilicane
4

is obtained by the action of methyl
magnesium bromide on trichloroethysilicane. The product is extracted

with ether, washed with concentrated sulphuric acid, and on distillation

boils between 62 and 70 C., the main portion distilling at 62-5 to

63-5 C.

Trimethyl-n-propylsilicane is prepared similarly to the above,

using propyltrichlorosilicane,

Trimethyl-n-butylsilicane. It is first necessary to obtain

n-butyltrichlorosilicane by the action of n-butyl magnesium bromide
on silicon tetrachloride. The product, boiling at 147 to 151 C., is a

liquid, fuming in moist air, and when treated with methyl magnesium
bromide, trimethyl-n-butylsilicane is formed, B.pt. 115 C.

Trimethyl-isobutylsilicane is difficult to obtain, because the

isobutyltrichlorosilicane is troublesome to prepare. The methyl
Grignard reagent gives trimethyl-isobutylsilicane, B.pt. 107-9 to

108-2 C.

1
Ladenburg, AnnaUn, 1872, 164, 300 2

Pape, Annalen, 1884, 222, 354.
3 Taurke, Ber., 1905, 38, 1661. 4

Bygcten, Ber., 1911, 44, 2640.
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Trimethyl-isoamylsilicane is prepared as the above two com-

pounds, the starting-point being isoamyltrichlorosilicaue.
1 The body

boils at 131 to 132 C.

Triethylchloroethylsilicane, (C2H5 ) 3SiC 2H 4Cl, may be obtained

by
2
passing chlorine into letraethylsificane in water ; hydrogen chloride

is evolved," and a yellow oil separates. Two fractionations yield a

liquid, B.pt. 185 C., in small quantity, which is triethylchloroethyl-
silicane.

Triethylacetoxyethylsilicane, (C 2H5 ) 3
SiC 2H 4.O.CO.CH 3 . The

fraction, B.pt. 180 to 190 C., of the above triethylchloroethylsilicanc
when heated in a sealed tube with potassium acetate and alcohol for

several hours at 180 C. yields a liquid, B.pt. 208 to 214 C. It has a

faint ethereal and acetic acid odour, burns with a luminous flame, and is

found to be the acetate.

Triethylhydroxyethylsilicane is produced from the above when it is

treated with dilute alcoholic potassium hydroxide at 120 to 130 C., and
has been proved to be a liquid of the composition (C 2H 5 ) 3SiC 2H 4OII.

It boils at about 190 C. and is insoluble in water.

Triethyl-n-propylsilicane
3
is prepared in a similar manner to the

corresponding trimethylsilicanes, using n-propyltrichlorosilicane
4 and

ethyl magnesium bromide. The compound boils between 172-8 and
173-2 C. It is partly soluble in concentrated sulphuric acid, giving a

product, B.pt. 160 to 225 C., and is therefore not homogeneous.
Triethyl-n-butylsilicane is prepared

6 in the same manner as the

above compound* It boils at 190-6 to 191-6 C.

Triethyl-isobutylsilicane, prepared as above, boils at 187 to

187-2 C., and triethyl-isoamylsilicane boils at 204-6 to 205-6 C.

Alkyl Derivatives of the Type RgSiR/,

Dimethyldiethylsilicane
6

is obtained from diethyl silicon chloride

(24-5 grams), using 2 mols. of methyl magnesium iodide. The chief

fraction, B.pt. 95 to 96 C., weighs 6 grams.
Dimethyldipropylsilicane is prepared in the same manner as the

above. It boils at 140 to 142 C.

Alkyl Derivatives of the Type R 2SiR'R".

Dimethylethyl-n-propyl-silicane. It is first necessary to obtain

ethyl-n-propylsilicon chloride, which may be formed by oue of two
methods. (1) From ethyltrichlorosilicane by replacing one chlorine

with the propyl group. (2) From propyltrichlorosilicane by removing
one chlorine and putting in an ethyl group. The latter method is

utilised and the ethyl introduced by ethyl magnesium bromide, when
five fractions are isolated. The one, B.pt. 152 to 154 C., gives the
best analysis. This fuming liquid, Et.Pr.SiCI2, with methyl mag-
nesium bromide gives the desired compound, B.pt. 120 to 122 C.

Dimethylethyl-isobutylsilicane is prepared in a similar manner to

1
Melser, Ber., 1908, 41, 3392.

2 Friedel and Crafts, Annakn, 1866, 138, 19.

Bygden, Jfcf., 1912, 45, 707.

Melser, Ben, 1908, 41, 3390.
5
Bygd&x, kc. tit.

6
Bygd&t, Ber., 1911, 44, 2640.

4
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the above, using isobutyltrichlorosilicane and ethyl magnesium bromide.
The ethyl-isobutyl silicon chloride thus formed, with methyl magnesium
bromide gives a product, B.pt. 137 to 139 C.

Derivatives of the Type R3SiX.

Triethylchlorosilicane, (C 2H5 ) 3SiCl, is obtained 1 by the inter-

action of silicon triethyl ethyl ether and acetyl chloride, thus :

(C 2H5 ) 3SiOC 2H5+CH3COCl=(C2H5 ) 3SiCl+CH3CO.OC 2H6

This reaction requires a sealed tube and a temperature of ]80 C.

Triethylchlorosilicane boils at 143 to 145 C., has density at C.

0-9249, is only slowly decomposed by water, and with silver nitrate pre-

cipitates silver chloride. Triethyl silicol is formed by the action of

ammonia, and triethyl silicon oxide is produced with water.

Triethylbromosilicane is formed by the action of bromine on

triethylsilicane. It boils at 161 C., is slowly decomposed by water,
and the bromine is easily replaced by hydroxyl by aqueous potassium
hydroxide or sodium carbonate. By treatment with zinc ethyl and
sodium at 150 C. tetraethylsilicane is produced.

Triethyl silicon acetate is formed when acetic anhydride is allowed

to react with silicon triethyl ethyl ether in a sealed tube at 250 C. :

(C 3H 5 ) 8SiOC 2H 5+(CH3CO) 20=(C 2H5 ) 3SiO.CO.CH3+CH 3.CO.OC 2H5

Tripropylbromosilicane.
2 When 1 mol. of tripropylsilicane

is treated with 1 mol. of bromine and cooled, hydrobromic acid is

evolved. The reaction is allowed to finish on the water-bath and goes

smoothly, giving a good yield. On fractionation the product obtained
is a yellow, fuming oil, B.pt. 213 C., which decomposes slowly in the air,

evolving hydrobromic acid. With water it slowly changes, while

aqueous ammonia completely converts it to tripropyl silicol, B.pt.
205 to 208 C., and a little tripropylsilicon oxide.

Tripropyl silicon acetate is obtained from the bromide by the

action of dry silver acetate, cooling being necessary from time to time :

PraSiBr+AgC 2H3 2=Pr3Si.C 2H 3 2+AgBr

The body is a colourless oil, B.pt. 212 to 216 C., slowly changing in

air to tripropylsilicol and acetic acid.

Tri-isobutylbromosilicane
3 is prepared by the bromination of

tri-isobutylsilicane. It is a yellow, fuming liquid, heavier than water,

B.pt. 245 C.

Tri-isoamylbromosilicane, obtained in the above manner, boils

at 278 to 280 C., and has similar properties to the preceding body.

Alkyl Derivatives of the Typ& R2SiX 2.

Diethyl silicon dichloride was prepared by Ladenburg
4
by treating

silicon diethyl ether with benzoyl chloride at 250 C. The body is iden-

tical with that obtained by the action of hydrogen iodide on silicon

1
Ladenburg, Annalen, 1872, 164, 300.

2
Pape, Annakn, 1884, 222, 354.

8
Taurke, Ber. 9 1905, 38, 1661.

*
Ladenburg, toe. cit.
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diethyl ether, or by using ethyl magnesium bromide and silicon tetra-

chloride. 1 The separation of the compound is, however, difficult, owing
to formation of the three chloro-derivatives, whose boiling-points lie

very close together. Diethyl silicon chloride is a colourless liquid,

fuming in air and boiling at 128 to 130 C. With water it yields diethyl

silicone, (CgHg^SiO, which is a syrupy body, easily soluble in ether,

but difficultly soluble in alcohol. This silicone polymerises, giving a

compound of high molecular weight.

Dibromoethyl silicon dichloride, (CH 2Br.CH 8 ) aS5Cl 2 , is produced

by heating together a mixture of two molecular proportions of ethylene
bromide with 1 mol. of silicon tetrachloride dissolved in ether, and
four molecular proportions of sodium and a little ethyl acetate. The

product is a dark brown oil 2 Doubt has recently been expressed as to

the existence of this compound.
3

Alkyl Derivatives of the Type RSiX 3 .

Ethyl silicon trichloride, C 2H 5SiCl 3 ,
is prepared from silicon

ethyl triethyl ester and benzoyl chloride by heating them in a sealed

tube at 300 C.4

SiEt(OEt) 3 +3PhCOCl=EtSiCl3+3PhCOOEt.

The liquid, B.pt. about 100 C., fumes considerably in moist air,

and with water gives silicopropionic acid and hydrogen chloride. The
trichloride has also been obtained from silicon tetrachloride, using the

ethyl Grignard reagent.
5 It is a pale yellow, fuming liquid, B.pt. 97

to 103 C.

Propyl silicon trichloride 6
is formed by the action of propyl

magnesium bromide on silicon tetrachloride, and is a clear, colourless

liquid, B.pt. 123 to 125 C. In preparing the chloride all traces of

moisture must be absent. It has a penetrating odour and fumes in

the air. By allowing the liquid to drop into ice-water, the acid, PrSiO.

OH, is obtained, and with anhydrous alcohol the trichloride gives
silicon propyl triethyl ester, PrSi(OEt) 3 .

Isoamyl silicon trichloride is produced in a similar manner to the

above, and is a colourless, transparent, fuming liquid with a penetrating
odour. It boils at 46 C. at 9 mm., and has a density of 1*066. Its

reactions are the same as the propyl compound.

Alkyl Derivative of the Types R3Si(OH) and R 8Si(OR).

Triethylsilicol, (C 2H 5 ) 3Si.OH, is isolated 7
by treating triethyl

silicon acetate with sodium carbonate solution :

2(C 9H5 ) 3SiO.CO.CH3+NaoC0 3 -hH 20=2(C 2H5 ) 3Si.OH+2NaO.CO.CH3

+C0 2

1 Martin and Kipping, Tram, Chem. Soc., 1909, 95, 302.
2
Hart, Jahre&ber., 1889, p, 1943.

3
Widdowson, J. Chem. Soc., 1926, p. 958.

4
Ladenburg, Annalen, 1872, 164, 300,

6
Kipping, Trans, Chem, Soc., 1907, 91, 209.

8
Melzer, Ber. 9 1908, 41, 3390,

7
Ladenburg, toe. cit.
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It may also be prepared by the action of aqueous ammonia on

triethyl silicon chloride :

(C 2H 5 ) 3SiCl+NH3+H 20=(C 2H5 ) 3Si.OH+NH 4Cl

Another method of preparation consists in heating silicon triethyl

ethyl ether with concentrated sulphuric acid and precipitating the pro-
duct with water. The silicol is a colourless liquid with a strong camphor-
like odour, B.pt. 184 C., density 0-8709 at C., insoluble in water, but
miscible with ether or alcohol. It burns with a dazzling flame, leaving
a deposit of silica. If heated with sodium, hydrogen is evolved,
and when carbon dioxide is passed into the ethereal solution and the
solvent then evaporated, the sodium salt of triethyl silicon carboxylic
acid, (C 2H5 ) 3SiCOONa, is left. The following represent further reactions
of triethyl silicol :

(C 2H 5 ) 3SiOH+S0 3=C 2H5SiO.OH+2C 2H 4+H2+S0 2

(Nordhausen sulphuric
acid.)

(C 2H 5 ) 3Si.OH HI, B.pt. 127 C. (C 2H 5
)

2SiO +C 2H 6

At 20Qo C.

"*

2(C 2
H5 ) 3Si.OH P2 5

Silicon triethyl ethyl ether or Silicoheptyl ethyl ether, (C 2H 5 ) 3

Si(OC 2H5 ),
is obtained 1

by the interaction of zinc ethyl, sodium, and
silicon diethyl diethyl ether, (C 2H 5 ) liSi(O.C 2H5) 2 . It is a colourless

liquid, B.pt. 153 C., density 0-8414, 0-8393, 0-8403 at C., insoluble in

water, miscible with alcohol or ether, and stable in air. Acetyl chloride

acting on the compound gives rise to triethyl silicon chloride.

Tripropylsilicol, (CH 3CH 2CH 2 ) 3SiOH,
2 may be prepared in two

ways :

1. From tripropyl silicon acetate by long boiling with 30 per cent.

sodium carbonate only gives a small yield, a contrast to the formation
of triethylsilicol. The poor yield is probably owing to the following
reaction taking place :

2Si(C 3H7 ) 30,CO.CH 3+Na 2C0 3 =Si 20(CaH7 ) 8+2NaO.CO.CH 3+C0 2

2. When tripropyl silicon bromide is treated with aqueous ammonia
the following two reactions occur simultaneously, so that the yield is

little better :

(C 3H7 ) 3SiBr+NH 3+H 2 =Si (C 3H7 ) 3OH+NH 4Br

2(C aH 7 ) 3SiBr+2NH 3+H 20=Si 20(C3H7 ) 6+2NH 4Br

Tripropyl silicol is a colourless, fuming oil, and is glycerine-like in

consistency. It is lighter than water and insoluble in it. It dissolves

in alcohol or ether and has a boiling-point of 206 to 208 C. When
warmed with sodium, hydrogen is easily evolved and an amorphous
mass remains, which is no doubt the alcoholate, since on warming with

water the silicol is regenerated together with sodium hydroxide.

1
Ladenburg, loc. cit,

2
Pape, Annahn, 1884, 222, 354
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Tri-isoamylsilicol, (CBHu ) 8SiOH,
1

is formed by the action of

aqueous ammonia on tri-isoamyl silicon bromide :

(C6Hu ) 3SiBr+NH4OH-(C 5Hu ) 3SiOH+NH4Br

It boils at 269 to 270 C., has a penetrating smell, and is lighter than

water. Metallic sodium dissolves in it with hydrogen evolution, prob-

ably forming the sodium derivative (C5
Hu ) 3SiONa.

Alkyl Derivatives of the Types R2Si(OR) 2 and R2Si(OR).Hal.

Silicon diethyl diethyl ether, (C2H5 ) 2Si(OC 2H 5 ) 2,
is obtained by

allowing silicon tetraethyl ester, Si(OC 2H5 ) 4,
to interact with sodium and

zinc ethyl.
2 The ether produced is a colourless, fuming liquid, B.pt.

155-8 C, ; density at C. 0*8752. It is stable in air, insoluble in water,

soluble in ether or alcohol, and unattacked by ammonia.

Diethylchlorosilicon ethyl ether, (C 2H 5 ) 2Si(OC 2H 5 )CI, is pre-

pared from the above by the action of acetyl chloride. It boils at 146

to 148 C. and burns with a green flame, leaving a residue of silica,

Alkyl Derivatives of the Type RSi.(OR) 3 .

Methyl triethoxy silicon or Orthosilicoacetic acid triethyl ester,

CH3Si(OC 2H fi )3 ,

3
is formed by the interaction of tetraethoxysilicon,

Si(OC 2H5 ) 4, 15 grams, and 10 grams of zinc methyl at 120 C., then

300 C. The tubes are opened occasionally to allow escape of gases,
It is a liquid, B.pt. 146 to 151 C., density at C. 0-9283, and is

insoluble in water. With ammonia or heating with hydrogen iodide,

methyl monosilicic acid, CH3SiO.OH?
is formed.

Ethyl trimethoxy silicon, C2H5Si(OCH3 ) 3, is prepared from tetra-

methoxysilicon, zinc ethyl, and sodium. It is a liquid, B.pt. 125 to

126 C., density at C. 0-9747.

Ethyl triethoxy silicon, C 2H5Si(OC2;H )s , is isolated in the above
manner from tetraethoxysilicon.

4 Another method of preparation is

from triethoxysilicon chloride, using sodium and zinc ethyl. The
reaction mixture gives a colourless liquid with a camphor-like odour,

B.pt. 158-5 C., density at 0C. 0-9207; it is insoluble in water, but
miscible with alcohol and ether. It is not completely decomposed by
alcoholic potassium hydroxide or ammonium hydroxide, but is broken

up by concentrated sulphuric acid.5

Propyl triethoxy silicon or Ethyl orthosilico-butyrate, C 3H7Si

(OCJH5 )g,
tt is formed from propylsilicon trichloride by the use of

absolute alcohol, and is a colourless liquid with an aromatic odour,

B.pt. 177 to 179 C, density at C. 0-8945.

Isoamyl triethoxy silicon is produced in the same manner as the
above compound from isoamylsilicon trichloride. The liquid is pleasant
smelling and boils at 195 to 200 C., density at C. 0-93] 8.

1
Taurke, J5er., 1905, 38, 1661.

*
Ladenburg, Annakn, 1872, 164, 300.

3
Ladenburg, Annakn, 1874, 173, 148; Bertf 1873, 6, 1029.

4
Ladenburg, Annahn, 1872, 164, 300.

5 Friedel and Ladenburg, Annakn, 1871, 159, 259.
6
Melzer, Ber., 1908, 41, 3391.
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Alkyl Derivative of the Type Si(OE) 3Hal.

Chlorotriethoxysilicon, SiC^OCaHgJg.
1 This is prepared accord-

ing to the following equations :

1. Si(OC 2H5 ) 4+CH 3COCl=SiCl(OC 2H 6 ) 3+CH 3COOCoH 5

2. SiCl4+3Si(OC 2H 5 ) 4=4SiCl(OC 2H5 ) 3

3. SiCl 4+3C 2H5OH=SiCl(OC 2H5 ) 3+3HCl

The last reaction requires absolute alcohol, and a sealed tube at 160
C. for several hours.

The compound is a liquid, B.pt. 156 C. With sodium ethyl it forms

ethyltriethoxysilicon :

SiCl(OC 2H5 ) 3 +NaC 2H 5=NaCl+C 2H5Si(OC 2H5 ) 3

Alkyl Derivatives of the Type (R3Si) 2O.

Triethyl silicon oxide or Bis-(triethylmonosilyl)-ether, [(C 2H5 ) 3

Si] 2O, may be prepared by several methods,
2 and the reactions are

represented by the following equations :

1. 2(0^)381(00^5) +2HI=(C 2Hs ) 8Si-0-Si(C aH 5 )3

+2C 2H6I+H 2

2. 2(C 2H 5 ) 8Si(OH) P
!
O
i> [(C 2H5 )3Si] 20+H aO

8. 2(C 2H 5 ) sSiOC 2H s+H ?
S0 4=[(C2H 5 ) 3Si] 20+2C 2H 6HS0 4+H2

(fuming)

4. 2(C aH 5 ) 3SiCl+2KOHK(C aH6 ) 3Si] 20+2KCl+H 2

(aqueous)

It is also obtained from bis-(trichloromonosilyl)-ether, Cl3Si O -SiCl 3 ,

by the action of zinc ethyl :
3

Si 2Cl 60+3Zn(C 2H 5 ) 2 -[(C 2H 5 ) 3Si] 20+3ZnCl 2

One molecule of silicon oxychloride is treated with the theoretical

quantity (3 mols.) of zinc ethyl in a scaled tube at 180 C. for a

prolonged period. The zinc ethyl disappears, and after treating the

product with concentrated sulphuric acid an oil is obtained, which after

washing and drying gives a main fraction distilling between 230 and

235 C. This is purified by several further fractionations and gives an

analysis for triethyl silicon oxide. The compound is a colourless syrup,

B.pt. 231 C., density at C. 0-8590. It is soluble in concentrated

sulphuric acid, and may be precipitated unchanged by the addition of

water.

Tripropyl silicon oxide or Bis-(tripropylmonosilyl) -ether,

[(C 3H7 ) 3Si] 20,is prepared from tripropylsilicane by the action' of fuming

sulphuric acid. The product is poured into well cooled water, when a

yellowish oil separates, which is taken up with ether and dried over

calcium chloride.4 The oxide is also produced as a by-product from

1 Friedel and Ladenburg, Ber., 1870, 3, 15 ; Anndlen, 1871, 159, 259.
* 2

Ladenburg, Annakn, 1872, 164, 300.
3 Medel and Ladenburg, Annakn, 1868, 147, 355.
*
Pape, Anwk^ 1SS4, 222, 354.

VOL. xi. : i,
1 '
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tripropylsilieon bromide, when preparing the silicol with ammonia.

It is formed along with the silicol when tripropyl silicon acetate is

acted on with aqueous sodium hydroxide. The oxide is a yellow, almost

odourless oil, soluble in alcohol or ether, and boils between 280 and

290 C.

Tri-isoamyl silicon oxide, [(C 5Hn ) 8Si] aO, is produced
l in the

preparation of tetra-isoamylsilicane from silicon tetrachloride, sodium,

and isoamyl chloride. It is contained in the oily residue which distils

at 360 to 370 C. It has a glycerine-like consistency and is feebly

fluorescent.

Alkyl Derivatives of the Type B,2SiO.

Diethylsilicone or Diethylsilicon oxide, (C 2H 5 ) 2SiO, is formed

from silicon diethyl diethyl ether, which must first be converted into the

dichloride, for which purpose benzoyl chloride is used at 250 C, With
water the silicone is formed :

(C 2H5 ) 2
SiCl

a+H 20-(C 2
H5 ) 2SiO+2HCl

Martin and Kipping
2
prepared diethyl silicon dichloride in order

to see if when decomposed with water a hydrol, (C 2H6 )2Si(OH) 2,
was

formed, corresponding to dibenzylsilicanediol. It was found, however,
that the silicone, (C 2H 5) 2SiO, was formed, which then polymerised,

giving a compound with a high molecular weight ,*
the body was not

analogous to the corresponding ketone.3 The oxide is a syrup, insoluble

in water, sparingly soluble in alcohol and easily soluble in ether. It does

not solidify at 15 C., and distils below 300"C. without decomposition.

*

Alkyl Derivatives of the Type R.SiO.OH.

Methylsiliconic acid or Silico -acetic acid, CH3.Si(XOH. This

compound is obtained 4 in the following manner : Tetraethoxysilicon,
15 grams, and 10 grams of zinc methyl are heated in a sealed tube to

120 C.j opening the tube at various intervals to allow escape of gases.
The final heating should reach 300 C., and the liquid is then fraction-

ated. Methyl triethoxy silicon or orthosilicoacetic acid triethyl ester,

B.pt. 146 to 151 C., is thus formed:

Si(OC2H 5 ) 4+Zn(CH3) 2==CH3Si(OC 2H5 )3 +ZnCH3(OC2H6 )

This is then decomposed by aqueous ammonia or by boiling with

hydrogen iodide, B.pt. 127 C., giving methylsiliconic acid, which is a
white, amorphous powder, leaving a residue of silica when burned.

Ethylsiliconic acid or Silico-propionic acid is obtained from
ethyl triethoxy silicon 5

using benzoyl chloride at 800 C. :

SiC2H6(OC 2H6 ) 3+3C 6H5COCl=CaH5SiCl$+3C 6H5COOC 2
H5

The trichloride is decomposed by water, giving the acid and hydrogen
1
Taurke, Jfer., 1905, 38, 1861.

2 Martin and Kipping, Trans. Chem. Soc., 1909, 95, 302.
3 Robison and Kipping, Trans. Chem. Soc.. J908, 93,4
Ladenburg, Anwkn, 1874, 173, 143,

5
Ladenburg, ibid., 1872, 164, 300.
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chloride. Ethyl triethoxy silicon or ethyl trimethoxy silicon with hydro-
gen iodide or aqueous ammonia yields ethyl siliconic acid :

1

C 2H 5Si(OC 2H5 ) 3+3HI-C2H 5.SiO,OH+3C2H5I+H 2

This equation represents the most convenient method of preparation.
2

It may also be isolated when Nordhausen sulphuric acid reacts with

triethylsilicol :

(C 2H5 ) 3Si(OH)+S03=C 2H 5SiO.OH+2C 2H4+H2+S0 2

The acid is an amorphous powder.
Propylsiliconic acid or Silico-butyric acid is produced by allow-

ing propylsilicon trichloride to drop into ice-water.3 It is insoluble in

the usual solvents, and is a hard, solid mass, which can be ground into

a powder which is infusible.

Isoamylsiliconic acid or Silico-hexoic acid is prepared in the
same way as the above body. It is a hard, brittle solid, with no definite

melting-point, and is easily soluble in alcoholic potassium hydroxide,
ether, benzene, or chloroform, but is sparingly soluble in alcohol.

Alkyl Derivatives of the Type R3Si SiRs .

Hexamethylsilicoethane
4

is formed from silicon hexachloride,
Si 2Cl 6 , by methyl magnesium bromide. It boils at 112 to 114 C.

Hexaethylsilicoethane
5 is prepared by the interaction of silicon,

hexa-iodide and zinc diethyl. It is a liquid, B.pt. 250 to 253 C., having
a density of 0-8510 at C. and 0-8403 at 20 C.

Aromatic Derivatives.

Table I. on next page shows the modes of passing from one compound
to another, using the phenyl derivatives as examples.

Table II. shows the condensation products obtained from diphenyl-

silicanediol, and similar compounds are obtained from dibenzylsili-

canedioL

Aryl Derivatives of the Type R4Si.

Tetraphenylsilicane, (C 6H 5 ) 4Si.
6 This is prepared according to

the equation,

SiCl 4+4JC 6H 5Cl+8Na=Si(C 6H 5 ) 4+8NaCl

in the following manner. Sodium granules, 23 grams, are slowly added
to 20 grams of silicon tetrachloride, 56-2 grams of chlorobenzene and a

little ethyl acetate in anhydrous ether. It is necessary to cool during the

reaction, and after shaking several hours the deep blue powder is filtered

off and washed with dry ether. Four-fifths of the filtrate is then

distilled off, and a white, crystalline powder obtained, which after

1
Ladenburg, Ber. t 1872, 5, 1081.

2
Ladenburg,'.4m Ptom, 1872, 164, 300.

a
Melzer, J?er., 1908, 41, 3390.

4
Bygcten, JBer., 1912, 45, 707,

s Eriedel and Ladenburg, Ann. Chim. Phys,, 1880, [5], 19, 401 ; Annalen, 1880, 203,
251.

6
Polls, er., 1885, 18, 1540.
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washing with hot water and drying is crystallised from benzene. 1

The compound belongs to the tetragonal system. It melts at 233

C., and boils without decomposition above 530 C. It has a density
of 1-078 at 20 C. In the above preparation of silicon, tetraphenyl
a by-product is produced in small quantities,

2
M.pt. 148 C., and

this is triphenylsilicol, identical no doubt with that from the

decomposition of triphenylchlorosilicane with water, M.pt. 139 to

141 C.3

Tetra-p-tolylsilicane, Si(C 6H4CH 3 ) 4} is produced in the same way
as silicon tetraphenyl, but using p-bromotoluene. It forms colourless,

transparent crystals, M.pt, 228 C., density 1-0793 at 20 C., readily

soluble in hot benzene and sparingly soluble in chloroform or ether.

Tetra-m-tolylsilicane is similarly prepared from m-bromotoluene.3

It forms long prisms, M.pt. 150-8 C., density 1-1188 at 20 C.

Tetratenzylsilicane is prepared by using benzyl chloride. The
reaction is not so vigorous as with chlorobenzene, and after some time

the product is warmed on a water-bath before filtering. After washing
the residue with dry ether and distilling off the latter, a fuming oil

remains, which when treated with ligroin yields a white, crystalline

nder.
This is recrystallised from warm ether and melts at 127-5 C.

3 easily soluble in benzene or chloroform, fairly soluble in warm
ether, but sparingly soluble in alcohol. The yield is not so good as in

the case of the preceding compounds, dibenzyl being produced, and

probably a benzyl silicon chloride, B.pt. 160 to 180 C. Tetrabenzyl-
silicane distils unchanged above 550 C.

Tetranitropheaylsilicane
3

is prepared by nitrating silicon tetra-

phenyl. Ten parts of this compound are cooled in ice and salt mixture
and 60 parts of fuming nitric acid with 80 parts of concentrated sul-

phuric acid slowly added in small quantities. The product is filtered

through glass-wool, then poured into a large volume of water while

stirring. A snow-white precipitate is formed which is dried in the air

at room temperature. When dry it is a pale yellow compound, M.pt.
93 to 105 C., easily soluble in benzene, chloroform, or hot acetic acid,
and insoluble in alcohol or light petroleum. It explodes above its

melting-point.

Triphenylmethylsilicane
*
is prepared by the action of magnesium

methyl iodide on triphenylsilicon chloride, and heating the product at
130 C. for three hours. It is recrystallised from petroleum ether and
melts at 67 to 67-5 C,

Phenyltrimethylsilicane 6 is obtained from phenyl silicon tri-

chloride by interaction with methyl magnesium bromide, and boils at
171-5 to 171*7 C. It is a transparent, highly refractive liquid, with a
characteristic odour.

Benzyltrimethylsilicane occurs from the interaction of benzyl-
trichlorosilicane and methyl magnesium bromide. It boils at 191-2 to
191-4 C., is isomeric with phenyldimethylethylsilicane and is a colour-
less liquid, having a strong odour resembling anisole.5

1
Polis, Ber., 1886, 19, 1012.

2
Kipping and Lloyd, Proc. Chem. Soc., 1899, 15, 174; Trans. Chem. Soc., 1901, 79,

449.
3

Polis, be. di.
4 Marsden and Kipping, Trans. Chem. Soc., 1908, 03, 198.
6
Bygd&i, Btf., 1912, 45, 707.
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Triphenylethylsilicane is formed by the action of zinc ethyl on
triphenylsilicon bromide. 1 Two products are formed, triphenylethyl-
silicane and triphenylsilicane ; the first is soluble in cold acetone, and
the second soluble only with difficulty. Triphenylethylsilicane forms

plates, M.pt. 72 to 74 C. 2 It may also be prepared from triphenyl-
silicon chloride, using excess of ethyl magnesium bromide. 3

Phenyltriethylsilicane
4 is produced when phenylsilicon trichloride

and zinc ethyl, in equal quantities, are heated in a sealed tube for one
hour at 150 C. The gas pressure in the tube is then released and the

heating continued at 160 C. and finally at 165 C. After treating
the product with water, and then hydrochloric acid, an oil is formed
which is taken up in ether, washed, dried, and distilled. The product,
B.pt. 230 C., is phenyltriethylsilicane, a colourless, faintly fuming liquid,
soluble in ether and insoluble in water. Jt burns with a sooty flame and
has a density of 0-9042 at C. Diphenyldiethylsilicane, B.pt, 305
to 315 C., is formed as a by-product :

2Si(C 2H5 ) 3(C 6H5)=(C 6H 5 ) 2Si(C 2H 5 ) 2+Si(C 2H5 )4

Phenyltriethylsilicane gives the following reactions :
5

1. C
<J
H5Si(C 2H5 ) 3+HN0 3 =C 6H4N0 2.Si(C 2H 5 ) 3+H 2

2. C 6H 5Si(C 2H5 ) 3+H 2S0 4=C 6H4HS0 8.Si(C 2H 6 ) 3+H 2

3. C 6H 5Si(C 2H5 ) 3+H 2S0 4=(C 2H 5 ) 3SiOH+C 6H 5.S0 3H
Hot.

4. C 6H 5Si(C 2H5 ) 3+Cl2 =C 6H4Cl.Si(C 2H 5 ) 3+HCl

The above chlorine substitution product (4) boils at 260 to 265 C.,

density 1*0185 at C., is insoluble in water, has a faintly aromatic odour,
and burns with a green flame, leaving a deposit of silica.6

Diphenyldimethylsilicane is obtained by acting upon dichloro-

diphenylsilicane with an excess of magnesium methyl iodide. It boils

at 176 to 178 C. at 45 mm. 7

p -Bromophenyltriethylsilicane
8
is formed from ethyl magnesium

bromide and p-bromophenyl silicon trichloride. It boils at 149 C. at

14 mm., and has a density of 1-1643 at 21 C. The magnesium com-

pound of the silicane reacts with acetaldehyde and higher aldehydes to

form derivatives of the type Si(C 2H5) 3.C 6H4.CHR.OH (see Appendix,
Table VIA).

9

p-Chlorophenyltriethylsilicane
10 is prepared as above. It is a

colourless, faintly fuming oil, B.pt. 137 C. at 14-5 mm. ; density 0-9971

at 18 C.

1
Ladenburg, Ber., 1907, 40, 2274.

2 Marsden and Kipping, Trans. Ohem. Soc., 1908, 93, 198.
8 Marsden and Kipping described the compound as forming rhomboidal prisms, M.pt.

76 0., soluble in ether, chloroform, benzene, ethyl acetate, acetone, or light petroleum,

moderately soluble in alcohol and insoluble in water.
4 Friedel and Ladenburg, Annalen, 1871, 159, 259.
5
Ladenburg, AnnaUn, 1874, 173, 160.

6 Bygd6n (Ber., 1912, 45, 707) obtained phenyltriethylsilicane from phenylsilicon
trichloride and 4-2 mols. of ethyl magnesium bromide, and found its boiling-point to lie

between 238-2 and 238-4 C.
7
Kipping, /. Chem. 8oc. f 1927, p. 104.

8 Grttttner and Krause, Ber., 1917, 50, 1559.
9 Griittner and Oauer, Ber., 1918, 51, 1283.

10
Bygden, Zoc. cit.
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p-Iodophenyltriethylsilicane is formed from the magnesium

compound of p-bromophenyltriethylsilicane, (C 2H 5)Si.C 6H tl.MgBr, by
the action of iodine. It boils at 165 C. at 13 mm. ; density 1-3342

at 16 C,

p-Chlorophenyltri-n-propylsilicane is obtained from p-chloro-

phenylsilicon trichloride and n-propyl magnesium chloride. It is an oil

with a faint odour, B.pt. 160 C. at 14 mm. ; density 0-9668 at 14 C.

The refractivities of the above compounds are shown in Table VI.

of the Appendix.
Phenyldimethylethylsilicane, (CH 3 )2(C2H6)(C 6H 5 )Si J

1 isbest pre-

pared from phenylethylsilicon dichloride, which is obtained according

to the equation :

C
5
>H 5SiCl3-+C 6H 5MgBr^(C 2H 5 )(C 6H 5 )SiCl 2+MgClBr
(1 moL) (M mol.)

By the action of methyl magnesium bromide on the above dichloride,

the desired silicane is produced, B.pt. 197-6 to 198-6 C. The product
is not quite pure.

Benzylethyldipropylsilicane
2 is obtained from benzylethyl-

propylsilicon chloride by the action of magnesium propyl bromide. It

boils at 280 C., and is a colourless, mobile liquid. It is converted into

benzylethyldipropylsilicane sulphonic acid, (C 2H 5)(C3H7 ) 2.Si.CH 2.C 6H4 .

S0 3H } by chlorosulphonic acid in chloroform solution. The l-menthyl-
amine salt, Si.C 2H5(C 3H7 ) 2CH 2.CeH4S0 3H.C 10H 19NH 2 , prepared from
the ammonium salt, is a colourless solid. The cinchonidine salt melts at

194 to 195 C. s and has the value [<X]D 72. The cinchonidine hydrogen
salt melts at 222 to 224 C. The quinine salt has a melting-point of

175 C., and [a]D 112*3. The quinine hydrogen salt melts at 223
to 224 C. The Z-menthylamine, cinchonidine, and quinine salts are

very similar to the corresponding salts of dZ-benzylmethylethyl-

propylsilicane sulphonic acid, which seems to point to the fact that
the latter are merely mixtures of their optically isomeric components.

Dibenzylethylpropylsilicane
3 is prepared by the interaction of

benzylethylpropylsilicon chloride and magnesium benzyl chloride. The
body is easily acted on by chlorosulphonic acid, like all silicon hydro-
carbons containing a benzyl group, Sulphonation under suitable

circumstances gives a mono acid which is usually accompanied by a

disulphonic acid. Dibenzylethylpropylsilicane is a colourless liquid,

lighter than water. It is miscible with most organic solvents, and has
a violet fluorescence. The l-menthylamine salt,

C 6H 6CH 2.Si.C 2H6.C 3H7.CH 2.C 6H4.S03H.C 10H19NH 2.2H 2

crystallises from moist petroleum ether in plates, and is similar to the

corresponding salt of the monosulphonic derivatives of benzylmethyl-
ethylpropylsilicane.

Phenylmethylethylpropylsilicane
4

is produced by the action of

methyl magnesium iodide on phenylethylpropylsilicon chloride. It is a
mobile liquid, B.pt. 228 to 230 C., and is decomposed by sulphuric acid,

giving apparently benzene and methylethylpropylsilicol.
1
Bygden, B&r. 9 1912, 45, 707.

2 Marsden and Kipping, Proc. Chem. Soc., 1908, 24, 12 ; Trans. Chem. JSoc., 1908,
93, 198.

8
Challenger and Kipping, Trans. Chem. Soc., 1910, 97, 142.

*
Kijpping, Proc. Chem. Soc., 1905, 21, 65 ; Trans. Chem. Soc., 1907, 91, 209
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Phenylbenzylethylpropylsilicane is prepared by the action of the

benzyl Grignard reagent on phenylethylpropylsilicon chloride. The com-
pound is a colourless, highly refractive liquid, lighter than water, B.pt.
249 to 251 C. at 100 mm., and is readily decomposed by sulphuric acid,

giving benzene and benzylethylpropylsilicol or the corresponding ether,

(Si.C 2H 5.C 3H7 .C 6H 5CH 2 ) 2O. When this decomposition product of

phenylbenzylethylpropyJsilicane is heated with sulphuric acid it

undergoes sulphonation, but only one acid of the several formed has
been separated. It seems to have the composition

Si.C 2H5.C3H7.OH.CH 2.C 6H 4.S0 3H
Benzylmethylethylpropylsilicane is prepared in the same way

as the corresponding phenyl compound, using methyl magnesium iodide
and benzylethylpropyl silicon chloride. 1 It is a mobile liquid, B.pt. 177
C. at 100 mm. Sulphuric acid at 130 C. sulphonates the body, forming
a mixture of acids, two of which have been separated in the form of their

l-menthylamine salts. Analysis apparently points to one being derived
from benzylethylpropylsilicolsulphonio acid, and therefore its formula is

C 2H5.C3H7.Si(OH).CH 2C 6H4.SO sH.C10H19NHo

Being only produced in small quantity, it has not been very thoroughly
investigated. The salt crystallises in prisms, M.pt. 210 to 212 C.

The second l-menthylamine salt has the composition,

Si(CH 3)(C 2H5)(C3H7 )CH 2.C 6H4.S0 3H.C10H 19NH 2

and can be more readily formed by sulphonation of benzylmethylethyl-
propylsilicane with chlorosulphonic acid. It crystallises with 2 mols.

of water of crystallisation from wet petroleum ether, and the dehy-
drated salt melts at 122-3 C. The l-menthylamine, quinine, cinchoni-

dine, cinchonine, narcotine, and several other salts of the above dl-

silicane sulphonic acid have been fractionally crystallised under different

conditions, but no indication of resolution of the acid has been observed.

Benzylethylpropylisobutylsilicane
2 is obtained from benzyl-

ethylpropylsilicon chloride by isobutyl magnesium bromide, and is a

colourless liquid resembling a hydrocarbon, B.pt. 282 to 283 C. It

is sulphonated by chlorosulphonic acid, as in the case of the previous

compound containing more closely related groups, and the l-menthyl-
amine salt obtained/ After fractionally crystallising this it cannot be
resolved. Several other salts have been made using active bases. The
extreme fractions of the hydrogen salts of quinine, cinchonine, and
cinchonidine have been investigated, but, except for the last case, the

melting-points and specific rotations of these fractions of a given salt

are identical within limits of experimental error. In the cinchonidine

hydrogen salt two fractions investigated are thus : most readily
soluble fraction, [a]D+61-6$ sparingly soluble, [a]D+72-7. One

crystallisation from ethyl acetate and methyl alcohol gives results

+57-1 and 73-8, and the decomposition points of the fractions are then

identical (220 to 228 C.). The next most readily soluble fraction

gives +62-5, and the decomposition point is the same as the above.

1
Kipping, Proc. Ghem. Soc., 1905, 21, 65 ; 1907, 23, 83 j Trans. Chem. Soc., 1907,

92, 717.
2
Kipping and Davies, Proc. Ohem. Soc., 1909, 25, 9

;
Trans. Chem. Soc., 1909, 95, 68.
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Further results have failed to show resolution. Possibly they are

resolved under certain conditions, but the enantiomorphous relationship
between the two optically active acids is difficult to establish,

Aryl Derivatives of the Type R3SiX.

Triphenylchlorosilicane, (C eH 5 ) 3SiCl, is prepared
x from tetra-

phenylsilicane and phosphorus pentachloride :

(C 6H6 ) 4Si+PCl5=(C 6H 6 ) 3SiCl+C 6H 5Cl+PCl 3

It forms colourless crystals, fuming slightly in air, M.pt. 88 to 89 C.

This substance may be distilled under reduced pressure without de-

composition, but hydrogen chloride is evolved when it is distilled at the

ordinary pressure. It is readily soluble in light petroleum, anhydrous
ether, benzene, chloroform, or carbon bisulphide, but in absolute alcohol
it yields the corresponding ester. The chloro-compound undergoes
rupture at the phenyl-silicon linking when treated with metallic sodium
in liquid ammonia. Triphenylchlorosilicane combines with 2 mols. of

ammonia, giving a product which on decomposition yields triphenyl-

silicylamine, M.pt. 55 to 56 C. 2

Triphenylbromosilicane 3
is obtained by warming tetraphenyl-

silicane with the molecular quantity of bromine on a water-bath, then
10 per cent, bromine is added and the whole heated to 150 C. for eight
or ten hours.

(C 6H5 ) 4Si+Br2=(C 6H 5 ) 3SiBr+C 6H 5Br

The residue is treated with ligroin, the solvent distilled off, and the
bromobenzene removed in vacua, when impure bromide remains. It

forms colourless, small needles, fuming slightly in air, M.pt. 118 to
120 C., and is easily decomposed by water or alcohol. It is readily
dissolved by ether or hot benzene, but is difficultly soluble in ligroin.
The yield is about 30 per cent.

Triphenylsilicon acetate, (C 6H 5 ) 3Si.OCOCH 3 ,
is produced by

boiling triphenylsilicol with acetyl chloride.4 It forms colourless

prisms, M.pt. 91 to 92 C.

Tribenzylchlorosilicane 6
crystallises in prisms, M.pt. 141 C.,

B.pt. 300 to 360 C. at 100 mm. Water decomposes it into tribenzyl-
silicol.

Diphenylethylchlorosilicane is obtained by working up the by-
product, B.pt. above 240 C., in the preparation of phenylethylsilicon
dichloride, which is isolated from phenyl magnesium bromide and ethyl
silicon trichloride. It is a colourless liquid, B.pt. 206 to 208 C. at 50 mm.
The corresponding methyl compound boils at about 180 to 195 C.

Dibenzylethylchlorosilicane occurs in the preparation of benzyl-
ethyl silicon dichloride, using benzyl magnesium chloride on ethyl
silicon trichloride. 6 It is a colourless oil, fuming in moist air, and is

1
PoJis, er., 1886, 19, 1012.

2 Kraus and Rosen, J. Amer. Chem. /Soc., 1925, 47, 2739.
3
Ladenburg, Ber., 1907, 40, 2274.

4
Kipping and Lloyd, Proc. Chem. Soc., 1899, 15, 174 ; Trans. Chem. Soc., 1901,

79> 449.
6 Marsden and Kipping, Proc. Chem. Soc.9 1908, 24, 25 ; Mai-tin and Kipping, Trans.

Chem. Soc., 1909, 95, 302.
^

n
EH

ft!f
s' Pr Ct Ghem' Soc" 1905' 2I > 65 ; Ckalkxiger and Kipping, Trans. Chem. Soc.,

u, 97* **2.
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decomposed by water into the silicol, this spontaneously passing into
the compound [(C 6HsCH 2)(C 2H5 )Si] 20, M.pt. 56 C., when kept over

sulphuric acid for a time.

Phenylethylpropylchlorosilicane x is the principal product from
the interaction of phenylethylsilicon dichloride and propyl magnesium
bromide. Its boiling-point is not very definite (about 250 to 260 C.),
and it is a colourless, refractive, mobile liquid, fuming in air, and readily

decomposed by water.

Benzylethylpropylchlorosilicane is produced from benzylethyl-
silicon dichloride (1 mol.) and propyl magnesium bromide (1 mol.).
It is a colourless, fuming, mobile liquid, which generally becomes pink,
and is immediately decomposed by water, yielding the corresponding
silicol and oxide. It boils at 172 to 176 C. at 50 mm., and the yield
is 50 to 60 per cent, of the theoretical.

Benzylethylisobutylchlorosilicane. 2 By the action of isobutyl

magnesium bromide on benzylethyl silicon dichloride the above com-

pound is produced. It has the same properties as the preceding body,
and boils at 198 to 202 C.

Aryl Derivatives of the Type R2SiX 2 .
3

Diphenylsilicon dichloride 4
is obtained from triphenylchloro-

silicane and phosphorus pentachloride. It is a colourless liquid, B.pt.
280 to 237 C. at 90 mm. It also occurs by the interaction of silicon

tetrachloride and phenyl magnesium bromide,5 Silicon tetrachloride

(170 grams) is stirred, cooled to C. and 2-25 mols. of phenyl
magnesium bromide in ether very slowly added. After allowing the
whole to stand for twelve hours with occasional shaking, it is refluxed

for three hours, then filtered in the absence of moisture 6 and washed
with ether. The ether is removed by distillation, and after standing
half an hour the remaining oil is refiltered and distilled at 50 mm.
Three fractions are obtained :

1. 110 to 120 C., phenyl silicon trichloride.

2. 190 to 225 C., diphenyl silicon dichloride.

3. 260 to 300 C., triphenyl silicon chloride.

Fraction 2 on redistilling gives a colourless oil, fuming slightly in

moist air, B.pt. 202 to 204 C. at 45 mm.

1
Kipping, Proc. Ohem. Soc., 1904, 20, 15 ; 1905, 21, 65 ; Trans. Ghem. JSoc., 1907, 91,

209.
2 Luff and Kipping, Proc. Ghem. Soc., 1908, 24, 224 ; Trans. Ghem. Soc., 1908, 93,

2004.
8 A possible impurity in diphenylsilioon dichloride may be diethoxydiphenylsilicane

(Kipping, J. Ghem. Soc., 1927, p. 2734), and the B.pt. of the latter compound differs little

from that of the dichloride, as seen from the following figures :

SiPh2(OEt)a> 197 to 198 0. at 50 mm. ; 217 to 218 0. at 100 mm. ; 302 to 304 0. at

767 mm.
'

SiPhaCl2, 199 to 202 C. at 50 mm. ; 222 to 224 0. at 100 mm, ; 302 to 305 0.

at 767 mm. The silicane is specifically heavier than water and miscible in common sol-

vents. An alcoholic solution in the presence of a little alkali yields trianhydrotrisdiphenyl-

silicanediol, and it is also slowly hydrolysed by dilute sulphuric acid.
*

Polis, Ber. 9 1886, 19, 1012.
5
Dilthey and Eduardoff, Ber., 1904, 37, 1139 ; Kipping, Trans. Ghem. Soc., 1912,

101, 2108 ; see Kipping and Murray, J. Ghem. Soc., 1927, p. 2737.
*
Kipping, Trans. Ghem. 8oc., 1907, 91, 216.
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By the action of mercuric oxide on this compound, an oxide,

[SiPhoOL, has been obtained. 1
. .

Diphenyl silicon dibromide. 2 In the preparation of tnphcnyl-

bromosilicanefrom tetraphenylsilicane and bromine the above compound

is also formed. It boils between 175 and 183 C. at 12 mm.

Dibenzyl silicon dichloride.3 In the preparation oi benzylethyl

silicon dichloride an oily by-product is formed, which in addition to

dibenzyl and other silicon compounds contains dibenzyl silicon dichloride.

It melts at 50 to 52 C., fumes in air, and decomposes with water, giving

the diol. By mercuric oxide it is transformed to a polymensed Jorm

of SiBz<A soluble in ether, acetone, or benzene.4

Phenylethyl silicon dichloride is prepared from ethyl silicon

trichloride and phenyl magnesium bromide. It boils at 228 to 232 t.

and is a highly refractive liquid, fuming strongly in moist air.

Benzylethyl silicon dichloride is obtained as above, using the

benzyl Grignard reagent. To avoid formation of too much dibenzyl,

the reaction is carried out at C. The two products obtained are

benzylethyl silicon dichloride and dibenzylethyl silicon chloride. The

former is a mobile, fuming liquid, B.pt. 169 C. at 100 mm.

Aryl Derivatives of the Type RSiX3
.

Phenyl silicon trichloride. This compound is made from silicon

tetrachloride and mercury diphenyL
5 The two are heated at 300 C. in

sealed tubes and the product fractionally distilled. The trichloride is a

colourless liquid, B.pt. 197 to 198 C. ;
it fumes in air and is slowly

decomposed in cold water, more rapidly on warming or addition of

ammonium hydroxide. It burns with a sooty flame, depositing silica :

SiCl4+Hg(C 6H5 ) 2
-C 6H 5SiCl3+C 6H 5HgCl

Kipping prepared the body using the Grignard reagent.
6 One mole-

cule of silicon tetrachloride and 1-25 mols. of phenyl magnesium
bromide are used, and the experiment carried out as for diphenyl silicon

dichloride. The crude body is collected between 110 and 120 C. at 50

mm. and purified by repeated distillation under reduced pressure. Fifty

grams of trichloride, B.pt. 198 to 200 (X are obtained from 120 grams
of silicon tetrachloride. The compound is hydrolysed by ice-cold water

or ammonium hydroxide solution,
7 and the results seemed to point to

the formation of condensation products, similar to those of the diaryl-

silicanediols, and not phenylsiliconic acid, C 6H 5Si0 2H, by elimination

of water from C 6H 5Si(OH) a . This view supports the possibility that

the so-called siliconic acids are merely mixtures. At lower tempera-

tures, the products of hydrolysis are possibly largely condensation

products of the composition C 6H 5Si0 2H or xC 6H 6Si(On)3 xH 20,
and at ordinary temperatures higher condensation products are formed

1
Vyle and Kipping, Trans. Chem. Soc., 1924, 125, 2616.

2
Ladenburg, Xer., 1907, 40, 2274

8 Eobison and Kipping, Trans. Chem. BOG., 1908, 93, 439 ; Martin and Kipping, 1909,

95, 302.
*
Vyle and Kipping, Zoc. cit.

5 I&edel and Ladenburg, Annahn, 1871, 159, 259 ; Ladonburg, Ber^ 1873, 6, 379.
6
Kipping, Trans. Chem. Soc.> 1912, 101, 2106 ; Meads and Kipping, Trans. Qhem.

Soc., 1914, 105, 679.
7 Meads and Kipping, ibid.
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approximating to the formula (C 6H 5SiO) 2O. For derivatives from the
trichloride and magnesium p-bromophenyl bromide (see Appendix,
Table VLv).

1

p-Chlorophenyl-silicon trichloride 2
is obtained from silicon

tetrachloride and the magnesium compound of p-chlorobromobenzene.
It is a colourless oil, B.pt. 105 C. at 15 mm., and is hydrolysed by water
to the

u
so-called siliconic acid," an amorphous powder.

p-Bromophenyl silicon trichloride is similarly prepared from
the magnesium compound of p-dibromobenzene and silicon tetra-

chloride. It is a faintly fuming oil, B.pt. 120 to 125 C., and is also

hydrolysed by water. With alcohol it forms esters of the type
C eH4.Br.Si(OH) 3 (sec Appendix, Table VLi).

8

p-Tolyl silicon trichloride.* Tetrachloro-silicane and mercury
di-p-tolyl are heated in sealed tubes at 300 to 320 C., when the above

compound occurs as a strongly refractive, fuming liquid, B.pt. 218 to

220 C. It is found to be decomposed by water, giving a compound
having the apparent composition C7II 7SiO 2II, and this when heated at

200 C, seems to he transformed into the oxide, (C7H 7SiO) 2O.

Benzyl silicon trichloride 5
is produced when benzyl magnesium

chloride is allowed to interact with silicon tetrachloride. It is a

transparent, strongly fuming liquid, with a powerful odour, density
1-2834, B.pt. 94 to 0(5 C. at 11 mm.

a-Naphthyl silicon trichloride is produced in the above manner
and is similar to the preceding compound, density 1-3760, B.pt. 165 to

170 C. at 22 mm.

Aryl Derivatives of tiie Type R3Si(OH).

Triphenylsilicol, (C n 5 ) 3Si(O]I),
r> is formed from triphcnylchloro-

silicanc by boiling with water and a little ammonium hydroxide. It is

also produced from the bromide by potassium hydroxide solution at

120 C. It is easily soluble in alcohol, ether, chloroform, or benzene,
and may be crystallised from acetone, M.pt. 130 to 141 C. (Polis),

148 to 150 C. (Lndenlmrg). The compound is also prepared by
treating the silieone, (C H 5 ) 2SiO, with the tirignard reagent.

7 Pre-

pared thus it crystallises in prisms, M.pt. 150 to 151-5 C. (Marsden
and Kipping).

Triphenylsilicol trisulphonic acid, (C fl
H 4S0 8II)3Si(OII), is made

by gently warming one part of the above silicol with six parts of fuming

sulphuric acid. When it is all dissolved, the solution is poured into cold

water, neutralised with barium carbonate, then gently warmed and
filtered from barium sulphate. Evaporation of the filtrate yields the

barium salt in white flakes.

Trisulphonate of trinitrophenylsilicol.- -The above compound
is nitrated, using five parts of fuming nitric acid, whilst strongly cooling

1 Gruttner and Cauor, /fer. f 1918, 51, 1283.

Gruttner and Krause, /frr. 1917, 50, 1559.

Gruttner and Caner, loc*. cit.

Ladtwbtirg, Annakn, 1874, 173, KM) ; far., 1874, 27, 803.

Melzer, Her., 1908, 41, 3390; Martin and Kipping, Trans. Ohem. Soc,, 1909, 95,

302

Polis, far., 1880, 19, 1012 ; Ladenburg, Mr., 1907, 40, 2274.

Kipping and Lloyd, Proc. Ghem. #oc., 1899, 15, 174 ; Marsden and Kipping, Trans.

Chew,. 8oc. 9 1908, 93, 198.



270 ORGAJSrOMETALLIO COMPOUNDS,

the mixture. The product is poured into cold water, partly evaporated

to remove some of the nitric acid, then again diluted and neutralised^

with barium carbonate. An intense yellow solution is formed, this after

filtration and evaporation yielding the barium salt of the compound as

yellow crusts, which are recrystallised from water.

PhenylmethylethylsilicaL
1

Phenylethylsilicone is first prepared

from phenylethyl silicon dichloride by hydrolysis, and the silicone then

allowed to interact with methyl magnesium iodide. The product is

contained in the fraction boiling at 115 C, at 17 mm. It is a colourless,

mobile liquid, practically insoluble in water, and on standing slowly

passes to the oxide which produces a turbidity.

Phenyldiethylsilicol is also prepared from the silicone, as in the

case of the previous compound. It boils at 165 C. at 60 mm. With

water it is slowly decomposed, probably yielding phenyldiethylsilicyl

oxide.

Phenylethylpropylsilicol
2
is formed from phenylcthylpropyl silicon

chloride by treating it with p-toluidine in dry ether. The ether

is distilled off and the residue warmed with sodium, then fractionated.

It has similar properties to the above, and boils at 250 C.

Tribenzylsilicol
3

is prepared from benzyl silicon trichloride, which

with cold water yields benzyl meta-siiicic acid. This, with a large

excess of benzyl magnesium chloride, and heating the reaction mixture

to 220 C., gives the silicol, the dibenzyl being removed by steam-dis-

tillation. The remaining pasty mass is extracted with ether, and the

silicol distilled at 250 to 300 C. at 20 mm. The fraction solidifies and

is crystallised from chloroform and light petroleum, M.pt. 104 C. The

yield is only 5 grams from 14 grams of the acid. It has also been pre-

pared using excess of Grignard reagent,
4 or from tribenzylchloro-

silicane using moist alcohol. 6

Dibenzylmethylsilicol is formed from dibenzylsilicone, M.pt. 08 C.,

using ethereal methyl magnesium iodide and heating at 200 C. for one

hour after distilling oft the ether. An oily product is isolated, which

mostly distils between 240 and 242 C. at 60 mm.
Dibenzylethylsilicol is obtained also as an oil, and passes spon-

taneously into dibenzyleihylsilicyl oxide, M.pt. 54 C.

Benzyldiethylsilicol is isolated from benzylethylsilicone by
gradually adding it to the ethyl Grignard reagent (1*5 mols.). The
residue is finally heated to 190 C. for an hour, then treated when
cold with water. The oil is extracted with ether, and 60 per cent,

comes over at 165 C. at 40 mm. It is a colourless liquid, miscible

with most organic solvents and decomposes slowly to oxide, deposit-

ing globules of water, and becoming cloudy. With acctyl chloride

this silicol does not give the corresponding chloride, as in the case of

tribenzylsilicol.

Benzylethylpropylsilicol may be obtained by two methods :

1
Kipping and Hackford, Trans. Ohem. Soc., 1911, 99, 138.

2
Kipping, Trans. Chem. 8oc., 1907, 91, 209.

3
Kipping and Hackford, Proc. Chem. Soc., 1911, 27, 8 ; Trans, Ghem. Soe., 1911, 99,

138.
4
Dilthey and Eduardoff, Ber. 9 1905, 38, 4131 Dilthey and TSduardoff give the

melting-point 106 C., and describe the body as crystallising from alcohol in long,
colourless needles.

5 Robison and Kipping, Trans. Chem. Soc., 1908, 93, 439.
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1. By the decomposition of benzylethylpropylchlorosilicane with
water. 1 Two products result, one possibly being the ether,

(c 6ir 5cii 2.c 2H 5.c3n7 .si) 2o

B.pt. '255 C. at 25 mm., but the principal product is the silicol, B.pt.
155 C. at 25 mm. The silicaue used in the preparation is formed from

benzylethylciiehlorosilicane and propyl magnesium bromide.
2. From benzylethylsilicone, C 6H 5CH 2.C2H5.SiO, and propyl mag-

nesium bromide. The mixture is heated to 190 C., then decomposed by
water. 3

Benzylcthylpropylsilicol is easily sulphonated, giving two acids at
least. The ammonium salt of one seems to show it is derived from the
acid of constitution,

C,II 5.C ;t
U 7.Si(OII).CH 2.C 6H (|

SO aH
but molecular weight determinations indicate polymerisation or con-
densation. Sulphonatinu of the pure oxide, using chlorosulphonic acid,

appears to give similar acids to those obtained from the silicol, the
constitution being

C 2H 5 C 2II6

S0 31I.C 6U ftCH,.Si-0 ~Si.CH 2C 6II4S0 3H

CjH7 C3H7

Benzylethylisobutylsilicol
3

is formed when the corresponding
chloride is treated with water. It boils at 162 to 164 C. at 25 mm. In

each case, when the chloride, oxide, or silicol is sulphonated, the product
is a mixture from which the dZ-aeid, mdphobenzyletliylisolnityUilicyl
wide is isolated as its l-mcnthylamhie salt,

[Si.C 1II 8.C 4II 9.CII,.C 6II 1
S0 8H] iO-2C10HaiN.4H tO

M.pt. 240 to 245 C. and [a] --14-7 in methyl alcohol solution.

Aryl Derivatives of the Type R2Si(OH)2.

Diphenylsilicanediol and its condensation products have been

studied by Kipping with interesting results.4 It maybe prepared from
8 grains of silicon tetrachloride and 17 grams of phenyl magnesium
bromide in the following manner :

~ 5

During addition of the tetraehloride the mixture is carefully cooled,

and then allowed to remain at room temperature until the greenish

precipitate does not increase. Then the product is decomposed with

ice-water, extracted with ether, and the solvent distilled off. The
residue on crystallisation from benzene gives a 25 to 30 per cent, yield

of the diol, which forms glistening needles, M.pt. 188 to 189 C. It

is easily soluble in ether or chloroform, but sparingly soluble in ligroin.

1
Kipping, Proe. 0/icm. tfoc., 1905, 21, 65 ; Trans, Chem. 8oe., 1907, 91, 717.

a
Kipping and Haokford, Tram. Che**, floe., 1911, 99, 138.

* Luff and Kipping, Pntf. Vhem. tfoc., 1908, 24, 224 ;
Trans. Gkem. Soc., 1908, 93,

2004.
*
Kipping, /Voe. Ciwm. SOG., 1912, 28, 243, 244, 245 ; Trans. Ohem. oc., 1912, 101,

2108 ; Kipping and Eobison, Proc. Chem, Soc., 1913, 29, 374 ; Trans. Chem. Soc., 1914,

105, 484.

Dilthoy and $4uajr<Joff; 8er., 1904, 37 U39.
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It may be dried at 100 C. without decomposition. Further heating at

a higher temperature causes elimination of 1 mol of water, but the

remaining mass is gelatinous and has no definite melting-point, being

probably diphenylsilicone, (C 6H 5 ) 2Si0.
1

The diol is also formed by the action of dilute ammonium hydroxide

or water on diphenylsilicon dichloride.
2

Kipping in 1912 prepared the compound from diphenylsilicon

dichloride and water, but it was difficult to obtain it pure. Dilute

ammonium hydroxide on the dichloride gives only a small proportion

of diphenylsilicanediol. When the dichloride is slowly added to 5 per

cent, potassium hydroxide (4 mols.), slight heat is developed, and

on feebly acidifying with acetic acid a white paste is formed, which

when freshly precipitated is soluble in potassium hydroxide but changed

during filtration and no longer soluble.

Some air-dried specimens show a melting-point of 105 to 110 C.,

effervescence being due to steam. Attempts to purify the diphenyl-

silicanediol show it to be usually decomposed in ether, or ethyl acetate.

Occasionally, however, it has been thrown down from solvents as a

lustrous powder or imperfect prisms, and an oil remains in the mother-

liquor. The melting-points vary, and this is probably due to traces of

acid in the solvents, rather than removal of impurity by them. A trace

of hydrochloric acid in a solution of diol usually causes a rise in melting-

point to about 145 C. On this account crystallisation is carried out

with ether at ordinary temperature, and the ethereal solution allowed

to float on water containing a trace of potassium hydroxide. In this

case diphenylsilicanediol is obtained as lustrous prisms, completely
soluble in potassium hydroxide and decomposed at 115 to 118 C. with

effervescence. Another means of purification is to dissolve the com-

pound in acetone, then to dilute with a small proportion of water. The

liquid is milky, and after standing a few days the diol separates, and is

filtered, the milky liquid going through. The crystals are washed free

from oil with chloroform. This operation is repeated until there is

no milkiness, and then the pure diol is obtained after one more crystallisa-

tion with hot ethyl acetate or acetone.

Diphenylsilicanediol forms long, colourless needles or prisms which

often exceed 20 mm. in length. It sinters at 125 (X, and becomes liquid
with effervescence at 128 to 132 C. It is practically insoluble in water
or light petroleum, only sparingly soluble in cold chloroform, and very

moderately soluble in boiling benzene. It easily dissolves in hot ether,

ethyl acetate, or acetone. The diol is stable at ordinary temperatures,
but its isolation is difficult owing to its sensibility towards alkalis, acids,

and other reagents. The crystal measurements are shown in Table
VII. of Appendix.

Diphenylsilicanediol in the presence of acids or alkalis very easily

undergoes condensation. This accounts for the glue-like substances

obtained in the preparation of the diol from diphenyl silicon dichloride by
various methods, and they consist of a mixture of any of the four follow-

ing condensation products :

1. Anhydrobisdiphenylsilicanediol,

HO.Si.(C 6H6 ) 2.O.Si(C 6H5 ) 2,OH.

1
Kipping and Lloyd, Trans. Ohm, Soc., 1901, 79, 44&

2
Martin, er., 1912, 45, 403,
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2. Dianhydrotrisdiphenylsilicanediol,
HO.Si(C 6H 5 ) 2.O.Si(C 6H 5 ) 2.O.Si(C aH 5 ) 2.OH

3. Trianhydrotrisdiphenylsilicanediol,

Si(C eH 5 ) 1.Ov

>Si(C GH 5 ) 2

Si(C eH 5 ) a.<X

4. Tetra-anhydroletrakisdiphenylsilicanediol,

<
OI \^611 5/2*VAr)1^ <

G J:JL5/2\

/
Si(CeH 5 ) a.O.Si(C 6H5)/

When di]>henylsilicanediol is heated at 140 to 180 C. it loses

approximately 1 mol. of water and yields mainly trianhydrotris-

diphcnylsilicancdiol. In addition, a small amount of tetra-anhydro-
tetrakisdiphcnylsilicancdiol is produced, and also an oil, easily soluble
in petroleum ether containing a little chloroform. It is proved nob to

be diphenylsilicone, which at first it seems likely to be, for a small

quantity of dianhydrotrisdiphenylsilicancdiol is isolated. Steam-
distillation gives no diphenylsilicone in the distillate. Part of the oily

product appears to consist of anhydrobis- and dianhydrotris- diphenyl-
silicanediol.

When diphenylsilicanediol undergoes condensation in acetone solution

in the presence of a trace of piperidinc, crystals of tetra-anhydrotetrakis-

diphenylsilieanediol, M.pt. 200 C., are deposited, together with a small

amount of a colourless powder, probably a condensation product more

complex than the above.

Diphenylsilicanediol in acetone containing a little ammonium hydrox-
ide gives an oil at ordinary temperatures, which, when crystallised
from chloroform and light petroleum, yields anhydrobisdiphenyl-
silicancdiol, M.pt. 113 C,, and soluble in 5 per cent, potassium hydroxide.
Another experiment carried out in the same way gave a compound,
M.pt. 112 C., insoluble in potassium hydroxide solution. It was

dianhydrotrisdiphcnylsilicanediol. The products here are not closed

chain condensation bodies.

Anhydrobisdiphenylsilicanediol. The crystals deposited from a
mixture of chloroform and light petroleum give the measurements shown
in Table VIII. of the Appendix.

The action of piperidinc on anhydrobisdiphenylsilicanediol is to give

tetra-anhydrotctrakisdiphenylsilieanediol and some trianhydrotrisdi-

phenylsilicanediol, together with a powder consisting possibly of highly

complex condensation products. The action of piperidine, besides

causing condensation, also brings about hydrolysis of the anhydro-

bisdiphenylsilicanediol, giving diphenylsilicanediol, and this then con-

denses forming a small quantity of trianhydrotrisdiphenylsilicanedioL

Anhydrobisdiphenylsilicanediol changes after a time in the presence
of hydrochloric acid in methyl alcohol solution, giving a small quantity
of oil. The solvent is allowed to evaporate at ordinary temperature and

the process repeated. The oil is washed with alcohol, and the sub-

stance when crystallised from ethyl acetate yields prisms of trianhydro-

trisdiphenylsilicanediol, M.pt. 188 C. No tetra-anhydro compound is

detected. The hydrochloric acid therefore does not cause condensa-

VOL. xi. : i. 18
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tion, but hydrolyses the anhydrobisdiphenylsilicanediol to the diphenyl-

silicanediol, which then condenses to give trianhydrotrisdiphenyl-

silicanediol.

Dianhydrotrisdiphenylsilicanediol, deposited from chloroform
^and

light petroleum, gives the crystal measurements shown in Table IX. of

Appendix.
The action of piperidine on dianhydrotrisdiphenylsilicanediol is to

give tetra-anhydrotetrakisdiphenylsilicanediol, while some trianhydro-

trisdiphenylsilicanediol is probably produced.

Experiments seem to show that piperidine on diphenylsilicanediol,

anhydrobis- and dianhydrotris- diphenylsilicanediol give as principal

product tetra-anhydrotetrakisdiphenylsilicanediol.
When hydrochloric acid is added to a methyl alcohol solution of

dianhydrotrisdiphenylsilicanediol, an oil separates, which on evapora-
tion at the ordinary temperature yields a crystalline residue. Recrystal-

lisation from ethyl acetate gives prisms of trianhydrotrisdiphenyl-

silicanediol, M.pt. 188 C.

Trianhydrotrisdiphenylsilicanediol, a closed chain compound, is

hydrolysed by potassium hydroxide, giving as final product the potas-

sium derivative of diphenylsilicanediol. On evaporating oft the alcohol

and adding a slight excess of acetic acid to the residue the diol is de-

posited. The following equation represents the reaction when hydro-

lysis is stopped at a very early stage of its development :

tOv

>SiSi(C 6H5 ) 2+H 20==HO.Si(C 6H 5 ) 2O.Si(C 6H 5 ) 2.OSi(C 6H fi ) 2OH
\Si(C 6H 6 ) 2<X

0*25 gram of the trianhydro-compound is dissolved in a mixture of

acetone and a little ether, then (0-05 gram) 3 per cent, aqueous sodium

hydroxide added. In less than half a minute this is acidified with

dilute acetic acid and the solvents evaporated rapidly at the ordinary

temperature. The oily residue is next treated with alcohol, filtered, and

again evaporated at the ordinary temperature, and tlic oil after crystal-
lisation from a mixture of chloroform and light petroleum gives pure
dianhydrotrisdiphenylsilicanediol.

Trianhydrotrisdiphenylsilicanediol, like the corresponding benzyl
compound, is hydrolysed by hydrogen chloride into the open chain

compound dianhydrotrisdiphenylsilicanediol. This hydrolysis is re-

versible. Piperidine on the trianhydrotris-derivativc gives ietni-

anhydrotetrakisdiphenylsilicanediol mixed with unchanged product.
Crystals of trianhydrotrisdiphenylsilicancdiol deposited from ethyl

acetate solution have been measured, and the results are shown in

Table X. of Appendix.

Trianhydrotetrakisdiphenylsilicanediol is the most complex open-
chain compound yet isolated, and is formed by carefully hydrolysing
tetra-anhydrotetrakisdiphenylsilicanediol.

\Si(C 6H6 ) a.O.Si(C 6H5)/ Si(C 6H5 ) 2

2

,Si(C eH 6 )

5

2 OH
This partial hydrolysis is carried out in the following way. The

closed chain compound is dissolved in chloroform, and a considerable
excess (5 to 6 mols.) of an alcoholic solution of sodium ethoxide is
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added. Sufficient chloroform should be present to prevent any pre-

cipitation. In not more than a minute slight excess of very dilute

acetic acid is added, the whole shaken and the chloroform separated.
The aqueous portion is again extracted with this solvent and all the
chloroform evaporated at the ordinary temperature. The residue is then
treated two or three times with cold ethyl alcohol, which leaves behind
a considerable portion of unchanged tctra-anhydrotctrakiscliphcnyi-
silicanediol. The alcoholic extract after filtering is diluted with water
and the trianhydrotctrakisdiphcnylsilicanediol is obtained after several

recrystallisatlons from a mixture of chloroform and light petroleum.
The yield is not good, but further quantities may be obtained by repeat-

ing the hydrolysis on the unchanged tetra-derivative.

Trianhydrotetrakisdiphenylsilicanediol crystallises in short, colourless

prisms, M.pt. 128-5 C. It resembles the other two open-chain con-

densation products of diphcnylsilicancdiol.

Tetra-anhydrotetrakisdiphenylsilicanediol is formed from tri-

anhydrotctrakisdiphcnylsilicancdiol by warming an alcoholic solution

of the latter with a trace of sodium hydroxide. The crystalline pre-

cipitate melting at 200 C. when crystallised from ethyl acetate is pure
tetra-anhydrotetrakisdiphenylsilicanediol, M.pt. 201 C.

An alcoholic solution of the trianhydrotctrakis-compound with

hydrochloric acid does not give so pure a product of the tetra-com-

pouiid. The tri-body may be converted into the tctra-derivative also

by heating the former at ioo to 200 C. for fifteen minutes. Water is

evolved, and when decomposition ceases the mass is cooled. Addition
of ether c

kauses this to crystallise, and cold alcohol removes only a little

soluble matter. The residue on crystallising several times yields pure
tetra-anhydr()tetrakiscli])henylsilieanediol, which forms well-defined,
almost rectangular plates, when deposited from ethyl acetate at the

ordinary temperature. These have been measured and the results are

recorded in Table XL of Appendix.
Phenylethylsilicanediol is obtained by hydrolysis of the corre-

sponding disubstitutcd dichlorosilicanes with aqueous ammonium
hydroxide.

1 The diol is deposited in long, transparent needles, when
the ethereal solution is evaporated at the ordinary temperature. The

compound is recrystallisecl from ether and light petroleum, and has M.pt.
70 C. It is easily soluble iu organic solvents, except light petroleum,
in which it is sparingly soluble.

Anhydrobisphenylethylsilicanediol is formed from phcuyl-

cthylsilicanediol when a pure specimen of the latter is kept in a stoppered
bottle at ordinary temperature. The reaction is very slow. An aqueous
solution of the diol and a few drops of hydrochloric acid left for twenty-
four hours yields a crystalline precipitate of the anhydro-compound.
When crystallised from light petroleum and a little ether it forms long,

transparent needles, M.pt, 87-5 C.

Dibenzylsilicanediol.
2 The earlier preparations of the compound

are not too satisfactory owing to mixtures being formed, but finally a

yield of the diol has been obtained in the following manner :

Dibenzyl silicon dichloride is melted carefully and dropped into a

1
Kipping, Trans. Ohem. 8oc., 1912, iox,

Dilthey and Eduardoff, Ben, 1905, 38, 4132 ; Robison and Kipping, Proc. Ohem.

Soc., 1912, 28, 245 ; 1913, 29, 348 ; Tnw*. Ohem. 8oc. t 1908, 93, 439 ; 1912, xoi, 21 ;

1914, 105, 40.
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5 per cent, solution of potassium hydroxide whilst stirring. The turbid

liquid is filtered from the insoluble portion, possibly dibenzyl, then

shaken with animal charcoal. When the clear filtrate is made slightly

acid with acetic acid a thick, flocculent precipitate is produced. This

is difficult to dry, but on leaving several days on a porous plate and

finally washing with light petroleum the compound melts at 98 to 100

C.
3
and is almost pure dibenzylsilicanediol. There is a small proportion

of substance insoluble in potassium hydroxide present, which seems to

point to a slight decomposition after precipitation from the solution of

the potassium derivative, due possibly to traces of alkali adsorbed by the

somewhat colloidal precipitate. The impurity is not easily eliminated*

The method adopted is to dissolve the dibenzylsilicanediol in acetone,

then add water until a turbidity is produced, after which the solution is

allowed to evaporate spontaneously. The liquid soon shows in addition

to milkiness, silky, opaque needles, and these are decanted from the

mother-liqTiors and again dissolved in acetone. This is repeated till

the product is completely soluble in 5 per cent, potassium hydroxide.

Dibenzylsilicanediol, M.pt. 101 C., is appreciably soluble in warm
water, separating when cold in long, white filaments. If a solution is

heated to 90 C. for a short time, decomposition occurs. The presence
of hydrochloric acid in a solution causes it to decompose, and a solution

in potassium hydroxide when warmed becomes turbid with separation
of an oil. When the diol is heated to 100 C. an oily product is formed,
which consists essentially of anhydrobisdibenzylsilicanediol, and

u
ter-

molecular silicone
"

or trianhydrotrisdibenzylsilicanediol, in small

amount. At 130 C. the oil is a mixture of the above two products and
other condensation products.

Dibenzylsilicanediol is quantitatively converted into
"
termolecular

silicone
" when exposed to fumes of hydrogen chloride in a closed vessel.

Another convenient means of preparing the silicone is to keep pure
dibenzylsilicanediol in alcohol and a little concentrated hydrochloric
acid for several days, during which the quantity of crystals increases.

When pure diol is dissolved in a small quantity of acetyl chloride and
allowed to evaporate spontaneously, an oil results, which contains un-

changed diol and anhydrobisdibenzylsilicanediol. In some instances

a good yield of hydrated crystals of the anhydro-body is obtained, using

acetyl chloride in ether and light petroleum and evaporating at the

ordinary temperature. Hydrated crystals are never formed until the oil

containing the anhydrobisdibenzylsilicanediol is exposed to atmospheric
moisture or crystallised from solvents containing traces of water.

Anhydrobisdibenzylsilicanediol is formed when 2 mols. of

dibenzylsilicanediol condense with loss of 1 mol. of water. Though
the yield is not good, the best method of preparation is as follows :

Dibenzylsilicanediol (3 grams) is dissolved in 20 c.c. of dry ether, acetyl
chloride (30 drops) added, and the solution in a beaker is kept in a
desiccator over potassium hydroxide for three hours. It is then con-
nected to the pump and evacuated to remove most of the acid chloride.
After six hours, crystals of

"
termolecular silicone

"
usually appear on

the surface. The solution is then poured into excess of cooled, dilute
ammonium hydroxide and shaken. After extraction with ether and
evaporation, the oily residue is treated with a little alcohol, which
precipitates the silicone. The filtered alcoholic solution is diluted with
water, and vigorous rubbing of the beaker with a glass-rod causes
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hydrated anhydrobisdibenzylsilicanediol to be deposited. It is purified

by dissolving in ether and diluting with light petroleum, then being
allowed to evaporate spontaneously after filtration. It is kept in a
desiccator over paraffin shavings. The yield is 2 grams of anhydro-com-
pound and 0-0 gram of

"
termolecular silicone." The former is readily

soluble in cold chloroform or benzene, a turbidity occurring due to

water of hydration.

Seventy hours
3

heating of anhydrobisdibenzylsilicanediol at 100 C.

gives C-6 per cent. H 2 (lH 2O=3-68 per cent.). When heated at 100
to 110 C. for periods of about ten minutes a stage is reached correspond-
ing with 3-08 per cent. H 2O, after which the loss in weight becomes very
small. At 130 to 150 C. the loss is 3-7 per cent, after ten minutes, and
then much slower, till in two hours it is 7-8 per cent. This slow loss, after

that due to water, is accounted for as being due to volatilisation of

benzaldehyde formed by atmospheric oxidation. The odour of the

aldehyde becomes more noticeable as the heating is prolonged.
Though the remaining oil after heating is probably pure anhydrobis-
dibenzylsilicanediol, it will not crystallise because it is so hygroscopic.
However, the hydrated form is obtainable from the oil by dissolving in

light petroleum and allowing the solution to evaporate in air.

Dianhydrotrisdibenzylsilicanediol,

IIO.Si(CH 2C 6H 5 ) 2.O.Si(CH2C 6H5 ) 2.O.Si(CH 2C 6H5 ) 2.OH

is probably present with anhydrobisdibenzylsilicanediol when di-

benzylsilicanediol is condensed in the presence of alkalies. If the

alkaline solution is heated to 100 C. for some hours the precipitate is

partly soluble in cold alcohol, and contains a considerable proportion
of trianhydrotrisdibtmylsilieanediol. The dianhydrotris-body is not

isolated by the above method, although probably present. Attempts
have been made to obtain it by hydrolysis of trianhydrotrisdibenzyl-
silicanediol which, though practically insoluble in alcohol, slowly dis-

solves in an alcoholic solution of potassium hydroxide owing to

hydrolysis.

/u.ai^ii^oJtis^v.

Si(CH 2.C 6H 6 ) 2< >0+H 2
*

\O.Si(CH aC 6H 5)/
yO.Si(CH 2C GH 5 ) 2.OII

Si(CH 2C 6H5 ) 2<XXSifCHX2C GH 6 ) 2.OH

Water precipitates a solid which gives with acetic acid dibenzyl-
silicanediol. Further examination shows it to consist of anhydro-

it is obtained in the following manner: A solution of trianhydro-

trisdibcnssylsilicanediol in cold acetone is treated with 3 per cent,

potassium hydroxide (2 mols.) and thirty seconds afterwards a slight

excess of dilute acetic acid is added. On further dilution with water

an oily precipitate separates, which is filtered and extracted with ether.

The solution of the oil in ether is diluted with light petroleum, then

left to evaporate. Crystals separate and are recrystallised several

times from ether and light petroleum, then dried over sulphuric acid.
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Dianhydrotrisdibenzylsilicanediol melts at 82 C. and is readily soluble

in all organic solvents except light petroleum, in which it is only sparingly

soluble, and insoluble in water or dilute, cold potassium hydroxide.

Another method of hydrolysing trianhydrotrisdibciitfylsilicanediol is to

dissolve it in acetone containing one drop of concentrated hydrochloric

acid. After half an hour the solution is diluted "with water, vigorously

stirred, filtered, and the solid extracted with cold alcohol. In this way
the unchanged trianhydrotris-compound is left behind. On dilution

of the alcohol with water, an oily substance is obtained which is extracted

with ether. The solution contains dianhydrotrisdibenzylsilicanediol,

and it is purified by crystallisation from ether and light petroleum.

Only 15 per cent, of trianhydro-compound is transferred into dianhydro-

trisdibenzylsilicanediol, so further dianhydro-compound is formed by

repeating the treatment. It seems probable that the reaction is re-

versible and equilibrium under the conditions of the equation is when the

proportion of dianhydrotris- to trianhydrotrisdibenzylsilicanediol is

about 1 to 5, or 1 to 6.

/O.Si(CH 2C 6Hs )2XH20+Si(CH aC 6H 5)/ >0
\O.Si(CH2C 6H5)/

yO.Si.(CH 2C 6H,) 3OIl

/
\O.Si(CH 2C cH,)2.OII

This equation only probably represents one of several reversible

reactions, others being :

2H 20+Si(CH2C 6H5 )
<> 3Si(CH aCHB ) a(OH) a

\).Si(CH2C 6H6 ) 2OH

2Si(CH 2C 6H g ) 2(OH) 2
A-> OH.Si(CH 2C cH 5 ) 2.O.Si(CH 2C 6H6 ) 2OII+H 2

Trianhydrotrisdibenzylsilicanediol. It should be possible to

obtain this compound from dianhydrotrisdibenzylsilieanediol, if the

reaction mentioned above is reversible. In alcoholic solution the

equation should proceed from right to left, as the tri-body is insoluble

in alcohol. This actually occurs in the presence of hydrochloric acid,

the crystals, M.pt, 98 C., being pure trianhydrotrisdibenzylsilicancdioL
The change is complete in twelve hours. This condensation in alcoholic

,
solution goes even more easily with potassium hydroxide than acid,

whilst the presence of acetyl chloride has the same effect, though it may
be due to the hydrochloric acid formed in this case, and not directly to

the acid chloride. The closed-chain compound is not satisfactorily
obtained from dianhydrotrisdibenaylsilicanediol by heat.

Trianhydrotrisdibenzylsilieanediol crystallised from chloroform and

petroleum-ether mixture has been examined, and the crystailographic
measurements are shown in Table XII. of Appendix.

Benzylethylsilicanediol
x is prepared from pure benzylethyl silicon

dichloride, using ice-cold aqueous ammonium hydroxide under*the con-
ditions used in the preparation of phenylethylsilicanediol. The ethereal
solution is allowed to evaporate spontaneously, wheix colourless needles

1
Kipping, Trans. Chem. Soc., 1912, lor, 2106.
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are obtained which may be recrysfcallised from a mixture of ether and
light petroleum.

Benzylethylsilieanecliol crystallises from hot benzene or boiling light

petroleum as transparent needles, but from aqueous acetone or alcohol
as cotton-wool-like masses. The compound is appreciably soluble in

cold water, more so in hot. It sinters at 80 C., is a pasty mass at
85 C., becoming solid again and more bulky until at 100 C. it melts.

Single crystals melt at 85 C, to a clear liquid which becomes turbid if

kept at that temperature for a time. Large crystals in a test-tube melt
at 98 to 100 C. This suggests that the substance is dimorphous. The
change is not due to loss of water, for the compound does not eliminate
the elements of water when kept at 85 C. for half an hour. It loses

water, however, in a dry vacuum and becomes oily in a day or two. It is

thought that the compound contains 1 mol. of water,

Phenylbenzylsilicanediol
l is most conveniently prepared by

dropping the oily dichloride into a 5 per cent, solution of sodium hydrox*
idc. Vigorous stirring is necessary during the reaction. The solution

when filtered and treated with slight excess of dilute acetic acid gives
a bulky white precipitate of the diol. When filtered and washed it is

not quite pure, so it is dissolved in acetone and water added to repre-

cipitate. This process is repeated until it ceases to give a milky fluid

when the water is added, in which case also the compound is completely
soluble in alkaline hydroxide. The product is then dried over sui- .

phuric acid. It crystallises in silky needles which melt at 106 C, on

rapidly heating, but if kept at 90 C. for a time the compound liquefies
and loses the elements of water.

Aryl Derivatives of the Type (RSiO) 20.

Silicobenzoic anhydride 2 is prepared from orthosilicobcnzoio ester,

SiCeH^OCftlltJs, by first converting it into the corresponding acid by
aqueous hydrogen iodide, and then dissolving the acid in alcoholic

sodium hydroxide and passing in carbon dioxide. The precipitate is

washed with absolute alcohol and the solution evaporated. The solid

is finally washed with water and dried at 100 C. The anhydride,

(SiC 6H 60)j>0, is an amorphous, colourless solid, moderately soluble in

ether, less soluble in alcohol, and very slightly soluble in water. It is

readily soluble in aqueous potassium hydroxide. Addition ofammonium

hydroxide in excess yields silicobenzoic acid, and the anhydride heated

with potassium hydroxide furnishes benzene.

Silicotoluic anhydride 3 is prepared from tolyl silicon trichloride

by decomposing it with ammonium hydroxide and heating the product
at 200 C. The formula corresponds to (C7II,SiO)*0, but at a lower

temperature it is probably C7H 7Si08II the corresponding acid. It has

similar properties to the silicobenscoie anhydride.

Aryl Derivatives of the Type R^SiO.

Diphenylsilicone, (C 6II 5 ) aSiO, has not been obtained in a crystalline

form.4

1
Kipping, Zoc. ct*.

*
LodMibiug, /ter,, 1873, 6, 370.

*
LiKfamburg, <&., 1874, 7, 387.

Kipping aixd Lloyd, Trans. Ohem Soc., 1901, 79, 449.4
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Phenylethylsilicone, (C 6H 5)(C 2H 5)Si0.
1

Phenylethylsilicon di-

chloride, a fuming liquid, can be readily decomposed by water, giving

an oil which appears to be the above ketone.

Benzylethylsilicone
2 is produced in the same manner as the

preceding compound, from benzylethyldichlorosilicane.
It boils at

305 to 315 C. at 22 mm., is not decomposed by the usual reagents, and

gives no oxime or hydrazone. The molecular weight in acetic acid

solution points to the formula [(C 6H6CH 2)(C2H5 )SiO] 3 .

Aryl Derivatives of the Type (R3Si) aO.

Diphenylmethylsilicyl oxide is isolated by decomposition of

diphenylmethylsilicol at its boiling-point.
3 It forms hexagonal plates,

M.pt. 51 to 52 C., is very soluble in the common organic solvents,

but sparingly soluble in cold alcohol.

Diphenylethylsilicyl oxide, [(C 6H5 ) 2(C 2
H5 )Si] 20, M.pt. 65-6 C., is

prepared from diphenylethylsilicyl chloride by decomposition with

water.4 The silicol is first formed^ and this passes into the correspond-

ing oxide.

Triphenylsilicyl oxide.5 When triphenylsilicol is heated with

nitric acid in acetic acid solution it yields small, shining plates of tri-

phenylsilicyl oxide, M.pt. 222 C,

Benzylethylbutylsilicyl oxide e is formed by the action of water on

the corresponding chloride. It is a colourless, viscous liquid, insoluble

in water, soluble in alcohol, and boils at 250 to 252 C. The silicol is

first formed, but soon passes into the oxide, probably due to traces of

impurity, such as hydrochloric acid.

Benzylethylpropylsilicyl oxide 7
is formed in a similar manner to

the previous compound. It boils at 256 C.

Sulphobenzylethylpropylsilicyl oxide 8
is prepared by sulphona-

tion of benzylethylpropylsilicyl oxide using sulphuric and chlorosulphonic
acids. The body produced is identical with that prepared by sulphona-
tion of <K-benzylethylpropylsilicol. This latter compound is isolated by
the following series of reactions :

SiCl4 +MgEtBr==SiEtCl3+MgClBr
SiEtCls+MgPhBr =SiEtPhCl 2 -(-MgClBr

SiEtPhCl2+MgPrBr=SiEtPhPrCl +MgClBr
SiEtPhPrCl+MgBzCl=SiEtPhPrBz +MgCl 2 (Bzbenzyl)
SiEtPhPrBz+H20(+H2S0 4)=SiEtPrBzOH+C 6H 6(+H2SO,i )

The silicol formed gives. with sulphuric acid a mixture of sulphonic
acids, one of which has been isolated as the ammonium salt. It is found

1
Kipping, Proc. Ghem. Soc., 1904, 20, 15.

*
Kipping, ibid., 1905, 21, 65.

8
Kipping, J. Ghem. Soc., 1927, p. 104.

4 Marsden and Kipping, Trans. Ghem. Soc., 1908, 93, 198,
5
Kipping and Lloyd, Trans. Ghem. Soc., 1901, 79, 449.
Luff and Kipping, Trans. Ghem. Soc., 1908, 93, 2004.

7 Marsden and Kipping, Trans. Ghem. Soc., 1908, 93, 198
Kipping, Proc Ghem. Soc., 1907, 23, 9 ; Marsden and Kipping, Proc. Ghem. Soc.,

1908, 24, 12 j Kipping, Proc. Ghem. /Soc., 1908, 24, 47.
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to be a derivative of the corresponding oxide, and possesses the con-

stitution,

S0 3ILC 6II 4ClI 2.SiEtPr-~0-PrEtSi.CH 2C 6II 4.S0 3H

It is the externally compensated compound, and though many of its salts

with optically active bases crystallise unchanged, the deMtro-methyl-

hydrindamine salt can be resolved by fractional crystallisation from

aqueous methyl alcohol.

The dB dA-salt is the more sparingly soluble, M.pt. 205 C. The

impure dB ZA-salt is from the most soluble fractions, and melts about

135 C.

The ZB ZA-salt has been prepared by resolving the acid with Z-methyl-

hydrindamine.
The two optically active acids have very low specific rotations

(roughly, [a]i>4), but there appears to be ample evidence of their

enantiomorphous relationship. Although the acids contain two asym-
metric silicon groups, the specific rotations are only [a]D5*8 to 5*9

for the sodium salts.

The dA dB- and JA JB-methylhydrindamine derivatives vary con-

siderably in outward properties from the dA IB- and /A dB-cornpounds,
which have a gelatinous or horny nature, but all four salts have in

methyl alcohol solution a specific rotation of [a]D15 to 16.

dA ZB- and /A ZB-merithylaminc salts are almost indistinguishable

from each other or from the salt of the dZ-aeid. This is also true for the

corresponding three d-hornylamine compounds. The cimhomdine and

cinchonidine hydrogen wtltit of the two active acids differ a little in melting-

points.

dl-NtilpJwbeHBi/lrtliylpwpylsUieyl wide is decomposed by hot con-

centrated sodium hydroxide, giving paratolucnc sulphonic acid.

Sulphobenzylethylisobutylsilicyl oxide l can be obtained from

any of the following bodies :

1. lienzyktkylisobutylsilicyl chloride, Si.Et(C7
H7 )(C4H 9 )Cl, B.pt. 198

to 202 C. at 100 mm.
2. Benmlethylisobutylsilicol, B.pt. 162 to 164? C. at 25 mm.
8. Benzylethyliwbutylsilicyl oxide, [SiEt(C7H7 )(C 4II9 )] 20, B.pt. 250

to 252 C. at 20 mm.
These compounds when sulphonated with chlorosulphonic acid and

sulphuric add each give a mixture, from which the same dZ-acid, namely,

dl-mlphoben^/lethylisobiitylMicyl (wide is separated as its l-tnenthylamine

*aft,[ffiKt(C 4il 9)C^
[a] i) 14*7, in methyl alcohol solution.

r/Z-Sulphobenzylethylisolmtylsilicyl
oxide is resolved into its optically

active components by fractional crystallisation of its d-methylhydrin-

damine wit. The pure dA dB-salt melts at 207 to 209 C., and its

specific rotation in methyl alcohol solution is [a]j> +16-7. The specific

rotation of the sodium salt of the d-acid is [a]i> +104.
The pure ZA ZB-salt has M.pt. 207 to 209 C. ; M 17*0 (in methyl

alcohol solution) is produced by fractional crystallisation of the salt of

the d/-aeid with Z-methylhydrindamine. The specific rotation of the

sodium salt of the pure Z-acid is MB ~-10-5.

d-Methylhydrindamine Z-suIphobenzylethylisobutylsilicyl
oxide and

1 Luff and Kipping, Proc. Chem. See., 190$, 24, 224 and 236.
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the corresponding dA. ZB-salt are prepared by combining the optically

pure acids with d- and Z-methylhydrindamine respectively.
"

They are

oils at ordinary temperatures.

Z-Menthylamine rf-sulphobenzylethylisobutylsilicyl oxide crystallises

weHwith 4H 2(X It melts when anhydrous at 254 to 258 C., [a]p ~13-9

(in methyl alcohol solution). The salt of the Z-aeid is very alike in

properties, M.pt. 253 to 259 C,, [aj> 17-2. The salt of the dZ-acid

melts at 240 to 245 C., [ofo -14-7.

d-Bornylamine d-sidphobenzylethylisobutylsiUcyl oxide melts at 209

to 211 C. The salt of the Z-acid melts at 210 to 212 C,

Cinchonidine d-sulphobenzylethylisobutylsilicyl oxide crystallises in

needles, M.pt. 171 to 173 C. The salt of the l-acid has M.pt. 181 to

183 C. The specific rotations of the two salts are almost alike, the

values being [<X]D 68-5 and [a]D 69-3 respectively in methyl alcohol

solution.

The cinchonidine hydrogen salts of the d- and Z-acids are crystalline

and decompose at 232 to 234 C. and 229 to 231 C. respectively.

Dibenzylmethylsilicyl oxide * is prepared in a similar manner to

the previous oxides, by decomposition with water.

Heterocyclic Organo-Silicon Compounds.

A Polymeride of Cyclopentamethylenesilicone
2
is isolated by the

following reactions : Cyclopentamethylenesilicon dichloride is obtained

by the action of the organo-magnesium compound derived from 1 : 5

dibromopentane on silicon tetrachloride in ethereal solution. Cyclo-
pentamethylenesilicon dichloride,

yCH2,CH2Nv

CH2< \SiClo
\CHt.CH/

-

is a clear, pungent liquid, B.pt. 169-5 to 170-5 C. at 764 mm. (corr.) ;

density 1-1560 at 20 C. ; nD 1-46973 at 20-2 C. This body is hydro-
lysed by water with production of a yellowish-brown solid, which is

possibly apolymeride of Cyclopentamethylenesilicone,

/CH 2

CH/NCHa

If instead of silicon tetrachloride, dimethylsilicon dichloride is used, the

product of the above reaction is dimethylcyclopentamethylene-
silicane,

CH2

It is a colourless, easily inflammable liquid of slight camphor-like odour,
B.pt. 133 to 134 C. at 752-9 mm. (corr.) ; density 0-8039 at 20 C. ;

n;D 1-43940 at 20-1 C.3

1
Kipping and Haokford, Proc. (Jhem. SOG., 1911, 27, 8 ; Trans. Qhem. &oc. t 1911, 91,

138.
2
Bygd&i, Eer., 1915, ^8,

1236.
3 An attempt to obtain diethylcyclopentamethylenesilioano gave an impure product,

B.pt. 184 to 194 C.
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Aryl Derivatives of the Type BSiO aH.

Silicobenzoic acid x is isolated from phenyl silicon trichloride by
the action of alcohol and subsequently hydriodic acid. Silicobenzoic
acid triethylester is first obtained, B.pt. 235 C., density 1-0133 at C.

and 1-0055 at 10 C. This is completely decomposed "by hydriodic acid

(B.pt. 127 C.) as follows :

PhSi(OEt ) 3 +3III =PhSi0 2H +3EtI+H 2O

The compound melts at 92 C. to a viscous liquid, soluble in aqueous
alkali , but not rcprecipitated at once by dilute hydrochloric acid, though
the solution becomes slightly cloudy. If allowed to stand for twenty-
four hours, however, the acid completely separates out. If a solution

containing excess of potassium hydroxide be evaporated to dryness the

potassium salt of the acid is not obtained, but the reaction seems to go
as follows :

PhSi0 2K+KOH=C 6H6+Si03K 2

Preparation of pure salts of silicobenzoie acid is not satisfactory. At
100 C. the acid changes to the anhydride, (PhSiO) 2 a white,

amorphous powder. The anhydride with excess ofammonium hydroxide
changes into the acid again, and with potassium hydroxide it yields
benzene. 2 Silieobeir/oic acid, or phenyl-metasilicic acid as it was called,

may also be prepared by the action of dilute ammonium hydroxide on

phenyl silicon trichloride. On hydrolysis with water the body possesses
the same transparent vitreous properties. Other conditions of prepara-
tion give different results. In the course of formation of diphenyl-
silioon diehloride from silicon tetrachloride, bromobcnzcne, and mag-
nesium in the presence of ether, some low fractions consisting of bromo-
beir/ene and phenylsilicon trichloride were treated with steam to remove
the former compound, and a white, brittle solid was left. To prove its

nature pure phenylsilicon trichloride was treated with steam and the

white solid repeatedly extracted with ether. The insoluble residue was
dried at 120 C., and analysis showed it to be the anhydride of phenyl
metasilicic acid. The work of Meads and Kipping seems to point to

the possibility that the so-called siliconic acids are merely mixtures (see

phenyl silicon trichloride). The composition of various fractions

obtained from decomposition of phenylsilicon trichloride with water

approximated to CcH5Si0 2H, but experimental work showed that the

so-called phenylsiliconic acid was a complex mixture of condensation

products of the trihydroxy-compound, PhSi(OII)3 .

Tolylsiliconic acid. There can be little doubt that this and its

anhydride are also mixtures.3

a - Siliconaphthoic acid, C 10II7Si0 2II,
4 is prepared from the

corresponding trichloride, C10H7SiCi3 ; it melts at 125 to 130 C. to a

blistering mass. It is difficultly soluble in aqueous potassium hydroxide,
but easily in alcoholic potassium hydroxide.

1 Model and Ladonburg, Annakn, 1871, 159, 259 ; Ladenburg, JBer., 1873, 6, 379.
*
Kipping and Hackford, Trans. Chem. Soc., 1911, 99, 138; Meads and Kipping,

Trans. Chem. &>c., 1914, 105, 679.
*
Lactenburg, Jfcr., 1874, 7, 387.

*
Melzerv Ber., 1908, 41, 3390.
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Anjl Derivatives of the Type R.Si(OEt) 3 .

Silicobenzoic acid triethylester
l is formed from the trichloride by

the action of alcohol.

PhSiCl3 +3C 2
H 5OH=PhSi(OEt) 3 +3HCl.

The ester boils at 235 CL, and has density 1-0133 at C. and 1-0055 at

10 C.

Ethyl ortho-2 : 4 - dimethylsilicobenzoate, C 6H3Me 2Si(OEt) 3 ,

B.pt. 268 to 271 C., is prepared from ethyl orthosilicate and magnesium

m-xylyl iodide. 2

Benzyl orthosilicic acid triethylester is isolated from benzyl
silicon trichloride by treatment with alcohol. It is a colourless oil, B.pt.

170 to 175 C. at 70 mm.3

a-Orthosiliconaphthoic acid triethylester, C 10H 7Si(OEt) 3 ,

4 is

produced in a similar manner to the previous compound. The pure ester

boils at 308 to 320 C. at ordinary pressure with partial decomposition,
or 174 to 177 C. at 15 to 18 mm.5

Aryl Derivatives of the Types, Si.(OR
1
)(OR

2
)(OR

3
)(OR

4
);

X^OR^OR^OR3
) ; and X 2Si(OR

1
)(OR

2
).

These are obtained from silicon tetrachloride as shown by the follow-

ing equations :
6

SiCl4+PhOH > SiCl3.OPh.+HCl
SiCLOPh+MeOH > SiCUOPh.OMe-fHCJ

SiCf2(OPh)(OMe)+EtOH + SiCl(OPh)(OMe)(OEt)+HCl

Phenoxymethoxysilicon dichloride is a colourless liquid, B.pt.
216 C. at 752 mm. It readily decomposes with water, giving silicon,

hydrochloric acid, methyl alcohol, and phenol. Ethereal ethyl alcohol

added to the above compound yields phenoxymethoxyethoxysilicon
chloride, an oily liquid, B.pt. 241 C.

Methoxyethoxysilicon dichloride is a colourless liquid, B.pt.
128 C. With isobutyl alcohol this body gives metho$yetho%yisobuto%y'>
silicon chloride, Si(OMe)(OEt)(OBu)Cl, a liquid, B.pt. 159 to 160 C.

Phenoxymethoxyethoxysilicon chloride cannot be resolved owing
to its sensitiveness to moisture. It reacts with the salt of an optically
active acid, but decomposes even over sulphuric acid.

Phenoxymethoxyethoxymenthoxysilicon, Si(OMe)(OEt)(OPh)
(OC10H19 ),

has been prepared only as a thick, colourless oil, which could
not be crystallised.

Aryl Derivatives of the Types, R3Si-SiH8 ;

Hexaphenylsilicoethane.
7 Five grams of triphenyl silicon chlor-

ide in 150 to 200 c.c. of xylene and 2 to 3 grams of metallic sodium arc
1 JTriedel and Ladenburg, Annakn, 1871, 159, 259.
2
Khotinsky and Seregenkoff, Ber., 1908, 41, 2940. '

3 Martin and Kipping, Trans. Chem. Soc., 1909, 95, 302.
4
Meker, Ber., 1908, 41, 3390 ; Khotinsky and Seregcnkoff, ibid., 1908, 41, 2940 ;

Khotinsky, 6&, 1909, 42, 3088.
5
Khotinsky and Melzer describe the ester as a thick liquid of aromatic odour, B.pt.

220 to 230 0. at 18 mm.
6
Kipping and Lloyd, Tram. Ghem. Boc. t 1901, 79, 449.

7
Schlenk, Benning, and Backy, Ber., 1911, 44, 1178.
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boiled in a dry nitrogen atmosphere with frequent shaking for two hours.

The filtrate then deposits thin prisms, with oblique terminal faces of

hexaphenylsilicocthanc, Ph,Si- SiPh 3 , M.pt. 354 C.

dl-Diphenyldiethyldipropylsilicoethane, EtPrPh.Si.Si.EtPrPh. 1

A freshly prepared specimen of phenylethylpropylsilicon chloride 2 is

diluted with an approximately equal volume of dry xylene, then sodium

in slight exeess of the theoretical amount required is added. When
heated to the boiling-point sodium chloride separates; the mixture is

well shaken at intervals and intermittent boiling continued for twenty
hours. After filtration, the residue is washed with a little xylene and

the filtrate distilled at diminished pressure (50 mm,}, when the xylene
distils over. There are three fractious : 20 per cent, of the whole, B.pt.
165 to 225 C, ; CO per cent., slightly fluorescent, B.pt. 225 to 275 C.,

and a viscous, yellow, oily residue. Further distillation yields a colour-

less liquid, B.pt. 2(55 to 270 C. at 100 mm., this being diphenyldiethyl-

dipropylsilicoethane by analysis and molecular weight determinations.

The yield is nearly 50 per cent. This is probably due to the presence of

phenylethylsilicon dichloridc and phenylethyldipropylsilicane with the

required phenylothylpropylsilicon chloride.

Diphonyldiethyidipropylsilicocthanc is a rather viscous liquid, with

a faint, pleasant, aromatic odour, and its density is less than water. It

is only slightly volatile in steam, is slightly soluble in cold methyl alcohol,

but easily so when warmed. It is miscible with acetone and most

organic solvents. Bromine water reacts with the silicoethane, giving no

doubt bromohcnzono. Concentrated sulphuric acid at 100 C. causes

formation of bcnxene, in which reaction the compound resembles other

silicohydrocarbon derivatives which contain a phonyl group. Unlike

other compounds which contain silicon atoms in direct combination,

diphenyldiethyldipropylsilicocthanc is stable towards hot solutions of

alkali hydroxides. This is possibly due partially to the insolubility of

the body in aqueous solutions, but even with sodium ethoxide in aqueous
acetone'there is no appreciable evolution of hydrogen.

dl -Dibenzyldiethyldipropylsilicoethane , EtPr(C7Hy ).Si.SiEtPr

(C7II 7 ),
3 is obtained from beir/ylethylpropylsilicyl chloride in a similar

manner to the preceding compound. The contents of the flask, however,

are boiled only ten hours, and give no reaction for combined halogen.

The product seems to be a complex mixture and is distilled at 30 mm.,
when four fractions are isolated : (1 )

30 per cent, of the product, B.pt. 135

to 160 C.; (2) 55 per cent., B.pt. ]GO to 240 C.; (3) 10 percent., B.pt.

240 to 300 C.; (4) 5 per cent, dark brown residue. Refractionation

gives a fraction 135 to 1 60 ( !. which is mostly dibenayl, and the principal

fraction boils at 240 to 250 C. at 20 mm. This is distilled into two

products : (1 )
240 to 244 C. ; (2 )

244 to 248 C. at 20 mm. Both these

portions arc found by analysis and molecular weight to be almost pure

dibenzyldiethyldipropykilicoethane, but the higher fraction (244 to

248 C.) is the purer sample.
The body is a colourless, moderately mobile liquid, with a faint,

pleasant smell, and is specifically lighter than water. It is sparingly

soluble in cold methyl alcohol and miscible in. most organic solvents.

It is practically stable in aqueous alkali hydroxides, and there is no gas

1
Kipping, Trans. Cham, tfoc., 1921, 117, C47.

*
Kipping, ibid., 1907, 91, 218.

*
Kipping, ibid.
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evolution when the compound is wanned in a solution of sodium

methoxide in methyl alcohol. It slowly decolorises bromine in

carbon tetrachloride solution and fumes are evolved. An acidified

solution of potassium dichromate is not appreciably oxidised by the

silicoethane.

Sulphonation of dl-dibenzyldiethyldipropylsilicoethane. A pale yellow
emulsion is formed when a quantity of the silicoethane is shaken with

concentrated sulphuric acid. On gentle warming the emulsion gives

place to a solution which dissolves in cold water. The solution is

neutralised with ammonium hydroxide, and when an aqueous solution

of brucine hydrochloride is added a colourless precipitate is produced,
which gives colourless needles when crystallised from acetone. When,
however, a larger quantity of silicoethane is allowed to stand at the

ordinary temperature with sulphuric acid, after some hours it changes to

a water-clear solution, and this does not all dissolve in a relatively small

quantity of water until ammonium hydroxide is added.

Brucine hydrochloride gives a precipitate as before, which is easily

soluble in cold acetone, but does not separate in crystals as previously.
The brucine salt from the two experiments has been fractionally pre-

cipitated from a solution in hot chloroform by addition of benzene. A
gelatinous powder results, and this is no longer completely soluble in

acetone. The insoluble portion is recrystallised, using the same solvents,

and finally a colourless powder is obtained which seems to be the

brucine salt of the disulphonic acid. 1

Formula :

Si.Et.Pr.CH 2.C 6H 4S0 3H
.2C23H 260,N 2.2H 2

;.Pr.CH2.C 6H 4S03H

l-Menthylamine salt of the disulphonic acid of dibenzyldiethyldipropyl-
silicoethane, The brucine salt does not crystallise well, so an aqueous
solution of the ammonium salt of the disulphonic acid is treated

with an aqueous solution of Z-menthylamine hydrochloride until there

is no more precipitation. The precipitate is filtered and washed with

water, then with methyl alcohol. At first a clear liquid comes through
the filter, then lustrous crystals separate, but these become pasty as

filtration is continued, and addition of water only gives a pasty com-

pound. The crystals cannot be obtained again ; possibly they appear
owing to a favourable concentration. The pasty nicnthylaminc salt

is dried and crystallised from acetone, giving a colourless powder. It

is further purified by using a mixture of acetone and methyl alcohol,
and finally it is crystallised from wet ethyl acetate. The salt produced
is doubtless the normal l-menthylamine salt of the disulphonic acid,

formula, C24H88 6S 2Si 2.2C10H 21N.3H20.
a Under the microscope the

colourless powder appears in fern-like crystals ; the anhydrous salt

sinters about 208 C., and melts at about 220 C. It is more soluble in
wet than dry organic solvents. A solution of the sodium salt of the

menthylamine salt seems quite optically inactive ; the solution gives
precipitates with d-hydrindamine and d-methylhydrindaminc hydro-
chlorides,

1 An air-elded sample lost 5-1 per cent, of water at 100 C., and the anhydrous salt

2 An air-dried sample lost 6-2 to 6-3 per cent, of water at 100 0.

Si.Et.Pr.(
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Aryl Derivatives of the Type Si4Ph8 and [SiPhJn .
1

When metallic sodium and diphenylsilicon dichloride (rather more of
the metal than calculated for the proportion 2Na : SiPh 2Cl 2 )

in 3 to 10
volumes of toluene or xylene are heated, reaction occurs as the sodium
melts. In some cases the metal was added in small quantities, and in

others the diehloride was added slowly to the metal, but either process
gives the same result. From the solution, six-sided crystals separate
(A), and the solution is cooled and filtered, the dark blue residue being
extracted with boi ling toluene. This extract deposits crystals of (

A
),
and

from the mother-liquors a second crystalline substance (C) is obtained.

The dark blue powder, treated with alcohol-acetic acid, then with water,

gives a small quantity of floceulent substance (D).
The residue from the original toluene or xylene filtrate is a resinous

mass on evaporation, most of it (E) dissolves readily in acetone, leaving
a colourless powder from which three crj'stalline compounds have been
obtained : (A) which is only sparingly soluble in boiling toluene, (B) which
is readily soluble in cold toluene, and (C) which is even less soluble than

(A). These compounds are dealt with below.
" Unsaturated "

Silicohydrocarbon, Si 4Ph8 , (A). This com-

pound crystallises from boiling benzene in short, flat, well-defined

prisms, melting about #35 C. It is insoluble in most common solvents

at the ordinary temperature, but is appreciably soluble in benzene or

toluene, and easily in boiling aniline*, benzyl alcohol, or phenol, but

prolonged boiling tends to decomposition. ,It is comparatively stable

to boiling aqueous alkalies and sodium methoxide in alcoholic solution,
but is rapidly decomposed by boiling with wet piperidine. With iodine

in benzene solution it is transformed to octaphcnyldi-iodosilicotetrane.
When boiled for three to five minutes with tetrachloroethane, a crystal-
line product is isolated which melts at about 180 C., and is supposed
to be the dichloride, Si 4Ph 8Cl 2 . The "

unsaturated
"
silicohydrocarbon

is decomposed after five minutes' boiling with nitrobenzene, giving the

The silico-hydroearbon also undergoes atmospheric oxidation, is

oxidised by boiling with benzaldchyde, ethylene dibromide, bromo-

bcnzenc, or phosphorus tribromide, or by ozone, when the hydrocarbon
is covered with carbon tetraehloride and dilute ozonised oxygen passed
in. In all cases the oxide, Si 4Ph 8O, is isolated, and from these reactions

Kipping has suggested that this compound may contain tervalent silicon,

and be represented by ... SiPh 2.SiPh 2,SiPhVSiPh 2 . , .
2

Qctaphenyldi-iodosilicotetrane, Si 4Ph 8I 2, prepared from the

hydrocarbon as stated above, is a colourless or pale-yellow product,
which turns pink and then yellowish-brown on exposure to light and
moisture. It crystallises from benzene or ether in lustrous, very acute,

rhomboidal plates, which do not melt below 250 C. In cold ether it is

only very sparingly soluble, moderately soluble in cold benzene, but

these solutions soon turn brown on exposure to air. Hydrolysis of the

compound by an ammoniacal solution of acetone yields octaphenyl-
silicanetetrane oxide, Si 4Ph 80, and the rhomboidal oxide, Si4Ph8Oa; the

former oxide is also obtained when the hydrolysis is carried out with

aniline and water,

1
Kipping and Sand, ZVww. Chem. Soc. t 1921, 119, 830, 848.

*
Kipping, Trans. Ch&n. Soc., 1923, 123, 2690.
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The iodide when treated with sodium in xylene solution gives

sodium iodide and the
"
unsaturated

"
silicohydrocarbon. With

magnesium ethyl bromide, the iodide yields octaphenyldiethylsiUco-

tetrane, which crystallises from aqueous acetone containing a little

chloroform in flat, transparent, rhomboidal plates, containing 3 mols.

of water of crystallisation. When anhydrous, it melts at 258 to

254 C. ; when heated with piperidine and sodium hydroxide, it decom-

poses with evolution of hydrogen.
1

Octaphenylsilicotetrane oxide,

SiPVSiPh,

..ffiPh,

KJJ.JL
Aig.fc-'JLJ

SiPh 2.Si]

Formed as just described by the hydrolysis of the di-iodide, it crystallises

in microscopic needles, different samples varying in melting-point
between 220 and 260 C. It is only slightly soluble in cold alcohol,

acetone, glacial acetic acid, ether, or chloroform, but may be crystallised

from mixtures of chloroform, benzene, or acetone. From aniline,

nitrobenzene, or hot ethyl acetoacetate it crystallises in rosettes of long,

transparent prisms, which become opaque when warmed with acetone.

Sodium hydroxide in acetone solution attacks it with evolution of hydro-

gen, and nitric acid or hydrogen bromide in glacial acetic acid solution

oxidises it to the rhomboidal oxide.

The Rhomboidal oxide,

SiPh 2.(XSiPh 2

SiPho.O.Si

crystallises from ethyl acetate, chloroform, or benzene in rhomboidal

crystals or in fern-like masses and is apparently dimorphous. It is less

soluble in chloroform or benzene than the preceding oxide. It melts

sharply to a clear liquid at 221 to 222 C.

Saturated Silicohydrocarbon, Octaphenylcyclosilicotetrane,
Si 4Ph 8 , (B). This compound forms short, rectangular prisms, which
do not melt at 400 C., but soon become plastic if kept at this tempera-
ture. It is very soluble in cold benzene, cold chloroform, or hot ethyl

acetate, but sparingly soluble in boiling acetic acid, and almost insoluble

in cold acetone, ether, or alcohol. It is very stable towards iodine in

benzene solution, bromine, tetrachloroethane, or nitrobenzene, but it is

attacked by wet piperidine at 90 C. after several hours. From the

decomposition products, diphenylsilicanediol and tctra-anhydrotctra-

kisdiphenylsilicanediol have been isolated. The former of these two

compounds is also obtained from the action of aqueous methyl alcohol

or acetone solutions of alkali hydroxides on the silicohydrocarbon.
Nitric acid in acetic acid solution partially transforms the silicohydro-
carbon to the rhomboidal oxide.2

Silicohydrocarbon, [SiPh 2L (C), is deposited along with (A) from
the toluene extract and requires prolonged extraction to remove it from
the blue residue. When the blue salt is treated with alcohol-acetic acid,
then with water, (C) and (D) are obtained. These may be separated by

1
Kipping, Trans. Chem. Soc., 1923, 123, 2598.

2 An amorphous form of octaphenylcyclosilicotetrane has recently been prepared

(Kipping, J. Chem. Soc., 1927, p, 2727).
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prolonged extraction with boiling benzene or toluene. To separate (C)
from (A), the latter is converted to the di-iodide, leaving (C) undissolved.
The latter crystallises from benzene in lustrous, transparent, six-sided

pyramids and rhombohcdra. (C), unlike (A), is not affected by boiling
tetrachlorocthanc or nitrobenzene, and it does not react with iodine in

boiling toluene or bromine in chloroform solution at ordinary tempera-
ture. Prolonged warming with acetic acid containing nitric acid, or
with 50 per cent, nitric acid, does not affect it, nor is it acted upon by
sodium hydroxide in methyl alcohol or piperidine and sodium hydroxide
on heating.

1

Silicohydrocarbon, [SiPhJw, (D). To isolate (D) the dark blue
residue containing sodium and sodium chloride is first extracted with

boiling toluene until it appears to be free from (C), then added slowly to
alcohol-acetic acid mixture, keeping the acid in excess. After addition
of water to the mixture, the insoluble residue is washed with water by a
diffusion process, then washed with acetone and extracted with large
volumes of hot. beiv/ene. It appears to undergo slight atmospheric
oxidation, and is more readily oxidised by nitric acid in acetic acid
solution than (A), (B), or (C). If the mixture is heated, condensation

products of diphenylsilicanediol arc principally formed, and a similar

result is obtained with an acetic acid solution of potassium perman-
ganate. With nitrobenzene, potassium hydroxide, and piperidine-
alkali mixtures, products are obtained which can be converted into

diphenylsilicanediol.
When an acetone solution of (E) is kept in a closed vessel it deposits

crystals of octaphenylcyclosilicotetrane (B)
2 and a very small pro-

portion of (C). This seems to show that (E) undergoes a transformation
into (B). An acetone solution of (E) when treated with alcohol gives
at first a white, plastic precipitate, which can be pulled into long threads

which change into a very brittle solid as the solvents evaporate. When
systematic fractional precipitation is carried out and continued until

each of the original fractions has been rcdissolved and reprecipitated
several times, the most sparingly soluble portion, now precipitated in a

ilocculent form, if again treated with cold acetone, usually gives a very
small separation of (B), with traces of (C), and this separation ofinsoluble

matter seems to continue indefinitely. Most of the original preparation,

however, is merely resolved into fractions, all miscible with acetone, the

more sparingly soluble of which consist of an easily fusible, resinous sub-

stance of composition [SiPhJ* which may be termed (Ej). When (E)
is obtained from diphenylsilioon dichioridc of about 95 to 97 per cent,

purity, the product after two precipitations consists mainly of (E^).

The silicohydrocarbon (E^.When preparations of [SiPh 2]n are

fractionally extracted with boiling alcohol or boiling light petroleum,

or precipitated from hot phenol with alcohol, their properties undergo

little change, and no crystalline product is isolated save traces of (B).

Fractionaldiffusion of the acetone solution through glazed earthenware

also fails to yield crystals- The preparations begin to sinter from 110

to 180 C., but have no definite melting-point. They are miscible with

cold ether, benzene, and chloroform, separating out as
"
glues," which

become brittle, but are only sparingly soluble in boiling light petroleum
and very sparingly in boiling alcohol "or glacial acetic acid. The com-

1
Kipping, Trans. Chem. Soc., 1924, 125, 2291.

*
Kipping, J, Qhewt

8oc.
r \W, j>,

2719.
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pound (Ej) is not particularly reactive with iodine in cold benzene

solution, and a little bromine is absorbed in carbon tetrachloride solu-

tion, but it takes a long time before the proportion reaches Br2 ; [SiPh 2] 2 .

When (Ei) in partial solution in glacial acetic acid is cautiously oxidised

with nitric acid, it yields the rhomboidal oxide, p. 288, but it is almost

entirely converted into crystalline and oily condensation products of

diphenylsilicanediol.

Action of Sodium on Phenoxydiphenylsilicyl Chloride,

The phenoxydiphenylsilicyl chloride required for this reaction is pre-

pared as follows :
x One mol. of phenol in a little benzene is slowly added

to diphenylsilicon dichloride at about 150 C. Hydrogen chloride is

evolved and the liquid is heated until no more gas is evolved (about three

hours). The product is then distilled at 40 mm., the following fractions

being collected : 200 to 240 C. (15 to 20 per cent.) ;
250 to 260 C.

(about 45 per cent.) ; 280 to 310 C. (large fraction).

Phenoxydiphenylsilicyl chloride, Si(C6H5 ) 2CLOC 6H5 ,
is isolated by

further fractionation of the portion, B.pt. 250 to 260 C. It is a thick,

very faintly fuming oil, B.pt. 252 to 254 C. at 40 mm., miscible with

light petroleum, soluble in 5 per cent, potassium hydroxide, yielding the

potassium derivatives of phenol and of diphenylsilicanediol. It becomes
solid on standing in air, this substance after crystallising from benzene

consisting of trianhydrotrisdiphenylsilicanediol.

Diphenoxydiphenylsilicane, Si(C 6H5 ) 2(OC 6H5 ) 2, crystallises from the

fraction above 280 C., but it requires fractionating again to obtain a

pure product. It crystallises from light petroleum in massive, colour-

less prisms and octahedra, M.pt. 70 to 71 C., very soluble in ether,

chloroform, benzene, or acetone, moderately soluble in cold alcohol.

Freshly distilled phenoxydiphenylsilicyl chloride in 4 volumes of dry
toluene is treated with an excess of sodium and heated. The metal
becomes covered with a blue crust, and after two to three hours* boiling
some colourless crystals are deposited. The hot solution is filtered, the
blue residue (I.) washed with toluene, and the combined filtrate and
washings evaporated under reduced pressure. The colourless, oily

product on treatment with light petroleum yields a crystalline precipi-
tate (II. ),

and the filtered solution on dilution with more petroleum #ives
an oily separation (III.). The clear petroleum solution decanted from
the oil gives an oily deposit (IV.) when kept at C., but even then
contains a large quantity of product (V.).

From the residue (I.) only octaphenylsilicotetranc is isolated.

Diphenoxyoctaphenylsilicotetrane, PhO.[SiPhJ 4.OPh. The pre-
cipitate (II.) consists of octaphenylsilicotetrane and diphenoxyphcnyl-
silicotetrane, the latter being extracted by boiling benzene. When
further crystallised from chloroform, then benzene, it separates in well-

defined, rhomboidal pyramids and in prisms, M.pt. 215 to 216 C. It
is decomposed when heated with piperidine and concentrated sodium
hydroxide, giving the sodium derivatives of phenol and diphenylsilicane-
diol. It is practically insoluble in ether, acetone, alcohol, and glacial
acetic acid, but very soluble in boiling aniline.

From fractions
(III.)

and (IV.) by extraction with light petroleum,
diphenoxydiphenylsilicane and some diphenylsilicanediol may be

1
Kipping, Jt Ohem. Sac., 1937,
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obtained, but the composition of other products has not been definitely
settled, and the same applies to the constitution of fraction (V.),

Organometallic Silicon Compound** containing Lead, Tin, and Arsenic.

1 - Triethylsilyl - 4 - trimethylplumbyl-benzene, Et3SiC 6H 4Pb
Meg,

1 is obtained from the magnesium compound of triethyl-p-bromo-
phenylmonosilane and trimethyl lead chloride in ether. It is a colourless

oil, soluble in absolute alcohol and misciblc with ordinary organic solvents.

Two atoms of bromine at 75 C. remove the aromatic group, giving
(CH3)PbBr and Et8-p-Br.C cH 4Si. Triethylsilyl-4-trimethylplumbyl-
benzene has a faint smell, boils at 191 C. at 17 mm., and does not decom-

pose on distillation; density 1-4032 at 20 C. ; 1-3997 at 23-8 C. ;

niu 1-54379, n T > 1-54937, n H/, 1-56240, iin, 1-57417, at 23-8 C.

1 -Triethylsilyl -4 -triethylstannyl benzene, Kt8SiC 6H 4SnEt3 , is

similarly prepared from the magnesium compound of triethyl-p-bromo-

phenyl-monosilane and triethyl tin bromide. It boils at 214 C. at

18 mm.; density 1-1210 at 21-2 C.
;
nUa 1-52316, m> 1-52756, nHp

1-53888, n H, 1-54804, at 21-2 C.

l-Triethylsilyl-4-diphenylarsyl benzene, Kt3Si.C 6H4.AsPh 2 , is

produced from the sodium compound of diphenylchloroarsine and

trietliyl-p-chlorophenyl-monosilane in ether and a little acetic ester.

It is a colourless oil, B.pt. 279 to 281 C. at 17 mm. ; density 1-1673 at

C., 1-1661 at 21-3 C.; nn 1-60720 C., 1-1661 at 21-3 C.; nn 1-60784, nj> 1-61455, nH/3 1-63181,

1-64718, at 21-3 C.

It is slightly soluble in methyl alcohol and easily in ethyl alcohol

and the ordinary organic solvents.

GERMANIUM.

Alkyl Derivatives of Type R4Ge.

Germanium tctrachloride has been selected as the starting-point for

several of these organometallic compounds because it is easily obtainable

in a high degree of purity.
2

Germanium tetramethyl, Gc(CII 8 ) 4 .
s In 1871 Mendeleeff pre-

dicted that germanium or oka-silicon would form volatile organometallic

compounds, and it was Winklcr, the discoverer of germanium, who in

1886 first produced germanium tetracthyl. Germanium tetramethyl is

obtained by the Grigmird reaction, and as it is impossible to separate it

from ether in the vacuum distillation apparatus,
4 it became necessary

to reduce the quantity of ether, which made a specialised apparatus

compulsory. Twenty grams of magnesium turnings and 200 c.c. of

* Grttttniw and Krauso, Ber., 1917, 50, ir>59.
2 It was first obtained for this purpose by passing chlorine over crystalline germanium

at fairly high temperatures (Dennis and Hanoe, /. Atmr. Chcm. floe., 1922, 44, 304). To
avoid the preparation of metallic germanium from the dioxide another method has since

been used (Tabora, Orndoff, and Dennis, /. Amw. CUm, &><;., 1925, 47, 2039). Germanium
dioxide was suspended in concentrated hydrochloric acid and hydrogen chloride passed
into the warm liquid. At 70 0. germanium tetrachloride distilled with traces of hydro-
chloric acid. By moans of a sjxscial piece of apparatus all the acid was removed and very

pure germanium totrachlorido produced.
* Dennis and Hance, /". Physical Qhem., 1926, 30, 1055.
*
Laubengayer and Corey, J. Physical Chew,, 1926, 30, 1043,
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dry ether are mixed and cooled in ice and salt, and 80 grams of methyl

bromide in 100 grams of dry ether at 20 C. are slowly added to the

mixture with brisk stirring.

"

When the reaction ceases the contents of the

flask are boiled for about half an hour, and then the ether is removed

the last traces by suction. Two hundred c.c. of dry xylene are then

introduced. Germanium tetrachloride, 1 mol. to 8 mols. of Grignard

reagent, is slowly added to the magnesium methyl bromide, the latter

being kept warm. When the reaction ceases the ether is liberated

and the xylene kept back by two condensers in the apparatus. The

liquid remaining is fractionally distilled, and the greater part passes over

at 34 C. Repeated fractionations, however, do not remove the ether

from the germanium tetramethyl. Consequently the mixture is treated

with about twice its volume of cold concentrated sulphuric acid, and the

heavy layer of ethyl sulphuric acid separated from the lighter organo-

metallic compound. This is washed several times, then dried over

calcium chloride, and an arc spectrum revealed the product to be practi-

cally free from impurity. Germanium tetramethyl is a colourless,

oily liquid, of a pleasant, sweet odour, resembling chloroform to some

extent, and totally different to germanium tetraethyl. It burns with a

sooty flame, which is yellow on the outer surface and deep-red on the

inner zone. Nitric acid slowly oxidises it at C., chlorine acts upon
it rapidly in the cold, but bromine is much slower in action. Iodine

has no effect for forty-eight hours. Germanium tetramethyl is soluble in

alcohol, ether, and benzene, and it melts at about --88 C. and boils at

43-4 C. The index of refraction at 23-5 C. is 1-3868, and two density

determinations at C. are 1-003 and 1-009.

Germanium tetraethyl.
1 Winkler first obtained the compound

from germanium tetrachloride and zinc diethyl, but the sample was not

pure. Dennis and Hance started with pure zinc diethyl, using the

reaction of Lachman, 2
heating ethyl iodide with zinc-copper couple at

100 C. They used a series of vessels, so arranged that the zinc diethyl

was made, purified, and transferred without contact with the atmosphere.
The zinc-copper couple is prepared by heating 25 grams of zinc dust and

200 grams of powdered copper oxide in a current of hydrogen at about

550 to 600 C. till reduction is complete. This is crushed in an ajatc
mortar and mixed with an equal weight of dry sand which has previously

been treated with boiling hydrochloric acid. The sand facilitates the

penetration of the powder by the ethyl iodide.

The reaction between germanium tetrachloride and zinc diethyl,

2Zn(C 2
H 6 ) 2+GeCl 4==2ZnCl2+Ge(C2II5 ),

is found to be catalysed by one or both of the products. The zinc

chloride does not seem to affect the speed of the reaction, but when

germanium tetraethyl is used, although the reaction starts lethargically,
it soon becomes so rapid that it is difficult to control When, however,

germanium tetrachloride containing both zinc chloride and germanium
tetraethyl is run into zinc diethyl, the reaction continues smoothly to

completion. The pasty mixture is freed from zinc diethyl by adding
small pieces of ice until the latter is decomposed. A 1 per cent, solution

1 Winkler, J. prah. Ch&n. f 1887, 144, 177 ; Dennis and Hanco, <7. Amer. Ohem. Hoc.,

1925, 47, 370 ; Tabern, Orndorff, and Dennis, ibid., 1925, 47, 2039.
2 Lachmann, Amer. Ohem. J., 1900, 24, 36.
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of sodium hydroxide is next added and the mixture distilled in steam.
Germanium tetraethyl and water are collected. After a second steam-
distillation the tetraethyl is separated, dried over calcium chloride, and

again distilled.

Germanium tetraethyl has also been obtained by the Grignard
reaction. Forty-four grains of ethyl bromide and 9-6 grams of mag-
nesium are converted into ethyl magnesium bromide in the presence of
200 c.c. of ether. To this is added 10-7 grams of germanium tefcra-

chloride in dry benzene. During the addition the liquid is stirred and
boiled, and then warmed on a water-bath for three hours. Ice and acetic

acid effect the decomposition, the organic solventlayer being separated
and the benzene and ether removed by distillation. The residue boils

between 155 and 165 C. It is twice treated with concentrated sul-

phuric acid, washed, dried, then fractionally distilled. The germanium
tetraethyl comes over between 162-5 and 163 C. (uncorr.), yield 60 per
cent. It is a colourless oil of pleasant, characteristic odour. 1 The
compound burns with a flame whose outer part is yellow and inner zone

red, shading to blue near the burning liquid. It is slightly soluble in

water, and soluble in many organic solvents. It is difficult to oxidi se, and
chlorine reacts with it but slowly. Germanium tetraethyl boils at

163-5 and melts at 90 C.
; density 0-9911 at 24-5 C. ; n 1-443 at

17-5 C.

Germanium tetrapropyl, Ge(C 3H7 ) 4 . It is prepared in the follow-

ing way : Propyl magnesium bromide is made from 50 grams of

propyl bromide, 9-6 grams of magnesium, and 200 c.c. of ether. When
the reaction ceases the ether is distilled off and replaced by dry benzene.

Eleven grams of germanium tetrachloride in dry benzene are slowly
added with constant stirring and boiling. After further boiling for

an hour the mixture is decomposed by ice and acetic acid, the solvent

layer being separated off, dried, and distilled. The fraction boiling
between 200 and 230 C. is shaken with concentrated sulphuric acid,

and again washed, dried, and distilled. Most of the oil boils at 225 C.,

and gives a 76 per cent, yield. It is a colourless, mobile liquid, with a

petroleum-like odour. It dissolves in iodine, but at 50 C. it does not

react with it to any extent. Ignition of the oil is not easy, but once it

begins to burn it liberates a cloud of germanium dioxide ; density
0-9539 at 20 C., M.pt. -73 C. ; B.pt. 225 C, at 746 mm. ;

a n 1-451 at

17-5 C,

Germanium tetra-n-butyl is a colourless, oily liquid, B.pt. 178 to

180 C. at 733 mm.3

Germanium tetra-isoamyl, Ge(C5Hn ) 4 .
4

Sixty-five grams of

isoamyl bromide are slowly added to 9*6 grams of magnesium suspended
in ether. The ether is replaced by dry benzene and 11 grams of german-
ium tetrachloride in benzene added, after which the mixture is boiled for

three hours. Decomposition is effected in the usual manner and the

solvents arc eliminated by distillation. The residue is a heavy oil, which

decomposes when distilled at ordinary pressure. At 10 mm. it boils

mostly at 163 to 164 C. The yield of germanium tetra-isoamyl is

87 per cent. ; density 0-9147 at 20 C. ; n 1-457 at 17-5 C.

1 The onion-like odour described by Winkler must have been due to impurities.
*
Tabern, Orndortf, and Dennis, J. Amer. Ohem. Soc., 1925, 47> 2039.

3 Orndorft Tabern, and Dennis, J. Amer. Ohem. tioc., 1927, 49, 2516.
4 Tabern, Qrndorff, and Dennis, loo* cit.
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Aryl Compounds of the Type R4Ge and their Derivatives.

Germanium tetraphenyl or Tetraphenylgermane, Ge(C 6H 5 ) 4 .

This compound may be prepared in several ways, but the most satis-

factory method appears to be as follows :
l The ethereal solution obtained

from the interaction of 14-2 grams of magnesium turnings and 764 grams
of bromobenzene in 200 c.c. of absolute ether is transferred, by means of

nitrogen pressure, through a siphon tube into a 3-necked, round-bottomed
flask. This flask carries a condenser, a drying tube, a funnel, and a tube

reaching to the bottom to permit stirring by a stream of nitrogen.

Anhydrous zinc chloride, 33-2 grams, previously dried over phosphorus

pentoxide, is suspended in 100 c.c. of ether and slowly added to the

Grignard reagent. The mixture is stirred for one hour in the cold, then

boiled for one hour, after which 100 c.c. of dry toluene are added and the

ether removed on the water-bath. The product is cooled in. ice and

14-91 grams of germanium tetrabromide in toluene slowly added with

vigorous stirring. The mixture is then boiled for sixteen hours on an

oil-bath under an atmosphere of nitrogen. The mass is decomposed by
cooling in ice and adding 200 c.c, of 2-Normal sulphuric acid, and the

water-toluene mixture then boiled until no solid remains. The toluene

layer is separated whilst still warm, dried, and the solvent removed with

a vacuum-pump, the residue being recrystallised from benzene and finally

washed with low-boiling petroleum. The yield may be as high as 95-4

per cent, if the reaction mixture is boiled sufficiently. The compound
has also been obtained : (1) By the interaction of germanium tetra-

bromide and magnesium phenyl bromide; 2
(2) by the interaction of

germanium tetrachloride and magnesium phenyl bromide; 3
(3) by

adding germanium tetrachloride to sodium and bromobenzenc in

ether.

Germanium tetraphenyl is a white, crystalline product, M.pt. 235-7

C., readily soluble in hot benzene, hot toluene, chloroform, moderately
soluble in carbon tetrachloride, carbon bisulphide, and acetone, sparingly
soluble in alcohol, ether, and petroleum ether. It is not affected by
boiling aqueous caustic alkali, or cold concentrated sulphuric acid, but
the latter causes sulphonation on warming. Metallic sodium in liquid
ammonia reacts slowly with germanium tetraphenyl, yielding sodium

triphenyl germanide, NaGe(C 6H6 )3, sodarnidc, and benzene; and with
concentrated sodium solutions the colour changes indicate that a second

phenyl group is substituted.4

Triphenylgermanium fluoride, (C6H6 ) 3GeF, is obtained in

practically quantitative yield by heating the corresponding oxide with

hydrofluoric acid in a platinum dish. The excess of hydrofluoric acid is

evaporated and the product purified by distillation in a vacuum at
150 C. The fluoride melts at 76-6 C. (corr.), is insoluble in water, and
only very sparingly soluble in liquid ammonia, but it is extremely
soluble in organic solvents. The fluoride is hydrolysed by alkalies, but
less readily than the bromide. It reacts with sodium triphenyl germanide
to give hexaphenyldigermane. It is the most stable of the triphenyl
germanium halides.

1 Kraus and Foster, J. Amer. Ghem. Soc. 9 1927, 49, 457.
2
Morgan and Drew, Two*. Ohem. Soc., 1925, 127, 1760.

3
Tabern, Orndorff, and Dennis, J. Amur. Chem. Soc. t 1920, 47,

4 Kraus and Foster, foe. cit.
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Triphenylgermanium chloride. 1
Triphenylgermanium oxide in

dry petroleum ether is saturated with hydrogen chloride, when the
chloride separates in large, colourless crystals. It may also be obtained

by dissolving the oxide in boiling alcohol and adding concentrated

hydrochloric acid, or by saturating a solution of triphenylgermanium
bromide with hydrogen chloride and cooling. The chloride when
crystallised from petroleum ether melts at 1 17 to 118 C.

Triphenylgermanium bromide was first obtained 2
along with

germanium tetraphenyl by the interaction of magnesium phcnyl bromide
and germanium tetrabromide. It is more readily produced by direct

bromination of germanium tetraphenyl in boiling carbon tetrachloride 3

or by brominating in ethylene dibromide, the reaction going to com-

pletion after a few minutes' warming in the latter case.4 It crystallises
from petroleum (B.pt. 40 to 80 C.) in large, colourless, transparent,
six-sided, refractive, prismatic needles or small compact prisms, 3M.pt.
138-7 C., very soluble in the usual organic solvents, but sparingly in

petroleum ether.

Triphenylgermanium iodide 5 is a very unstable compound,
formed by agitating a chloroform solution of the oxide with an aqueous
solution of hydriodic acid. It forms pure white crystals from petroleum,
M.pt. 157 C. (corr. ),

bxit becomes yellow when exposed to air for a few
minutes. It readily hydrolyses and its solutions in petroleum ether

become pink when exposed to the atmosphere for a short time, owing to

the presence of free iodine.

Triphenylgermanium oxide, 6 Ph3Ge.O.GePh 3,
is obtained in

quantitative yield when an alcoholic solution of triphenylgermanium
bromide is boiled with silver nitrate, filtered from silver bromide and
diluted with water. It crystallises from hot petroleum (B.pt. 60 to

80 C.) in transparent, colourless prisms, M.pt. 182 to 183 C. Tn

organic solvents it is more soluble than tetraphcnylgermane, but less

so than triphenylgermanium bromide. Aqueous sodium hydroxide (50

per cent.) does not attack it, but hydrobromic acid (density 1-15) con-

verts it quantitatively into triphenylgermanium bromide.

Sodium triphenyl germanide, (C eH 5 )aGeNa.
7 Two atoms of

sodium react with 1 mol, of hexaphenyldigermane in liquid ammonia

according to the equation :

2Na+[(C 6H6 ) 3Ge3 2=2NaGe(C6H 5 )3

The compound is very soluble in liquid ammonia, solutions changing
from faint yellow to orange as the concentration increases. Concen-

trated solutions are extremely viscous, and crystals from liquid ammonia
solutions contain 3 mols. of ammonia of crystallisation, which are

readily eliminated at low pressures, Sodium triphenyl germanide is

also very soluble in benzene saturated with ammonia, and fairly soluble

in ether and pure benzene. Solutions in liquid ammonia are as highly
ionised as ordinary salts, and benzene solutions in the presence of

ammonia readily conduct the current. Sodium triphenyl germanide
* Orndorff, Tabern, and Dennis, J. A*wr. Chem. So&, 1927, 49, 2512.
2 Morgan and Drew, loo. oit,

8 Kraus and Foster, loo. cit.

* Orndorff, Tabern, and Dennis, loo. oit,

5 Kraus and Foster, loo. tit.

6
Morgan and Drew, loo, cit.

7 Kraus and Foster, loo, cit.
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readily oxidises to the germanolate, and with ammonium bromide

or water, triphenylgermane is quantitatively produced. The sodium

compound with triphenyl germanium fluoride in liquid ammonia gives

a small yield of hexaphenyldigermane. Bromobenzene reacts with

an ethereal solution of sodium triphenyl germanide, yielding principally

germanium tetraphenyl and some hexaphenyldigermane, whilst with

tin trimethyl bromide, trimethylstannyl-triphenylgermane is the chief

product.
Sodium triphenyl germanolate, (C 6H 5 ) 3GeONa. This compound

is the oxidation product of the preceding derivative, the operation being
carried out in the dry state, or in benzene or liquid ammonia solu-

tions. The product obtained from the latter solvent contains 1 mol. of

ammonia of crystallisation, and the dry substance does not melt below

250 C. It is very soluble in benzene and petroleum ether, the com

pound from this solvent melting at about 100 C. The benzene solution

is orange in colour.

Triphenylgermane, (C 6H 5 ) 3GeH, is quantitatively prepared^ by
treating sodium triphenylgermanide in liquid ammonia with ammonium
bromide or a benzene solution of the same compound with water. The
ammonia is evaporated and the germane extracted with petroleum ether,

the latter being removed under reduced pressure. The product remain-

ing is distilled in a vacuum at 150 C. at
p-01

mm. pressure. The oily

liquid which distils soon becomes a white solid. Triphenylgermane
exists in two monotropic forms. The a-form is the most stable and
melts at 47 C., the p-form at 27 C. When the j8-form is maintained at

30 C., it completely solidifies immediately when seeded with the a-

form. Triphenylgermane is very soluble in most organic solvents and

slightly soluble in liquid ammonia. It shows no tendency to decompose
up to 250 C.; its hot vapours are irritating and penetrating. On
long standing in air it shows signs of oxidation. With halogens or

halogen acids it reacts immediately, forming triphenylgermanium halides.

Triphenylgermane and sodium in liquid ammonia react to ^ive sodium

triphenyl germanide, and coloration of the solution shows the presence
of disodium diphenyl germanide.

Hexaphenyldigermane,1
[(C 6H 5 ) 3Ge] 2,

occurs when triphenyl-

germanium bromide in dry xylene is heated with an excess of sodium.
Theproduct separates on cooling and is recrystalliscd from warm benzene.
It forms large, transparent cubes which crumble to a powder in the air.

It is insoluble in boiling aqueous sodium hydroxide. In ordinary
organic solvents it is only slightly soluble, and is practically insoluble
in liquid ammonia. 2 When suspended in liquid ammonia and treated
with sodium it is slowly converted into sodium triphenyl germunide*
Bromination in boiling carbon tetrachloride gives triphenyl germanium
bromide.

Trimethylstannyl-triphenylgermane, (CIl^Sn.Ge^H^, -

This product is readily obtained by treating a liquid ammonia solution
of sodium triphenyl germanide with tin trimethylbromide. It is a white,,

crystalline solid, M.pt. 88 C., having an odour characteristic of oiganic
tin compounds. It dissolves in most organic solvents and reacts

quantitatively with bromine to form triphenyl germanium bromide and
tin trimethyl bromide.

1
Morgan and Drew, Trans. Chem. &oc.t 1925, 127, 1760.

2 Kiaus and Foster, J^Am&r. Ghem. floe.* 1927, 49, 457.
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Phenylgermanonic acid (Germanibenzoic acid).
1 The aqueous

mother-liquors from hydrolysis of the Grignard mixture (used in the

preparation of germanium tetraphenyl ) gradually give a colloidal, white

precipitate, which is purified by solution in aqueous sodium hydroxide
and reprecipitation by acid. It is a white, amorphous powder.

Triphenyl germanol, 2
(C 6H 5 ) aGe.OH. Sodium triphenyl ger-

manolate is converted to the germanol by treating its liquid ammonia
solution with ammonium bromide or, better still, its benzene solution with
water. It molts at 134-2 C. (corr. )

and crystallises from petroleum ether

in the pure state, but with solvent of crystallisation from benzene.

Tetra-anhydrotetrakisdiphenylgermanediol and Trianhydro-
tetrakisdiphenylgermanediol

3 are both isolated when germanium
tetrabromide interacts with 5 mols. of magnesium phenyl bromide.
The quantities used are 48-4 grains of bromobenzene (5 mols.), 9-1

grains of magnesium, and 200 c.c. of ether. The resulting Grignard
reagent is added to an ice-cold solution of 24-5 grams (1 mol.) of

germanium tetrabromide in 100 c.c. of ether. The main product from
the ethereal extract is 9 grams of triphenylgermanium bromide (37-5

per cent,). The residual oil, which consists mainly of diphenylgerman-
ium dibromide, together with triphenylgermanium bromide, diphcnyl,
and bromobenzene, is dissolved in 150 c.c. of alcohol and heated for an
hour with 20 grams of silver nitrate in 100 c.c. of alcohol and 40 c.c. of

water. The precipitate is mostly silver bromide. The filtrate is

evaporated, then steam-distilled to remove diphcnyl and o-nitrophenol,
and the residue extracted with ether, then cold petroleum. There
remains 5 grams of a colourless substance which contains no bromine. It

is next dissolved in ethyl acetate several times and fractionally crystal-

lised, when the crystals are hand-picked. Three compounds are

separated in this manner : triphenyl germanium oxide, as thin, rhom-
boidal or pentagonal plates, M.pt. 182 to 183 C. ; tetra-anhyclrotetrakis-

diphcnyIgermanediol ; and trianhydrotctrakisdiphcnylgermanediol.

Tetra-anhydn>tetrakisdiphenylgermanediol,

GePh 2.O.GcPh

forms colourless, cubical, and prismatic crystals, the latter with bevelled

and faceted faces. When purified from petroleum or ethyl acetate it

melts at 218 C.

Trianhydrotetrakisdiphenylgcrmanediol, OH.GcPh 2O.GePh 2O.Ge
Ph 2O.GePh 2OIL, M.pt, 149 C., forms colourless, hexagonal prisms or

flattened, rhomboidal crystals with bevelled edges.
4 Both of these com-

pounds were examined crystallographically by BarkcT.

Germanium tetra-p-tolyl, Ge(C 6H 4.CILj) 4,

5 is prepared by the

Fittig and the Grignard reactions, but the first gives the better result.

p-Bromotoluene, 34-2 grams, and 10-7 grams of germanium tetra-

chloride are dissolved in 300 c.c. of dry ether and 4-8 grams of sodium
are gradually added. The residue is extracted with benzene and added

1
Morgan and Drew, Trans. Chem> $00., 1925, 127, 1760.

* Kraus and Foster, too. cit.
3
Morgan and Drew, loc. cit.

4
Morgan and Drew, foe. cit.

6
Tabern, Orndorff, and Dennis, /. Amer. Chem. Soc., 1925, 47,
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to the filtrate. Steam-distillation is followed by removal of the solvents,

and the pasty mass again dissolved in benzene from which it separates
on evaporation, and addition of ether gives germanium tetratolyl as

white crystals. Repeated crystallisation from chloroform and benzene

yields a pure product, M.pt. 224 C. It is more soluble than the corre-

sponding phenyl compound.
Germanium tetrabenzyl, Ge(C 6H 5.CH 2 ) 1 .

1 Nine grams of mag-
nesium turnings suspended in ether are allowed to react with 5 grams
of benzyl chloride. A mixture of 40 grams of benzyl chloride, 10 grams
of germanium tetrachloride, and 5 volumes of dry xylene is then added

dropwise, with mechanical stirring and gentle refluxing. On conclusion

of the reaction, sufficient xylene is added to form a paste, the ether dis-

tilled off, and the residue after heating on the steam-bath for some hours

is allowed to stand for two days. After working up in the usual manner,
and steam-distilling to remove dibenzyl, a nearly quantitative yield of

germanium tetrabenzyl is obtained. When pure it melts at 107 to 108

C. and is soluble in alcohol and light petroleum. When slowly dissolved

in an excess of 25 per cent, fuming sulphuric acid below 35 C. it

yields germanium tetrabenzyl tetrasulphonic acid. Its normal barium salt

dissolves readily and completely in cold water, but is insoluble in

acetone, alcohol, and ether.

Germanium triphenyl p-tolyl, (C 6H5)3.Ge.(C 6H 4.CH 3 ), is formed
when triphenyl germanium bromide is treated with a large excess of

p-tolyl magnesium bromide in ethereal solution. To complete the

reaction, the ether is replaced by dry benzene and the whole boiled for

eight hours. The reaction product is decomposed by dilute aqueous
ammonium chloride and steam-distilled to remove ditolyl. The residue

is then crystallised from petroleum ether and alcohol or from glacial
acetic acid. The compound melts at 123 to 124 C.

Germanium triphenyl anisyl, (C eH 6 ) 3.Ge.(C 6H4.OCH3 ), prepared
in a similar manner to the above, rnelts at 158 to 159 C. It is soluble

in alcohol, sparingly soluble in cold glacial acetic acid.

Germanium dimethylanilino triphenyl, (CH3 ) 2NC 6H 4.Ge(C 6H6 ) 3 ,

from triphenyl germanium bromide, p-bromodimethylaniline, and
sodium in xylene, forms brownish, crystalline nodules, M.pt. 140 to

141 C. The hydrochloride melts with decomposition at 105 to 11 6 C.,
is insoluble in water and hydrochloric acid, but soluble in alcohol.

When treated with alkali it gives the pure, free base.
Germanium ethyl triphenyl, C2H 5.Ge.(C6H5 )3 , melts at 75 to

76 C.

Aryl Germanic Acid Anhydrides.

Phenylgermanic acid anhydride, (C 6H6GeO) 2O. Equimolecular
proportions of mercury diphenyl and germanium tetrachloride in dry
xylene are heated in a sealed Pyrex bulb for two days, then diluted
with dry ether and filtered. The solid residue is pure phenylmercuric
chloride, and the filtrate is treated with benzene, and finally with water
containing a few drops of ammonium hydroxide. The granular pre-
cipitate which separates at the liquid interface is removed and dried
at 115 C. The anhydride is a white, fluffy, amorphous solid, with no
definite melting-point, soluble in excess of alkali, and reprecipitated by
carbon dioxide, insoluble in water and organic solvents.

1
Orndorfi, Tabern, and Dennis, /. Amer. Ohem. 8oc., 1927, 49, 2512.
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p-Tolylgermanic acid anhydride is obtained by a similar process
to the above, the reactants bein# heated at 160 to 190 C., whilst in the
case of benzylgermanic acid anhydride the temperature required is

115 to 1*20 C.

Dimethylaminophenylgermanic acid anhydride, [(CH 3 ) 2NC 6H 4 .

GeO] 20. Germanium tetraehloride is heated with an excess of dry
dimefhylaniline in a sealed ilask at 100 to 110 C. for two days. The

anhydride is a pearly white, fluffy powder, soluble in very dilute mineral

acids and excess of alkali. When kept for some time in an atmosphere
of dry hydrogen chloride it is converted into the hydrochloride of

dimethylanilino germanium trichloride :

[(CH 3 ) 2NC 6H 4.GcO] 20+8llCl=2HCl(CH3 ) 2NC 6H 4.GeCl3+3H 2

The hydrochloride melts with decomposition at about 110 C. ;

ammonium hydroxide precipitates the anhydride from its aqueous
solution.



CHAPTER XIIL

ORGANOMETALLIC DERIVATIVES OF TIN.

THE first organic compound of tin was prepared by Lowig in 1S52. By

heating an alloy of 1 part of sodium and 6 parts of tin with ethyl iodide

he isolated tin diethyl. In the following year Frankland, by the distilla-

tion of this compound, obtained tin tetraethyl. From 1853 onwards the

number of organic tin derivatives has steadily increased, and in the last

ten years considerable attention has been paid to mixed alkyl compounds
of this metal. The type of compound R4Sn (R=alkyl) comprises only

five members, of which most work has been done on the ethyl compound.

Following upon its preparation by the above method it was found that

tin amalgam containing 14 per cent, of sodium when heated with ethyl

iodide would produce tin tetraethyl along with tin triethyl iodide. In

1855 Frankland published his researches on zinc ethyl, and applied

this compound to the preparation of tin tetraethyl. The discovery of

the Grignard reagents has, however, eradicated all these older methods,

and used in combination with stannic chloride or bromide should be

capable of producing any tin tetra-alkyl having four like groups attached

to the tin. When the type R4Sn is treated with iodine, one of the alkyl

groups is replaced by iodine, and the type R3SnX produced. This is

the starting-point for mixed tetra-alkyls of the typeR3SnR', which may
be formed by treating the iodide with zinc alkyls or magnesium alkyl

halides. With iodine or bromine at 40 to 30 C. an alkyl group is

split out from R3SnR' and R3SnX again produced. When the group X
in the latter type of compound is iodine, it may be converted to hydroxyl

by the action of aqueous alkali. By treatment with suitable acids the

hydroxyl group may be replaced by acid radicles. When R3SaX is

heated with sodium at 120 C. the hexa-alkyldistannanes, R3Sn.SnRs,

are formed, and these when acted upon by halogens in the cold, or alkyl
iodides at 200 C., revert to R3SnX. Addition of iodine to the types
R4Sn and RaSnI gives R2SnI 2, which reacts with zinc alkyls or mag-
nesium phenyl halides to giveR2SnR 2 '. Ammonium or basic hydroxides

replace the iodine in R2SnI 2 by oxygen, and the oxide with hydrogen
halides yields the corresponding halides.

A compound of considerable interest is tin trimethyl, which is

obtained from tin trimethyl bromide by the action of sodium, the

operation being carried out in liquid ammonia.
In 1883 Meyer isolated the first stannonic acid, R.SnO.OH, which

gives rise to compounds containing only one alkyl group, RSnX3 ,
when

treated with acids. The stannonic acids themselves are prepared by
the interaction of alkyl iodides and stannous chloride in potassium
hydroxide solution, and arc all white, amorphous products.

The reactions of the aromatic compounds of tin are illustrated

300



ORGANOMETALLIO DERIVATIVES OF TIN. 301

generally in the scheme below, the phony! compounds being used as

examples. The heteroeydic derivatives of tin containing the metal in

the ring are fully explained in the section dealing with these compounds.

PhBr+NaSn(25%Na)

PhzSn(OH)Cl
alkali

Ph3Sn-OH

MgPhBr+SnClj

Boiling
for 3-4 hours

t
Ph3Sn.SnPh3

Ph2S
" "

Scheme illustrating the preparation of aromatic tin compounds.

Alkyl Derivatives of the Type R4Sn.

Tin tetramethyl, Sn(CII8 ) 4 , is isolated by the fractionation of the

reaction product formed when 4 parts of tin amalgam (14 per cent. Na)
and 3 parts of methyl iodide are heated first on the water-bath and then

at 120 C. 1 It is a liquid, the physical constants of which have been

given as follows : JB.pt 76 to 78 C. ; density 1-838 at C., 1-29136

at 25-5 C.
; n (l 1-51740 ; m> 1-52009 ; ny 1-53141. The compound is

insoluble in water, reduces alcoholic silver nitrate solution, with iodine

yields tin trimcthyl iodide, and on warming with stannic iodide gives a

mixture of tin methyl tri-iodide and tin trimethyl iodide.

Tin tetraethyl
2 may be prepared: (1) By the distillation of tin

diethyl. (2) When a tin amalgam containing 14 per cent, of sodium is

heated with ethyl iodide, tin tetraethyl is formed, along with some tin

tricthyl iodide. (3) By adding anhydrous stannous chloride to zinc

ethyl, taking care not to use excess of the chloride, and also to keep the

temperature down during the reaction. The product is distilled from

an oil-bath, and the distillate poured into water, whereby the tin diethyl

is destroyed, and the tin tetraethyl obtained as an oil, which is washed,

dried, and fractionated.* (4) By the interaction of zinc ethyl iodide

and powdered tin at 150 to 160 C. Such a high temperature is not

required if the tin be added to zinc copper couple and ethyl iodide.

*
lodftnburx, Annukn ftppZ., 1872, 8, 75 ; Mira, Gandta, 1894, 24, i. 322.

*
Prankland, Annakn, 1853, 85, 340 ; 1859, in, 40 ; Frankland and Lawranco,

Trans. Ohm. tfoc., 1870, 35, 180 ; Lodcnlraift, AnnaknSuppl, 1872, 8, 04 ; Letts and Collie,

Phil Mag., 1843, LtfJ, 22, 45; JaAndw., 1886, p, 1001; Heiffer and Sohnurman, Ber.,

1904, 37, 320 ; Buokton, Amakn, 1859, 109, 225 ; Popo and Feachey, Proc. Chem. 800.,

1903, 19, 290 ; Gladstone, Tram. Chem. Soc., 1891, 59, 293.

8 Franldand and Lawranoe, too, tit.
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Experiments with zinc-tin alloys and ethyl iodide show that in alloys

containing from 1 to 50 per cent, of tin, half the latter metal is converted

to tin tetraethyl. The yield of this compound is almost proportional to

the mass of tin in the alloy, until it contains one-third of its weight of

tin, after this the alloy becomes almost inactive, and the time necessary

to complete the reaction increases considerably.
1

(5) From tin diethyl

di-iodide and zinc ethyl. (6) By the Grignard reaction, using stannic

bromide or chloride, yields of 70 and 73 per cent, respectively are

obtained. The preparation is carried out as follows : Twenty grams of

ethyl bromide and 4-5 grams of magnesium are dissolved in 80 c.c. of

dry ether, and then 10 grams of stannic bromide or an equivalent weight

of chloride in light petroleum added, and the whole refluxed for one hour.

After cooling the mass is decomposed with dilute hydrochloric or acetic

acid, the ether layer separated off and dried over calcium chloride. It

should be noted that if this ether layer is dried over potassium carbonate,

tin triethyl carbonate is formed.

The compound is a mobile, highly refractive liquid, insoluble in water,

but soluble in ether. It boils at 175 C.
;

2 180 to 1 81 C. at 758 mm. ;
3

density 1-187 at 23 C. ; nD 1-5143. It is unattacked by aluminium,

sodium, or magnesium up to 180 C., but slightly by benzaldehyde.

Likewise acetone and ethyl oxalate have no action, nor the following

gases at ordinary temperature : ammonia, carbon monoxide, carbon

dioxide, cyanogen, nitric oxide, oxygen, or hydrogen sulphide. Sul-

phur dioxide is slowly absorbed with the formation of tin triethyl-

sulphate and tin triethyl ethyl sulphonate. When warmed with concen-

trated hydrochloric acid, tin tetraethyl yields ethane and tin triethyl

chloride; and with thallic chloride, thallium diethyl chloride and tin

diethyl dichloride.4 Treatment with iodine gives ethyl iodide and tin

triethyl iodide.

Tin tetrapropyl
5 may be prepared by the interaction of tin tri-

propyl iodide and zinc dipropyl. It is a liquid, B.pt. 222 to 225 C. at

760 mm. and 116 C. at 13 mm. ; density 1-179 at 14 C. and 1-1005 at

20-2 C. ; nHa 1-47126, nD 1-47448, nH/3 1-48260, nH} 1-48936, at 20-2 ,
6

Tin tetra-isobutyl melts at -13 C. and boils at 143 C. at 3 C-5 mm.,

density 1-0540 at 23 C.j nH 1-47112, nD 1-47423, nHjs
1-48206, nHy

1-48863, at 23 C.

Tin tetra-isoamyl
7

is readily prepared by treating isoamyl iodide

with tin amalgam, or from magnesium isoamyl chloride and tin tetra-

chloride.8 It is a liquid, easily soluble in alcohol or ether and boiling
at 188 C. at 24 mm. ; density 1-0353 at 19-6 C. ; nft 1-46946, nn 1-47242,

n^ 1-47989, nr 1-48607, at 16 C.

Alkyl Derivatives of the Type R3SnR'.

Tin trimethyl ethyl, Sn(CH 3 ) 3(C2H 5 ), was first isolated from tin

trimethyl iodide and zinc ethyl,
9 but later from tin trimethyl iodide and

1 Letts and Collie, Proc. Chem. 800., 1886, 2, 166.
2 Pfeiffer and Schnurmann, B&r. 1904, 37, 320.
3 FranMand, Annalev, 1853, 85, 340; 1859, in, 46.
4 Goddard and Goddard, Trans. Ohem. floe., 1922, 121, 256.
5
Cahours, Jahresber., 1873, p. 519.

6 Gruttner and Krause, Ber., 1917, 50, 1802.
7 Grimm, Annakn, 1854, 92, 394.
8
Krause, Ber., 1918, 51, 1447. Cahours, Amakn, 1862!, 122, 48,
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magnesium ethyl bromide. 1 The compound is soluble in ether, and
boils at 107 to 108 C. under 758 mm.; density 1-243. Treatment
with iodine yields ethyl iodide and tin trimethyl iodide.

Tin trimethyl n-propyl is a colourless liquid, boiling at 129 C. at
761mm.

Tin triethyl methyl has been prepared
2 in the same way as the

trimethyl compound. It possesses similar properties to the latter

compound, boils at 162 to 163 C., and with iodine splits off the methyl
group, yielding tin triethyl iodide,

Tin triethyl n-propyl may be isolated by the action of magnesium
n-propyl bromide or iodide on tin trimethyl bromide. It boils at 195 C.

at 7C4 mm.
Table XIII. of the Appendix gives a list of compounds prepared by

the following general method, together with their physical constants.3

Three times the calculated quantity of magnesium alkyl halidc is used,
and after the introduction of the tin alkyl halidcs the mixture is boiled

under reilux lor two hours, the other removed, and the residue baked on
the water-bath for one hour. After cooling, ether is added, and the
whole decomposed with water. Mixed tin tetra-alkyls are converted
into mixed tin trialkyl bromides of the type R2R'SnX by the action of

bromine at M) to 30 C., an alkyl group being split out, this

resembling the bromination of lead alkyls.

Alkyl Derivative of the Type R2SnR.j'.

Tin dimethyl diethyl, Sn(CH a ) 2(C2H 5 ) 2 , may be obtained in a

variety of ways: (1) From tin dicthyl iodide and zinc methyl.
4

(2)

From tin dimethyl iodide and zinc ethyl.
5

(3) By the interaction of

magnesium methyl iodide and tin diethyl chloride, bromide, or iodide ;

or by the action of magnesium ethyl bromide on tin dimethyl chloride,

bromide, or iodide, the action taking place in ethereal solution. 6

The compound is a colourless liquid, B.pt. 144 to 146 C. ; density
1-2(J03 at C'., or 1*232 at 10 C. It decomposes on distillation, and
with iodine the methyl groups are split off and tin diethyl iodide is

formed.
For further compounds

7 see Table XIV. of Appendix.

Alkyl Derivatives of the Type R 2SnR'R".

Tin dimethyl ethyl prppyl )

8Sn(CH 3 ) 2 (C 2H5).CH 2.CH2.CH 3>isolated

from the action of magnesium propyl bromide or iodide on tin dimethyl

ethyl bromide is a liquid, boiling at 153 C. at 762 mm.
"Tin methyl ethyl dipropyl from magnesium propyl bromide and

tin methyl ethyl bromide is a colourless liquid, B.pt. 183 to 184 C. at

758 mm.
Tin ethyl n-propyl di-isoamyl* boils at 141 to 142 C. at 17 mm.,

1
Pope and Peachey, Proc. Gfiem. Soc., 1903, 19, 290.

Canoura, toe. cit.

(Mttncr and Krauso, /far., 1917, 50, 1802.

Frankland, Annakn, 1859, m, 50.

Morgunow, Anwlvn, 18(57, 144, 157.

Popo and IVocliey, loc. c,it>

Outtner and Krause, kc. cit.

Pope and Poaohey, loc. cit.

Gnittnejr aa<J Krause, loc. cit.
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density 1-0654 at 21-9 C., nHa 1-46902, nD 1-47214, nn /3 1-47996, nHY
1-48652, at 21-9 C.

Alkyl Derivatives of the Type R3SnX.

Tin trimethyl fluoride, Sn(CH 3 ) 3F.
:l This compound, in common

by treating
of a neutral aqueous solution of potassium fluoride. The compound
forms colourless prisms, which commence to darken at 360 C. and

blacken at about 375 C.

Tin trimethyl chloride 2 may be formed from the hydroxide by
the action of hydrochloric acid. It has more recently been obtained

from tin trimethyl solutions by the action of calcium chloride in dry a,ir,

and by treating tin trimethyl with mercuric chloride in ethereal solution.3

It is a liquid having similar properties to the ethyl compound. It forms

a compound with 1 mol. of aniline, and with 1 mol. of pyridine,
the latter melting at 37 C.4 By reduction with sodium in liquid
ammonia it yields sodium trimethyl stannide, which is a light yellow
substance readily decomposing above the temperature of liquid ammonia.
It reacts with tin trimethyl halides to give tin trimethyl. The electrical

conductivity of tin trimethyl chloride in absolute alcohol at 25 C. has
been determined.5

Tin trimethyl bromide 6 is formed when tin tetramethyl is treated

with bromine.7 It melts at 27 C. and boils at 165 C. ; with ammonia it

gives a stable compound, Me3SnBr.NH 3 , and with sodium in liquid

ammonia, tin trimethylis precipitated. Sunlight acts upon the bromide,

forming the compound (Me3Sn.OH) 2.Me3SnBr, which may also be pro-
duced by bringing together the components in benzene solution. In
alcoholic solution the complex, MegSnOH.MegSnBr.HgO, M.pt. 210 to

211 C. with decomposition, is obtained.

Tin trimethyl iodide is obtained in several ways, namely : (1) By
heating 4 parts of tin amalgam (14 per cent. Na) with 3 parts of methyl
iodide, first on the water-bath, then at 120 C.8 (2) From 1 part of tin,

heated with 2-5 to 3 parts of methyl iodide at 150 to 160 C.9
(3) By

treating tin tetramethyl with iodine. (4) From tin tetra-iodide and
magnesium methyl iodide, in ethereal solution. 10 The compound is a

liquid, boiling at 170 C. at 760 mm. or 71 C. at 13 mm. ; it may be
solidified when cooled and melts at 3-4 C. Its density at C. is 2-1432 ;

at 18 C., 2-1096. When dry ammonia is passed into its alcoholic

solution, needles separate out, Me3SnI.2NH 3 , which are soluble in cold

water, but decomposed on boiling, and sparingly soluble in ether.

1 Krause, Ber., 1918, 51, 1447.
2
Cahours, Annakn, 1860, 114, 354.

3 Kraus and Sessions, J. Amer. Chem. Soc., 1925, 47, 2361.
4 Kraus and Greer, J. Amer. CTtem. Soc.9 1923, 45, 3078.
5 Kraus and Collfe, /. Amer. Ghem. floe., 1923, 45, 2629 ; Ktawa jl Graer, ibid...

1923, 45, 2940.
8
Cahours, loc. cit.

7 Kraus and Sessions, loc. cit.
8
Ladenburg, Annakn Supfl, 1872, 8, 75 ; Ber. t 1870, 3, 358.

9
Cahours, Annakn, 1860, 114, 367.

10 Heiffer and Heller, Eer., 1904, 37, 4619.
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Aniline yields the compound, Me3SnI.2PhNH 2, soluble in alcohol or boiling
water, and which may be distilled without decomposition. Crystalline
compounds are also obtained with isoamylamine and pyridine, the latter

melting at 17 C. The iodide forms the complexes (Me3Sn.OH) 2 .

MeaSnl and Me 8Sn.OH.Me3SnI.H &0, M.pt. 221 C. with decomposition.
The electrical conductivity of the iodide in various solvents has been
determined. 1

Tin trimethyl hydroxide is isolated from the iodide by action of

potassium hydroxide. It crystallises in prisms and is volatile in steam.
The aqueous solution is strongly alkaline, and the solubility in alcohol
is greater than in water. With tin trimethyl halides it forms completes
of the type (Me3SnOH) 2.Me ;jSnX, the bromide melting at 113 to 115 C.
with decomposition ; iodide 143 to 153 C. with decomposition ; also

the type Mc9SnOH.Me 3SuX.lI 80, the chloride, M.pt, 90 C.; bromide,

M.pt.* 210 to 211 C. with decomposition; iodide, M.pt. 221 C. with

decomposition . The electrical conductivity of solutions of the hydroxide
has been determined by Brcdig.

2

Tin trimethyl sulphate crystallises in brilliant rhombic pyramids,
for which a : b : c=0-8872 : 1 : 1-0858.3

Tin trimethyl sulphide, formed by the addition of sulphur to a
solution of tin trimethyl in benzene, has M.pt, C., B.pt. 233-5 to

235-5 C. at 750 mm., density 1-640 at 25 C. The corresponding
formate

41

crystallises in prisms of low melting-point, which can be sub-

limed, and are easily soluble in water or alcohol. The acetate forms
needles having similar properties to the formate.

Tin trimethyl ethylate is a liquid boiling at 65 to C6 C., and

prepared from the iodide and sodium ethylate at 130 C. It is con-

verted to tin tetramethyl on distillation with sodium.
Tin triethyl salts. The fluoride* crystallises from alcohol or

acetic acid in large, pure white, glistening prisms, which sublime above
180 C. and melt at 302 C. (corr.) 9

to a colourless, clear liquid. The

aqueous solution of the fluoride turns litmus wine-red.

The chloride is a liquid of extremely pungent odour, B.pt. 208 to

210 C. or 04 C. at 13 mm. ; density 1-428 at 8 C. Cooled to C. it

forms a crystalline mass, easily soluble in methyl or ethyl alcohol and

ether, sparingly in water. 6 It forms the following double salts, 2Et3

SnCLPtCl^ dark red needles ; KtsSnCLPtCl 4, yellow octahedra.

The bromide occurs as a colourless, pungent liquid, B.pt. 222 to

224 C. ; density 1-G30.7 It has a similar solubility to the bromide.

The iodide may be prepared in a variety of ways : (1) By heating
80 grams of ethyl iodide with 100 grams of tin amalgam (14 per cent.

sodium),
8

(2) By the action of iodine on tin tetracthyl. (3) By treat-

ing hexa-ethyldistannane with iodine, or heating it with ethyl iodide at

about 220 C. It melts at -34-5 C.; B.pt. 231 C, (Ladenburg), 235

to 238 C. (Cahours), 117 C. at 13 mm.,9
density 1-833 at 22 C. When

1 Kraus and Callfe, fcc. cto.

*
Bredig, Zeitech, physical Chem., 1894, 13. 303.

*
Hjorfcdahl, Oompt. rend., 1879, 88, 584 ; Jahreaber., 1879, p. 773 , 1880, p. 939.

* Cahotzrs, Annakn, 1860, 114, 378,
8 Krause, Bw., 1918, 51, 1447.
6 Cahouxs, Annokn> 1860, 1x4, 354,

Itfwig, Annakn, 1852, 84, 330,
s Ladenbuig, foe. oil ; L6wig, foe. oft., 308 ; Cahours, Annakn, 1860, 114, 246, 361.

Grfcttner and Kxause, Ber., 1917, 50, 1802.

VOL, XI. : X, 20
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distilled with potassium hydroxide the base is formed. Heated with

sodium the iodide is converted into hexa-ethyldistannane, and by iodine

into tin diethyl iodide. The tin triethyl ethylate is formed by treatment

with sodium ethylate. The following double salts have been prepared :

Et 3SnI.2NH8, needles; Et3SnI.2C5H13N (isoamylamine) plates.

The sulphide is a yellow liquid.
1

The hydroxide is formed from the iodide by the action of aqueous
caustic alkali. It crystallises from ether in glistening prisms, M.pt. 43 C.

(Ladenburg), 44 to 45 C.,
2
B.pt. 272 C. (Cahours).

The aqueous solution has an alkaline reaction, and prolonged boiling

causes the formation of an anhydride.
The sulphate is dimorphous. The stable form crystallises in hexa-

gonal prisms terminated by pyramids, whose dimensions are very like

those of potassium and thallium sulphates.
3

Tin triethyl sulphate. . . a : aVs : c=-5773 : 1 : -7217.

Potassium sulphate . . . a : b : c =-5727 : 1 : -7464.

The labile form crystallises in regular octahedra. The sulphate is

easily soluble in alcohol, sparingly soluble in water.

The selenate forms regular octahedra, soluble in water or alcohol.4

The following salts have also been prepared : nitrate, crystalline and

easily soluble ; phosphate, bushy needles, very easily soluble in dilute

alcohol, sparingly in ether ;
6

carbonate, prisms from ether ; cyanide,

needles, which can be sublimed ;
6

cyanate, prisms ; formate, needles,

subliming when strongly heated, easily soluble in dilute alcohol, sparingly
in water

; acetate, needles, M.pt. 230 C. ; butyrate, needles ; oxalate,

prisms (+H 20); tartrate, cubes; ditartrate, crystalline (+H 20);
ethylate, fuming liquid, B.pt. 190 to 192 C., or 82 C. at 13 mm., density
1*2634 at C., immediately decomposed by water, giving alcohol and
tin triethyl hydroxide.

Tin tripropyl salts are as follows : fluoride, (C3H7 ) 3SnF, crystallises
from hot alcohol in prisms, from dilute alcohol in centimetre-long, fine,

glistening needles. When heated in a sealed tube it melts at 275 C. to

a clear, colourless liquid; the chloride has M.pt. 23-5 C., B.pt. 123 C,
at 13 mm,, and may be obtained from the base ; the bromide has M.pt.
-49 C., B.pt. 133 C. at 13 mm. ; the iodide has M.pt. -53 C., B.pt.
260 to 262 C., or 141 C. at 13 mm., density 1-692 at 16 C.7 and is formed
in the usual way from n-propyl iodide and tin amalgam. With potassium
or ammonium hydroxide it yields the hydroscide, which crystallises in

prisms. It is volatile and only sparingly soluble in water.
Tin tri-isopropyl salts : the iodide,

8
is obtained by the action of tin

amalgam (10 per cent, sodium) on isopropyl iodide. It is a liquid, B.pt.
256 to 258 C. With potassium hydroxide it forms the base.

Tin tri-isobutyl salts are as follows : fluoride, prisms melting at

1 Kulmiz, Jahresber., 1860, p. 377.
2
Ladenburg, Annalen Suppl, 1872, 8, 75; Ber., 1870, 3, 358; Cahours, Annden,

I860, 114, 246, 361.
8
Hjortdahl, Compt. rend., 1879, 88, 584

4
Hjortdahl, Jahresber., 1880, p. 939. *

Kulmiz, loc. til.
6
Cahours, Annakn, 1862, 122, 50.

7
Cahours, Compt. rend., 1873, 76, 137 ; Jahresber., 1873, p. 519.

6
Cahours, Compt. rend., 1879, 88, 725 ; Cahours and Dema^ay, ibid., 1879, 88,

1112*
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244 C. (corr.) ; iodide, B.pt. 284 to 286 C., or 151 C. at 13 mm.,
density 1-540 at 15 C. ;

x
hydroxide, B.pt. 311 to 314 C. a

The following tin tri-isoamyl salts have been isolated : fluoride,

fine needles, M.pt. 288 C. (corr.) ; chloride, M.pt. 30-2 C., B.pt. 174 C.

at 13 mm. ; bromide, M.pt. 21 C., B.pt. 177 C. at 13 mm. ; iodide, M.pt.
-22 C. 5 B.pt. 302 to 305 C., or 182 C, at 13 mm. ; hydroxide, B.pt.

(without decomposition) 335 to 338 C.

Alkyl Derivatives of the Types R2R'SiiX; RR'SnXa ;

The preparation of the first type of compounds, the tin trialkyl

bromides, has already been given under type R3SnR' (p. 303).
3 The

chlorides are formed from the corresponding bromides by dissolving the

latter in 5 parts of ether and shaking the solution with half its volume

of 33 per cent, alkali. This produces the hydroxide, dilute hydrochloric
acid giving the chloride. For list of compounds of type R aR'SnX, see

Table XV. of Appendix.
Tin ethyl propyl dichloride.4 This compound is obtained from

tin ethyl propyl dibenzyl by the action of concentrated sulphuric and

chlorosulphonic acid. The aqueous solution of the sulphonatiori

product is treated with ammonium hydroxide, the precipitate filtered

off, dissolved in hydrochloric acid, and the acid solution extracted with

ether. Removal of the solvent yields the dichloride in needles, M.pt.

57 to 58 C., which have an unpleasant odour, and are readily soluble in

alcohol, water, or ether, sparingly in light petroleum.
Tin methyl ethyl n-propyl iodide.5 The compound is obtained

by the following series of reactions :

] . 5fflIe,SnI +ZnJEt. 2Mc3S

a. Mc sSnKt+I 1-MctKtSuI+McI
3. 2MejKtSix!+ZnPra=2Mc2EtPrSn+ZnI 2

4. M
The final product is externally compensated tin methyl ethyl n-

propyl iodide,

Me\ JPr

>Sn\Et/ M
a faint yellow oil, B.pt. 270 C., practically insoluble in water. When
shaken in molecular proportions with an aqueous solution of silver

dcxtro-camphorsulphonate, tin methyl ethyl n-propyl dextro-camphor-

sulphonate is deposited. It crystallises from water in lustrous, square

plates, M.pt. 125 to 3526 C. In dilute aqueous solution it has a mole-

cular rotation [M]u +95, so that for the monobasic radicle Me.EtPr.

Sn [M]n is about 45. From the mother-liquors of this salt, no^salt

of the laevo base can be obtained. No better results have been obtained

using silver dextro-bromocamphorsulphonate. The bromocamphor-

1 Cahours and Pemargay, Compt. nnti, 1879, 88, 1112; Cahours, #i&, 1873, 77,

1404; Jahmber., 1873, p. 520,
a Cahoun and Demar$ay, Qompt. rend., 1879, 89, 70.

8 (Mttner and Krause, B&r,, 1917, 50, 1802.
* Smith and Kipping, (Trans. Ohem. Soe., 1912, roi, 2553.

8
Pope and Peachey, Proc. Cfom. 800., 1912, 28, 42, 116.
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sulphonate crystallises from acetone in colourless plates, M.pt. 194 to

197 C., which in dilute aqueous solution have the molecular rotation

[M]D +318. Allowing the value [RTfo +270 for the bromocamphor-
sulphonic acid radicle, this gives [M]o +48 for the basic radicle,
which compares favourably with the previous value.

Alkyl Derivatives of the Type R2SnX2 .

Tin dimethyl salts. Difliioride^ A solution of 40-3 grams f tin

dimethyl di-iodide in 50 c.c. of warm alcohol is treated with a neutral
solution of 11-6 grams of potassium fluoride in 25 c.c. of water, when
snow-white plates separate out. The fluoride decomposes above 360 C.

The dichloride is obtained by treating the oxide with an excess of

hydrochloric acid. It crystallises in rhombic prisms, M.pt. 90 C.,

B.pt. 188 to 190 C., soluble in ether or water, very soluble in alcohol. 2

Measurements of the proportions between the axes gives a:b:c=
0-8341 : 1 : 0*9407.3 With platinic chloride, MeaSnCl a.PtCl 4,7H aO, red
rhomboids are produced.

The dibromide crystallises in plates from alcohol, M.pt. 74 C.,
4
B.pt.

208 to 210 C.

Di-iodide. Tinfoil is heated with 2-5-3 parts of methyl iodide at 1 50
to 160 C. It forms yellow crystals from alcohol-ether solution, M.pt.
30 C., B.pt. 228 C., 38 C. at 13 mm., density 2-872 at 22 C, It is

readily soluble in alcohols, ether, or acetone. Its aqueous solution when
treated with ammonium hydroxide yields the oxide.

Oxide. This may be isolated in two ways : (1) It is formed as a by-
product, when an alcoholic solution of methyl iodide is shaken for one to
two days with alkaline stannous chloride, for details see corresponding
ethyl compound.

5 Yield 25 per cent. (2) Heating methyl stannonic
acid with concentrated alkali hydroxides.

6 It is an amorphous powder,
insoluble in water, alcohol, or ether, and aqueous alkali. With acids it

yields the corresponding salts.

Sulphate. Its crystals consist of rhomboidal prisms, inclined at
74 50' with the base and the positive hemiorthodome, the vertical axis

making an angle of 83 75' with the inclined axis, which is the longest.
It is not isomorphous with lead and barium sulphates, although the
lengths of its axes are sensibly the same. 7

Me2SnS0 4 .... 1-3213 : 1 : 1-6630
BaS0 4 .... l*3127:l:|(l-6352)
PbS0 4 .... 1-2915:1: 1(1-5728)

It is easily soluble in water, but not readily in boiling alcohol.

Diformate. This is deposited in prisms from alcohol, which partially
sublime without decomposition. Its crystals resemble those from
calcium, barium, and lead formates.

1
Krause, Ber., 1918, 51, 1447.

2
Cahours, Annakn, I860, 114, 374.

3
Hjortdahl, Jahresbw., 1880, p. 390.

4
Pfeiffer and Lehnardt, Ber., 1903, 36, 3027.

6 Pfeiffer and Lehnardt, ibid.
6
Pope and Peachey, Proc. Roy. Soc., 1903, 72, 7.

7
Hjortdahl, loc. cit. *
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Tin dimethyl diformate . a : b : c=-7287 : 1 : -4784

Calcium formate =-7599 : 1 : -4671
Barium formate . . . =7650 : 1 : 2(-4319)
Lead formate =-7417 : 1 : 2(-4219)

1

A diacetate, dibutyrate, divalerate, and dicaprylate have been prepared,
also double salts of above compounds with pyridine and quinoline.

2

Tin diethyl salts. Difluoridc. This crystallises in tufts of needles,
or rhombic plates, M.pt. 287 to 290 C., previously sintering at 240 C.

It forms a double salt, Kt2SnF 2.2KF, \vhich crystallises in stout leaflets.

Bichloride.- (1) Prepared by treating the oxide with aqueous chloride

solutions, or adding ammonium hydroxide to a hot alcoholic solution

of the diehloride these preparations giving the double salt, Et aSnCl 2 .

EtgSnO.
3

(2) By adding hydrochloric acid to the oxide.

The anhydrous compound melts at 84 C., when hydrated at 74 C.,

B.pt. 220 C., and when freshly prepared it is soluble in alkalies. It

forms the following double salts : Kt2SnCl 2.2NH 3, an amorphous, white

powder, decomposed by water; "Et 2SnCl 2.PtCl 4.7H 2Oj, tetragonal

bipyramids.
Dibrmnide. Occurs as white needles from alcohol, M.pt. 03 C.,

4

B.pt. 232 to 233 C. or 74 C, at 13 mm., easily soluble in water, alcohol,
or ether.

Di-iodide. (1) Obtained by the action of sunlight on a mixture of tin

and ethyl iodide or by heating the mixture at 180 C.6 (2) By heating

together tin amalgam and ethyl iodide. (3) From tin tetraethyl and
4 atoms of iodine.** (4) From tin triethyl iodide and iodine. (5) From
tin diethyl and iodine.7 It crystallises from alcohol in needles, M.pt. 44
to 45 C.,

8
B.pt. 245 to 210 C., readily soluble in ether or hot water,

sparingly in cold water. It forms the following double compounds :

Et2SnI 2.2NII 3 ; Et2SnI 2.3Et2SnO ; Et2SnI 2.Et2SnO

The following salts are also known : sulphate, crystallises in plates,
soluble in alcohol or water ; dinitrate, crystallises in prisms and forms a
double salt with the oxide, Et2Sn(N03 ) 2.Et2SnO.H 2O ; phosphate,
needles ; diformate, prisms, easily soluble in water, sparingly in alcohol ;

diacetate, prisms or plates from alcohol, sparingly soluble in water, readily
in organic solvents ; dioxalate, white powder ; di-iodide-dicyamdey Et2SnI 2 .

Et2Sn(CN) 2 , a crystalline powder formed from the iodide by the action

of silver cyanide ; dithiocyanate, crystals from alcohol, readily soluble in

ether.

Oxide. (1) Obtained by treating the iodide with ammonium hydrox-
ide. (2) Potassium hydroxide, 23 grams in 150 c.c. of water, is mixed and
shaken with 15 grams of stannous chloride in 50 c.c. of water. The black

precipitate is filtered off and 10 grams of ethyl iodide added and a fair

bulk of alcohol. After six to eight hours' heating on the water-bath,
most ofthe alcohol is distilled off and carbon dioxide passed into thewarm

1
Hjortdahl, Jafowbw., 1879, p. 772.

Heifer, AnndUn, 1910, 376, 310.

Strecker, AnnaUn, 1862, 123, 368.

Werner, Zeit. anorg. Qhem., 1898, 17, 90.

Frankknd, Annakn, 1853, 85, 332 ; Cahours, ibid., 1860, 114, 354.

Ladenburg, Ber., 1871, 4, 20.

LSwig, Aimafan, 1852, 84, 321.

Heiffer, Ber., 1902, 35, 3303.
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solution. Three grams of a white, powdery precipitate are obtained,

which consists principally of the required oxide. It is an amorphous

powder, insoluble in water, alcohol, or ether, but dissolving readily in

acids or alkalies. Hydrogen halides convert it to the corresponding

halogen compounds.
1

Tin dipropyl salts. Normal Propyl Compounds: Difluoride.Tl\\s

crystallises from methyl alcohol on concentration in rosette-like groups
of plates, sintering at 200 C. and melting at 204 to 205 C.

Dichloride. The di-io&ideis dissolved in potassium hydroxide and the

solution acidified with hydrochloric acid. It forms magnificent colour-

less, rhombic crystals, M.pt. 80 to 81 C., consisting of very acute

pyramids, with very perfect cleavage parallel to the base, resembling

the cleavable pyramids of mercuric bromide.

Tin di-u-propyl dichloride . a : b : c=-C943 : 1 : J(l -0047)

Mercuric chloride . . ==-7254 : 1 : 1-06 18

Mercuric bromide . . =-6817 : 1 : 1-0188*

The di-iodide is obtained by heating tin foil with propyl iodide,3 It

boi]s at 270 to 273 C., but is decomposed on distillation, yielding
stannous iodide, and a gas is evolved.

Oxide. When the preceding compound is treated with potassium
or ammonium hydroxides, the oxide separates as a white, amorphous
substance. It is insoluble in alcohol, ether, or water. Halogen acids

convert it to the corresponding salts.

The following salts are known, most of which appear to have good

crystalline structures: dinitrate, mlphate, diformale, ditwetate, OMtlate,

and tartrate.

Isopropyl Compounds. The dichloride^ melting at 56-5 to 57-5 C.,

insoluble in water, soluble in alcohol or ether, and the di-iodide,, B.pt.
265 to 268 C., are prepared by the usual methods. Oxide, prepared
from the trichloride in the usual manner, is an infusible powder. With
hot concentrated hydrochloric acid it yields tin di-isopropyl dichloride,

transparent crystals from benzene, M.pt. 80 to 84 C., soluble in water,

alcohol, hot benzene, or hot glacial acetic acid. With pyridine hydro-
chloride it gives (C 3H7 ) 2SnCl a.2C fi

H 6N.2HCI. Tin di-iaopropyl di-

bromide forms pale yellow, hygroscopic crystals, melting about 54 C*

It also forms a complex with pyridine hydrobromide. A diforwate,

diacetate, and oxalate are also known.
Tin di-isobutyl salts. The dichloride is a colourless, mobile, heavy

liquid, B.pt. 260 to 262 C., solidifying at 5 to 6 C. to a mass of silky
needles resembling asbestos, whilst the di-iodide occurs as a colourless

liquid, B.pt. 290 to 295 C., obtained by heating tin foil and isobutyl
iodide to 120 or 125 C. in a sealed tube for several hours. With
potassium or ammonium hydroxide it yields a white, amorphous pre-
cipitate of the ooride, which gives crystalline salts with acids.

Tin di-isoamyl salts.The following have been isolated : dichloride,

M.pt. 4 to 5 C. ; sulphate, white, insoluble powder; oxide, amorphous
powder,

4

1
Pfeiffer, Ber. t 1902, 35, 3303.

8
Hjortdahl, Jahresber., 1879, p. 772.

8 Cahouis and Demar$ay, Compt. rend., 1879, 89, 70.
4
Grimm, Annakn, 1854, 92, 384, 390

,-
Cahours and Demargay, Compt, rend., 1879,

89, 68.
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The following ammonia and amine compounds of tin dialkyl halides
have recently been described l

: tin dimethyl dichloride dianiline, Me2Sn
Cl2.2PhNII 2 ; the diquinoline salt forms white crystals, M.pt. 40 to 60 C.,
unstable in moist air, the dibromide melting at 80 to 115 C. Tin diethyl
dichloride and dibromide both form dianiline, and the latter a monoaniline

compound. Tin dipropyl dibromide yields a dianiline derivative.
All the ammonia compounds are of the type R 2SnX2.4NH 3 , except

the tin diethyl dichloride compound, which only contains" 3NH3 .

A collection of physical data of various tin alkyls is shown in Table
XVI. of the Appendix.

2

Alkijl Derivatives of the Types R.SnO.OH; RSnX3 .

Methyl stannonic acid.3 Preparation : Twenty grams of stan-
nous chloride in 50 c.c. of water are added with stirring to 100 c.c. of

20 per cent, potassium hydroxide, and the mixture treated with 14

grams of methyl iodide in 100 c.c. of alcohol. The whole is allowed to

stand for three days and should be frequently shaken. The alcohol is

removed at 40 C. 9 and hydrochloric acid added until the solution is acid

and the white, gelatinous precipitate begins to redissolve. The latter is

filtered, washed free from chloride by cold water, and dried in vacuo over

sulphuric acid. Yield 13-5 grams. The reaction takes place according
to the equation :

KllSnO,+MeI=Me.SnO.

It may also be obtained from tin methyl tri-iodidc by evaporation with
an aqueous solution containing 3 mols. of sodium hydroxide.

The acid is a white, amorphous, infusible solid which decomposes at

a reel heat, leaving stannic oxide. Heated with ammonium nitrate, it

yields carbon dioxide, water, and stannic oxide ; heated in the absence

of air, methane is produced. It is insoluble in water and the usual

organic solvents, but readily dissolves in cold solutions of alkali and
ammonium hydroxides, or in lime water. It also dissolves in mineral,

acetic, and tartaric acids. When ammonium hydroxide is added to the

dilute acetic acid solution of the acid, no precipitate is formed until the

solution is boiled. This indicates the existence of an ortho acid,

MeSn(OH) 8 , which decomposes on heating to form the stannonic acid.

When the acid is boiled with dilute potassium hydroxide a clear solution

is never obtained, and if the alkali be concentrated, methane, tin tri-

methyl hydroxide, and tin dimethyl oxide are formed. Heating with

solid potassium hydroxide and a very small quantity of water yields

methane and a considerable amount of tin tetramethyl. With con-

centrated hydriodic acid, the acid yields the iodide, this method being

general for the production of the halides. The complex, (MeNHPb) ?
.

H 2MeSnCl6, is prepared by evaporating a solution of the acid and di-

methylanilme in dilute hydrochloric acid to the crystallising point. It

forms small, white granules, M.pt. 194 C., the aqueous solution having an

acid reaction. With aniline a similar cample is formed, which crystal-

lises in short prisms, M.pt. 214 C., the clear aqueous solution being

1
Heiffer, Zeit, anorg. Qhem., 1924, 133, 91

Grilttner and Krause, Ber., 1917, 50, 1802.

Meyer, Ber., 1883, 16, 1442 ; Heiffer and Lehnardt, ibid., 1903, 36* 1054; Pope and

Peachey, Proc. %oy. &>c., 1903, 72, 7 ; Druoe, Ofom. News, 1920, 120, 229.
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acid to litmus and unchanged on boiling. The pyridine complex
crystallises in pale yellow plates, M.pt. 300 C.

Tin methyl trichloride, MeSnCl 3 ,
is prepared by treating the acid

with concentrated hydrochloric acid, phosphorus trichloride, or hydrogen
chloride at 100 C. There seems to be a wide difference of opinion

regarding the melting-point of the compound : Druce l obtained

crystals from hydrochloric acid solution, M.pt. 40 C. ; Pope and

Peaehey
2 from light petroleum, long prisms, M.pt. 105 to 107 t

1

.,

distilling without decomposition at 179 to 180 C. ; Pieiffer and Leh-

nardt,
3
crystals from ligroin, M.pt. 53 C. It fumes in air and dissolves

in water to a clear solution, and is ^soluble in the usual organic solvents.

With aniline it forms the above complex, M.pt. 214 C.

Tin methyl tribromide crystallises in needles or prisms, M.pt.
50 to 55 C. It fumes slightly in air and has a similar solubility to the
chloride.

Tin methyl tri -iodide.Preparation : (1) Methyl stannonic acid
is treated with colourless hydriodic acid.4 (2) Tin tetramethyl (2 parts)
and stannic iodide (7 parts) are heated on the water-bath, then allowed to
stand for a few hours.5

(3) Methyl iodide and stannous iodide are heated
at 160 C. for four hours. 6

(4) To the solution of 19 grams of methyl
iodide and 2-8 grams of magnesium in dry ether, 20 grams of stannic
iodide are added in small portions, and the whole boiled for two hours.
The mass is decomposed by acidified water and the ether layer separated
oft and dried. 3-9 grams of oil are obtained between 155 and 180 C.,
from which 2 grams are isolated between 3 CO and 1 70 C. Redistillation

gives 1-3 grams of pure iodide, B.pt. 170 C.

The melting-point given by the various investigators varies between
82 and 85 C. The compound crystallises in needles or prisms, very
readily soluble in alcohols, ether, ligroin, or chloroform or benxene. Its

aqueous solution has a strong acid reaction, nitric acid precipitating
iodine. Hot alkali precipitates methyl stannonic acid. Treatment
with hydrogen sulphide converts the iodide to the corresponding sul-

phide, which is soluble in ammonium sulphide, but insoluble in the
usual organic solvents.

Basic tin methyl sulphate, MeSn(OH)S0 4.xH20, is obtained as a
white powder when methyl stannonic acid is warmed with 50 per cent,

sulphuric acid. It slowly dissolves in water, leaving a glassy mass, but
cannot be precipitated from its aqueous solution by alcohol.7

Ethyl stannonic acid.8
Prepared in a similar manner to the

methyl compound, it forms a white, amorphous, gelatinous substance
which becomes yellowish-brown and transparent on drying. It is in-
soluble in water and the common organic solvents, but dissolves in dilute
mineral acids. When freshly prepared it is soluble in alkali hydroxides,
but becomes insoluble after keeping. When strongly heated in the
absence of air it yields ethane and ethyl alcohol The following salts
have been prepared: sodium, potassium, magnesium, barium, and

1
Druce, Chem. News, 1920, 120, 229.

a ?3%
and

5
e
T
ac e?> ^oc. JBoy. Soc., 1903, 72, 7.8 Heiffer and Lehnardt, er., 1903, 36 1054

* Pfeiffer and Lehnardt, loo. <* 5 Pope* and Peachey, foe.A
?!L

and^^ <& #**, 1903, 87, 253.
Pfeiffer and Heller, Ber., 1904, 37, 4618.

7
Pfeiffer and Lehnardt, kc. efc

8
Druce, Trans. Chem. Soc., 1921, 119, 700.
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copper; also basic salts of silver, zinc, mercury, cobalt, nickel, manganese,
and strontium. Solution of the acid in concentrated hydrochloric acid

gives a stannic acid, H 2SnEtCl 5 , which forms colourless prisms, decom-

posed by water, and yields a potassium and aniline salt. Tin diethyl
oxide is formed by boiling the acid with 10 per cent, sodium hydroxide,

Tin ethyl tribromide occurs as colourless, feathery crystals,
which become brown on heating, but do not melt at 310 C. It is soluble

in water, but the solution soon" becomes turbid, owing to the formation
of ethyl stannonic acid.

Propyl stannonic acid x is obtained by shaking ethyl bromide with
an alkaline solution of potassium hydrogen stannitc in the presence of

alcohol for fourteen days. It is a white powder which yields propane,

propyl alcohol, propylene, water, and tin oxides when heated in the

absence of air. The acid forms sodium, potassium, and basic calcium
and barium salts. Tin propyl tribromide and trichloride are prepared
from it in the usual manner, and boiling with 10 per cent, alkali con-

verts them to the dipropyl oxide.

Isopropyl stannonic acid 2 is a white, amorphous substance,

giving isopropyl alcohol, propylene, and a trace of propane when heated

in the absence of air. It is insoluble in water or organic solvents, but
dissolves in dilute mineral acids and alkalies. The sodium and potas-
sium salts have been obtained, and the oxide is formed in the usual way,

Tin isopropyl tribromide forms deliquescent, pale yellow, pris-
matic tablets, melting about 112 C. Its aqueous solution is strongly
acid. With pyridine hydrobromidc it forms the cample, C3H7.SnBr3 .

2C 5H 5N,2I IBr, which is unchanged at 300 C.

Tin isopropyl trichloride. This compound has not been isolated

iu the free state, but only as a complex compound with pyridine hydro-
ohloride, analogous to the one from the above bromide.

Alkyl Derivatives of the Types R 2Sn and R 3Sn.

Free tin dimethyl,
3
(MegSn)^ This has been prepared in two

w&ys: (1) A liquid ammonia solution of tin dimethyl dibromide is

treated with two atoms of sodium, thus removing the halogen. (2) An
ammonia solution of disodium dimethyl stannane is treated with one

molecular equivalent of tin dimethyl dibromide. In both cases the

group Mc 2Sn is precipitated as a yellow solid, insoluble in organic or

inorganic solvents and readily oxidising. The substance from prepara-
tion (2) is very sensitive to oxygen, even exploding at low pressures.

Tin diethyl
4 has been prepared in a variety of ways: (1) By the

action of ethyl iodide on an amalgam containing 1 part of sodium to

6 parts of tin, (2) By reduction of tin diethyl chloride by zinc. (8) The

following preparation is due to Pfeiffer: 5 One gram of tin diethyl

chloride and 20 grams of 4 per cent, sodium amalgam in ethereal solu-

tion are heated for a day on the water-bath in an, atmosphere ofhydrogen.
The product is quickly filtered and dried in a vacuum desiccator.

1
Druoe, Cfam. New, 1923, 127, 306.

*
Drace, Trans. Ghem, 8oc., 1922, MX, 1859.

8 Kraus and Greet, /. Amer, Ohem. 8oc., 1925, 47, 2568.
*
Lflwig, Awakn, 1852, 84, 309, 313 ; EraaHand, AnnaUn, 1853, 85, 338 ; Buckton,

Annalen, 1859, 112, 220.
*
Heiffer, J&r,, 1911, 44- 1269.
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Pfeiffer claims that tin diethyl may also be prepared by the interaction

of ethyl bromide, sodium amalgam, and stannous chloride in an atmo-

sphere of hydrogen. Tin diethyl is obtained as an oil, which gives a

clear solution in benzene, ether, or ligroin. When distilled at 25 mm. it

forms metallic tin and a brown mass. It instantly reduces silver nitrate

to metallic silver. Air oxidises it to tin diethyl oxide, and halogens add

on directly forming the corresponding dihalides. Ethyl iodide yields

tin triethyl iodide. The density of tin diethyl is 1-558 at 1 5 C.

Tin trimethyl.
1 Tin trimethyl bromide is dissolved in

^
liquid

ammonia and treated with sodium, when the tin trimethyl is precipitated.

It melts at 23 C., and boils at 85 to 88 C. at 45 mm. or 182 C. at

756 mm., and has a density of 1-570 at 25 C. With sodium in liquid

ammonia it yields sodium trimethyl stannide. It is oxidised in air to

an insoluble product, and combines with sulphur in benzene solution to

form tin trimethyl sulphide. With halogens, tin trimethyl forms the

corresponding halides, the chloride being also formed by the action of

calcium or mercuric chloride on ethereal solutions of the compound.
Tin trimethyl halides react with sodium trimethyl stannide to form tin

trimethyl. The latter, with p-dichlorobenzene and a little ether in liquid

ammonia, gives C 6H 4(SnMe3 ) 2, M.pt. 128 to 124 C., the benzene solu-

tion of which gives tin trimethyl iodide and p-di-iodobenzene when

treated with iodine, whilst sym-dichloroethane forms tin trimethyl and

sodium chloride. Tin triethyl iodide gives SnMes.SnEt3 , B.pt. 235 C.

at 748 mm. Its density at 20 C. is 1431.

Alkyl Derivatives of the Type R3Sn.SnR3 .

Hexaethyl-distannane. This compound until 1017 was the only
one of its type, and was prepared in the following manner: (1) Tin

triethyl iodide heated with sodium. 2
(2) By heating ethyl iodide with 20

per cent, tin amalgam.
3 Molecular weight determinations were carried

out by Ladeuburg and Rugheimer.
4 It has more recently been pre-

pared
5
by heating 5 grams of sodium powder, 59-2 grams of tin triethyl

bromide, and 50 c.c. of dry ether in a sealed tube at about 120 C.,

with shaking, for ten hours. Yield 90 per cent. The formation of

tin tetraethyl and other by-products was not noticed. The compound
is a fuming liquid, B.pt. 265 to 270 C. ; 146 to 148 C. at 14 mm. ; 155

to 157 C. at 19 mm. ; density 1-4115 at C. It is insoluble in water

and dilute alcohol, and when added to alcoholic silver nitrate, silver is

precipitated. Stannic chloride yields tin triethyl chloride, and chlorine

tin diethyl chloride. Tin triethyl iodide may be obtained from it, either

by the action of iodine or by heating with ethyl iodide at about 220 C.

More recently
6 hexamethyl-distannane has been obtained in 84 per

cent, yield by the interaction of tin trimethyl bromide and metallic

sodium in liquid ammonia. By a similar process trimethyltriethyl-
distannane is obtained as a liquid at ordinary temperatures. The

following compounds have been prepared in a similar manner, the

1 Kraus and Sessions, J. Avner. Chem. Soc., 1925, 47, 2361.
2
Ladenburg, Annakn Suppl, 1872, 8, 65.

*
Cahours, Annakn, 1860, 114, 251, 255.

4
Ladenburg and Rugheimer, Annakn, 1909, 364, 51.

6
Griittner, Ber., 1917, 50, 1808.

6 Kraus and Billiard, J. Amer. Chem. Soc., 1926, 48, 2132.
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yields being as shown: hexa-n-propyl-distannane (88 per cent.),
hexa-isobutyl-distannane (93 per cent.), sym. tetraethyl-di-n-
propyl-distannane (88 per cent.), sym. tetraethyl-di-isobutyl-
distannane (92 per cent.).

The general properties of the compounds may be expressed in the

following manner : The hexa-alkyl distannanes are colourless, strongly
refracting, and colour-dispersing liquids, only the isobutyl compound
(M.pt. 43-8 C.) is solid at the ordinary temperature. They have a

penetrating and unpleasant smell, differing distinctly from the tin

trialkyl halidcs. In absolute alcohol they are very slightly soluble, as

are the tin tetra-alkyls, but are miscible with organic solvents. In spite
of their high boiling-points, they are volatile unchanged under reduced

pressure, and on the whole at high temperatures they are just as stable

as the tin tetra-alkyls, but in contact with the air they are slowly oxi-

dised to tin trialkyl oxides, in contrast to the tin tetra-alkyls. Treated
with halogens in the cold they yield tin trialkyl halides, and also with
mercuric chloride or bromide, the latter compounds being reduced to the

metal. Anhydrous bismuth bromide splits off an alkyl group. Heated
with methyl iodide at 180 C., the stannanes are converted into 1 mol.

of tin trialkyl methyl and 1 mol. of tin trialkyl iodide. The grouping
: Sn.Sn : , besides accounting for the strong optical properties of the

compounds, no doubt increases their stability at high temperatures
and decreases their stability towards oxidising agents.

Some physical constants of the compounds are shown in Table XVII.
of the Appendix,

Disodium tetramethyl-distannane, NaSnMeg.SnMegNa.
3 When

metallic sodium is added to tin dimethyl dibromide in liquid ammonia,
immediate reaction occurs. If one atom of sodium is added for each

atom of bromine in the compound the following reaction takes place:

Me2SnBr2+2Na==Me 2Sn +2NaBr

The tin dimethyl, which is polymerised, appears as a yellow precipitate.

If, however, the addition of sodium is continued, the following change
occurs :

2Me2Su+2NaNaSnMea.SnMe ft
Na

The latter compound gives a red solution in liquid ammonia, and with

methyl iodide decomposition occurs in the following manner :

NaMctSn.SnMetNa+2MeI=Me8Sn.SnMe3+2NaI

Disodium dimethyl-stannane,Na2SnMe2 . The above compound
in liquid ammonia with metallic sodium decomposes according to the

equation :

NaMe2Sn.SnMe2Na+2Na=2Na2SnMe2

This disodium salt gives an intensely red solution in liquid ammonia,
which is opaque at high concentrations. With methyl iodide it gives tin

tetramethyl,
Na2SnMe2+2MeI=SnMe4

Disodium hexamethyl-tristannane, NaSnMe2.SnMe 2.SnMe2Na

1 Kraus and Greer, J. Amer. Ghem. Soc., 1926, 47, 2568.
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This product is formed by the action of tin dimethyl dibromidc on a
solution of disodium dimethyl stannane. The compound is readily
soluble, and chemically very active. With ethyl bromide the two
sodium atoms are replaced by ethyl groups, forming EtSnMe a.SnMe 2 .

SnMe2Et. This substance is not stable in air, oxidation slowly taking
place. It may be distilled under reduced pressures at a temperature
of from 80 to 100 C., but some decomposition occurs.

Dodecamethylpentastannane, Me3Sn.SnMe 2.SnMe 2.SnMe 2.SnMea,

is isolated when disodium hexamethyl tristannane is treated with tin

trimethyl bromide.

Dimethylmethylene stannane, Me 2Sn=CH 2 , is prepared by
treating disodium dimethyl stannane with methyleue chloride. It is

a liquid at ordinary temperatures, but oxidises slowly in air and is

reactive with halogens. Its properties change with time,, pointing to

polymerisation taking place.

Aryl Derivatives of the Type R4Sn.

Tin tetraphenyl, Sn(C 6H B ) 4 . This compound has been prepared
by three methods : (1) By heating together 500 grams of tin amalgam
(25 per cent. Na : 75 per cent. Sn), 600 grams of bromobenzene, and 25

grams of ethyl acetate in an oil-bath. 1 The reaction commences at
about 70 C. and is completed by heating the mixture for thirty hours at
the boiling-point, a thick brown mass separating out. The latter is

boiled with benzene, the solution on cooling giving 100 grams of crude
tin tetraphenyl. (2) An easier method of preparation is by use of the

Grignard reagent, as follows :
2 To 20 grams of bromobcir/eue and

3 grams of magnesium dissolved in dry ether, 5 grams of stannic chloride
are added drop by drop at room temperature. The mixture is then
refiuxed for two hours, allowed to stand for a day, decomposed with
dilute hydrochloric acid, filtered, and dried. The residue is boiled with
pyridine, the cool solution depositing needles of tin tetraphenyl. Yield
of pure product, 57 per cent. (8) Zinc diphenyl method.3

Magnesium
phenyl bromide is treated with anhydrous zinc chloride in ether sus-

pension in an atmosphere of nitrogen. After completion of the reaction,
toluene is added and the ether distilled off. To the cooled solution, an
equivalent amount of stannic chloride in toluene solution is added and
the mixture boiled for one hour. The mass is treated with dilute

hydrochloric acid and the solution filtered, the residue being extracted
with benzene and added to the toluene layer of the filtrate. The
mixture is concentrated and cooled, ^hen a 91 per cent, yield of product
is obtained, M.pt, 224 to 225 C.

It is easily soluble in hot benzene, pyridine, glacial acetic acid, chloro-
form, or carbon bisulphide, with difficulty in alcohol or ether, and in-
soluble in light petroleum. The melting-point is given by various
investigators, and ranges between 220 to 226 C. When heated in air,
tin oxide results, and the halogens react according to the equation :

Sn(C6H5 ) 4+2Hal2=Sn(C6H6),Hal2+2C6H6Hal

1
Polls, Ber., 1889, 22, 2915.

2
Pfeiffer and Sohnurmann, Ber., 1904, 37, 319.

8 Chambers and Scherer, J, Amer. Chem. oc., 1926, 48, 1054.
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When boiled with thallic chloride in xylene solution, the reaction is

more complicated, and is best represented as follows :
1

(1) 3Sn(C 6II 5 ) 4 +2TlCI 8 ==2Tl(C eH 5 ) 2Cl+2Sxi(C^I 5)3Cl+Sn(C eH5 ) aCl 2

(2) Sn(C GIl 5 ) 2CL2 +II aO-Su(C 6H 5 ) 2(OH)Cl+HCl

The following reaction takes place quantitatively with stannic
chloride :

2

Su(C 6H 5 ) 4+SnCl 4 =2Sn(C 6H 6 ) 8Cl 2

The substance is isomorphous with the tetraphenyls of lead and silicon,
and crystallises in prisms belonging to the tetragonal system,

a : c=l : 0-3893 ; 111: 110=70 35'

Tin tetra-o-tolyl
3
is prepared by adding 50 grams of stannic chloride

in 200 c.c. of ether, drop by drop, to the Grignard solution from 220

grams of o-bromotolucne in COO c.c. of ether. The whole is boiled for

twelve hours under reilux, decomposed with water and ammonium
chloride, the ethereal solution being separated off. The product remain-

ing in suspension is recovered by washing the residue with alcohol, and

rdluxing it with benzene. The crude product is steam-distilled, to

remove o-bromotolueuc and cli-o-tolyl, and recrystallised from 400 c.c.

of ether. Yield 35 per cent. The product consists of a snow-white

powder, fairly soluble in benzene, less so in ether, and insoluble in

alcohol. It crystallises from ether in tufts of very fine needles, M.pt.
158 to 159 C.

Tin tetra-m-tolyL
4 The preparation is similar to the preceding

one, but the yield is only 20 per cent. It crystallises in colourless,

glistening needles from absolute alcohol, M.pt. 1285 C., easily soluble

in cold benzene, boiling ether, or boiling alcohol, with difficulty in cold

ether or alcohol.

Tin tetra-m-xylyl, (Me 2C 6H5 ) 4Sn, is obtained by treating the

Grignard solution from 329 grams of l-bromo-2 : 4-xylene in 800 c.c. of

ether, with 80 grams of stannic chloride. The yield is only 15 grams or

7-2 per cent. It crystallises from benzene on the addition of ether in

doubly refracting needles, a millimetre long, M.pt. 224 C. (corr.).

Heated in a sealed tube, the molten substance becomes yellow at 287 C.,

and decomposes about 300 C,

Tin tetra-p-xylyl crystallises from benzene in quadratic columns

or cubes, M.pt. 278 C. (corr.), becoming yellow at 342 C., darker at

347 C., and decomposing at 360 C. Yield 50 per cent.

Tin tetra-cyclohexyL
5- -

Cyclohexyl bromide, 192 c,c. (250 grams),
or 182 c.c. (182 grams) of cyclohexyl chloride, are converted into the

magnesium compound, the mixture being heated for two hours to

complete the reaction. The ethereal solution is then poured oft and

mixed with 300 c.c. of pure, dry benzene. To the mixture, with ice

cooling and mechanical stirring, 75 grams of stannic chloride in 200 c.c.

of dry benzene are slowly added dropwise. The reaction is violent and

completed by three hours' boiling. The mass is decomposed by ice-

1 Goddard and Goddard, Tramt. Ohem. Soc., 1922, 121, 256.
2 Goddard, Ashley, and Evans, Trans. Ohem. Soc., 1922, 121, 978.
3 Krause and Sohmite, Ber,, 1919, 52, [B], 2150.
4 Krause and E. Becker, Ber., 1920, 53, [B], 184.

Griittner. Ber.* 1914. -1*7. 3257 : Krause and Pohland, ibid., 1924, 57, [B], 535.
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water and treated with 5 per cent, hydrochloric acid to dissolve the basic

magnesium salts. The benzene-ether layer is separated, washed, dried,

and evaporated to about 35 c.c. bulk. Crystals separate on cooling, and

are recrystallised from benzene by the addition of alcohol. This crude

product is changed to the monobromide, and the latter treated with

cyclohexyl magnesium bromide, when pure tin tetra -
cyclohexyl is

obtained. It crystallises from benzene in small, colourless, quadratic

plates, resembling the corresponding lead compound. The pure com-

pound sinters at 263 to 264 C., at 290 C. a yellowish cloudiness appears,
and at 307 C. the product suddenly becomes dark gray and tin separates
out* When pure it is odourless, air-stable, very soluble in hot bcn/.ene,

moderately soluble in warm ether, and sparingly in hot alcohol By
the action of bromine in carbon disulphide solution, tin di-cyclohexyl

dibromide is formed, and iodine gives the corresponding di-iodide, but

stannic chloride only removes one cyclohexyl group, giving tin tri-

cyclohexyl chloride.

Tin tetrabenzyl
x is obtained by treating 1 mol. of stannic chlor-

ide in ether, in the presence of 4 atoms of magnesium, with an ethereal

solution of 4 mols. of benzyl chloride. After completion of the

reaction the ether is distilled off, and the residue heated at 100 C. for

two to three hours. On cooling, the mixture is decomposed by water,

steam-distilled, and filtered, the dry residue being crystallised from light

petroleum. The compound forms colourless, well-defined prisms,

M.pt. 42 to 43 C., which are readily soluble in most organic solvents.

It is oxidised in the atmosphere at ordinary temperatures, forming

benzaldehyde, this often being noticed with benzyl compounds of tin.

Tin tetra-a-thienyl,
2

(C 4H 3S) 4Sn. A suspension of stannic

chloride in ether is slowly added to the Grignard solution from a-iodo-

thiophene and magnesium in dry ether, and the reaction is completed by
boiling for one hour on the water-bath. On working up in the usual

manner, tin tetra-2-thienyl is obtained in needles or prisms, M.pt, 156 C.

(corr.), fairly soluble in benzene, hot ether, and hot alcohol, sparingly
soluble in cold ether, and insoluble in cold alcohol. The alcoholic

solution when boiled with silver nitrate remains unchanged.

Aryl Derivatives of the Types Ar3SnAr' and Ar3SnAlk.

The compounds are prepared in a similar manner to the correspond-
ing derivatives of lead, the starting-point being tin triphenyl chloride,
but the yields in this case are practically quantitative.

3

Tin-triphenyl p-tolyl crystallises from ether in fine rosettes of

needles, M.pt. 124 C., and from hot alcohol in tufts resembling glass
wool. It is also soluble in benzene and chloroform.

Tin triphenyl p-xylyl crystallises from hot alcohol in colourless,

oblong, hexagonal plates, M.pt. 100-5 C. The solubility of the body is

similar to that of the above tolyl compound.
Tin triphenyl a-naphthyl crystallises from alcohol in colourless,

refractive prisms, M.pt, 125 C.

Tin triphenyl cyclohexyl is obtained from tin triphenyl chloride and
an excess of magnesium cyclohexyl bromide. It forms bushy, colourless

1 Smith and Kipping, Trans. Ohem. Soc., 1912, 101, 2553.
2 Krause and Eenwanz, Ber., 1927, 60, [B], 1582.
3 Krause and Schmitz, Ber., 1919, 52, [B], 2150.
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needles, M.pt. 131 to 132 C., easily soluble in benzene or ether, spar-
ingly in alcohol. An iodine solution in benzene shows very little

reaction in the cold, but at 60 to 70 C, slowly produces a pale yellow
oil which crystallises from alcohol in plates, M.pt. 45 C., and no tin

triphenyl iodide is produced.
Tin tricyclohexyl phenyl is obtained from tin tricyclohexyl

bromide, and recrystallised from benzene-alcohol mixture. It crystal-
lises in snow-white, microscopic, fern-like ramifications of crystals, M.pt.
191 to 192 C., easily soluble in benzene or chloroform, sparingly in hot

alcohol, and insoluble in cold.

Tin tricyclohexyl p-tolyl, melting at 111 C., is a pure white,

granular powder, crystallising from hot alcohol in prismatic rods.

Tin triphenyl methyl *
crystallises from ethereal solution on con-

centration in colourless tetrahedra, melting at 60 C. to a clear, colour-

less liquid. From this melt it crystallises in large, glittering rhomboids,

readily soluble in benzene, chloroform, or ether, sparingly in cold 95

per cent alcohol Its density at 63-85 C. is 1-3113 ; nHa 1-60001,

m> 1-60661, nH 3 1-62351, n 1-63831, at 63-85 C. From these data
the following are calculated :

SRiIa 26-09, SRi> 26-32, SA^ a 1-328, SA^* 0-819

MKn 95-21, MR n 96-06, MA,.,, 4-85, MA^ 2-990

Subtracting the value of the atomic refractions of carbon and hydro-
gen, the following values are obtained for the atomic refraction and
atomic dispersion of tin in the compound :

ARjia 14-53, AKn 14-72, AA7
- U 1-440, AA^ a 0-870

Tin triphenyl ethyl crystallises from alcohol in centric groups of

snow-white, highly refractive prisms, and from the molten crystals in

large transparent plates, M.pt. 56 C. This and the preceding compound
give a thick precipitate of a double compound of silver phenyl and silver

nitrate with silver nitrate, which becomes black on warming. The

density at 62 C. is 1-2953; nn 1-59917, m> 1-60542, nH 1-62236 at 62.
From these figures :

26-38, SRj> 26-61, SA^a 0-820, MRHa 99-96,

MR]> 100-81, MA^ 3-107

which give for tin in this compound,

ARHrt 14-69, ARD 14-86, AAA_a 0-917

Tin tricyclohexyl methyl occurs as a colourless, glycerine-like

oil, li.pt. 221 C. at 15 mm. in a current of nitrogen, and forms a glassy
mass when cooled to 75 C. It is miscible with benzene or ether in all

proportions, insoluble in alcohol or water. Its density at 21-2 C. is

1-1945 ; mia 1-58379, nD 1-53731, nH 1-54628, UK? 1-55384, at 21-2.

Hence

MRna 99-632, MRj> 100-180, MAY_a 3*098, MA^-* 1-986

1 This compound has more recently been prepared according to the following equation,

the reaction being conducted in liquid ammonia; NaSn(06H5)8+OH8I=OH8Sn(OeH5)8

+NaI (Bullard and Bobinson, J. Amer. Ohem. 8oc., 1927, 49, 1368).
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The atomic refraction and dispersion of tin in the compound is

14-461, ARD 14-642, AA,_ ft 1-018, AA^a 0-643

Tin tricyclohexyl ethyl is a very viscous oil, B.pt. 227 to 228 C.

at 15 mm., with partial decomposition. Its density at 23-2 C. is 1-1766 ;

nHa 1*53453, np 1-58797, nHjs 1-54700, nH7 1-55459, at 20-2 C. These

figures are for the distilled preparation, and a similar series is given
for the non-distilled preparation. The figures for the atomic refraction

and dispersion for tin in the compound are

ARHa 14-477, AR/D 14-664, AAY_ a 1-014, AA^* 0-652.

Tin tribenzyl ethyl is formed by the interaction of tin tribenzyl
chloride and magnesium ethyl bromide, the yield being almost theoretical.

The product crystallises from alcohol-petroleum in colourless tablets,

M.pt. 31 to 32 C., which .are easily soluble in ether, benzene, or chloro-

form, less so in alcohol, and sparingly in light petroleum,

Aryl Derivatives of the Types Alk.Alk'.SnAr2, Alk.Alk^.SnAr,
Alk 2SnAr2,

and Alk3SnAr.

Tin ethyl propyl dibenzyL 1 When tin ethyl tribenzyl in carbon
tetrachloride solution is treated with 1 mol. of iodine, the following
reaction takes place :

Sn(C 2H 5)(CH2.C6H 5 ) 3+I 2 ==Sn(C 2H 5)(CH 2
C 6H 5 ) 2I+C iI 6CH 2I

The tin ethyl dibenzyl iodide thus obtained is then treated with mag-
nesium propyl bromide, the ether distilled off, and the residue heated at
140 C. for one hour. After cooling, the mass is treated with water,
and the oil thus formed dissolved in ether, the latter separated off,

washed, and dried. On
, distillation, 70 per cent, of the oil distils at

220 to 225 C. at 15 mm., and is pure tin ethyl propyl dibenzyL It
does not solidify at C., and is oxidised in the air at ordinary temper-
atures, whilst heating it under atmospheric pressure causes decomposi-
tion, with the separation of metallic tin. It is miscible with all the
usual solvents. For the action of sulphuric acid on this compound, sec
tin diethyl dibenzyl.

Tin ethyl butyl dibenzyl.
2 Tin ethyl dibenzyl iodide is treated

with an excess of magnesium w-butyl bromide in ethereal solution, the
ether distilled off, and the residue heated for one to two hours at 140 C.
Distillation of the residue gives the required compound, boiling at 207
to 209 C. at 9 mm., or 175 to 180 C. at 3 to 5 mm. It is fairly soluble
in benzene, less soluble in acetone and ether.

Tin ethyl dibutyl benzyl occurs as a by-product in the above
preparation. It is a colourless liquid, B.pt. 175 to 180 C. at 9 mm., or
118 to 122 C. at 2-5 to 3 mm.

Tin dimethyl diphenyl.
8 This is formed by treating disodium

diphenyl stannide with methyl iodide in liquid ammonia. The yield is
about 84 per cent.

Tin diethyl dibenzyl. The product obtained from the interaction
1 Smith and Kipping, Trans. Ghem. Soc., 1912, 101, 2553.
2
Law, J. Chem. Soc., 1926, p. 3243.

8 Billiard and Robinson, /. Amer. Ghem. Soc., 1927, 49, 1368.
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of tin dibenzyl chloride and magnesium ethyl bromide is an oil, which
on distillation gives a fraction at 223 to 224 C. at 20 mm., correspond-
ing to the desired compound. This oil, which is slightly decomposed on
distillation, is heavier than water, does not solidify at ordinary temper-
atures, and is miscible with the usual organic solvents. On heating in
air it rapidly decomposes with the separation of metallic tin, and
oxidation by the air produces benzaldehyde.

When tin ethyl propyl dibenzyl or tin diethyl dibenzyl are treated
with sulphuric acid or chlorsulphonic acid, no sulphonic acids can be
obtained.

Tin trimethyl benzyl is prepared from sodium trimethyl stannide
and benzyl chloride in liquid ammonia, according to the equation :

Me3SnNa+C7H7C1=Me3SnC7H7 +NaCl
It decomposes when heated to 215 C. 1

Tin trimethyl phenyl.
2 Sodium trimethylstamiide when treated

ttith hromobcnzcne in liquid ammonia yields tin trimethyl phenyl,
B.pt. 203 to 208 C., but the main product of reaction is tri (trimethyl-

stannyl)-amine. This is formed according to the equation :

3NaSn(CH3),+3CeH5Bp+NH3[Sn(CH a)J,N+8C 6He+8NaBr

Tin trimethyl phenyl may also be prepared by the action of magnesium
phenyl bromide on tin trimethyl bromide in benzene-ether solution.

The yield by this method is 35 per cent, and the product distils at 203
to 208 C. It is a colourless oil, having a pleasant odour, and is con-

verted by bromine to tin trimethyl bromide.

Tin triethyl phenyl 3 is obtained as an oil, B.pt. 254 C., from the

reaction mixture derived from heating together tin triethyl iodide

(1 mol), bromobcnzene (1 moL), and metallic sodium. It forms

a colourless liquid, which has to be distilled in hydrogen, since it is

partially oxidised in the air, has a fairly pleasant odour, burns with

a sooty flame, depositing metallic tin. It is highly refractive, and has

a density 1-2039 at C., is easily soluble in alcohol and ether, but

insoluble in water. With alcoholic silver nitrate, iodine, fuming hydro-
chloric acid, and stannic chloride, the following reactions take place :

Sn(C 2H5 ) 3I+C 6H 5I

Sn(C 2H 5 )3(C6H 5)+HCl -Sn(C 2H 5 ) 3Cl+C 6H6

Sn(C 2H6 )3(C6H 5)+SnCl4 =Sn(C 2H6 ) 2Cl2+Sn(C 2H5)(C 6H 5 )Cl 2

Aryl Derivatives of the Type R3SnX.

General Method of Preparation of Tin Triphenyl Halides.* Tin

tetraphenyl (85-4 grams) is dissolved in 700 grams of hot pyridine with

mechanical stirring and the solution rapidly cooled in ice, so that a very

fine suspension of the compound is produced. At a temperature of

48 C,, 32 grams of bromine in 150 grams of pyridine are added in 6

1 Kraus and Bullard, J. Amer. Ohem. Soc^ 1926, 48, 2135.
2 Bullard and Robinson, loc. cit.

9
Ladembuxg, Annakn, 1871, 159, 25).,

* Krause, Ber., 1918, 51, 913,

VOL, 3Ci. ; I,
21
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portions, with rapid stirring, and a clear yellow solution is obtained.

The pyridine is distilled off and the bromobeiv/cne removed in racuo,

leaving a thick, brown residue which is dissolved in ether, treated with

hydrochloric acid to remove traces of pyridine. and any unchanged tin

tetraphenyl filtered oft. By shaking the ethereal solution with 80 per

cent, sodium hydroxide, the halide is changed to the hydroxide, from

which the halides may be obtained by the action of halogen acids.

Yields 90 to 95 per cent.

Tin triphenyl chloride. This has also been obtained by three

other methods : (1) Tin diphenyl diehloride is treated with sodium

amalgam in ether solution, or with ammonia. 1
(2) When an acetic

acid solution of tin diphenyl diehloride is treated with sodium nitrite,

85 per cent, of the tin compound is converted to tin triphenyl chloride,

nitrosobenzene also being formed. 2
(3) It occurs amongst other pro-

- - *
It

partly octahedral and partly prismati
and is soluble in all the usual solvents.

Tin triphenyl bromide has more recently been prepared
4
by

treating tin tetraphenyl in boiling chloroform with iodine, when tin

triphenyl iodide is produced. This is then changed to the hydroxide

by 30 per cent, sodium hydroxide, and the solution shaken with con-

centrated hydrobromic acid. Yield 50 per cent. This method obviates

the cooling in solid carbon dioxide adopted by Krause.5 It crystallises
in millimetre-long pyramids or octahedra, and from dilute solution in

fern-like masses. It melts at 120-5 C., and boils at 249 C. at 13-5 mm.
Tin triphenyl iodide forms large, four-sided, monoclinic prisms,

M.pt. 121 C., B.pt. 253 C. at 13-5 mm.
Tin triphenyl fluoride 6 occurs as fine, snow-white prisms, M.pt. 357

C., becoming brown at 345 C. It is sparingly soluble in cold alcohol, ether,
or water.

Tin tri-o-tolyl chloride crystallises from alcohol in thick, colour-
less prisms, M.pt. 99-5 C. The bromide forms compact, rhomhie plates,

M.pt. 99-5 C., and the iodide rhombic crystals, M.pt. 119-5 C. The
solubilities of these three compounds are similar to the corresponding
para compounds.

Tin tri-p-tolyl chloride forms rhombic plates, M.pt. 97-5 C. f

from hot alcohol. It is easily soluble in benzene or ether, sparingly in
absolute alcohol. The bromide crystallises in colourless rhomboids,
M.pt. 98-5 C., and has a similar solubility to the chloride. The iodide

crystallises in a like form to the bromide a'nd melts at 120-5 C., and has
also a solubility similar to the chloride. The fluoride forms hair-fine

needles, melting in a sealed tube at 305 C. to a brown liquid. It is

readily soluble in alcohol, but insoluble in ether.
Tin tri-m-xylyl fluoride is deposited as fine, matted needles from

hot benzene, M.pt. 209 C., somewhat soluble in warm ether and alcohol.
The other halides have not been obtained in a crystalline form.

Tin tri-p-xylyl fluoride forms fine, microscopic needles, melting
1
Aronheim, Annalen, 1878, 194, 145.

2
Aronheim, er., 1879, 12, 509.

8 Goddard and Goddard, Trans. Chem. Soc., 19225, 121, 25&4 Chambers and Soberer, /. Amer. Chem. 8oc., 1026. 48, 1054.
*
Kranse, Ber., 1918, 51, 913.

* *

Krause and R. Becker, en, 1920, S3, [BJ, 183,
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in a closed tube at 247 C. (eorr.). It is somewhat soluble in boiling
ether and boiling alcohol. The chloride crystallises from hot alcohol in

compact columns, M.pt. 141'5 C., very easily soluble in benzene or

chloroform, readily in boiling ether, sparingly in hot alcohol, insoluble in

cold alcohol. The bromide forms compact, six-sided crystals, M.pt.
151 C. (eorr.), and is more soluble than the chloride. The iodide yields

colourless, clear, six-sided plates from ether-alcohol, M.pt. 159-5 C.

(eorr. ),
less soluble than the chloride.

Tin tricyclohexyl fluoride l
is obtained by treating the base with

dilute hydrofluoric acid, or the bromide with neutral potassium fluoride,

in boiling aqueous alcoholic solution. It is sparingly soluble in all the

usual solvents. When heated with acetic acid it is converted into the

acetate, six-sided prisms, decomposing at 305 C. The chloride crystallises

in prismatic plates, M.pt. 120 to 130 C., decomposing at about 286 C.,

and having a similar solubility to the bromide. With dry ammonia it

forms (CelijiJaSnCLaNIIj,, M.pt. 128 C. The bromide is obtained by
adding the requisite quantity of bromine to ice-cooled tin tetracyclo-

liexyK and removing the cyclohcxyl bromide which is formed by heating
on a boiling water-bath at 15 mm. The crude product is triturated with

a little cold 0*4 per cent, alcohol and recrystalliscd from a little hot

alcohol. It melts at 77 CM and decomposes at about 280 C. It

crystallises in thick prisms, a centimetre in length, very easily soluble in

benzene, chloroform, or ether, easily in hot alcohol The iodide is pre-

pared from the tetracyclohexyl compound by the action of iodine in

benzene solution at room temperature. It crystallises from alcohol in

colourless, six-sided plates, M.pt. 65 C., decomposing at about 200 C.

In the dark the compound remains colourless, but becomes yellow on

exposure to light.

The hydromde is formed from the bromide by shaking its ethereal

solution with an excess of 15 per cent, potassium hydroxide. From
alcohol it forms six-sided columns which melt rather indefinitely at

220 to 222 C.
'

Tin tribenzyl chloride.2 The first preparation of this compound
was made by adding stannic chloride (I rnol.) to ice-cold magnesium

benzyl chloride (3 mols.) in dry ether, but the yield was poor. In

Kipping's method the stannic chloride and magnesium are mixed in dry

ether, prior to the addition of the benzyl chloride, this method giving

a 60 per cent, yield. The crude product is recrystallised from acetone,

and then from glacial acetic acid, until the melting-point is constant.

It forms well-defined prisms, M.pt. 143 to 145 C., readily soluble in

acetone, benzene, or chloroform, less so in ether or alcohol, and insoluble

in water. With 1 niol. of iodine it reacts as follows :

2Sn(CII2C 6H 5 ) 3Cl+2l2=Sn(Cn 2C 6H 6 ) 2Cl 2+Sn(CH 2C 6H 6 )2I2+2C 6H5CH2I

Aryl Derivatives of the Types R 2SnX2 and R2SnXX'.

Tin diphenyl dichloride, Sn(C6H5 ) 2Cl^~Formed: (1) By the in-

teraction of tin tetraphenyl (1 mol.) and stannic chloride (1 mol.) in boil-

i Krause and Pohland, &>*., 1924, 57, fBJ, 535.
u

* tteiffer and Solmurmann, B&r., 1904, 37. 319; Smith and Kipping, Trans. Chem.

Sot, 1912, lox, 2553.
* Aronheim, Anwten> 1878, 194, 145-
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ing xylene. (2) Mercury diphenyl is mixed with an equal weight of

stannic chloride, the mixture covered with light petroleum, and digested
in a paraffin-bath for twelve hours. The whole is then poured into

water, the petroleum drawn off, and the aqueous solution heated from
85 to 90 C. on the water-bath. An oil separates out, and this on

standing solidifies to a mass of white crystals of tin diphenyl dichloride.

(3) By the interaction of tin tetraphenyl and thallic chloride. 1 The

compound forms colourless, triclinic prisms, M.pt. 42 C., B.pt. 333 to

337 C., with partial decomposition. It is easily soluble in ether,

alcohol, or petroleum, sparingly soluble in water, but tends to decompose
in the latter. With strong acids it yields stannic chloride and benzene.

If the aqueous solution from which the above tin diphenyl dichloride is

obtained is heated for a long period, tin diphenyl hydroxychloride and
tin diphenyl oxide are formed. They may be converted to the dichloride

by treatment with hydrochloric acid. For the difluoride, see p. 326.

Tin diphenyl hydroxychloride. As indicated above, this product
is obtained by the action of water on the dichloride. It melts at 1 87 C.,

and at higher temperatures develops an odour of diphenyl, gives the

dichloride on warming with concentrated hydrochloric acid, and forms

acid and basic salts of the type SnPh 2ClX, these readily being produced
by the action of hydrogen chloride, bromide^or iodide. The hydroxy-
chloride is an amorphous powder, which is insoluble in the usual organic
solvents.

Tin diphenyl chloro -iodide,2
Sn{C 6Ns ) 2ClL The best yield is

obtained by treating the chloride with hydrogen iodide :

Sn(C 6H 6 ) 2Cl 2+HI=HCl+Sn(C 6H 5 ) 2CII

It crystallises from anhydrous ether in transparent prisms, M.pt. 09 C.,

water or heat rapidly decomposing the compound. The corresponding
chlorobromide, M.pt. 39 C., is easily soluble in alcohol, ether, carbon

bisulphide, or ligroin, but some difficulty is encountered in getting the

body to solidify.
Tin diphenyl dibromide. Formed by the action of hydrogen

bromide on
'

tin diphenyl oxide, the oil solidifying instantly on the
addition of a crystal of the chlorobromide. The compound has been
more recently prepared by the direct bromination of tin tetraphcnyl.

3

It resembles the chlorobromide in properties, and melts at 38 C. Tin
diphenyl di-iodide does not appear to be stable, the reaction taking the

following course :

1. Sn(C 6H 6 ) 20+2HI=Sn(C 6H 6 ) 2I 2+H3
2. Sn(C 6H 6 ) 2I 2+2HI=SnI 4+2C 6H 6

Tin diphenyl oxide.4 When the corresponding chloride or hydroxy-
chloride in aqueous solution is digested with alkalies, or alcoholic or

aqueous solutions of the chloride are treated with potassium or sodium
hydroxides, ammonia or ammonium carbonate, the oxide is precipitated
as a white powder, which resembles the hydroxychloride in solubility and
properties. It does not melt, and decomposes without fusion on heating.

Tin diphenyl diethoxide, Sn(C 6H 6 ) 2(OC 2H5 ) 2 . If sodium ethyl-

1
Goddard, Ashley, and Evans, Trans. Chem. Soc,, 1922, 121, 978.

2
Aronheim, Annalen, 1878, 194, 145.

8 Chambers and Scherer, J. Amer. Chem. Soc., 1926, 48, 1064.
4
Aronheim, loc. eft.



ORGANOMETALLTO DERIVATIVES OF TIN. 325

ate be treated with tin diphenyl dichloride a precipitate is immediately
thrown down. This consists of tin diphenyl oxide and sodium chloride,
and if it be filtered off, and the filtrate evaporated, small white crystals
of the ethoxide are deposited. These are best purified by repeated
solution in alcohol and evaporation over sulphuric acid. The reaction
is represented thus :

1. Sn(C 6H 5 ) 2Cl 2+2NaOC2H 5=2NaCl+Sn(C 6H 5 ) 2(OC 2H5 ) 2

2. Sn(C 6H 5 ) 2C] 2+2NaOC 2H 5-2NaCl+Sn(C 6H 5 ) 20+(C 2H 6 ) 2

Tin diphenyl aminochloride, Sn(C 6H 5 ) 2NH 2Cl, is formed as a

by-product in the preparation of tin triphenyl chloride from tin di-

phenyl chloride by the action of ammonia. When treated with water
it is decomposed into tin diphenyl hydroxychloride and ammonia.

Tin dibenzyl dichloride. 1 When tin tribenzyl chloride (1 mol.)
is dissolved in carbon tctrachloride, and iodine (1 mol.) added in small

quantities, the following reaction ensues :

2Sn(CH aCaH 5 ) 3Cl+2l 2==Sn(CH 2C 6H6 ) 2Cl 2+Sn(CH aC 6II6 ) 2I 2

+2C GH 5CH 2I

By suitable treatment this mixture is then converted to chloride,
which is easily soluble in alcohol, acetone, ether, chloroform, carbon

tetrachloride, or boiling acetic acid, sparingly soluble in hot, light petro-
leum. It forms long needles, M.pt. 163 to 1C4 C. Tin dibenzyl di-

iodide is more soluble in carbon tetrachloride than the corresponding
chloride, so that it can be obtained from the mother-liquors from which
the chloride has been deposited. It is also formed when tin dibenzyl
oxide is dissolved in hot acetone containing hydrogen iodide. The

compound crystallises in long, silky, yellow needles, M.pt. 86 to 87 C.

The dibromide is formed from the oxide in a similar manner to the iodide.

It is more soluble than the chloride, and crystallises in colourless

needles from light petroleum, M.pt. 103
Q
C.

Tin dibenzyl diacetate is deposited from the solution obtained by
dissolving tin dibenzyl oxide in glacial acetic acid. It forms long,
colourless needles, M.pt. 136 to 137 C., readily soluble in acetone,

chloroform, alcohol, or benzene.

Tin dicyclohexyl difluoride 2
is prepared from the dibromide or

dichloride by adding the calculated amount of neutral potassium fluoride

in aqueous alcoholic solution. It is a fine, white, crystalline powder,
difficultly soluble in all solvents with the exception of hot acetic acid,

from which it crystallises in bushy needles, M.pt. 278 C., with previous

sintering. The dichloride is obtained from the dihydroxide by long

warming with concentrated hydrochloric acid. It crystallises from

benzene in colourless needles, M.pt. 88 to 89 C., which sometimes are

a centimetre in length. When molten, it becomes turbid at about 220 C.,

and decomposes with rise of temperature. The dichloride, like the di-

bromide,' is hydrolysed by a large bulk of water. Prolonged boiling of

tin tetracyclohexyl in chloroform or carbon tetrachloride solution with

the calculated quantity of bromine yields the dibromide, which crystal-

lises in needles, M.pt. 58 C. It is very readily soluble in chloroform,

benzene, or carbon tetrachloride, sparingly in alcohol or ether.3 The

* Smith and Kipping, Trans. Chem. JSoc., 1912, 101, 2553.
8 Krause and Pohland, Ber., 1924, 57, [B], 535.
8 See Qxttttner, JBer., 1914, 47> 3257.
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di-iodide is a snow-white, crystalline powder, M.pt. 4.2 C. 1 Heated in

a sealed tube it gives u clear liquid at about 250 C., at 253 C
1

. it, becomes

cloudy and changes to dark red, and above :30()
a
C. becomes black. The

MhydroMde is formed by the hydrolysis of the dibromide, and a basic

bromide is not obtained. The dihydroxide is a white, amorphous powder,
insoluble in water and the usual organic solvents. It discolours towards

280 C., sinters at 287 C., and is completely decomposed at 201 C.

Anjl Derivative of the Type Alk,Ar.SnX 2 .

Tin ethyl phenyl dichloride,
2
Sn(C aH 6 )(C 6H 6 )Cl a , is prepared by

the action of stannic chloride on tin triethyl phenyl. It forms rhombic

plates, M.pt. 45 C., easily soluble in ammonia and alcohol, but with

difficulty in water or dilute hydrochloric acid.

Aryl Derivatives of the Type R 2Sn.
3

Tin diphenyl. To the Grignard solution from 75 grams of bromo-
benzene in 400 c.c. of ether, 15 grams of anhydrous, iinely powdered
stannous chloride are added, the mixture being shaken, ice-cooled, and

dry nitrogen gas passed in. The solution first becomes deep reddish-

brown, and as the reaction proceeds a golden yellow, amorphous powder
separates out. After one hour at room temperature the mixture is

gently warmed for ten minutes, all operations being conducted in a

nitrogen atmosphere. The product is then decomposed by ice, and
shaken with benzene, and the benzene-ether layer removed, dried, and

evaporated in vacuo to about 70 c.c. The deep red solution is shaken
with alcohol, tin diphenyl being precipitated as a yellow powder. This

may be purified by solution in benzene and precipitation with alcohol,
the final product being washed with alcohol, then rapidly with a little

ether, and dried in vacuo over phosphorus pentoxide. Yield 10 grams,
64 per cent. It is a shining yellow, amorphous powder, readily soluble

in benzene and chloroform, easily in ether, and insoluble in alcohol. Very
dilute benzene solutions are intense yellow to reddish yellow, and soon
become turbid on exposure to air, owing to oxidation. In sunlight the
benzene solutions become deep red and a bright yellow precipitate

separates. Dry tin diphenyl is oxidised in the air, becoming white.

Fuming nitric acid causes it to inflame, and alcoholic silver nitrate is

reduced. It softens at 126 C., and melts to a dark red liquid at 130 C.,

from which tin separates at 205 C. When brominated at 25 C. in

chloroform solution an oil is produced, and this, with aqueous alcoholic

potassium fluoride solution, gives tin diphenyl diftuoride, quadratic
columns, melting above 360 C. It is slightly soluble in alcohol or benzene.

Tin di-p-tolyl is an orange-yellow, amorphous powder, softening at
109 C., and melting to a clear, dark red liquid at 111-5 C. ; on further

heating it becomes turbid, and tin
separates

out at 245 C. It dissolves
in benzene in all proportions, readily in ether, but is insoluble in alcohol.
The solutions resemble potassium dichromate in colour, and blacken
alcoholic silver nitrate. It is not so readily oxidised in air as the phenyl
compound.

1
Griittner, M.pt. 145 0.

2
Ladenbutg, Annalen, 1871, 159, 251.

3 Krausa and B. Becker, Ber., 1920, 53, [B], 183; Chambers and Scherer, J. Amer.
Chem. Soc. t 1926, 48, 1054; see p. 329.
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Tin di-p-xylyl has similar properties to the preceding compounds.
It sinters at 155 C., forms a deep red liquid at 157 C. } and decomposes
at 240 C.

Tin di-cyclohexyl
1

is an intense yellow, odourless powder, very
easily soluble in benzene, soluble in ether, and insoluble in absolute
alcohol. In very dilute benzene solution it is citron yellow. When
heated in absence of air it becomes deep orange-yellow at 130 C. 5 and
melts to a ruby red liquid at 176 to 178 C., darkening at 260 C., and
decomposing at 285 C.

Tin di-a-naphthyl is prepared in the usual manner, 30 grams of

a-bromonaphthalene and 5 grams of stannous chloride giving 8 grams
of tin dinaphthyl, 73 per cent. It softens at 196 C.. melts to a dark red

liquid at 200 C., and decomposes at 255 C.

Aryl Derivatives of the Types Ar8Sn.SnArs and Ar 3Sn.SnAlk 3 .
2

Hexaphenyldistannane. The preparation is carried out in the
same manner as that of tin diphenyl, but instead of warming the product
for ten minutes as stated in that preparation, it is now vigorously boiled

for three to four hours in a stream of nitrogen. The reaction product is

decomposed with water, extracted with benzene, and the latter solution

separated off and dried. Hexaphenyldistannane may also be obtained

by the reduction of tin triphenyl chloride in benzene-xylene solution

by metallic sodium (yield 50 per cent.), or in alcoholic solution (yield
(55 per cent.). From benzene it contains 1-5 mols. of benzene of

crystallisation, but from ether flat rectangular plates are deposited,
from chloroform, pyramids. It is somewhat soluble in benzene, readily
in chloroform, sparingly in ether or acetone, and insoluble in alcohol.

It melts at 237 CM becomes yellow at 250 C., and decomposes at 280 C.

It reduces silver solutions at 75 C. to black metallic silver. Bromina-
tion at - -30 C. produces tin triphenyl bromide.

Hexa-p-tolyldistannane is prepared by the treatment of tin tri-p-

tolylbromide with metallic sodium and alcohol. Yield 64 per cent. It

crystallises from beir/ene in colourless, rhombic plates, easily soluble in

beiv/enc or other, sparingly in alcohol. It melts at 148-5 C., becomes

yellow at 285 C., and decomposes at 335 C. It has similar properties
to the phenyl compound.

Hexabenzyldistannane,
3

(C 6II 5.CII 2 ) :,Sn.Sn(C6II 5.CIl 2 ) 3, is pre-

pared by heating tin tribenayl chloride with sodium in toluene solution.

It separates from acetone in colourless tablets, M.pt. 147 to 148 C.,

readily soluble in hot acetone or benzene. Treatment with iodine in

benzene solution yields tin tribenzyl iodide.

Hexa-p-xylyldistannane
4

is obtained from the bromide in 50 per
cent, yield. It crystallises from benzene-alcohol in flat, rhombic plates,

very soluble in benzene or chloroform, sparingly soluble in ether, and

insoluble in alcohol It melts at 196 C. (corr.), becomes yellow at 350

C., and decomposes at 368 C.

Hexacyelohexyldistannane
5

is prepared from the bromide in

1 Krause and Pohland, Ber., 1924, 57, [B], 536.
2 Krause and Becker, toe. cit.

* Law, /. Gfam. floe., 1926, p. 3243.

f Krause and B. Becker, loc. cit.

Krauae and Pohland, loo. c&
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xylene solution, in 90 per cent, yield. It crystallises from hot xylene or
benzene in six-sided plates, decomposing above 300 C. It is sparingly
soluble in cold benzene or xylene, easily soluble on warming, and is in-

soluble in alcohol or ether.

Triphenyltrimethyldistaimane, 1 Ph
?
Sn.SnMe3 . Sodium tin tri-

phenyl is treated with tin triinethyl bromide in liquid ammonia, when
the product is immediately precipitated. It melts sharply to a clear,

colourless liquid at 106 C., and shows no tendency to oxidise in air.

Derivatives of Tin Triphenyl*

Sodium tin triphenyl, (C 6H6 ) 3SnNa. Tin triphcnyl bromide is

dissolved in liquid ammonia and the solution treated with metallic
sodium. The reaction occurs immediately, the product being formed
together with sodium bromide. The compound is a pale yellow, amor-
phous powder, soluble in liquid ammonia, giving a pale yellow solution,
and it dissolves to some extent in dry ether. When dry oxygen is

passed through its solution in liquid ammonia, the solution evaporated
and the residue extracted with hot benzene, tin triphcnyl hydroxide, tin

tetraphenyl, and tin diphenyl oxide are formed. The reaction between
sodium tin triphenyl and phenyhnereuric iodide in liquid ammonia gives
rise to tin triphenyl, sodium iodide, mercury, and phenylmercuric amine,
C eH 5.Hg.NH 2, M.pt. ]23-5 to 124 C. With sodium monochloracctate
in liquid ammonia solution the reaction is as follows :

(C 6H6 ) 3SnNa+CH2Cl.COONa=(C6H6 ) 8SnCH aCOONa+NaCl

The tin compound thus formed crystallises in plates, M.pt. 122 to
122-5 C., soluble in the usual organic solvents, save petroleum ether, and
insoluble in water. It is best crystallised from 80 per cent, acetic acid, as
the sodium salt is very soluble in water and undergoes hydrolysis.Tin triphenyl hydride is formed according to the following equation :

(C 6H 5 ) 3SnNa+NH4Br=(C 6H 5 ) 3SnII+NaBr.+Nira

Five grams of tin triphenyl bromide are placed in a reaction tube and 50 c.c.
of liquid ammonia condensed upon it. Sodium is added gradually until
a permanent blue colour is obtained (0-68 gram sodium). Ammonium
bromide, 1-25 grams, is added, the colour disappears and a white precipi-
tate terms. The ammonia is evaporated and the residue extracted with
ether. On evaporating the ether in an atmosphere of ammonia, a
cloudy yellow oil and a white crystalline solid, M.pt 229 to 232 C., are
obtained. This solid is tin triphenyl, and the liquid in an ammonia
atmosphere boils at 173 to 174 C, at 6 mm. The latter is the hydride,which may be oxidised to tin triphenyl (M.pt. 232-5 C.) by passing dry
oxygen through its solution in absolute alcohol for fifteen minutes. A
white crystalline powder is obtained, which may be recrystallised from
ether. All manipulations of the hydride must be conducted in aai inert
atmosphere. When the hydride is treated with sodium in liquid
ammonia, sodium tin triphenyl is formed, and when tin triphenvl

result

1S t0 the solution
> tin triPhe*yl and sodium chloride

J
Krause and BtiUard, J. Amer. Qhem. Soc., 1926, 48, 2134.
Chambers and Soherer, J. Amer. Chem. See., 1926, 48, 1035.
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Tin diphenyl hydride is prepared in much the same way as the

preceding compound, the reactions being carried out in liquid ammonia,
and represented by the following equations :

(C 6H 6 ) 2SnBr2+4Na=(C 6H 5 ) 2SnNa 2+2NaBr
(C 6H 5 ) 2SnNa 2+2NH 4Br=(C 6H 5 ) 2SnH 2+2NaBr+2NH3

The compound forms as a dark brown precipitate. The ammonia is

allowed partially to evaporate and dry ether added. The remainder of

the ammonia is then evaporated, and by means of a eudiometer con-

nected to the reaction tube, it is found that hydrogen corresponding to

one molecular equivalent is evolved, i.e. the hydride loses its hydrogen,

yielding tin diphenyl. The latter compound by this process is obtained

as a yellow solid, decomposing at 205 C., and readily soluble in organic

solvents, except ethyl alcohol. In the solid state it is not readily oxi-

dised in the air, but in solutions the oxide soon separates. This com-

pound differs from that described by Krause * in its melting-point and

reactivity towards oxygen (p. 826).
Tin tctniphenyl reacts with sodium in liquid ammonia to form

sodium tin triphenyl and disodium tin diphenyl, the amounts depending
on the conditions of the experiment.

Heterocyclic Systems containing Tin.

These compounds are similar to the heterocyclic compounds of lead.

Tin dimethyl or diethyl-cyclopentamethylene is obtained by the action

of tin dimethyl- or diethyl dibromide or di-iodide on the magnesium

compound of 1 : 5-dichloropentane with difficulty, and has the following

constitution :

2Ha CH2X

>CH 2

:ii 2 CH/
It is analogous to the cyclohexanes, in which a carbon atom has been

replaced by quadrivalent tin. The constitution of the body is com-

pletely determined by sci&siou with halogen and molecular weight deter-

minations. By the action of two atoms of bromine in the cold the ring

is partially split, and tin diethyl-5-broxnoamyl bromide obtained.

JBi

>Sn<
\CH 2(CH 2 ) 3CH 2Br

The reaction is quantitative and analogous to that of the lead com-

pound.
By the action of ethyl magnesium bromide, the bromine atom bound

to the tin is replaced by the ethyl group, with the formation of tin

triethyl-5-bromoamyl In. absolute ether solution the reaction with

magnesium goes quite easily, a 75 per cent, yield being obtained, the

(5-triethylstannyl-n-amyl)~magnesium bromide,

EV<
Et

Et/ \CH2(CH 2 ) sCH2MgBr

giving with water, tin triethyl-n-amyl.
i Krause and E. Becker, Ber., 1020, S3, B&l 183
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By the action of lead trimethyl bromide on the magnesium com-

pound of trimethyl-5-bromoamyl tin, l-trimethyIstamiyl-5-trimethyl-

plumbyl-n-pcntanc is formed.

Lead trimethyl bromide and tin trietliyl bromide with the mag-
nesium compound of 1 : 5-dichloropentane give bis-trimethylplumbyl-n-

pentane and bis-triethylstannyl-n-pentane respectively.
Tin diethyl-cyclopentamethylene,

Et 2Sn<(CH 2 ) 5

To the magnesium compound from 112 grams of 1 : 5-dichloropentane in

400 c.c. of dry ether, 130 grams (half the calculated quantity) of tin

diethyl dibromide are added in small portions with shaking. A violent

reaction takes place and all the products pass into solution. After the

reaction has subsided the whole is boiled for thirty minutes, the ether

distilled off, and the residue baked on a boiling water-bath for one hour.

The mass is decomposed with water, the ether layer separated, washed
with water, and dried over calcium chloride. Removal of the ether gives
an oil, which is fractionated under reduced pressure in a stream of carbon

dioxide. The fraction distilling at 98 to 304 C., after several distilla-

tions at 14. mm. pressure, gives a constant boiling fraction at 05 C.

Yield about 25 grams. The compound is a thin, colourless oil having
a pleasant smell, resembling pine-leaf extract. In absence of air it may
be kept for a month, but in the course of a day becomes turbid in air,

depositing a white resin.

Tin diethyl-5-bromoamyl bromide,

EtSn<
^Br

A solution of 12-8 grams of the preceding compound in 50 c.c. of ethyl
acetate is cooled in ice and treated dropwise with 8 grams of bromine in

25 c.c. of ice-cold ethyl acetate, the mixture being frequently shaken.
When all the bromine has been added, the ethyl acetate is distilled off,

and the oil fractionated in carbon dioxide. The fraction, B.pt, 189 to

192 C. at 16 mm., gives a thick, colourless oil, B.pt. 1905
W
C. at 10 mm.

Yield quantitative. The bromine atom bound to the iin may be
removed by treating the alcoholic solution of the substance wi th alcoholic

silver nitrate containing some nitric acid. The second bromine atom
is estimated by the method of Carius.

Tin triethyl-5-bromoamyl, Et3Sn.(CH 2 ) 6Br. Fifteen grams of
tin diethyl-5-bromoamyl bromide in 200 c.c. of ether arc added to the

Grignard solution from 25 grams of ethyl bromide in 100 c.c. of ether.

The reaction is completed by boiling the mixture for five minutes. The
mass is decomposed with water, and the ether layer separated and dried.

Distillation in a carbon dioxide atmosphere yields an oil, B.pt. 155-5 C.
at 15 mm* Yield quantitative. It is a colourless, thin, air-stable,
almost odourless oil.

Tintriethyl-n-amyl,and 1 : 10-Bis-triethylstannyl-n-decane f

Et3Sn.(CH 2)io.SnEt3, Magnesium powder, 1*5 grams, is cauterised with
0-5 gram of ethyl bromide in 10 c.c. of ether. The ether is then poured
off and the powder treated several times with ether, the latter being
decanted off. A solution of 10 grams of tin triethyl-5-bromoamyl in

40 c.c. of ether is then added to the powder and a violent reaction takes
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place. This is completed by two hours' boiling. The ether solution is

then poured off, decomposed with water, and the ether layer separated
and dried. The solution is now distilled in carbon dioxide under
reduced pressure. At 111 C. at 15 mm. G grams of tin tricthyl-n-amyl
are obtained, and at 247 to 249 C. at 15 mm. 2 grams of 1 : 10-bis-tri-

ethylstannyl-n-decane. The latter is a colourless, odourless oil.

Tin diethyl-n-amyl bromide is obtained as a colourless, thick,

unpleasant smelling oil, by adding the requisite quantity of bromine in

ethyl acetate to tin triethyl-n-amyl.
Tin dimethyl -cyclopentamethylene is prepared in the same

manner as the corresponding ethyl compound, which it resembles in

properties. When treated with bromine it yields tin dimethyl-5-bromo-

amyl bromide, a colourless, air-stable, somewhat viscous, pungent oil

of unpleasant odour.

Tin trimethyl -5-bromoamyl, prepared in the usual way, is a

colourless, thin, air-stable oil, having an odour resembling the tin

alkyIs.

1 : 5-Bis-triethylstannyl-n-pentane, Et3Sn.(CH2 ) 5.SnEt3 .

Fifty grams of tin triethyl bromide are added to the Grignard solution

from 15 grams of 1 : 5-clichloropcntane in 150 c.c. of ether. The re-

action takes place smoothly and is completed by three hours' warming ;

the solution is decomposed with water, the ethereal layer dried and the

solvent removed. At 14 mm. the product distils at 204 to 200 C.,

further distillations giving a pure compound at 205-5 C. Yield 12

grams.

Derivative containing Tin and Lead.

l-Trimethylstannyl-5-trimethylplumbyi-n-pentane, Me3Sn.

(CII2 ) 5.PbMe3.~-The magnesium compound from 9-2 grams of tin tri-

methyl-5-bromoanxyl in 50 c.c. of ether is shaken with 9-S grams of lead

trimethyl bromide. A smooth reaction takes place and all the product
dissolves. The whole is boiled for thirty minutes and decomposed with

water. To remove the excess of lead trimethyl bromide, the ethereal

solution is twice shaken with 20 per cent, potassium hydroxide and 10

per cent, sulphuric acid, and the precipitated lead trimethyl sulphate

filtered off. The ethereal solution is then washed with water, dried over

calcium chloride, and the ether distilled off. The oil remaining, when

distilled under reduced pressure gives 7 grams of product at 104 C.,

this after several distillations yielding 4-5 grams of the required com-

pound as a thick, colourless oil, B.pt. 162 C. at 17*5 mm.
The physical constants of the above compounds are shown in Table

XVIII. of the Appendix.



CHAPTER XIV.

ORGANOMETALLIC DERIVATIVES OF LEAD.

A PEEIOD of seven years elapsed after the preparation of the first tin

organic compound before a derivative of lead was obtained. In 1859

Buckton isolated lead tetraethyl by the interaction of zinc ethyl and

lead chloride. A number of investigators then worked upon this com-

NaPb+Etl

TABLE I

ZnEt2+PbCl2 MgEtUPbCl2

MgC4H9 Br

MgMel
Et'C4H9(i-C5H,,)PbBr

TABLE II.

^

*X=BrorI. Ph2Pb(C7H7)2
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pound together with lead tetramethyl, and produced many derivatives
of the type R3SnX (R=alkyl; X=acid radicle). It is, however,
within the last ten years that the majority of the products recorded in
this chapter have been made. The bulk of the work centres round
mixed alkyl or aryl compounds, or combinations of the two. The
above tables have been drawn up to show the main reactions carried
out. In I. the lead alkyls are illustrated by making use of some ethyl
derivatives, and in II. phenyl compounds are used. The heterocyclic
compounds of lead are similar to those of tin.

Alkyl Derivatives of the Type E
4Pb.

Lead tetramethyl, Pb(CH 3 ) 4 . This may be prepared by the inter-

action of a sodium-lead alloy (20 per cent, sodium) and methyl iodide,
1

or from lead chloride and zinc methyl.
2 It has more recently been

obtained by the Grignard reagent, from magnesium methyl chloride and
lead chloride.3 The compound is a liquid boiling at 110 C., melting at

27-5 C., insoluble in water, but readily soluble in alcohol or ether.

The following physical constants have been determined : density 2-034? ;

1-0951 ; HK iv 0-01881. Treatment with hydrochloric acid or iodine
removes one of the methyl groups, giving a lead trimethyl halide.

Lead tetraethyl is isolated in a similar manner to the above methyl
compound, from sodium-lead alloy and ethyl iodide 4 or from lead
chloride and zinc ethyl.

5 A simpler method than the foregoing is

carried out as follows :
6 Twenty grams of ethyl iodide and 3 grams of

magnesium are allowed to react in dry ether, and 10 grams of lead
dichloridc added, the whole then boiled for one hour. The mixture is

then decomposed with water, the ether layer removed and dried over
calcium chloride. After distilling off the ether, lead tetraethyl remains
as a colourless oil, boiling with decomposition about 200 C., but un-

decomposed at 91 to 02 C. at 19 mm. or 83 C. at 13 mm. It has

recently been obtained in 90 per cent, yield by the interaction of zinc

diethyl and lead chloride.7 The compound is insoluble in water, but
misciblc with ether. One ethyl group is split oft by the action of hydro-
chloric acid or iodine, and sulphur dioxide yields diethyl sulphone.
The compound is now used industrially for mixing with the fuel of

explosion motors, as it allows greater compression without the danger
of self-ignition.

8
Physical constants : density, 1*62 ; 1-6591; 1-64296

at 22-4 C., nu 1-50934, no 1-51417, n7 1-58430, np-nq 0-01750.

Lead tetra-n-propyl is obtained by the interaction of magnesium
propyl bromide and lead chloride. Density 1-4419 ; ny no 0-01566.

Lead tetra-sec-propyl is a highly mobile liquid, B.pt. 120-0 C. at

14 mm., having a density 1*4578 at 12 C.

Lead tetra-isobutyl occurs as white plates, MLpt. 23 C.,

density 1-3240 at 20-2 C.

Lead tetra-isoamyl has a density of 1 -2332 at 20-5 C.

1
Oahours, Annakn, 1862, 122, 67.

2
Butlerow, Jahresber., 1863, p. 476.

3 Grttttner and Krause, Bar., 1916, 49, 1415.
4

Ghira, Oazzztta, 1894, 24, i. 44.
*
Buckton, Annden, 1859, 109, 222 ; 1861, 112, 226 ; Frankland and

Trans. Ohem. 8oe., 1879, 35, 245.
6 Heiffer and Truskier, far., 1904, 37, 1128.
7
Meyer, Ohem. New*, 1925, 131, 1.

6 Jolibois and Nomand, Compt. rend., 1924, 179, 27.
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Alkyl Derivatives of the Type R,Pbll'.
1

The method of preparation of this type of compound consists in

treating lead trialkyl halides with magnesium alkyl halidcs, the reaction

proceeding smoothly, and giving 90 to 95 per cent, yields. These bodies

are colourless, easily mobile, and extraordinarily volatile the tri-

methyl series at ordinary pressures soon becoming widecomposcd boiling

liquids, and in the pure state they can be kept in contact with air for

a month without decomposing, provided that the light is excluded. In

sunlight or direct daylight, however, they soon give brown precipitates,

and the separation of metallic lead has been noticed. To ensure the

production of pure compounds, the Grignard reagent must only be in

slight excess, and the trialkyl lead halide must be free from lead hnliclo.

The separation of the mixed lead alkyls from their reaction products is

carried out simply in the following manner : At the first distillation,

the compounds of the triethyl series come over almost entirely, and the

first and second runnings are quite distinct within a few degrees. These
mixed compounds resemble the simple lead alkyls in their properties,
and at very low temperatures solidify to glassy, amorphous masses.

They immediately reduce alcoholic silver nitrate, and with halogens all

the compounds, with the exception of lead methyl triethyl, split off a

methyl or ethyl group. The compounds thus formed of the type
Mes.Alk.Pb.HaL, form important starting-points for the preparation
ofmixed lead tetra-alkyls of the types Me2.Pb.Alk. % and Me2.Pb.Alk'. Alk.

The bodies are highly poisonous, and possess a fruity smell, sometimes

resembling raspberries, but the smell may be concealed by certain

radicles, such as the isoamyL
Lead trimethyl ethyl. To the magnesium compound from 13-5

grams of ethyl bromide (0-125 mol.) in absolute ether, 28-8 grams
of lead trimethyl chloride or 33'2 grams of lead trimethyl bromide are

added, and after the initial reaction has subsided the whole is heated
for two hours on the water-bath. The thick paste thus obtained is

decomposed by water, the flask being cooled in ice, and the ether separ-
ated off. One quarter of the volume of the latter is distilled off, and the
remainder fractionally distilled, the receiver being cooled in carbon
dioxide-ether mixture. The yield is 85 per cent., and the compound
boils at 27 to 28 C. at 10 to 11 mm. The product thus obtained is a

colourless, mobile, and easily volatile oil, very inflammable, and yielding
lead oxide on burning.

The lead estimation is carried out as follows : The substance is

dissolved in ten times its weight of carbon tetrachloride, cooled, and a

large excess of a 10 per cent, solution of bromine in the same solvent
added. The mixture is taken almost to dryness on the water-bath, then
boiled a short time with a little absolute alcohol, and well cooled, the

precipitate, which consists of pure lead bromide, being filtered on a
Gooch crucible and washed with ice-cold alcohol.

Lead trimethyl n-propyl is prepared by the interaction of lead

trimethyl chloride or bromide and magnesium n-propyl chloride, when
a 90, per cent, yield is obtained. In the vacuum distillation the receiver
must be cooled to at least 10 C. to avoid loss, the properties of the

body being the same as the above compound.
1 Gruttner and Krause, en, 1916, 49, 1125,
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The following bodies are obtained in a similar manner, the yields

being indicated : lead Irimcihyl n-butyl (80 per cent..) ; had trimethyl

ixobuti/l (90 per cent,); lead trimethyl isoatnyl (80 per cent.). Sub-

stituting lead tricthyl chloride or bromide for the trimethyl compound,
the following are isolated: lead methyl trietliyl (90 per cent.); lead

trietliyl n-propyl (05 per cent.); lead trietliyl isobutyl (92 per cent,);
lead triethyl uoannjl (9 i per cent.).

The physical constants of the compounds are shown in Table XIX*
of the Appendix.

Lead tetra-alkyls containing one or two secondary radicles can easily
be obtained by the action of lead alkyl mono- or dihalides on secondary

magnesium alkyl halicles, whilst those containing three secondary
radicles arc derived primarily from the tetra-alkyls.

1 Table XX. of the

Appendix gives a list of these compounds, together with their physical
constants.

Deriratir?* of the Type H 2Pbll a '.

In tin* preparation of these compounds it has been found advan-

tageous to make a paste of the load dialkyl halides, and then add this

to the (irignard reagent. The properties of the compounds are similar

to those described for the lead trialkyl alkyls. The simplest member of

this series, lead dimethyl diethyl, has given rise to some discussion

regarding its physical constants. It was prepared by the action of

magnesium methyl iodide on lead cliethyl chloride. Its properties are

shown below :

( Jriittner and Kranse :
*

B,pt. 51 0. at 13 mm. ; density, 1-7906 at 20 C. , nD 1-5177; n^-ny 0-01785 at 20 C.

B.pt.54 CUU8mm.
Moltarand Pfoiffor: 3

B.j>t. 52 C. at 14 mm. ; density 1-7851 at 20 0.
,*
nn 1-5164

,-
np-n 0-01832 at 20 C.

Table XXL of the Appendix gives a list of the compounds made up
to the present time together with their physical constants.

Alkyl Derivatives of the Type R2PbR'R".

Halogen substitution products of lead alkyls with secondary alcoholic

radicles have been isolated 4
by the reduction of ketones at a lead

cathode, when a mixture of stable and unstable lead alkyls is produced.
The compounds coHtaining one or more secondary radicles are produced
in the usual way from lead alkyl mono- or dihalides. Since, however,

the lead atom seems less firmly attached to a secondary than a primary

group, the following compounds differ from the tetra-alkyls containing

normal radicles. They are unstable in air, and the secondary radicle

is expelled by bromine at 75 C., even before a lighter group. If

the compound contains two secondary groups, both are split off, whereas

with normal radicles only one is removed at this temperature.

Compounds of the above type, together with their physical constants,

shown in Table XXII. of the Appendix.
5

are

* Grttttner and Kranse, Her., 1917, 50, 278, 574.

Grtittner and Krauso, ibid., 1916, 49, 1546.
a Holler and Heiffor, Ber., 1916, 49, 2441.
* T*H Ber., 1911, 44, 334.
8
GriittneF an* Krause, Ber., 1917, 50, 202, 574.
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Alkyl Derivatives of the Type RE'R^R^Tb. 1

Lead methyl ethyl n-propyl n-butyl. Lead dimethyl ethyl n-

propyl is brominated at 75 C., when one methyl group is split off

and the bromide formed. The latter is then treated with n-butyl

magnesium bromide, the above compound being obtained in 90 per

cent, yield. It has B.pt. 103 C. at 13 mm. ; density 1-5068 at 23-5

C. ;
nD 1-5072; nF-n 0-01607 at 22-4 C.

Lead methyl ethyl n-propyl isoamyl is prepared from the

bromination product of lead diethyl propyl isoamyl and methyl mag-
nesium chloride in 85 per cent, yield. It boils at 115 C. at 15 mm. ;

density 1-4792 at 21 C.
;
nHa 1-50189; nD 1-50636; nH/3 1-51747;

nHy 1-52720 at 21 C.

Lead ethyl n-propyl n-butyl isoamyl is obtained in 75 per cent,

yield by treating the bromination product of lead methyl ethyl n-

propyl n-butyl with isoamyl magnesium chloride. It boils at 144 C. at

14 mm. ; density, 1-3699 at 23-3 C. ;
nD 1-5028 at 21-5 C, ; nF -n<.

0-01473.

Alkyl Derivatives of the Type R3PbX.

Lead trimethyl chloride, Pb(CH 3 ) 3CL
2 When hydrochloric acid

reacts with lead tetramethyl, one methyl group is displaced, and the

solution on cooling deposits glistening needles of the above compound.
If the substance be recrystallised from water it appears in prisms. The

body is somewhat soluble in boiling alcohol, and can be sublimed. It

has been more recently prepared
3 by the chlorination of lead tetra-

methyl at 60 C. in ethyl acetate solution. It is stated to be the most

difficultly soluble of all the lead trialkyl halides, but easily soluble in

ethyl acetate, and insoluble in light petroleum. It gradually sublimes at

187 C., but more rapidly at 195 C. Lead trimethyl bromide is prepared

by similar methods to the chloride, and forms white prisms from ethyl

acetate, which sinter at 131 C. Lead trimethyl iodide is formed by the

interaction of lead tetramethyl and iodine. It crystallises in colourless

needles from alcohol, is sparingly soluble in water, and sublimes un-

changed on heating. When the iodide is distilled with caustic alkali,

lead trimethyl hydroxide is formed. The fluoride crystallises in needles,

density 3-53 at 16 C., which explode feebly about 305 C.4

Lead triethyl chloride, prepared in the usual way, forms white

needles, M.pt. 172 C.5 The compound is easily soluble in alcohol and

ether. The bromide crystallises from ether in needles, M.pt. 103 to

104 C. ; but the iodide is an oil, and has not been obtained in a pure
state. 6

Lead triethyl hydroxide may be obtained from the chloride by
means of alcoholic potassium hydroxide ; it is strongly alkaline, difficultly

soluble in water, and readily forms salts. Lowig isolated the sulphate,

1 Griittner and Krause, er. t 1917, 50, 209.
8
Cakours, Annakn, 1862, 122, 48.

3 Gruttner and Krause, Ber. t 1916, 49, 1415.
* Krause and Pohland, Ber. t 1922, 55, [B], 1282.
8
Buokton, Anwkn, 1859, 112, 227; Keiffer and TrusMer, J5en 1904, 37, 1125 ;

Gruttner and Krause, foe. A ; Cahours, kc. cit.

6
Lowig, Annakn, 1853, 88, 318; Klippel, Jahmher.. I860, p. 381 : /, mrabL

1860, PI 81, 286.
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which crystallises in octahedra, insoluble in water, alcohol, or ether, and
the nitrate, which is easily soluble in alcohol or ether. The following
derivatives are also known : the carbonate, a crystalline powder, in-
soluble in water, with difficulty in alcohol or ether ; the thiocyanate,
which crystallises from ether, soluble in water or alcohol

;
the cyanide,

prisms from ether, insoluble in water, soluble in alcohol, decomposing
with explosion and separation of metallic lead when heated; the

phosphate, soluble in the above solvents ; the formate, acetate, butyrate,
oxalate, and ditartrate, all of which arc easily soluble in water, alcohol,
or ether. Two double salts of lead triethyl chloride are also known,
PbEtaCLIfeCI, and SPbEtjCLPtCU, the latter being difficultly soluble
in water, but easily in alcohol or ether. The fluoride crystallises in

prisms, density 2*48 at 10 C., decomposing about 240 C.

Lead tri-n-propyl chloride, 1
Twenty grains of n-propyl iodide

in dry ether are treated with 2-7 grams of magnesium, and after the latter

has dissolved, 2 grams of lead chloride are added in small portions, and
the mixture boiled for two hours. After decomposition with water the
ether layer is separated off, and dried over calcium chloride. Into the
well-cooled ether solution, which now contains lead tetra-n-propyl, dry
hydrogen chloride is passed, until a precipitate begins to appear. The
ether is then separated off, and the residue dissolved in alcohol, and after

taking tins to dryness the residue is crystallised from alcohol or ligroin,
when Hat, colourless needles are obtained, M.pt. 137 C. The compound
is sparingly soluble in water, more soluble in alcohol, ether, chloroform,
benzene, or ligroin. It does not combine with pyridine, but when shaken
with moist silver oxide, lead tri-n-propyl hydroxide is obtained. The
latter compound absorbs carbon dioxide from the air, and yields salts

with acids. With hydrogen bromide the bromide is obtained, which

crystallises in needles, M.pt. 82 C., and has the same solubility as the

chloride. The sulphate, from sulphuric acid and the hydroxide, is easily
soluble in water, but insoluble in the usual organic solvents. Its solu-

tion in concentrated sulphuric acid soon becomes turbid, at the same
time emitting numerous small bubbles. The compound decomposes
when heated, before melting. The acetate crystallises in colourless

needles, M.pt. 110 C., soluble in the usual organic solvents. The

fluoride crystallises in bushy needles, density 1-56 at 18 C,, exploding
at about 235 C.

Lead tri-n-butyl chloride is obtained from magnesium butyl

iodide, and lead chloride, the product being treated with hydrogen
chloride as above. It forms colourless, flat needles which melt to a clear

liquid at 109 to 110 C., and have a similar solubility to the propyl

compound. The hydroxide is prepared by dissolving the chloride in

aqueous alcohol and shaking with silver oxide. The solution in water

has an alkaline reaction, and absorbs carbon dioxide from the air.

When treated with hydrogen bromide a white precipitate of lead tri-n-

butyl bromide separates, which may be recrystallised from ether or

chloroform.

Lead tri-isotwtyl chloride
2 melts at 122 C. without decomposition;

the bromide has M.pt. 107 to 108 C* ; the iodide forms yellow plates,

which decompose when heated; the fluoride forms prisms, decomposing
at about 280 C. and having a density of 1*50 at 17 C.

1 Heiffer, Truskier, and Disselkamp, Ber., 1916, 49, 2445.
* Grtittner and Krause, Ber., 1917, 50, 278,

VOL. XI, : I, 22
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Lead tri-isoamyl chloride. 1 This compound is stated to be

crystalline, but no melting-point is given. The bromide sinters at 129

C. and melts at 132 to 133 C.; the iodide, which was originally obtained

by heating sodium-lead alloy with isoamyl iodide, and treating the

reaction product with iodine, crystallises in yellow plates, which are

insoluble in water, and with difficulty in alcohol or ether. It forms an

addition product with mercuric iodide, PbtCgHn^LHgla. The free

base, lead tri-isoami/l hydroxide, is prepared from the iodide by means of

silver oxide. The fluoride forms long, colourless needles, density 1-40

at 17 C., decomposing at about 251 C. .

Alkyl Derivatives of the Type R 2PbX 2 .

Lead dimethyl dichloride,
2 Pb(CH 3 ) 2Cl a . When lead tctra-

alkyls are treated with halogen at 20 C. two alkyl groups are re-

moved. The dichloride is practically insoluble in most organic solvents,

and has a strong acid reaction in warm water. The oxide dissolves in

weak acids and in caustic alkalies. The sulphide is soluble in hydro-
chloric acid or ammonium sulphide, insoluble in acetic acid, but the

chrornate is soluble in the latter. The dibromide has similar properties
to the dichloride, and a di-iodide has also been prepared.

Lead diethyl dichloride may be prepared as above or from lead

diethyl diphenyl by the action of hydrochloric acid or by thallic chloride.3

It crystallises from alcohol in pale yellow needles. The corresponding
dibromide is prepared from lead diethyl diphenyl by the action of

dry hydrogen bromide. It crystallises in glistening, yellow prisms,
which become white on long standing in air, and arc decomposed by hot
solvents.

Lead di-n-propyl dichloride is more stable than most of the lead

dialkyl dichlorides. In contact with water or alcohol at 30 C. it slowly

splits oft lead chloride, and when heated to 228 C. it decomposes.
Lead di-isobutyl dichloride crystallises in white plates from hot

alcohol, and the dibromide melts at 102 to 103 C. with decomposition.
Lead di-isoamyl dichloride decomposes at 108 C., and the

dibromide sinters at 93 C.

Alkyl Derivative of the Type R 2PbX'X".

Lead di-isobutyl chlorobromide melts with sudden decomposition
at 110 C.

Alkyl Derivatives of the Type RB/PbX2 .
4

Lead methyl ethyl dichloride. Twenty grams of lead trimetliyl

ethyl in 100 c.c. of ethyl acetate are chlorinated at 75 C., whereby
the monochloride is obtained. This on chlorination without cooling
yields the dichloride in quantitative yield. It is fairly soluble in warm
water and alcohol and crystallises on cooling in hair-fine needles, which
are not so well formed as those of lead dimethyl or diethyl dichlorides.

1
Klippel, Jatoesber., 1860, p. 381 ; Griittner and Krause, JBer., 1917, 50, 278.

2 Griittner and Krause, Ber*t 1916, 49, 1415.
3 Holler and Heiffer, Ber., 1916, 49, 2441 ; Goddard and Goddard, Trans. Chem.

Soc., 1922, 121, 482.
* Griittner and Krause, JBer., 1917, 50, 209.
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In pyridinc or dimethylaniline it dissolves with extraordinary ease, and
heat is evolved. The pyridine addition product crystallises from
alcohol in centimetre needles, but lead chloride separates on keeping.
The aqueous solution of lead methyl ethyl dichloride has a feeble acid
reaction, and the compound is easily soluble in potassium hydroxide,
sparingly in ammonium hydroxide. Hydrogen or ammonium sulphides,
from neutral, feebly alkaline, or very dilute acetic acid solutions, pre-
cipitate a white sulphide, soluble in hydrochloric acid or excess of
.ammonium sulphide. Potassium iodide solution gives a canary yellow
di-iodidt\ insoluble in acetic acid, easily soluble in hydrochloric acid.

With potassium eliminate a bright yellow chromate is formed, easily
soluble in acetic acid.

Lead ethyl isoamyl dichloride is obtained in quantitative yield

by chlorination of lead diethyl isoamyl chloride. It crystallises in

plates, sparingly soluble in water, insoluble in ether, ethyl acetate, or

benzene.

Lead n-propyl isobutyl dichloride occurs in shining plates.
Lead n-propyl isoamyl dichloride is obtained from lead methyl n-

propyl isoamyl chloride, and crystallises from hot alcohol, in which it is

easily soluble, in plates, insoluble in benzene, ether, ethyl acetate, or

water. The xulphide may be obtained in the usual way, and it is readily
soluble in alcoholic ammonium sulphide, sparingly in aqueous ammonium
sulphide.

Lead ethyl isobutyl dibromide forms a snow-white, fine powder,
soluble in small quantities in warm alcohol.

Lead n-propyl isobutyl dibromide crystallises from ether in

glistening plates. The sulphide is pale yellow.
Lead isobutyl isoamyl dibromide forms plates, M.pt. 95 C.

Alkyl Derivatives of the Type RgPb.
1

Lead triethyl, Kt3Pb. Sixty-five grams of lead triethyl chloride,

covered with 100 c.c, of distilled water, are treated with 40 c.c. of 5-

Normal sodium hydroxide and the mixture stirred until solution is

complete. Addition of 200 c.c. of 5-Normal sodium hydroxide pre-

cipitates the lead triethyl hydroxide, which is separated. Sixty grams
of the latter in 200 c.c. of 95 per cent, alcohol are electrolysed with lead

electrodes, using a current density of 0-01 amperes per sq. cm. Lead

triethyl forms as an oil at the cathode. It is pale yellow in colour,

density 1-94, and readily oxidised in air, giving a yellowish powder.
It may be distilled in steam, and at 2 mm. pressure it boils at 100 C.,

but it decomposes when distilled at ordinary pressure. It is still liquid

at _so c. In dilute solution it corresponds to the simple formula,

Et5Pb, but at higher concentrations exists as Et6Pb 2,
this property

being similar to that of the corresponding aryl compounds.

Aryl Derivatives of the Type R4Pb,

Lead tetraphenyl, Pb(CeH 5 ) 4 . This body was first prepared
2 from

sodium-lead alloy, bromobenzene, and ethyl acetate by heating the

mixture to boiling in an oil-bath for sixty hours. It is much more

i
Midgley, Hoohwalt,|and Oalmgaert, /. Amer. Chem. Soc., 1923, 45 1821.

a
Polls,/
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readily obtained by use of the Grignard reagent,
1 the course of the

reaction being represented as follows :

2PbCl2+4C 6H 5MgBr=Pb+Pb(C 6H 5 ) 4 +4MgClBr
The following method of conducting the experiment is said to give a

50 per cent, yield.
2 To the Grignard solution from 12-15 grams of

magnesium, 78-5 grams of bromobenzene and 200 c.c. of anhydrous ether,

400 c.c. of dry benzene are added, and 63 grams of finely divided

lead chloride in one lot. After boiling for eight hours, the whole is

poured into hydrochloric acid containing ice, and then filtered. The
solid lead tetraphenyl, etc., is boiled with 300 c.c. of benzene for a

few minutes and then filtered, the cool filtrate yielding a crop of pure
lead tetraphenyl. The crystals are removed and the filtrate used to

make three further extractions of lead tetraphenyl. The benzene

extraction liquor is then added to the ether-benzene layer which forms

the filtrate when the Grignard reaction mixture is hydrolysed and
filtered. Evaporation of these solvents yields 6 to 10 grams of lead

tetraphenyl. The total yield is about 29 grams.
Lead tetraphenyl crystallises in small, white needles, M.pt. 224 to

225 C., which distil unchanged at about 240 C.3

The body shows decomposition if heated above 270 C.4 and burns
in air with a reddish flame and the separation of lead oxide. It is

moderately soluble in chloroform, benzene, or carbon bisulphide when
hot, and difficultly soluble in alcohol, ether, ligroin, or acetic acid. If

heated in a sealed tube with hydrochloric acid decomposition occurs,
lead tetrachloride and benzene being produced. By the action of

halogens or concentrated nitric acid two phenyl groups are split off,

and a lead diphenyl dihalide or dinitrate formed. A similar action

takes place with iodic acid, formic, acetic, trichloracetic, propionic,

valeric, and p-nitrobenzoic acids.5 With metallic chlorides the follow-

ing derivatives are formed : arsenic trichloride > lead diphenyl
dichloride and diphenyl arsenious chloride ; antimony trichloride >

lead diphenyl dichloride and diphenylstibine chloride; antimony penta-
chloride > lead diphenyl dichloride and diphenylstibine trichloride ;

bismuth tribromide > lead diphenyl dichloride and diphenylchloro-
bismuthine ; thallic chloride * lead diphenyl dichloride and thallium

diphenyl chloride ;

6 tellurium tetrachloride * lead diphenyl dichloride

and tellurium diphenyl dichloride.

Lead tetraphenyl
7
crystals have been shown to belong to the tetra-

gonal system, the axial ratio, a: c=l : 0-3808, the corresponding tin

compound giving a : c=l : 0-38935, and silicon tetraphenyl, a:c=
1 : 0-43969, the three compounds being isomorphous, the value of the

principal axis decreasing with increase in atomic weight of the grouping
element.

Lead tetra-p-tolyl may be prepared by heating under reflux 120

grams of p-bromotoluene, 300 grams of sodium-lead amalgam, 40 grams
of toluene, and 4 c.c. of ethyl acetate for fifty hours in an oil-bath.

1 Pferffer and Truskier, Ber., 1904, 37, 1125.
2 Gilman and Eobinspn, /. Amer. Ohem. Soc., 1927, 49, 2315.
3 Zechmeister and Csabay, Ber., 1927, 60, [BJ, 1617.
4

Polis, Ber., 1887, 20, 716.
5
Goddard, Ashley, and Evans, Trans. Chem. Soc., 1922, 121, 978.

6 Goddard and Goddard, Trans. Chem. Soc., 1922, 121, 256.
7

Polis, toe. tit.
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After subjecting this mixture to vacuum distillation the residue is

extracted with hot benzene, the solution on cooling depositing white

needles, from which the ditolyl can be removed by treatment with

alcohol. The colourless needles of the pure compound melt at 289 to

240 C. to a liquid which decomposes at 254 C. It is more easily
soluble than the corresponding phenyl compound in benzene, carbon

bisulphide, or chloroform, and is difficultly soluble in boiling alcohol.

Lead tetrabenzyl is not obtained by this reaction.

Lead tetracyclohexyl, Pb(C 6Hu ) 4 .
3 To a solution of 23 grams of

magnesium cyclohexyl bromide in 100 grams of ether, 10 grams of

dried lead chloride are added, the reaction going smoothly, and finely

divided lead separating out. After six hours' boiling the mixture is

decomposed by very dilute hydrochloric acid, the ether removed, and
the residue triturated with absolute alcohol, quickly dried, and crystal-

lised from benzene. The compound separates in canary yellow plates,

which slowly decompose with separation of lead at 200 C., and if rapidly
heated to 225" C. explode.

2

Lead tetra-p-xylyl, Pb[(CH 3 ) 2C GH8] 4 This is isolated by treating
the magnesium compound from p-bromoxylene (0*04 mol.) with tri-

p-xylyl lead bromide (0-01 moL). The compound melts to a clear

liquid at 255 C., but at 270 C. decomposes with the separation of

metallic lead. It crystallises from benzene in plates, and is easily

soluble in chloroform, with diiliculty in ether, and insoluble in alcohol.3

Lead tetra-a-thienyl is prepared in the same way as the correspond-

ing tin compound. It melts at 154-5 C. (corr.).
4

Art/I Derivatives of the Type R3PbR'.

The general method of preparation of these bodies is as follows :

Fifty grams of lead triphenyl bromide is added in small quantities, with

continual shaking, to an ice-cooled solution of one and a half times the

calculated quantity of magnesium aryl bromide, in 400 c.c. of ether.

When the reaction ceases the product is boiled for one to two hours under

reflux, then cooled and decomposed with aqueous ammonium chloride

solution. The ether layer is separated off, dried, and after evaporation

the residue is recrystallised from alcohol or alcohol-ether.5

Lead triphenyl p-tolyl forms hair-fine needles, M.pt. 125-5 C.,

decomposing about 260 C.

Lead triphenyl p-xylyl, Pb(C 6H 5 )3.C8H9, crystallises from dilute

alcohol in needles, M.pt 125<5 C. It is easily soluble in ether, benzene,

or chloroform, slightly so in cold alcohol, more readily in hot alcohol.

Lead triphenyl m-xylyl crystallises from alcohol in star-like

groups of rod-shaped crystals, M.pt. 111-5 to 112 C.

Lead triphenyl p-phenetyl crystallises from alcohol in fine, white

needles, M.pt. 119 to 120 C.

i
Grtittner, Ber., 1914, 47 3257. *,,.,, lv * *

a This body has also been, obtained by the interaction of lead tricyclohexyl bromide and

magnesium cyclohexyl bromide (Krause, J?er., 1921, 54, PI 2066). Krause states that his

preparation became yellow at 130 0., and blackened at 160", and it crystallised in colour-

T rectangular plates, easily soluble in hot benzene, sparingly in alcohol.

Krause and Sohmitz, er., 1919, 52, [B], 2165.

* Krause and Eenwanz, Ber., 1927, 60, [B], 1582.

4 Krause and Schmitz, er., 1919, 52, [B], 2150.
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Lead triphenyl cyclohexyl, Pb(C 6H 5 ) 3.C 6Hn ,
forms flat lancets,

M.pt. 119 C.

Lead triphenyl a-naphthyl crystallises from hot alcoliol in char-

acteristic Hat, yellow, warty tufts of needles, M.pt. 101 C., which arc

easily soluble in ether, benzene, or chloroform.

Lead triphenyl p-phenoxyphenyl forms microscopic white

crystals, melting at 127 C. and decomposing at 260 C. 1

Aryl Derivatives of the Type R2PbR' 2
.

Lead diphenyl di-a-naphthyl, Pb(C eH 5 ) a(C 10H7 ) 8
. This is ob-

tained as a snow-white, granular, crystalline powder by the interaction

of lead diphenyl dibromide and magnesium a-naphthyl bromide. The

product melts at 197 C., lead separating at a higher temperature, and
it is soluble in ether, benzene, or hot alcohol. It reacts with thallic

chloride according to the equation :
2

Pb(C 6H 5 ) 2(C 10H7 ) 2+TlCl3 ==Pb(C 6H 6 ) 2Cl 2 +Tl(C 10H7 ) 2Cl

Lead diphenyl di-o-tolyl.
3 To a solution of 5-6 grams of o-bromo-

toluene and 0-8 gram of magnesium in dry ether, 5 grams of lead

diphenyl iodide are slowly added. After the reaction has subsided, the

mixture is heated for half an hour on the water-bath, cooled, and 25 c.c.

of toluene added, the whole then being decomposed with dilute

hydrochloric acid. The toluene-ether layer is separated, the solvents

removed, and the residue subjected to steam distillation to remove
the last traces of toluene. An oil is obtained which soon solidities to a

yellow mass; this when crystallised from alcohol appears as white

needles, sintering at 129 C., and melting at 134 to 135 C. It is readily
soluble in cold chloroform and in hydrocarbons.

Lead diphenyl dicyclohexyl may be prepared either by the inter-

action of magnesium cyclohexyl bromide and lead diphenyl dibromide or

magnesium phenyl bromide and lead dicyclohexyl dibromide. It forms

pale yellow needles, M.pt. 178 to 180 C., the yellow liquid soon de-

positing metallic lead. The compound is soluble in alcohol, benzene,
carbon tetrachloride, or ethyl acetate.4

Lead diphenyl di-p-xylyl forms colourless, prismatic rods, M.pt.
94 C., decomposing at about 250 C., easily soluble in benzene, chloro-

form, or ether, sparingly in cold alcohol.5

Aryl Derivatives of the Type AlksPbAr.

The general equation for the preparation of this type of compound is

as follows :
6

Alk3Pb.Hal+Ar.Mg.Hal=Alk3PbAr.+Mg.IIal 2

The lead trialkyl aryls are colourless, oily, strongly refracting liquids,

having a faint, characteristic odour. They are insoluble in water, but

Krause and Schlottig, Ber., 1925, 58, [B], 427.
Goddard and Goddard, Trans. Ghem. Soc., 1922, 121, 485.

Lederer, Ber. t Z916, 49, 349.

Gruttner, Ber., 1914, 47, 3257.

Krause and SohlSttig, foe. tit.

Griittner and Gruttner, Ber., 1918, 51, 1293.
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miscible with the usual organic solvents. Under a pressure of 13 to
16 mm. they boil without decomposition in a carbon dioxide atmosphere,
the only exception being lead triethyl benzyl, which shows a separation
of dibenzyl. The compounds decompose at 200 C. with separation of
lead and feeble explosion, burning with a reddish flame, and giving lead
oxide. The trimethyl compounds are volatile in steam, and all the
derivatives when treated with bromine in ethereal solution at 75 C.

split off an alkyl or aryl group.
The crude products are obtained from 0-2 mol. of lead trialkyl

bromide, and 0-3 mol. of ethereal magnesium aryl halide, the mixture

being boiled for several hours under reflux, then decomposed with water,
the ethereal layer washed with 10 per cent, alkali, then sulphuric acid,
and the ether distilled off. The bromination of these compounds at

75 C. is carried out by adding to an ethereal solution of the lead com-

pound, a solution of bromine in the same solvent, until the colour of the
bromine persists. Aryl bromide and lead trialkyl bromide result. In
the case of lead triethyl benzyl, both an alkyl and a benzyl group are split

off, this being analogous to the action of bromine on lead alkyls con-

taining a secondary alkyl group. A list of these compounds is given
in Table XXIII. of the Appendix.

Aryl Derivatives of the Type Alk2PbAr2
.

Lead diethyl diphenyL 1 To the solution from 15 grams of ethyl
bromide and 3 grams of magnesium in 200 c.c. of dry ether, 11 grams of

lead diphenyl bromide (obtained by the action of bromine on lead tetra-

phenyl) are added, the mixture being well shaken. The whole is boiled

for an hour, cooled in ice, and decomposed with dilute hydrochloric acid.

The ethereal layer is dried over calcium chloride, the ether evaporated off,

and the residue distilled in vacua at 20 mm. It is a colourless, very

strongly refractive liquid, which shows partial decomposition when

distilled, metallic lead separating out. Yield about 5 grams.
When treated with hydrochloric acid or chlorine, two phenyl groups

are split off, and with thallic chloride it reacts as follows :

Pb(C 2II5 ) 2(C 6H6 ) 2+TlCl3=Pb(C 2H 5 ) 2Cl a +Tl(CeH6 ) 2Cl

The specimen of lead diethyl dipheuyl used in this reaction distilled at

182 C. at 1C mm. 2

Lead diethyl di-a-naphthyl
3

crystallises from alcohol in white

prisms, M.pt. 116 C., fairly soluble in ether.

Aryl Derivatives of the Type R3PbX.
4

Lead triphenyl chloride. When the precipitate obtained by
shaking lead tripheuyl iodide with alcoholic caustic alkali is treated

with 50 per cent, aqueous hydrochloric acid, a quantitative yield of the

above chloride is produced. This crystallises from alcohol in snow-

white needles, which sinter at 204 C. and melt at 206 C. It has the

same solubility as the bromide.

1 Holler and Pfeiffer, J?en, 1916, 49, 2441.
2 Uoddard and Goddard, Trans. Chem. Soc., 1922, 121, 483.

Krause and Sohmitz, Ber., 1919, 52* [B], 2150.
*

Grtittner, B&r., 1918, 51, 1298 ; Krause and Schmitz, loc. cit.
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Lead triphenyl bromide, To a, solution of 51-4 grams (0-1 moL)
of finely powdered lead tetraphenyl in one litre of pyridine, cooled to

50 C. by solid carbon dioxide, a similarly cooled solution of 0-2 moL
of bromine in 200 c.c. of pyridine is added, without rise of temperature.
An orange-coloured product which at first appears, gradually dissolves,

and after an hour the whole is allowed to rise to room temperature and
stirred. After filtering off the residue the solution is concentrated at

110 C. at 16 mm., a nearly colourless mass being obtained. This is

triturated with 100 c.c. of methyl alcohol, 100 c.c. of 10 per cent, hydro-
bromic acid added, the whole filtered, and washed free from acid by
water. After further treatment with methyl alcohol the product is

practically pure, the yield being 90 per cent, of the theoretical. The

compound crystallises from methyl alcohol in white, silky needles,

sintering at 164 C. and melting to a clear liquid at 166 C., the latter

slowly becoming turbid and lead bromide separating out. It is some-
what soluble in hot ethyl alcohol, ether, or benzene, with difficulty in

cold methyl alcohol or benzene, and insoluble in water. It dissolves in

alcoholic sodium or potassium hydroxide, without forming a hydroxide*
When rapidly heated it explodes, emitting a reddish light and depositing
metallic lead. In the dry state it does not affect the mucous membrane
of the nose to the same extent as the lead alkyl halides.

Lead triphenyl iodide. 1 If the mother-liquors of the above
bromide be treated with potassium iodide, and the product obtained

crystallised from water, the iodide separates in pale yellow prisms,
which sinter at 139 C. and melt sharply at 142 C. to a canary yellow

liquid, which soon deposits lead iodide. It is difficultly soluble in hot

methyl alcohol, and insoluble in water, and is distinguished from all the
other lead aryl or alkyl iodides by its stability. It does not appear to

yield an oxide with alcoholic sodium or potassium hydroxide,, but a
white precipitate is thrown down, this yielding lead triphenyl chloride
with 50 per cent, hydrochloric acid.

Lead triphenyl fluoride forms fine needles, decomposing about
318 C. ; density 1-82 at 16-5 C.

Lead triphenyl sulphide is obtained as a white, flocculent pre-

cipitate by passing hydrogen sulphide into a concentrated alcoholic

solution of the chloride. When freshly made it is remarkably soluble in

organic solvents, and stable on heating. It is easily soluble in alcohol
or ammonium sulphide, but not appreciably in water.

Lead tri-p-tolyl fluoride.^ A solution of the corresponding
iodide is mixed with an aqueous alcoholic solution of neutral potassium
fluoride, the fluoride being precipitated as a micro-crystalline powder.
It crystallises from much hot alcohol in hair-like needles, decomposing
at about 280 C.

Lead tri-p-tolyl iodide 3
is obtained by the action of iodine on

lead tri-p-tolyl. It crystallises in pale yellow, prismatic spears, 2 to 3
cm. long, melting at 115 C. to a clear yellow liquid, which decomposes
at about 195 C. with separation of lead iodide.

Lead tri-p-xylyl chloride. Lead tri-p-xylyl is changed to the
bromide, and this with potassium hydroxide yields the hydroxide, which
is then treated with dilute hydrochloric acid. The chloride crystallises

1 See Krause and Reissaus, Ber. t 1922, 55, [B], 897.
2 Krause and Pohland, Ber., 1922, 55, [B], 1288.
8 Krause and Reissaus, kc. tit.
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from alcohol in large, colourless, silvery, rectangular plates, M.pt.
167-5 C., decomposing about 195 C.

Lead tri-p-xylyl bromide. 1 When lead tri-p-xylyl is bromin-
ated in pyridine solution at 70 C., simple addition of the halogen
occurs. The compound crystallises from hot alcohol in silvery,

glistening plates, M.pt. 177 C., to a clear liquid. It is easily soluble in

benzene, chloroform, or hot alcohol. (It should be noted that bromina-
tion of lead tri-p-xylyl in chloroform solution at 10 C. yields lead

di-p-xylyl dibromide.)
Lead tricyclohexyl fluoride is obtained from the hydroxide by the

action of hydrofluoric acid or from the iodide by neutral potassium
lluoridc. From hot alcohol small lancets are deposited, which decompose
at about 108 C. Its density at 16-5^C. is 1-79.

Lead tricyclohexyl chloride.2 The hydroxide is treated with

dilute hydrochloric acid and the product recrystallised from hot alcohol.

It forms pale yellow, hair-like needles, decomposing at 236 C.

The bromide may be obtained in a similar manner or by direct

bromination of lead tricyclohexyl in chloroform solution at 10 C.

It crystallises in yellow needles, decomposing at 210 C.

The iodide forms glistening, golden yellow, thick prisms, a centi-

metre in length. It melts at 91-7 C. and decomposes ^at
325 C. It

is very soluble in benzene or chloroform, fairly soluble in ether or hot

alcohol, sparingly in cold alcohol When shaken in benzene solution with

#0 per cent, potassium hydroxide it yields the hydroxide, a white, amor-

phous powder which has not been isolated in a crystalline form.

An/I Derivatives of the Type R 2PbX2.

Lead diphenyl dichloride, (C 6 II 6 )aPbCl a .
3 This is obtained by

passing dry chlorine into a carbon bisulphide solution of lead tetra-

phenyl and wanning the mixture, when a white precipitate appears,

which is washed with carbon bisulphide to remove chlorobenzene. It

may also be prepared by heating lead tetraphenyl with the chlorides

of arsenic or antimony, bismuth bromide, thallic chloride or stannic

chloride in xylene solution.4 A third mcthod^ consists in treating the

corresponding dinitratc with potassium chloride. Lead diphenyl di-

chloride is insoluble in alcohol or ether, slightly soluble in chloroform,

benzene, or carbon bisulphide. It decomposes on melting, and when

treated with silver nitrate the chlorine is removed, giving the dinitrate*

With pyridine it forms a molecular compound (C 6H5 ) 2PbCl2.4.C6H 5N.
5

Lead diphenyl dibromide. By treatment of the dinitrate with

potassium bromide, the dibromide is isolated as a white powder which

decomposes on heating, but does not melt, and appears to be more

soluble than the di-iodide. Itmay also be obtained by direct bromination

of lead tetraphenyl in chloroform solution. The following addition com-

pounds have been isolated, (C eH5 ) 2PbBr a
.4C6H 5N and (C 6H6 ) 2PbBr2.

2NH8 . The latter is formed when ammonia is passed through a U-tube

* Krause and Sohmitz, Ber., 1919, 52, [B], 2165.

* Krause, Ber., 1921, 54* [B], 2065.

Goddard, #tt, 1922, MI, 256.
*

Pfeiffer, Truskier, and Diaselkamp, en, 1916, 49, 2445,

Polis, Zer., 1887, 20, 716.
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containing lead diphenyl dibromide, but by passing air over the com-

pound the ammonia is split oft again.
Lead diphenyl di-iodide. Lead tetraplieiiyl in chloroform solution

is treated with a solution of iodine in the same solvent, until a permanent
colour of iodine remains. The solution on evaporation gives golden

yellow needles of the iodide. The same result is obtained by the action

of potassium iodide on lead diphenyl dinitrate. The compound melts at

101 to 103 C., and is easily soluble in chloroform, alcohol, or benzene.

When its alcoholic solution is treated with silver nitrate, silver iodide and
lead diphenyl dinitrate are formed.

Lead diphenyl dinitrate, Pb(C6H 5 ) 2(N0 3 ) ?
,2H 20. When lead

tetraphenyl is added to a boiling solution of nitric acid (density 1*4),

two phenyl groups are split off, and on cooling, the nitrate is deposited in

small, glistening plates. These are purified by crystallisation from water

containing nitric acid, the pure compound being fairly soluble in hot

water or alcohol, and exploding on heating, without melting. When a

hot aqueous solution of the nitrate is treated with ammonia, a white

precipitate of the basic nitrate is thrown down, Pb(C 6H 5 ) 2(OH)N0 3 .

This also explodes without melting when heated, and by treating the

normal nitrate with hot pyridine, and slowly cooling the solution, the

following complex is deposited, Pb(C 6H 5 ) 2(N0 3 ) 2.4sC5H 5N.
Lead diphenyl iodate x is a crystalline powder, formed by heating

together lead tetraphenyl and iodic acid in xylene solution. It is in-

soluble in the usual organic solvents.

Lead diphenyl oxide may either be obtained by treating lead

diphenyl halides with ethyl alcoholic potassium hydroxide
2 or by

adding a boiling solution of sodium hydroxide to a solution of lead

diphenyl nitrate, 3 The oxide is precipitated as a white powder, which
does not melt, and volatilises without decomposition. It is strongly
basic in character, and is insoluble in the usual organic solvents, also in

sodium and potassium hydroxide.
Basic lead diphenyl carbonate, [(C 6H5 ) 2Pb.OH] 2CO3 . The

addition of sodium carbonate to a lead diphenyl salt solution causes the

separation of this carbonate, which is a white, insoluble powder having
no melting-point.

Lead diphenyl diformate is deposited in small, colourless needles
from the solution obtained by boiling lead tetraphenyl and formic acid

in benzene. It melts with decomposition above 200 C. If the formic
acid be replaced by acetic acid, lead diphenyl diacetate crystallises out in

white crystals, which are easily soluble in cold water or acetic acid. The
compound thus obtained has the formula, Pb(C 6H5 ) 2(C 2H3 2 ) 2.yH20>
the water-free salt melting at 195 C. Using trichloracetic acid and xyleue
as a solvent, lead diphenyl trichloracetate 41

is obtained, which softens
at 170 to 175 C. and decomposes rapidly at 210 C. without melting.
It has the following constitution, 2C16H 10 4Cl 6Pb.C2H0 2Cl3 . The
following salts have also been obtained : Acid lead diphenyl propionate,
melting to a clear liquid at 168 to 169 C., this decomposing at 230 to
235 C. ; lead diphenyl divalerate, white needles, M.pt. 168 to 170 C. ;

lead diphenyl oxalate, a white, crystalline powder, darkening at 280 C.

1 Goddard, Ashley, and Evans, Trans. Ohem* Soc., 1922, 121, 078.
2 Zechmeister and Osabay, Ber., 1927, 60, [B], 1617
8

Polis, Bur., 1887, 20, 716.
* Goddard, Ashley, and Evans, loo. cit.
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and decomposing rapidly at 293 to 295 C. ; lead diphenyl di-p-nitro-
benxoate< small, pale yellow needles, darkening and melting at 256 C.

Lead diphenyl dicyanide 1
is obtained by treating the di-iodide in

methyl alcohol suspension with silver cyanide. It decomposes at
24-5 to 255 C. and is converted by dilute nitric and hydrochloric acids
into the corresponding dinitrate and dichloride.

Basic lead diphenyl cyanide, Pb(C6H5 ) 2OH.CN. 2 If the nitrate
is treated with a solution of potassium cyanide, this basic cyanide is

precipitated as a white powder. It is insoluble in water, alcohol, or

ether, and melts with decomposition.
Lead diphenyl dithiocyanate. This salt is readily obtained by

mixing together aqueous solutions of lead diphenyl acetate and am-
monium thiocyanate. It is a white powder, insoluble in water and
the usual organic solvents, and is decomposed by silver nitrate, silver

thiocyanate being deposited. The salt decomposes at its melting-

point.
Lead diphenyl sulphide. When an aqueous acetic acid solution

of the above acetate is decomposed with hydrogen sulphide, a white,
ilocculent precipitate of the sulphide is obtained. By extracting this

with alcohol-benzene, and evaporating oft the solvent, small, bright

yellow crystals are deposited. It is essential that the reaction should be
carried out in the cold, since the sulphide is decomposed by heat. The

compound becomes brown when heated from 80 to 90 C., and at higher

temperatures diphenyl is driven off, and pure lead sulphide remains.

The salt is easily soluble in benzene, chloroform, or carbon bisulphide,
but with difficulty in alcohol or ether.

Lead diphenyl chromate separates as a bright yellow, crystalline

precipitate, when potassium dichromate is added to lead diphenyl
dinitrate. It is insoluble in water or alcohol.

Lead diphenyl phosphate is isolated in the same way as the

chromate, using sodium phosphate. It is a white, crystalline powder,
which docs not melt, and is insoluble in the usual organic solvents.

Lead di-p-tolyl dichloride.3 This is a white powder, prepared
as the foregoing phenyl compound. It is moderately soluble in chloro-

form, carbon tetrachloride, or benzene; insoluble in alcohol or ether;

by the action of alcoholic silver nitrate the chlorine may be re-

moved. Lead di-p-tolyl dilromide is formed by the action of bromine

on the tetra-tolyl compound. It decomposes on melting, and has a

similar solubility to the chloride. The di-iodide is a yellow compound,
readily soluble in carbon bisulphide.

Lead di-p-tolyl dinitrate crystallises in fine white needles, having
3 mols. of water of crystallisation. It is soluble in water, with difficulty

in alcohol, and explodes on heating* When boiled with water, or when
its nitric acid solution is precipitated with ammonia, a basic nitrate is

obtained, Pb(C7H7 ) 2(OH)N0 3
. This is a white, amorphous powder

which does not melt, and feebly explodes on heating.
Lead di-p-tolyl diformate, formed by the action of formic acid

on lead tetra-p-tolyl, crystallises from aqueous formic acid in shining,

white needles, which decompose and blacken at 233 C. The diaeetate,

Pb(C7H7 ) 2(C2H 8 2)2.2H20, which crystallises in fine needles, is not as

1 Zechmeister and Csabay, Ber., 1927, 60, [B], 1617.
a

Polls, Ber., 1887, 20, 716.
*

Polis, ibid,, 1888, 21, 3424
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soluble as the corresponding phenyl compound, and the water free of

salt melts without decomposition at 183'5 C.

Lead di-p-tolyl sulphide. When hydrogen sulphide is passed
into a solution of the above diacetate, the sulphide is deposited as a

pale yellow precipitate. It is washed with hydrogen sulphide water,
dried in vacua, and recrystallised from alcohol-benzene. When heated
to 90 C. it turns brown, at 98 C. it blackens, and at higher temperatures
gives di-p-tolyl and lead sulphide. It is decomposed by light, and is very
soluble in benzene, carbon bisulphide, or chloroform, with difficulty in

alcohol or ether.

Lead di-p-tolyl chromate is precipitated as a yellow powder
when potassium dichromate reacts with lead di-p-tolyl diacetate.

Lead di-p-xylyl dibromide 1
is obtained by the bromination of

lead tri-p-xylyl in chloroform solution at 10 C. It crystallises from
chloroform in colourless, glistening rods which are difficultly soluble

in ether, and insoluble in alcohol. It melts about 120 C., decomposing
with the separation of lead bromide.

Lead dicyclohexyl dichloride 2 is isolated (a) by passing hydro-
chloric acid gas into a suspension of lead tetracyclohexyl in chloroform,
or (b) by treating the latter chloroform suspension at C. with the
calculated quantity of chlorine in carbon tetrachloride. It forms pale
yellow needles, which become reddish brown at 150 C. and decompose
with the deposition of lead at 180 C.

The corresponding dibromide is prepared (a) by the bromination of
the tetracyclohexyl compound, or (6) by passing hydrobromic acid gas
into a benzene solution of the tetra-cornpound. It is isolated in pale
yellow needles, which become orange at 100 C., almost white at 160 C.,

"and deposit lead suddenly at 225 C.3 The di-iodide forms orange needles,
which decompose at 100 C. and are readily soluble in hot benzene, witli

difficulty in hot alcohol. It may also be prepared by treating lead

tricyclohexyl iodide with a solution of iodine in benzene.4

Lead dicyclohexyl sulphide.
5

(1) When hydrogen sulphide is

passed into a pyridine solution of the chloride or bromide (not the iodide),
addition of alcohol precipitates the sulphide. (2) By passing hydrogen
sulphide into a pyridine solution of lead tetracyclohexyl, kept at 10 C.,
the sulphide is also precipitated. The compound is washed with ice-cold

alcohol, and dried in vacua over phosphorus pentoxide. It is a pale
yellow powder which crystallises from dilute pyridine in microscopic
plates, these blackening without melting slightly above 100 C.

The action of nitric acid on lead tetracyclohexyl does not lead to the

production of the corresponding nitrate, but gives lead nitrate. Silver
nitrate on lead dicyclohexyl dihalides yields silver halide, and a reddish-
brown precipitate which contains silver, and is probably a silver deriv-
ative of cyclohexane.

Aryl Derivatives of the Types R2Pb. and E3Pb.

Lead diphenyl.
6 The preparation is carried out in a wide-necked,

round-bottomed Jena flask, fitted with a stopper containing five holes,
1 Krause and Schmitz, B&r., 1919, 52, [B], 2165.
a

Griittner, JJer., 1914, 48, 3257.
8 Krause gives the decomposition point about 142 0.
*
Krause, B., 1921, 54, [B], 2065. i

Gruttner, fa. cfc
6 Krause and Keissaus, Ber., 1922, [B], 55, 888.
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used as follows: (1) For carrying stirrer. (2), For introducing lead
chloride and magnesium compound. (3) For passing in nitrogen. (4) For
thermometer. (5) For condenser.

Into this apparatus the magnesium compound from 50 grams of
bromobenzcne in 400 c.c. of ether is introduced, and the whole cooled
hi ice. With vigorous stirring and in a nitrogen atmosphere, 44 grams
of lead chloride are added during three-quarters of an hour, in portions
of not more than 0-3 gram, the temperature being maintained at +2 C.

The ethereal solution becomes reddish brown, and the stirring is main-
tained for two hours, the temperature being kept at C. The mass is

then decomposed by small pieces of ice, and shaken with benzene in a
funnel filled with nitrogen. The benzene solution is evaporated under
reduced pressure in a nitrogen atmosphere to about 50 c.c. Any lead

triphcnyl which may have been formed crystallises out at this stage
and is Jiltered off. When the blue-red filtrate is added dropwise to

alcohol, the lead diphcnyl separates out, is dissolved many times in

a little benzene and fractionally precipitated by alcohol. Yield 2
to 3 grams.

The compound in the dry state is an intense bluish-red, amorphous
powder, fairly soluble in benzene or ether, insoluble in alcohol. Its

benzene solution reduces alcoholic silver nitrate, giving a deep black

precipitate of silver. It decomposes at about 100 ., becoming colour-

less
; changes to pale yellow at 120 C., melts above 200 C., but does

not blacken at 260 C.

A better yield is obtained if the reaction be carried out in benzene
instead of ether solution.

When a benzene solution of lead diphenyl is treated with an ethereal

solution of magnesium phenyl bromide and boiled for a few minutes,
black metallic lead separates out. The mass is decomposed with water,
the solvent layer evaporated, and the residue when treated with benzene

gives a good yield of lead triphenyl.
Lead di-p-tolyl is prepared in a similar way to the phenyl com-

pound, 30 grams of p-bromotoluene give 2 grams of product. It has
the same properties and reactions as the phenyl derivative.

Lead triphenyl. The apparatus used for this and the following

experiments is the same as for lead diphenyl. To the magnesium com-

pound from 50 grams of bromobenzene in 250 c.c. of ether, 40 grams of

lead chloride, in half-gram quantities, are slowly added. The reaction

is carried otzt in nitrogen and the mixture vigorously stirred. The
ethereal solution changes through brownish red to yellow, and after the

addition of the lead chloride the stirring is maintained for three hours.

The mass is decomposed by small pieces of ice, the ether removed under

reduced pressure, and the residue filtered and washed with water and
three times with alcohol, then dried at the ordinary temperature in vacuo

over phosphorus pentoxide. The dry product is extracted with hot

benzene, from which glistening rhomboidal crystals separate, containing
1 mol. of benzene of crystallisation. It crystallises from chloroform in

plates. Yield 17-5 grams, 40 per cent. It commences to decompose at

155 C. and melts at 225 C. It may be converted to lead tetraphenyl

(1) by heating alone, (2) by heating its benzene solution on a boiling

water-bath, (8) by heating the pyridine solution at 60 to 65 C. Its

solution in benzene is converted by an aqueous alcoholic solution of

iodine into lead triphenyl iodide, but with a dilute solution of iodine in
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benzene, lead diphenyl di-iodide and lead iodide are formed, the former

only in small quantity.
Lead tri-o-tolyl crystallises from benzene or chloroform in micro-

scopic rhombic crystals, from which lead separates at 240 CM and at

250 C. a black liquid is obtained. It slowly decomposes alcoholic silver

nitrate solutions when warmed, but has no action in the cold.

Lead tri-p-tolyl is formed by the same method as the phony] com-

pound. It crystallises from benzene on the addition of alcohol in

six-sided plates, from chloroform in rhombohedra, containing chloroform

of crystallisation, these being efflorescent in the air. It commences to

decompose at 193 C. and melts at 240 C. A cooled benzene solution

gives a greenish precipitate with alcoholic silver nitrate, which quickly
blackens as the temperature rises, but if a very low temperature is

maintained the green colour remains. When heated alone or boiled

in benzene solution it yields lead tetra-p-tolyl. In contrast to lead tri-

p-xylyl and lead tricyclohexyl, it is converted by bromine in freezing

pyridine into lead bromide and lead tetra-p-tolyl, which points to the

possible existence in pyridine solution of the equilibrium :

2Pb(C7
H7 ) 3 15: Pb(C7H7 ) 4+Pb(C7H7 ) 2

When the benzene solution is treated with aqueous alcoholic iodine solu-

tion, lead tri-p-tolyl iodide is formed.
Lead tri-m-xylyl.

1 To a solution of 20-55 grams of p-bromo-
xylene and 3-12 grams of magnesium in 100 c.c. of ether, 11-6 grams of

lead chloride are added in small quantities, and the mixture boiled for

five hours. Metallic lead soon commences to separate out and the

colour of the solution changes from brownish red to green. The mixture
is decomposed with water, filtered, and the dry residue extracted with
benzene. Evaporation of the solvent gives 2-5 grams of a very pale

yellow, crystalline powder. After crystallising from acetone, then three

times from benzene, it melts sharply at 238-5 C. with the separation of

metallic lead. It is soluble in chloroform or toluene, slightly soluble in

acetone, light petroleum, or pyridine. Its solutions precipitate silver

oxide from alcoholic silver nitrate. When its benzene solution is treated

with thallic chloride it yields thallous chloride and lead di-m-xylyl
dichloride.

Lead tri-p-xylyl
2 sinters at 220 C., and melts with decom-

position at 225 C. It is easily soluble in hot benzene or chloroform,

sparingly in cold benzene or ether, and insoluble in methyl or ethyl
alcohol. Its benzene solutions when exposed to air are unchanged, but
in sunlight quickly deposit a white precipitate. In the dry state the

compound is stable in air. Bromination at 40 C. produces lead

tri-p-xylyl bromide, but at 10 C. lead di-p-xylyl dibromide is formed.
Lead tricyclohexyl

3
crystallises in bright yellow, thin, hexagonal

plates, decomposing at 195 C, It is readily affected by light, the
solid substance quickly becoming brown, and the benzene solution

yielding a white precipitate in diffused light or a brown precipitate in

direct sunlight. The benzene solution is not stable in the dark, and it

reduces alcoholic silver nitrate in the usual way. When boiled with
ammonium sulphide, lead sulphide is formed. A solution of iodine in

1
Goddard, Trans. Ohem. Soc., 1923, 123, 1171.

2 Krause and Schmitz, er., 1919, 52, [B], 2167 ; Krause and Reissaus, foe. c&
*
Krause, Ber., 1921, 54, [B],

-
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benzene when added to a benzene solution of lead tricyelohexyl yields
lead tricyclohexyl iodide.

Aryl Derivatives of the Types Ar 2AlkPbX; Ar2Ar'PbX.

Lead diphenyl methyl bromide * is obtained by the bromination
of lead triphenyl methyl, as an oily product, which is pressed on a porous
plate and rccrystallised from benzene-alcohol. It forms glistening
needles, JI.pt. 1 18 C., decomposing with frothing at 124 C.

Lead diphenyl ethyl bromide forms colourless, glistening, pris-
matic needles, 3VI.pt. 119 C., decomposing with gas evolution at 130 to
135 C. It is very easily soluble in benzene or chloroform, readily in

ether, sparingly in cold alcohol.

Lead diphenyl p-xylyl bromide is prepared by brominating lead

diphenyl di-p-xylyl, and the crude product is best recrystallised from
about 80 per cent, alcohol. It crystallises in bushy groups of plates,

JI.pt. 00 C., decomposing at 200 C. With phenyl magnesium bromide
it yields lead triphenyl p-xylyl.

Lead diphenyl cyclohexyl bromide occurs as fine groups of

prismatic needles, JI.pt. 135 C., decomposing at 160 C. Phenyl mag-
nesium bromide converts it to lead triphenyl cyclohexyl.

Aryl Derhvthw of the Types A.rJ?bASk ; Ar,ArTbAlk ;

Ar.Ar'PbAlkX.2

Lead triphenyl methyl is prepared from lead triphenyl bromide
and an excess of methyl magnesium halide. It crystallises from benzene
in rhomboidal crystals, M.pt. CO C., becoming turbid at 220 C. and

decomposing at 260 C. In benzene or chloroform it is very soluble,
less soluble in ether, sparingly in cold 94 per cent, alcohol. Alcoholic

silver nitrate from an alcohol solution of the lead compound precipitates

yellow silver phenyl-silver nitrate.

Lead triphenyl ethyl,
3 obtained as above, is a solid, M.pt. 42 C.,

giving a colourless, highly refractive liquid ; density 1-5885 at 61 C. ;

nna 1-G2628 at 61 C. ; SRH 22-29.

Lead diphenyl cyclohexyl methyl is isolated from pure lead

diphenyl cyclohexyl bromide and an excess of methyl magnesium
bromide. It is a liquid at ordinary temperatures, miscible with most

organic solvents and aqueous alcohol. When brominated it is con-

verted into lead phenyl cyclohexyl methyl bromide.

Lead phenyl cyclohexyl methyl bromide, obtained as just

described, is susceptible to light and temperature. It may be crystal-
lised from benzene, provided the temperature is kept below 70 C.,

small, star-shaped groups of prisms being deposited, which melt with

complete decomposition at 93 to 94 C.

Heterocyclic Systems containing Lead*

By the action of lead diethyl chloride on the magnesium compound

* Krause and Schltfttig, Ber.> 1925, 58, [B], 427.
2 Krause and Sohldttig, ibid.
* Krause and Sohmitz, Ber., 1919, 52, [B], 2150.
4 Griittner and Krause, Ber., 1916, 49, 2666.
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of 1 : 5-dibromopentane, lead diethyl cyclopentamethylene is ob-

tained :

CH2V

>CH 2

/
Like the tin compound, this substance is analogous to the cyolohexanes
in which a carbon atom is replaced by quadrivalent lead. Molecular

weight determinations point to the simple formula, C9H 20Pb. It has

previously been shown that halogens split off alkyl groups from lead

tetra-alkyls, when the reaction is carried out in dilute solution at 75 C.

In the case of lead diethylcyclopentamethylene two possibilities occur,
either a splitting off of the ethyl group and the formation of lead

ethylcyclopentamethylene monohalide, or the partial scission of the

ring with the formation of lead diethyl-5-halogen-amyl halide,

Etx /Br

>b<(
Et/ \CH 2.(CH 2 ) 3.CPI 2Br

It is found by experiment that the reaction takes the latter course, and
that the yields are quantitative. The characteristic is emphasised, that

when we have a smooth addition of halogen, the splitting off of halogen
hydrocarbons takes place, which is always noticed in the halogenisation
of lead alkyls. In the preceding compound the carbon-bound halogen
atom may be directly precipitated by silver nitrate, whilst the lead-bound

halogen is not. By the action of magnesium ethyl bromide lead tri-

ethyl-5-halogen amyl is obtained :

JG/Cv /JtL<t

>pb<W XCH S.Et/ X?H 2.(CH 2 ) 3.CH 2
Br

Its halogen is not directly precipitated by silver nitrate, but with

magnesium powder in ethereal solution it forms the magnesium com-

pound in 60 per cent, yield.

By the action of chlorine on lead diethylcyclopentamethyiene, lead

diethyl-5-chloroamyl chloride is formed, and this by the action of

chlorine at low temperatures has two ethyl groups replaced by chlorine,
whilst the substituted arnyl group remains attached to the lead atom.
This is in accordance with the observed fact that the halogen always
splits oft the lightest group first. The compound thus obtained, lead

ethyl-5-chloroamyI dichloride, has two chlorine atoms prccipitable by
silver nitrate and not one. By the energetic action of chlorine ou load

diethylcyclopentamethylene, lead halide, ethyl halide, and dihalogen
pentane are obtained, showing that the pentamethylene ring has re-

mained intact. The lead compound in some respects resembles the lead

tetra-alkyls.
Lead diethylcyclopentamethylene, Et 2Pb<(CH2 ) 5.To the mag-

nesium compound from 100 grams of 1 : 5-dibromopentane (or 65 grams
of 1 : 5-dichloropentane) in 500 c.c. of ether, 50 grams of lead diethyl
dichloride are added in small portions, the whole being maintained
at C., vigorously stirred, and a stream of nitrogen passed through.
After the addition the mass is warmed on the water-bath for fifteen



ORGANOMETALLIO DEBIVATIVES OF LEAD. 353

minutes, decomposed with water, the ether layer removed, washed,
dried, and the solvent distilled off, A colourless oil remains, and this is

fractionated in a stream of hydrogen under reduced pressure. The
fraction, 100 to 130 C. at 13 mm., is worked down to 109 to 114 C. at
13 mm., and this yields 40 grams of pure product, B.pt. 111 C. at 13 mm.
It is a thin, colourless oil, having an odour resembling ketones. It is in-
soluble in water, sparingly soluble in 90 per cent, alcohol, but miscible
with absolute alcohol and most organic solvents. Neutral silver nitrate
is reduced in the cold, and when placed on filter paper it inflames and
burns briskly, giving fumes of lead oxide. With exclusion of air it may

kept for a month, but in contact with air it is slowly oxidised, giving
rown resin.

Lead diethyl-5-bromoamyl bromide,

Br

The above compound is brominated at -75 C. in ethereal solution, and
the product fractionated after drying. It is a thick, colourless oil.

Lead triethyl-5-bromoamyl, Et3Pb(CH 2 ) 6Br. The preceding
bromide is shaken with magnesium ethyl bromide and boiled for five

minutes. Treatment in the usual manner gives an oil, B.pt. 166-8 C.

at 13 mm. Yield quantitative. It is a colourless, thin oil, having an
odour resembling the lead alkyls, and is completely stable in air. Treat-
ment with magnesium powder yields lead trieihyl n-amyl, a compound
which may also be obtained from magnesium n-amyl bromide and lead

triethyl bromide. Lead triethyl n-amyl is a colourless oil of faint, un-

pleasant smell, B.pt. 121 C. at 15 mm.
Lead ethyl-5-chIoroamyl dichloride,

EtPb/XC1

Lead diethylcyclopentamethylene is chlorinated at 75 C. in ethyl
acetate solution. A crystalline powder is obtained which is washed
with ether and recrystallised from a little alcohol. It crystallises in

shining needles, insoluble in ether.

1 : 5-Bis-trimethylplumbyl-n-pentane, Me3Pb.(CH2)5.PbMe3 .

The magnesium compound from 1 : 5-dichloropentane is caused to

react with lead trimethyl bromide in ethereal solution, the reaction being

completed by an hour's warming on the water-bath. The excess of lead

trimethyl bromide is removed by shaking the mass with 20 per cent,

potassium hydroxide and dilute sulphuric acid. The ethereal solution

is then evaporated and the residual oil fractionated under reduced

pressure. The pure product is a colourless oil. B.pt. 166-5 C. at

14mm.
Table XXIV. of the Appendix shows the physical constants of the

above compounds.

VOL. xi. :
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TABLE IV.-INTERACTION OF THALLIC CHLORIDE
WITH ORGANOMETALLIC COMPOUNDS.

Compounds Beading with

Thallic Chloride.

Mercury di-n-propyl

Mercury di-isoamyL
Tin tetraethyl
Tin dimethyl diethyl

Tin triethyl chloride

Tin triethyl iodide .

Lead tetraethyl
Lead triethyl methyl
Lead triethyl chloride .

Mercury diphenyl .

Mercury dibenzyl ,

Mercury ethyl benzyl

Tin tetraphenyl

Lead tetraphenyl .

Lead tri-m-xylyl .

Lead diethyl diphenyl .

Lead diphenyl di-a-naph-

thyl . . . .

Triphenylphosphine

Triphenylarsine

Tri-m-,tri-p-xylylarsine .

Triphenylstibine ,

Tri-m-xylylstibine .

Triphenylbismuthine

Tri-p4olyl-,tri-a-naphthyL
bismuthine

Products of Reaction.

n^Propylmercurie chloride, thallous chloride.

Isoamylmercuric chloride, thallous chloride.

Thallium diethyl cliloride, tin diethyl diehloride.

Thallium diethyl chloride, tin dimethyl diehloride, thall

ous chloride.

Tin diethyl dichloride, thallous chloride, ethyl chloride.

Tin diethyl dichloride, thallium, iodine, iodine mono-
chloride.

Lead diethyl dichloride, thallous chloride, butane.

Lead triethyl chloride, thallous chloride, methyl chloride

Lead diethyl dichloride, thallous chloride, ethyl chloride.

Thallium diphenyl chloride, mercuric chloride.

Benzylmercuric chloride, thallous chloride.

Ethylmercuric chloride, benzylmorcuric chloride, thallous

chloride.

Thallium diphenyl chloride, tin triphenyl chloride, tin

diphenyl hydroxychloride, hydrochloric acid.

Thallium diphenyl chloride, lead diphenyl dichloride.

Lead di-m*xylyl dichloride, thallous chloride,.

Thallium diphenyl chloride, lead diethyl dichloride.

Thallium di-a-naphthyl chloride, lead diphenyl diehlori<K

Triphenylphosphine, thallous chloride, chlorine.
<

(a) In the cold. Thallous chloride, phenykrHeniouH
dichloride.

(b) Hot. Triphonylarsine dichloride, thallium dlphwiyl
, chloride, thallous chloride.

ThanouscMoride,m-xylylandp-xylylaraoiuousdichl)ride8.

Triphenylstibine dichloride, thallous chlorido.

Tri-m-xylyMbine dichloride, thallous chloride.

Thallium diphenyl chloride, diphenylchlorobfamuthine*
Thallium di-p-tolyl chloride, di-p-tolylchlorobismuthine ;

thallium di-a-naphthyl chloride, di-a-naphthylchloro-
bismuthine.
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TABLE VI. REFRACTIVITIES OF SOME SILICON

COMPOUNDS OF THE TYPE Alk3Si.Ar.

By subtracting from these values the atomic equivalents of carbon,

hydrogen, and halogen, the atomic refraction of the silicon in the

compounds is as follows :

[See Bygd^n, Ber., 1915, 90, 241]
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TABLE VII. CRYSTALLOGRAPHIC MEASUREMENTS
OF DIPHENYLSILICANEDIOL.

System, anorthic. Sub-class, holohedral.

a:b:c=0-5657:l:l-700.

a=902'; j8==lll 20' ; y=8727'.
Forms developed: b (010), m (110), p (110), c (001), t (013), v (lie).

TABLE OF ANGLES.

The crystals are prismatic in habit. Of the prism faces b, m and
/x,

b and p are well developed, whilstm is but a small face. The angles of
the prism zone, namely bm=64 23', mju,=55 40', ju,b=--60 57', all

approximate to 60 and give the crystals a pseudo-hexagonal character.
The crystals are terminated by three planes at each end. These arc
c (001), t (013), and v (116). The face c (001) is quite large, whilst t and v
are tiny bevels on the edges cb and c^' respectively. The faces t and v
are very bad ones, particularly the latter, from which no trustworthy
measurements can be obtained. The faces as a whole arc very bad
from a goniometrical point of view, as may be seen from the range of the

angles in the preceding.
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TABLE VIIL CRYSTALLOGRAPHIC MEASUREMENTS
OF ANHYDROBISDIPHENYLSILICANEDIOL.

System, anorthic. Sub-class, holohedraL

a : b : c=0-6536 : 1 : 1-868.

a=92 28' ; =115 40' ; y=86 24'.

Forms developed : b (010), m (110), //, (110), c (001), q (Oil), s (114).

TABLE OF ANGLES.

The forms b, m, and p constitute a prism zone ; the forms b and m
are large and p small. The angles of the prism zone are : bm=61 36',

m ft
=60 58', p,

b'=57 26'. They all approach the value 60, and so the

crystals are pseudo-hexagonal Of the three terminal forms, c (001) is

much the largest, q and s being small faces on the edges be and m'c

respectively.
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TABLE IX. CRYSTALLOGRAPHIC MEASUREMENTS
OF DIANHYDROTRISDIPHENYLSILICANEDIOL.

System, anorthic. Sub-class, holohedral

a : b : 0=0-5068 : 1 : 1-491.

Forms developed : b (010), m (110), p (110), c (001), r (012), /* (114).

TABLE OF ANGLES,

The dominant forms are b (010), ft (HO), and c (001). Many crystals

are simply four-sided prisms terminated by c planes. The prism face m
is often missing, and when present it is only small. The face r (012) was

present on one crystal only. The form
ju, (114) was only developed on

two crystals, and even then the faces were very poor ones. This accounts

for divergence between the calculated and measured angles. The

crystals may be described as short, stumpy prisms. The prism angles
show some approach to hexagonal development: bm=(J6 58',

mju,=51 39', /xb'*=61 32'.

If in the crystals of diphenylsilicanediol (see Table VII,) t is given
the indices (Oil) instead of (013), then v will become (112) instead of

(116). The remaining indices would be unchanged. The axial ratios

would now be 0-5657 : 1 : 0-5666 instead of 0-5657 : 1 : 1-700.

Similarly if in the crystals of dianhydrotrisdiphenylsilicauediol r is

made (Oil)"instead of (012), then p, would be (112) instead of (114), and
the remaining indices would be unaltered. The axial ratios would be
0-5068 : 1 : 0-7455 instead of 0-5068 : 1 : 1-491.

To bring the axial ratios of the crystals of anhydrobisdiphenyl-
silicanediol into line, q would have to be made (031) instead of (Oil),
and the ratios would then be 0-6536 : 1 : 0-6227 instead of

0-6536 : 1 : 1-868. The indices of s (112) would then become (832).
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TABLE X.- CRYSTALLOGRAPHY MEASUREMENTS
OF TRIANHYDROTRISDIPHENYLSILIGANEDIOL

System, orthorhmbic. Sub-class, UsphenoiM.

a : b : c =0-7750 : 1 : 0-4993.

Forms tic\ doped : a (100), b (010), m (110), p (111).

TABLE OF ANGLES.

The crystals occur in two well-marked habits. One of these is

prismatic, a and b being large faces, whilst the m faces are small In

other cases the crystals are markedly tetrahedral
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TABLE XL CRYSTALLOGRAPHIC MEASUREMENTS O
TETRA-ANHYDROTETRAKISDIPHENYLSILICANEDIOL.

System, anorthic. Sub-class, holohedral

a : b : c=0-5614 : 1 : 0-5770.

a=83 56' ; =103 52' ; y=96 44'.

Forms observed : a {100}, b {010}, e {001}, m {110}, q {Oil}, y {l20}.

TABLE OF ANGLES.

The crystals are flat, almost square, plates, the pinaeoid a {100} being
predominant, and the forms b {010} and c {001} being developed along the

edges of the plates.
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TABLE XII.-CRYSTALLOGRAPHIC MEASUREMENTS
OF TRIANHYDROTRISDIBENZYLSILIGANEDIOL,

System, oblique. Sub-class, holohedral

u : 1> : e^2-T97 : 1 : 1-643
; /3=94 38'.

Forms developed : a (100), c (001), m {110}, s {101}, r {101}.

TABLE OF ANGLES.

Faces.

100

101

100

001

101

TOO

101

no
001

101

101

001

001

T01

loo

110

no
Ho
no
no

No. of

Measure-

ments.

9

n

47

The crystals are prismatic in habit, being elongated in a direction

perpendicular to the diad axis. The m faces in general are much
larger than the a faces.

TABLE Xm.~~~PHYSICAL CONSTANTS OF TIN
ALKYLS OF THE TYPE R3SnR'.

VOL. XI. : I.
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TABLE XIV.-PHYSICAL CONSTANTS OF TIN

ALKYLS OF THE TYPE R 2SnR'a
.

TABLE XV. PHYSICAL CONSTANTS OF TIN

ALKYLS OF THE TYPE R2R'SnX.
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NAME INDEX.

ABELMANN, 68, 196, 107,

Aeree, 5,

Adams, 40, 42, 94, 190, 215.

Alexeyeff, 19, 21.

Allpress, 77.

Anderson, 217.

Aronlieim, 73, 77, 87, 322-324.

Ashley, 317, 324, 340, 345, 346.

Auld, 53, 56, 144, 146.

BALBIANO, 143, 154, 155, 200.

Bamberger, 32, 75, 90, 158.

Banus, 79.

Bauermeister, 82, 97, 99, 222.

Bauerschmidt, 210.

Becker, 88, 93, 225, 228.

Becker, R, 317, 322, 326, 327, 329.

Beckmann, 11.

B6hal, 188.

Beilstein, 19, 21.

Bernard!, 125, 132.

Bertheim, 221, 235, 237.

Berthelot, 31, 34.

Bessl, 165.

Bewad, 18, 19, 22, 26.

Bielenberg, 74, 84.

Biginelli, 181.

Biilmann, 50, 54, 59, 64, 66, 67, 176, 181.

Biltz, 181, 186, 187, 189.

Bjerrum, 176.

Blaise, 26, 142.

Blaisi, 88, 91.

Bleekrode, 232.

Blumenthal, 173, 176.

Bocchi, 129, 133.

Boedecker, 168.

Bogert, 217.

Bogomolez, 24.

Bohm, 24.

Bonitsch, 112, 139.

Braicovie, 233.

Brame, 181.

v. Braun, 208,

Bredig, 305.

Breest, 181.

Brieger, 132, 133, 156, 158, 166, 178.

Buchner, 65.

Buckton, 13, 18, 21, 30-36, 39-42, 232, 301,

313, 333, 336.

Bullard, 314, 319, 320, 321, 328.

Burkard, 181.

Buroni, 166.

Burton, 100, 114.

Butlerow, 16-18, 23, 25, 333.

Bygden, 247, 250-252, 259, 2(52-264, 282,

362

CAHOXTRS, 11-13, 15, 18, 20, 23, 24, 33, 36,

37, 43, 220, 232, 233, 302, 304-310,

314, 333, 336.

Calingaert, 339.

Callis, 304, 305.

Calmels, 20, 32.

Calvert, 11.

Calvery, 38, 39, 43, 44, 77.

Campisi, 79.

Cantapulo, 16, 19, 25.

Carani, 118.

Carius, 21.

Cauer, 263, 269.

Oaven, 247.

Cecchetti, 133.

Chalklcy, 104, 147, IfiG, 2(H>.

Challenger, 77, 264, 266.

Chambers, 13, 316, 322, 324, 329.

Chapman, 19, 21, 33, 37.

Chattaway, 82.

Ciusa, 213.

Cocconi, 140.

Coffey, 92, 93, 107, 108.

Coffmann, 5.

Coffic, 26, 30J, 302.

Corey, 201.

Cowper, 47.

Crafts, 13, 18, 20, 250, 252.

Crymblo, 31, 34, 40.

Csabay, 340, 346, 347.

Curtius, 65.

DAVISSS, 265.

Bean, 68.

Delacro, 22, 26.

Demarcay, 306, 307, 310.

Demuth, 20.

Deniges, 47, 54, 181.

Dennis, 291-295, 297, 298.

Desesquelle, 140.

Diels, 191.

Dilthoy, 267, 270, 271, 275.

Dimroth, 33, 41, 72, 90-93, 97, 101, 104,

105, 112, 121, 139-144, 149, 161, 155,

162, 166, 196, 197, 204, 208.

Diflselkamp, 337, 345.

Ditmar, 31, 32, 40, 41.

380
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'r, 73 -7<>, 78. 87-00.

'I, III

Divw, 2JU-207.

Drutv, 311 m
Dufford, 11.

t, Bl, 4K42.
a. 17, 10, 20, 22, i>:>, :u 33, :>.', :w, 38,

44.

!>uiawl, 12, I,\

]M;r.i:, 213.

KdnnnrdofT, 2i7, U70, 27 K 27.\

KlH'ivnfrld, Ins,

tfhrhard, 73.

KichiT, 30, 44.

ICnimaun, 1H7.

KM*'!*, 58, 181.

K\ns, 317, 2i, :uo, :n.\ :M<>.

, 40.

Kwi, 07, 12f,

T. :W, 40, M, 7,'J.

V2, I,% !.:,

T 294 207.

40, 147.

Kniiu'hiinnnt* 7i>, H7.

KrAiiklttiicl, IK 12, l.'tv Hi 1, 25, 27, 3! IJ.%

85 JJ, K 41, 44, 219, 223 22T, 301-

303, :MM f 313, 333.

Franklin. 40.

, 17, 23,

> 13, 18, 20 t 230, 252, 2f>0, 257, 259,

263, 283, 284.

Fromm, 27.

Pujimoto, OH.

FQntntthoff, 13, 232.

UABAKIM, 12(1

(JajcwHki, IDS.

(2a! ff 20V

(imniag^ 81, 95,

(lattcrko, 42^4.

, 55, 57, 103, 1H4.

(Jcnzkon, 93,

Gorhardt, 47.

(Jcnwh, 167, 168.

Ohira, 3K 34, 301, 333.

Gibson, 4, 9, 79, 04.

Oilman, 11, 12, 14*16, 340.

Gladstone, 28, 19, 23, 24, 301.

Glinsky, 190.

Goddbaux, 121

Qoddawl, A* &, S0-38, 43, 70, 85, 98,

220-222, 235-240, 242-244, 302, 317,

322, 324, 338, 340, 342, 343, 345, 346,

$50.

Goddwrd, D. (Mb), 76, 22K 222, Q2, 317,

322, 338, 340, 342, 343, 345.

Goldaeker, 120.

Uoret, 30, 43.

({oriainovv, 21.

(Jould, 3L 34, 30,37,40, 43,44.
(irahowski, 21.

(Jmoff, 77, vS7.

(Jrafflin, 78, 70, 88.

< trahnni, 20.

.

<!n*nlaw, 17.

<r'frt 304. 313, 315.

Urignard, Iim, 107,233.

<norowits<'h, 23, 54.

Urillu, 213.

<!rimm, 302, 310.

(Snww, 3, 5, S, 22 K 235, 242, 243.

<!nitfiMT, 5, 12, 13, 14, Hi, 2tt, 28, 33, 70,

77, SI, 85, S<>, 88, 02, Ot-90, 208, 234,

2(>3, 20, 20K 302, 303, 305, 307, 311,

314, 317, 325, 32(1, 333 338, 341-343,
3(8, 351.

, 140.

(hmfss, 10.

(iW(>K(l(>W, 20.

HAAS, 180, 190.

llackfonl, 270, 271, 282, 283.

HajT, 4, r>, 30.

HallwachH, 12, 2,11

Hamilton, 78, 03.

Hammond, 2 OH.

Han, 201, 292,

Hanfco, 104.

Hanscn, 221, 237.

Hanaon, 20,5.

Hantxsch, 53, 50, 144, 140, 198.

Haitian, 208.

Hart, 158, 254.

Hartwig, 13, 221, 237.

Haaenb&umer, 77.

Haft, 17, 19.

Hc^idellxncger, 113, 129, 205.

Horn, 13, 34, 73, 78, 80, 81, 122.

Httlkw, 304, 312.

Hcmiy, 22-24, 45.

Hflttiy, T. A., 153, 153, 192-196.

Herman, 26.

Horrera, 217.

Herrmann* 141.

Heumann, 76, 87.

Houter, 164, 168, 171.

Hill, 42-44,

Hilpert, 5, 12-14, 16, 26, 28, 31-33, 40, 41,

76, 77, 85, 86, 88, 92, 94, 96, 208,

234.

Hinsberg, 21*

Hirachfelder, 158.

Hjortdahl, 305, 306, 308-310.

HobBon, 17, 20.

Hochwalij, 339.

Hodgson, 144.

Hofman, 13, 20.

Hofraann, 45, 48-50, 52-54, 60, 62, 64, 180-

182,18^-188,190.
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Holtz, 4, 5, 6.

Holzznann, 32.

Howard, 31.

IPATIEW, 1H.

,?ACOBS, 113, li>0, 20,3.

Jaeobsolm, 118, 121, 1$, 124.

Jacobson, 80, 81.

Japp, 23.

Jenkins, 233.

Jensen, 74, 84.

Job, 25.

Johnson, 188, 180.

Jolibois, 333.

Jones, 32, 34, 38, 79, 80, 95.

Jiirgens, 105.

KAHUPUSS, 19.

Kalle, 23.

Kaulfuss, 16.

Kawamura, 3, 6, 8.

Keiser, 181.

Kekute, 76, 87.

Kelbe, 82.

Kenner, 106.

Kharasch, 63, 64, 75, 78, 70, SO, 80, 88,

104, 105, 118, 121, 123-125, 147, 15(5,

159, 206.

Khotinsky, 93, 95, 219, 223, 225, 226, 229,
284.

Kipping, 248, 250, 254, 258, 262-272, 275,

278-285, 287-290, 307, 318, 320, 323,

325.

Kirmreuther, 188, 190.

Klein, 131.

Klippel, 336, 338.

Klug, 183.

KSchlin, 76, 87.

Koten, 42, 94, 190.

KSthner, 187.

Krafffc, 77.

Krassowski, 13, 33.

Kraus, 3, 6, 8, 31, 266, 294-297, 304, 305,

313-315, 321, 328.

Krause, 9, 12, 13, 27, 31, 34, 219-221, 224-

229, 231, 233, 235, 242, 243, 263, 291,

302-305, 307, 308, 311, 317, 318, 321-

323, 325-327, 329, 333-338, 341-345,

348, 350, 351.

Kulmiz, 306.

Kunz, 79, 93, 94.

Kursanov, 96.

Kutsoheroff, 54, 187.

LAOHMANN, 16, 18,22, 23, 25, 292.

La Coste, 35, 77.

Ladenburg, 13, 17, 23, 73, 77, 79, 87, 250,

251, 253-259, 263, 266, 268, 269, 279,

283, 284, 301, 304-306, 309, 314, 321,
326.

Landolt, 32.
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Lasserre, 53, 54, 57.

Laubengayer, 291.

Lavroff, 11.

Law, 320, 327.

Lawrance, 13, 21, 301, 333.

Le Comtc, 181.

Tjcderer, 342.

behnardt, 308, 311, 312.

Looiie, 233.

Letts, 20, 301,302.
I*uikf 20~).

Uy, 40, (>4, <>7.

lx\ys, 53, 155.

Licso, 173.

Link, 77.

Linnemann, 33, 44.

Lippmann, 34, 42.

Lloyd, 250, 266, 272, 279, 284.

Lohr, 12, 13, 15, 16, 27, 32, 33, 36.

Loloff, 142.

Lomnxen, 118.

Louise, 37, 232, 233.

Lo'wig, 309, 313, 336.

Luff, 267, 271, 280, 281.

Lwow, 17, 21.

Lyons, 77.

M'dLELAND, 74, 80.

M'Ewen, 188, 189.

Magtiire, 181.

Mahrlcin, 190.

Mameli, 140, 149, 151, 152, 154.

Mameli-Mannessier, 151.

Mamlock, 22.

Manchot, 58, 142, 150, llH, 155, 183, 181,

186, 189, 190.

Marcus, 3, 6, 8.

Mark, 7.

Marker, 86.

Markownikoff, 24.

Marquardt, 13, 24, 25, 37, 38.

Marsden, 262-264, 269, 280.

Marsh, 54, 196, 198.

Martin, 254, 258, 266, 269, 272, 284.

Marvel, 4, 5, 31, 34, 36, 37, 39, 40, 43, 44
178.

Masohraann, 149, 176.

Matsumiya, 96.

Matthews, 31.

Maynard, 31, 39, 41, 72, 90, 91.

Meads, 268, 283.

Melamed, 93, 95, 219, 223, 225, 229, 23!.

Melser, 252, 254, 256, 259, 209, 283, 284.

Merck, 151.

Moves, 62.

Meyer, V., 20, 221, 235, 237, 311.

Meyer, 235, 333.

Michael, 25, 26, 64.

Miohaelis, 35, 73, 76-82, 87, 92, 93, 95, 121,

122, 141, 143, 225, 227, 228, 220.

Michetti, 117.

Middleton, 139-141, 143, 192, 196.

Midgley, 339.

Miller, 23.

Mills, 215.

Mitchell, 203, 204.

Moller, 335, 338, 343.

Moore, 22.

Morgan, 294-297.
'
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Morgunow, 11$, 303.

Morfca, 81, 06.

Muiler, 31
Munmu 180, 1 87.

Murray, 2<7.

N it'llwland, I SI.

Nijjjit insult*, j|

Nita'hc, 210, 224 22t>,

Nonnnnd, 333,

Nylxr#, 03.

0UHH, 0.

OiUinvr, 13, 33,232.
iuUilft. 102, 210.

hcm, I3V 33, W 173.

<'r, 54.

Orndorff, 202 205. 207, 208,

OUo, 32, 34, 4M2, 73, 74 70,70,81,87 01,

03, 90, 07.

PAUBKI, 210.

Paolini, 143, 151, 154, 155, 158, 200.

S 13, 23, 24, AW, 251, 253, 255, 257.

Pawlmv, 17,18.22,23.

lVahi\v, 13, 301, ,'W3, ;7, 308, 311, 312,

IVbal, 1.
JVratonor, 2L
IVrkin* 1S1.

IVHwi, 73-75, 91, 112, 113, 111!, 120-124,
120, KM, 132, 1152 -HM.

lVUr, 77, 78, 87, 88, 93, 108,

IVttmwi, 01
Hdffrr, 73, 301, 308 313, 310, 323, 333,

33f> 338,340,343,345.
Pw'Cttrd, 125, 200.

Pimnixii, 112, 124.

Pickrnft, 11.

Pteorisii, 124.

PlFmpUm, 181*

Pohland, 317, 323, 325, 327, 330, 344.

Pdfook, 186.

Polij*, 259, 22, 266 27, 2(19, 316, 330, 340,
345 347.

t 2f>, 37.

4, 9, 13, 79, 94, 301, 303, 307, 308,

Poppor, 25.

mgr, 63,

Proekouriukotf, 144 14U, ir>{), 1(58, 204.

Purvis, 74, SO*

, 232,

EABINBK.SON, 121, 141.

Racky, 284.

Raffo, 120.

144-146, 156, 168, 204.

Rathke, 19,

Reese, 73, 88,

Reich, 9, 25.

Reinkobor, 189*

Reissaus, 344, 348, 350.

Koissert, IOC.

Reitzonsk'in, 112-114, 131, 139.

Kenning, 284.

Renshaw, 17.

Kenwanx, 318, :U1.

Hotter, 31, 34, 73, 78, 80, 81, 122.

Kt^vnolds, 54, 57.

Roynoso, 47.

Kirhter, 227, 228,

Hioth, 11), 21.

Hobinon, 319-321, 340.

RobiHOn, 258, 208, 270, 275,

Rm><kr, 88, 91, 142,

Roman, 215.

Roaen, 2r>(>.

KoMcnthalor, 08.

ItoHHi, 125, 129, 133.

Itotlier, 120.

ttoux, 37, 232, 233.

Rugh*inur, 314.

Rupp, 141, 151, 1H7.

Kuspaggiari, 112, 124.

SAI-HH, 88, 89, 102-165, 213,

KiKw, 21.

Saknuri, 40, 45, 40.

Sand, 50, 52, 55, 57, 59, 60, 103, 180, 181,

183-185, 201-203, 287.

Stmdborn, 177.

8ytaff, 1SK).

Sohafarik, 12, 13, 232.

Soluwr, 13, 310, 322, 324, 320, 328.

Schlenk, 3-8, 33, 122, 284.

Sdilottig, 342, 351.

Schmitt, 20.

Hchmite, 317, 318, 341, 343, 345, 348, 350,

351.

>Schtturmann, 301, 302, 316, 323.

Hohoellor, 58, 59, 65, 66, 126, 129, 164, 171,

173, 177, 184.

Hoholl, 63.

Sohon, 19.

Hchorigin, 5f 33, 35, 38.

iSchorlemmer, $4, 42.

Hchrauth, 58, 59, 65, 66, 126, 129, 164, 171,

173, 177, 184, 210.

Bchrtfeder, 39, 41.

Schtgoherbakoff, 24, 36, 37.

Sohulomaxm, 132, 133, 158, 178.

Bohuito, 35.

Bchultze, 82.

Schufce, 11, 12, 14-16.

Schwalbe, 10L
Sohwawse, 77, 87.

Seidol, 32, 35, 39, 41.

Seller, 190.

Sell, 34, 42.

Selmi, 47.

SeregerLkoff, 284.

Sesefons, 304, 314.

Sharp, 152, 153, 192-195.

Singer, 59, 60, 181, 183, 201-203.

Smith, 37.

Smith, 0,, 203, 204.

Smith, H., 307, 318, 320, 323, 325.
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Sneed, 39, 41.

Sobero, 47.

Soderback, 74, 89.

Sperry, 215,

Ssiraonowitsch, 10, 10.

Ssokoloff, 25, 37.

Starara, 113, 131.

Staveloy, 63, 64.

SteinkoVf, 42, t>3, 74, 75, 82-84, 86-89, 94,

96-101, 222.

Stock, 223, 224.

Stoehr, BO, 52, 183.

Strecker, 40, 42, 309.

Struensee, 177.

Suida, 35, 42, 76.

TABBBN, 292-295, 297, 298.

Tafel, 37, 38, 43, 335.

Tartarini, 132.

Taurke, 250, 251, 253, 256.

von Than, 45.

TMele, 190.

Thomas, 234.

Thiimmel, 186.

Thurman, 78, 79, 93.

Tiffeneau, 81, 95, 96.

Tolkatschew, 18.

Travers, 181.

Tribe, 18, 24.

Truskier, 73, 333, 336, 337, 340, 345.

UTHEMANN, 191.

VBOOHIOTTI, 112, 116-118, 130, 131.

Vila, 146, 147.

Volhard, 97, 99.

Vyle, 268.

WAGA, 16.

WaIir, 34, 73, 78, 80, 81, 122.

Wagner, 21,22, 24.

Walclon, 34,

Wanklyn, 5, 16, 20, 21, 27, 45.

Wayler, 31.

Weehuizen, 192.

Welter, 80, 95.

Wendt, 9, 12, 220, 233.

Werner, 22, 23, 32, 34, 40, 79, 80, 95, 309.

White, 207.

Whitmore, 78, 79, 93, 108, 122, 134, 139-

141,143,162,164,192,205.
Wibaut, 105.

Wiohelhaus, 13, 19.

Widdowson, 254.

Wilcox, 23.

Willgcrodt, 35, 41, 76, 87, 88.

Winkler, 13, 292, 293.

Wischin, 20.

Witt, 59.

Wolff, 79, 95.

Wolffenstcin, 22.

Woodward, 162, 164.

Worobjeff, 16.

Wrenshall, 68.

Wunstorf, 168.

Wiirtz, 21, 74, 79.

ZECHMEISTER, 340, 346, 347.

Zeidler, 223, 224.

Zeiser, 36, 79.

Zelinsky, 26.

Zinin, 44,



SriUEOT INDEX.
A"./*.- index is arranged under headings of elements placed in their order of

appearing in flu* IVnodio ClaMsihYation. Whw more than ono reference is given those
ivffivni't'K in ifalh-M indifalr whn <h< preparation arid properties of the compound in

finu may IM found.

Lithium.
Lithium lAuumyl, .

r
>.

/' -butyl, 4.
'

iSodium iwMiinyl, IW.

l, 8.

7.

othyl, ,5, ifn

ni*t hyl r7 3

, (J.

fripl'nylnnfhyl f ,% 6*.

triphcnyhncthyl, 8*

Hubidiuin ethyl, 8*

triphcnyJnM'thyl, B-

Cwium.
Ceueium ethyl, 8.

(topper.

Cuprous phcnyl, 3, 9.

XUver.
Hilvor phcnyl, 4, ^.

, , c>m|xun<l with iivor mtrato>

Amminodiethylaurio bromide, 10*

Diothylauric bromide, 3, 9.

Ethylauritt dibromidr, 10.

Calcium.

Oaloium, organic oomplexe of, U.

Beryllium.
Beryllium n-butyl iodide, 15,

dl-n-butyl, 15.

diethyl, 11, 14, 36.
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Beryllium dimethyl, 12, 14.

diphenyl, 15.

dipropyl, 11, W, 37.

di-^-tolyl, 15.

ethyl bromide, 15.

chloride, 15.

iodide, 15.

methyl iodide, 12, 14, 15.

phenyl iodide, 12, 15,

Magnesium diethyl, 12, 16, 36.

dimethyl, 15, 33.

diphenyl, 12, 16, 76.

dipropyl, 16.

Zinc.

Zinc di-feoamyl, 12, 2$, 38.

, physical constants of, 357.

di-iaobutyl, 24.

, physical constants of, 357.

Zinc diethyl, 8, IS, 19, 20, 25, 26, 29, 33, 36, 221, 224, 237, 250, 251, 255-257, 259,

263, 292, 301, 302, 332, 333.

, reactions of, 20-23.

, physical constants of, 357.

dimethyl, 12, 16, 17, 21, 25, 27, 31, 33, 223, 248, 258, 303, 333.

, reactions of, 17, 18.

diphenyl, 13, 26, 76, 316.

dipropyl, 23, 37, 250, 302.

, physical constants of, 357.

di-&e>propyl, 24.

ethylate, 18.

ethyl wobutyl, 357.

ethyl iodide, 25.

w-propyl, 357.

ethyl trichloroethylate, 26.

methylate, 17.

methyl ethylate, 18, 25.

iodide, 16.

methylate, 17, 25.

isopropyl isoamyl, 357.

w-propyl wobutyl, 357.

isopropyl iodide, 26,

Oadmium.

Cadmium di-wamyl, 28, 358, 359.

di-w-butyl, 28, 358, 359.

di-^obutyl, 28, 358, 359.

diethyl, 27, 36, 858, 359.

dimethyl, 27, 358, 359,

diphenyl, 14, 28, 76.

di-^propyl, 28, 358, 359.

Acetaldehyde, mercuration of, 47.

w-Acetaminobenzoic acid, mercuration of, 172.

^-Acetaminophenylmercuric acetate, chloride, hydroxide, sulphate, J&fL 12&
Acetanilide, mercuration of, 124.
Acetic acid, w , 58.

acids, substituted, merouration of, 64,

Acetone, reaction with mercuric cyanide, 54.

4
99 . acetate, 55.

Acetophenone, mercuration of, 196.

Aceto-diethyl-methyl-mercuric chloride, 65,
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Aeeto-dimethyl-methyl-merourie chloride, 65.

Aeetoxymereuri-aceto-o-toluidide, 130.

,t -w- , 131.

O" * >i t> > 131,

-acetylanthranilic methyl ester, chloride, 170, 171.

, t -^-annnobenzoic ethyl ester, chloiide, sulphide, 164, 174, 173.

i*
t

, 9 mercuric acetate salt of, 174.

2>- aniline, compounds from diazotised, 205.
o- anisole, 141, 142.

-aiithraidlic methyl ester, 169.

resol, chloride, 204.

thol, 204.

,/laminc-5-8uIphonio acid, 205.

-<?-nitrophenol, bronude, 204.

-phenol, 205.

-rrsordnol, 205.

2-
*

4- -o-cn*Hol, ehl<ri<le, nitrate, 140.
- ..... > ,149.

4- . -3-<liuei'im'nun*uriplienyI-r>-pyraxolom
k

, dichloride, 213.

/*- -diaeetyl-fMutraniline and aoulyl derivative, 119.

B- , -2 : 4"(liehloroanilin(% acetyl derivative, chloride, hydroxide, 111,

>I, 20 1.

:f 111, 122.

-//"rW>hutoxy-//-phenylpropi<mic methyl eHter, anhydride, 178.

earvaerol, 152.

, 120.

, acetyl derivatives hydroxide, chloride, 118.

0- M > hydroxide, anetyl derivative, 117.

4- ,. M
4- , t -7H-diinethyIanuu(aniHolt hy<Irochloride, 147.

4- *, , t 4'-ditnethylaniin<>azobiinzenni, 205.

4 ,, f f -m<limothylam[m)pht*nol,
147.

4 , w-(2iinctthylainim>phonyl a<H.*tate, 137, 147.

(tinwthylanthratti)ie inethyl oster, chlorides bromides iodide, 172.

,, "dinthyl tether, chluricUs 1 W.
diuthyl-toluidin, chloride, bromide, iodide, hydroxide, nitrate,

13&
;>- -tliphenyhunino, chloride, hydroxide, 125.

a- ., jS?-<jth(xy^-|>Iu"uylpropicnic mothyl ester, chloride, bromide,

iodide, internal anhydrides 177.

t > -ethylanthranilwj ethyl eter, inethyl eater, 172.

-cthylmothyl ether, f>8, J#4.

, formic i*thyl ester and <Ukrivativea, 58.

, , methyl ,58,
2- ,. , -3-hydroxybonzaldehyde, 193.

a- t -^-hydroxysuocinic acid, derivative of, 67.

& -4-hydroxy"2methyl-5-vopropyl-ben5Baldohyde,
Id2,

2 , 3-hydro7cy*totrahydrcmaphtha2one, 103.

4- -o-iodoanilims hydroxide, iodide, 118.

2- -p- , , acetyl derivative, 118.

2- -6iodothymol, chloridn, bromide, oxiae, 152.

a- >t -^-m
|

ithoxy-^-phmyl-p-chloropropiophenone, 197,

a- -/j-phenylpropionio ethyl etor, benzyl ester, 178.

a- , Z-mcnthyl ester, chloride, bromide,
178.

a- ,, ,, ,t methyl oster, chloride, bromide,

a- n >. > > -^phnylpropiophenono, 196.

D^thylinthr&niiic metiiyl ester, chloride, bromide, iodide, 171,
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l-AcetoxymerxMrimethyl-4-bromo-l : 2-dihydrobcnzofurane, 210.

1- ,/ -1 : 2-dihydrobonzofurane, chloride, bromide, iodide, 21f>.

#-Acetoxyniercuri-methyldiphenylaniine, hydroxide, 120.

3- -1-methylio.dole, 214.

l-Acetoxymercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216.

1- > "5- , ., , , 216.

1" , -4- , >, j> , 21 b.

3-Acetoxymercuri-2-methyl-l-phthalyl indole, 214.

.JV-metKylthiodiphenylamine, 126.

1- -jff-napnthol, 138, 158.

2-
, 4-naphthol4-sulphonic acid (sodium salt), 138, 157.

1- , -2- -6- , 138, 158.

1- , -^-naphtliylamino, 133.

-o-nitroanilino, 111, 11$*

-w- , 11D.

-p- ., , acetyl derivative, 119, 120.

-2-mtro-4-bcnzoneazo-a-naphthol, 204.

8(?)- , -4- -2- ,204.

-3-nitro-4-hydroxyben2aldehyde, 194.

-2- -3- , 195.

phenetole, chloride, bromide, iodide, 143.

,143, 144.

phenol, hydroxide, internal oxide, bromide, iodide, nitrates sul-

phate, 140.

#- phenol, hydroxide, bromide, iodide, nitrate, sulphate, 140.

2-Acetoxymercuriphenylglycine, ethyl ester, 127.

a-Aoetoxymercuri-j5-propoxy-j5"phenylpropionio methyl ester, chloride, bromide,

iodide, internal anhydride, 177.

a- ,, -/^&opropoxy-$-phenylpropionic methyl ester, anhydride, 177* 17&

-salicylic methyl ester, 162, 167.

ethyl , 167.

2- ,, thymol, chloride, bromide, nitrate, oxide, sulphate, 151, 152.

6- , bromide, hydroxide, f 152.

5- toluene-2-azophenol, 205.

o-tolylglycine ethyl ester, 128.

m- , anhydride, 129.

Pm
t >i > > 129.

5-
, .o-toluidine, 129.

6- , .m- ,130.

> -jP- 9 chloride, hydroxide, 131.

Acetylene, interaction with mercuric salts, 186f 187.

"Acetylene mercury," 186.

oxychloride, 186.

tetrabromide, interaction "with mercuric cyanide, 189.

Acid anilides, mercuration of, 124.

Acrylic acid, , 66.

Aldehydes, mercuration of aliphatic, 53.

Aliphatic acids, unsaturated, mercuration of, 66.

A1%1 mercuric halides, electrolysis in liquid ammonia, 30, 31,

Alkyl phenols, mercuration of, 153.

Allylacetoxime, reaction with mercuric acetate, 202.

Allyl alcohol, mercuration of, 47, 50.

#-AUyl anisole, mercury derivatives of, 143.

Allylene, interaction -with mercuric salts, 1&7, 188.

AJlylmercuric hydroxide and salts, 449 45.

iodide, 33, 44.

o-Allylphenol, merouratipn of, 215.
: 8-Amidonaphthol-3 : 6-disulphonic acid (H acid), reaction with mercuric salts, 158.
:$- H -4:6- ,,(Kacid), , 158.
: 8- -4-sulphonic acid, reaction with mercuric salts, 158.
w-Aminobenzoic acid, mercury derivatives of, 172,

P- ,, , and esters, mercury derivatives of, t73~17ti*
Aminomethane disulphonio acid, mercuration of, 68.

Aminophenols, mercuration of, 147.

o-Aminophenylmercurio acetate, 111, 116.
O'

, acetyl derivative, 116.
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-Aminophonylmorcuric acetate, condensation with dinitrophenylpyridinium chloride,

P- ., , //,222.
2** " acoiyl derivative, 1 13,

P* " > * condensation with dinitroplienylpyridinium chloride
and iwpargyl acetal, 113, 114.

;>.AmmophettyImeretirio chloride, //5, 110, 222.

y- * * condensation products, 115, 116.
/>- *. ^ hydroxide and Halts, 114-11$.

;>- 1. , thiotmlphaUs 115, //6'.

w-Ammophenyl-trimHhyltunmoiiium chloride, merouration of, 149,

tf-Amylaoetylene, morcuratxon t>f, 188.

Amyl alcohol, , 47.

s'w-Amyl hydrtxyinercuri-<T/intro.a(
ietat4 i

anhydride, (>4.

i fi-Amylinert'urie bromide, 44.

e, 3H, 44* 87, 3(

wo- iodide, U8, /#.

wo-Aniylphenol inorouration of, 153.

4 : 5-Anhydro-3-aeotoxynu'rcuri-5-hydroxyniereuri.4-hydroxybenzaldehydc, 1 94.
2 : 3- -2 ;

6-dihy(iroxynurcuri-4-niiro-:Miy(lroxybenzaldflhydo, 195.

d,2
,206.

n -a-hydroxy-iuereunbeuzoyl acetic acid, 03.

..hy<lroxyntercuri.a-hydroxymethyl Huoc^lnio acid, derivatives of, 07.

Anilines, halogenated, mercuration of, 117.

a*Anilido fatty aflida and caters, nien*uration of, 120.

Auiaole, moreuration of, 137, 14L
Aniylindflts inercurution of, 214.

^"Aniaylmerourio tltlorid<% H7, 140\ 230.

p* >/ oxitlo, 142.

Anthranilic CRtcm, meix'uration of, /6V/, t&H~17L

Apiol, nwroumtion of, 137, 15$.

u*>Api01 ofy 137.

Aromatic adcta, nu'nutmtion of, UK),

nitro conipoundn, inerouraiioa of* /04 -?0

Bulphonio acidfi, , /^, /A9.

Aryl hydroxy-ffttty aoids, ,. , 68.

Aryloxy-fatty ci<ls, , HH,
Azo compounds, morcurated, 203 "2t)&

Hehenolic Btor, meixnirution of, 08.

Benzancoftophottol, f 203.

Benzene mlphonifi aoid, mercuralion of 100.

16oi

197.

03.
Bonzophenono,
Benzoylaoetic acid,

jftBen%ayl&minobenoia acid, nn^rtmration of, 173.

Ben*oytothyi-mercttric chloride, 03,

j)-Benzylaminophonylmercuric acetate, chloride, hydroxide, nitrate, 124*

Benzylaniline, morcuration of, 124.

Bonzylmrcurio acetate* 95.

., bronude, iodide, 86, $&
ohlorida, 80, 86, 87, $4.

ft ethyl xanthate, 191.

Bemyl mercury compounds, 79, SO, 94, 95.

2>-BromodiraethyIanitine, morouration of, 111, 122.

4-Bn>mo4-hydjoxy4-8^toxymerouri4-triax>eto3cymerouriphenyl-2 : 3-dimethyl-5-

pyrazolone, chloride, hydroxide, 212*

Broroomwrcuri aootio tcid, 58.

o-Bromomerouri benzophenono, 198.

5* -2-bromothioplienfi, 99.
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a-Bromomercuri camphor, iodide, 200.

5- -2-chlorothiophene, 99.

5- -2 : 4-diphen\l-selenophene, 217.

a- ,, -^.ethoxy-^*phenylpropiopheiiune, 197.

-ethyl methyl other, chloride, iodide, sulphide, 184.

2- -3-hydruxy-tetrahydronaphthalene, 103.

,">- -2-iodothiophencs 99.

a- -^-methoxy-p'-pheuylpropiophenone, 197.

1- mothyl-4-bruniM.l : 2-dihydrubonzofurane, 210.

5- -2-methylthiophems 101.

4- -2-nitrutoluene, 107.

2- thiophone, 98.

4-Bromo-l-phenyl-2 : 3-dimethyl-5-pyrazulone, mercuration of, 212.

o-Bromophenvlmert'uric acetate, chloride, 104.

w-
"

., , 104.

p- <> , 104.

Butanol mercuric chloride, bromide, 185.

Butone mercuric iodide, 185.

ft tf.-Butylaeetylene, mercuration f, 188.

/*obutylene, interaction with mcrcunc salts, IS,"),

z.so-Butyl hydruxymerciiri-flrz-nitro-at'ftiitt' anhydride, (14.

-Butylmercunc bromide, iodide, 43.

., chloride, 43, 5>7.

ethyl xanthate, 191.

t<o- hydroxide and salts, 43.

we.- eldoride, 43.

bromide, 30, 43.

iodide, 38, 43.

krL~ bromide, 30, 43.

fcrf.-Butylphenol, mercuration of, 153.

Camphene, mercuration of, 200.

Camphor, , 1&S-200.

Camphor carboxjiic acid, mercuration of, 200.

Cane sugar, mercuration of, 47, 50,

Cellulose, ,, , 47.

Carbon disulplude, reaction with alkyl or aryl mercuric hydroxides, 190.

Carvdcrol, mercuration of, 137, 152.

Carvacrulaldehyde, mercuration of, 152.

Chaulmoogric acid, , C8.

;")-Chloru-4-acetoxymt rcuri-l-phenyl-3-methylpyrazolone, dichloride, 213.

o-Chlnroanilinc, mercuration of, 117.

m- ., ,,,118.

P- -* , ,118.

Chloratodimercuracetaldehyde, 53.

C'hloratutrimercuriacetaldehyde, 53, 1S7.

Chluromercuri-aceto-o-toluidide, 130.

2-Chloromercuri-2-aeetyl-indandione, 198.

-5?-aminobenzoic acid, 174.

amylosy-dieyclopentadiene, 190.

5- -2-i^oamylthiophene, 100.

o- ,, anisole, bromide, 141 ; iodide, 137.

p- -, M , 137, 142 ; bromide, iodide, 142.

-anthranilic methyl ester, 169 ; bromide, iodide, 170.

benzoic acid, sodium salt, 161, 163.

, 161, 162, 163, 164 ; bromide, iodide, 163, 164.

, acid chloride, n -butyl ester, 164.

benzoic methyl ester, 162, 164.

benzophenone, 197.

benzoyl chloride, 162, 164, 165.

-2-benzylthiophene, 70, 83, 101.

o-

P-

P- ,.

o-

o-

0-

5-

0- -jp-bromodimethylaniline, bromide, formate, hydroxide, iodide,

thiocyanate, 123.

5- -2-bromothiophene, bromide, iodide, 99.

a- camphor, 199.

2- -2-carbethoxy-indandione, 198.

5- -2-carboxyl.thiophene, 99.
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jp-Chloromercuri-o-chloroaniline, 119.

o- > -#-

-2:

-3:

-2:

-2:

-2-chlorothiophene, bromide, iodide, 98.

-#-cresol, 137, ISO.

, benzoyl derivative, iodide, 150.

methyl ether, 151.

-2 : 4-dichloroaniline and acetyl derivative, 118.

5-dimethylthiopliene, 70, 84, 102.

4- , 102.

3- , 102.

4- ,102.
-2 : 4-diphenyl-selenophene, 217.

-2 5- thiophene, 103.

ethoxy dicylopentadiene, 190.

-2-ethylthiophene, 101.

-2-hydroxy-2 : 3-dihydro-2 : 5-dimethylthiophene mercuric chloride,
101.

-4-hydroxy-4 : 5-dihydro-2 : 4-

102.

-4-hydroxy-3-methyl-6-isopropylbenzaldehyde, acetate, 153.

-m-hydroxyphenyl-trimethylammonium anhydride, 148.

-#- acetate, 148.

indandione, 198.

-5-iodothiophene, 83.

-2- , bromide, iodide, 99.

-4-methoxy-l-dicUoromercuriphenyl-2 : 3-dimethyl-5-pyrazolone,
211.

3- -4-methoxy-l-dichloromerciiriphenyl-3-methyl-2-ethyl-5-
211.

methoxy dicyclopentadiene, 190.

l-Chloromercurimethyl-4-bromo-l : 2-dihydrobenzofurane, 216.

1- -6-carbomethoxy-l : 2-dihydrobenzofurane, 216.

1- -4-carboxy-l : 2- , 216.

1- -6- 1:2- ,216.
1- -4-ca.rboxyvinylene-l : 2- , 216.

(Chloromercuri methyl)-ethyl phenyl carbinol, 196.

l-Chloromercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216.

1-

1-

1-

5-

4-

2-

6-

4-

3-

3-

4-

6-

5-

5-

4-

6-

2-

3-

-5- , 216.

-2-methyl thiophene, 99.

-3- n , 99.

-j5-naphthol, 158.

-3-nitro-4-hydroxybenzaldehyde, 194.

-4- -3- , 195.

-2- -3- , 195,

-2-nitrophenol, 144.

-4- , 145.

-2- , 145.

-2-nitroresorcinol, 156.

-5-nitrosalicylal aniline, 193.

-5-nitrosalicylic acid, 168.

-2-nitrotoluene, 107.

-2-

-2-

-3-

-3-

-3-

-4-

-4-

107.

,107.

,108.

,108.

r
!08.

,108.
,108.

^-Chloromercuri phenetole, iodide, 137, 143 ; bromide, oxide, 143.

o-Chloromercuri phenol, 137, 139, 140, 141.

, acetyl derivative, 139.

,
sodium salt, 137, 140.

(2-Chloromercuriphenyl-a-amino) propionic ethyl ester, 127,

2-Chloromercuriphenylglycine ethyl ester, bromide, iodide, 127.

5-Chloromercuri-2-phenyl thiophene, 99.
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5-Chloromercuri-2-?i-propyl thiophene, 100.

?- -3-wopropyl ,100,

resorcinol, 138, 155.

salicylaldehyde, 193.

8(1)-

3-

3-

o-

2-

5-

salicylal aniline, 193.

salicylic acid, salts, bromide, iodide, 166,

methyl ester, 167.

thiolbenzoic acid and ethyl ester, 165.

thiophene, 70, 83, 97, 98, 222.

-o-toluidine, diacetyl derivative, 129.

Chloromereuri thymol, sodium salt, 151.

o-Chlorophenylglycollic acid, mercuration of, 191.

o-Chlorophenylmercuric acetate, chloride, 104.

m-
,
104.

JP" 99 99 99 9 *-vV*

p- chloride, 78, 104.

5-Chloro-l-phenyl-3-methylpyrazolone, mercuration of, 213.

2-Chlorotoluene-5-sulphonie acid, mercuration of, 109.

Cinnamic acid, mercuration of, 161, 176.

Citraconic acid, , 67.

a-Cravoxy-propionic acid, mercuration of, 191.

o-Cresol ,,,137,745.

JP- 99 > 99 99 99 > 137, 1^9.

p> methyl ether, mercuration of, 137; 150.

Crotonic acid, mercuration of, 67.

Cumylmercuric chloride, 95.

Cyanoacetic acid and esters, mercuration of, 62.

6-C^anomercuri methyl-2 : 4-diphenyl-selenophene, 217.

1- -1 : 2-dihydrobenzofurane, 217.

l-Cyanomerctirimetnyl4-methyl-l : 2-dihydrobenzofurane, 217.

Cyanomerottri-salicylic acid, 168.

Qyclohexenecarboxylic ester, mercuration of, 68.

Cyclohexylmercuric bromide, 95.

chloride, 87, 95.

cyanide, iocu'de, sulphide, 96.

mercury compounds, 81, 95, 96.

Cyclomercuri pentamethylene, 208.

Cyclomercuri polymethylenes, 208-210.

Cyclopentadiene, reaction with mercuric chloride, 190.

Diacetoxymereuri-aceto-o-toluidide, chloride, bromide, iodide, 130.

<, -w- 131.

2:5- -m- 131.

^-^oDiacetoxymerciiri-jp-arninobenzoic ethyl ester, 162, 1739 174.

Diacetoxymercuri-p-aminobenzoic acid ethyl ester, dichloride, acetyl derivative,176.

(2 : 4- -a-amino) propionic ethyl ester, 127.

2 : 6-
-^-^oamylphenol, 153.

2 : 4- aniline and acetyl derivative, 116, 117.

2:4- anisole, 142.

JW-oI)iacetoxyniercuri-ai]ithranilic methyl ester, 162, 168.
2 : 4-Diacetoxymercuri-anthranilic methyl ester, 169.
2:6- -j3-fer.-butylpheno^ 153.

, carvacrol, 152.

4:6-
, -o-chloroaniline, 117.

4:5-
, -o- and acetyl derivative, 117f 118.

2:6-
, -jp-cresol, 149.

2 ' 6- 99 , -p- compound with diazotised sulphanilic acid, 206.
4 : 6-

, -o-cresol, chloride, nitrate, 149.

-o-cresolphthalein, 207.
3.5-

dimercuri-4-hydroxybenzaldehyde, 194.

99 -2-nitro-3-hydroxybenzaldehyde, 195.
3 :4- 99 ft -4-ethoxy.l-diacetoxymercuriphenyl-2 : 3-dimethyl-0-pyrazalone,

211.
4 s ^- 99 guaiacol and derivatives, 154.

|
: ^" " -p-hydroxyphenyl-trimethylammonium acetate, 148.

3 : 4- -4-methoxy- 1 -
diacetoxymercuriphenyl^2:3-dimethyl-5 - pyrazo-

loue, 210.
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3 : 4-Diacetoxymercuri-4-methoxy^
zolone, 211.

3 : 4-
-4-methoxy-l-acetoxymercuriphenyl - 3 methyl - 5 - pyrazolone

and dichloro compound, 212.
3-

> -4-methoxy-l-diacetoxymercuriphenyl - 3 - methyl - 5 - pyra-
zolone, 212.

3:4-
-4-methoxy-l-[diacetoxymercuri-o4olyl]-3-methyl - 2 - ethyl-

pyrazolone, 211.
3 ' 4"

>
-4"methoxy-l-[diacetoxymercTiri-j3-tolyl]-2 : 3-dimethyl-5-pyrazo-

lone, 211.

-2V-methylthiodiphenylamine, 126.
2:4- -a-naphthol, 138, 167.
2:4- -a-naphthylamine, 111, 132.

O-P' -w-nitroaniline, and acetyl derivative, 119.
2:6- -p- , 120.

-5-nitrosalicylic acid, 168.

2 : 4-Diacetoxyniercuri phenetole, 144.

phenol, dichloride, 140.

(2 : 4-Diacetoxymercuriphenyl-a-amino) butyric ethyl ester, dichloride, dibromide,
di-iodide, 128.

(
<

> ., ) wovalerianic ethyl ester, 128.
4 : 6-Diacetoxymercuri resorcinol dimethyl ether, 138, 166.
2:5- salicylal aniline, 193.

saHcylaldehyde, 192.

thiophene, 98.

thymol, sodium salt, anhydride, hydroxide, chloride, nitrate, 151.

-o-toluidine, 129.

3 : 5-

2:5-
2:6-

2: 5- -m-
, hydroxide, chloride, bromide, 130.

--
,130.

-o-tolylglycine ethyl ester, 129.

-2:4: 6-tribromobenzeneazo-phenoI, 203.

Diallyl barbituric acid, mercuration of, 68.

Diazo-acetic esters, , 65.

Dibonzalacetone, ,, , 197.

Dibromoethylene, reaction with mercuric cyanide, 188.

Dibromofluorescein, mercuration of, 208.

Dibromomercuri-di-isopropyl ether, iodide, 185.

2 : 4-DichloroaniIine, mercuration of, 118.

2 : 5-Bichlorobenzene sulphonic acid, mercuration of, 109.

3 : 5-Bichlorodimercuri-4-hydroxybenza3dehyde, 194.

2:6- -4-nitro-3-hydroxybenzaldehyde, 195.

%w.-Dichloroethylene, reaction with mercuric cyanide, 188.

(4 : 6) ?-T)ichloromercuri-w-aminophenyl-trimethylammoniuni acetate, 149.

, , benzophenone, 198.

4:6- ,, -o-chloraniline and acetyl deriv., 117.

4:5- -o- , 118.

cyclopentadiene, 190.

2:5- 3 : 4-dimethylthiophcne, 85, 102.

2:5- 3-ethylthiophene, 85.

fluorescein, 208.

3:5- -o-hydroxyphenyl-trimethylammonium anhydride, 148.

(2 : 4- phenyl-a-amino) propionio ethyl ester, 128.

3:5- pyridine, 213*

resorcinol, 138, 166.

2:5- thiophene, 84. 98.

, reactions of, 70.

Dichloronionohydroxy-trimercuri-acetic acid, 188.

Bicyclopentadiene, reaction with mercuric chloride, 190.

^-Diethylaminophenylmercuric acetate, chloride, oxide, hydroxide, quaternary
ammonium compound, 124.

Diethylanilino, morcuration of, 124.

Biethyl diallylmalonate, mercuration of, 68.

Diethyl o-phenylenediacrylate, mercuration of, 68.

2 : 6-Diformoxydimerouri-4-nitro-3-hydroxybenzaldehyde, 195.

3 : 5-Bihydroxydimercuri-4-hydroxybenzaldehyde, 194.

2:6- -44mino-dihydropyrimidine-3-acetic acid, mercuralion of? 192.
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Dihydronaphthalene, mercuration of, 103.

Dmydroxybenzofurane, mercury derivatives of, 215.

2 : 4-Dihydroxymercuri aniline, 117.

-anthranilic anhydride, 170.

4. : 6- -o-chloroaniline, 117.

4:5 --
ft H8

-dihydroxyazobenzene sulphonic acid, 204.

fluorescein, 207.

hydroxyazobenzene sulphonic acid, 204.

-iodomercuri acetic acid and derivatives, 61.

-jS-naphthol-azobenzene sulphonic acid, 204.

(2 : 4-Dihydroxymercuriphenyl-a-amino) butyric anhydride, 128.

( 3 ) propionic , 128.

Dihydroxymercuri-o-toluidine, acetate, chloride, bromide, iodide, acetotoluidide,

130.

1 : 8-Dihydroxynaphthalene-3 : 6-disulphonic acid, reaction with mercuric salts, 158. ,

aa-DModomercuri camphor, 198.

5-Dimethylaminonaphthalene-6-sulphonic acid, reaction with mercuric acetate,

134.

m-Dimethylaminophenol, 137, 147.

m-Bimethylaminophenyl acetate, 147.

#-Dimethylaminophenylmercuric acetate, methiodide, methochloride, 121.

, quaternary ammonium compound, 121.

chloride, 111, 121, 122.

hydroxide, 121, 122.

Dimethylaniline, mercuration of, 121.

anthraniHc methyl ester, mercuration of, 172.

Dimethylheptenol, mercuration of, 201.

4 : 6-Dimercuri-bis-o-chloroaniline, 117.

4:5- , 99 9 H8.

Dimercurimethylene iodide, 40, 45.

Dimercury-bis-diphenyl, 81.

-3 : 3'(or 4')-diethyl-2 : V : 5 : S'-dithienylene, 85. -

-2 : 2'-5 : S'-dithienylene, 84.

-3:4:3': 4'-tetramethyl-2 : 2' : 5 : 5
7

-dithienylene, 85.

2 : 4-Binitrodimercuribenzyu'dene oxide, 107*

4 : 6-Dinitrophenol, mercuration of, 136, 146.

Diphenic acid, mercuration of, 68.

Diphenyl, mercury derivatives of, 81.

Diphenylamine, mercuration of, 125.

Di(phenylmercuri)-amine, compounds of, 91, 92.

Diphenylmethyl ketone, mercuration of, 196.

2 : 4-Diphenyl-selenophene, mercury derivatives of, 217.

2 : 4-Dipropionoxydimercuri-6-nitro-3-hydroxybenzaldehyde, 195.

Dipropylene oxide dimercuric hydroxide and salts, 51, 52.

Ethane hexamercarbide. 47, 50, 53.

, dihalides, perchlorate, dinitrate, sulphate, picrate, 48.

hexachlpride, hexa-iodide, 48, 49.

Ethanol mercuric chloride, sulphide, sulphate, 181, 182.

bromide, 58, 181.

Ethene mercuric iodide, hydroxide, anhydride, nitrate, sulphide, 182.

Ethyl acetoxymercuri-ethoxy-chaulmoograte, 68.

Ethyl alcohol, mercuration of, 47.

^-Ethylaminophenylmercuric acetate, chloride, 123.

hydroxide, quaternary ammonium compound, 123.

Ethylanthranilic ethyl ester, mercuration of, 172.

Ethyl T^butylacetylene, mercury derivatives of, 188.

Ethyl chloromercuri-aa-nitro-acetate, 63.

Ethyl diallyl acetate, mercuration. of, 68.

Ethyl diphenylamine-2-carboxylate, mercuration of, 68.

Ethylene, reaction with mercuric salts, 181-184.

Ethyl ether mercuric chloride, carbonate, 182.

bromide, 183.

Ethylhexenol, mercuration of, 203.

Ethyl hydroxymercuri-ac*-mtro-acetate anhydride, 63.

Ethyl hydrazinecarboxylate, mercuration of, 191.
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Ethyl mercuric ethyl xanthate, 191.

acetate, bromide, 34.

chloride, 33, 35, 41, 42, 87.

hydroxide, 35, 41, 42.

iodide, 21, 30, 33, 35, 42.

2:4: 6-trinitrophenyl, 42.

Ethyl propyl acetylene, mercury derivatives of, 188.

Ethyl thiomercuric chloride, 88.

Eugenol methyl ether, mercuration of, 137, 155.

lluorescein, mercury derivatives of, 207.

Formic acid ,, , 58.

Furane, mercuration of, 213.

Guaiacol, mercuration of, 154.

a-Guaiacol-propionic acid, mercuration of, 191.

4-Halidemercuri-2-mtrophenols, 145.

6- , -2- ,145.

Halogenated benzenes, mercuration of, 104.

w-Heptylmercuric bromide, 44.

w-Hexylmereuric bromide, 44.

2 : 4 : 6 : 2' : 4' : G'-Hexanitrodiphenyl, reaction with mercuric chloride, 105.

Hydrazines, mercuration of, 191, 192.

2-Hydroxy-3-acetoxymercuric-5-&oamylbenzaldehyde, 196.

2- -3- -5-tert.-butylbenzaldehyde, 195.
4- -3- -l-triacetoxymercuri-phenyl-2 : 3 : 4-trimethyl-5-pyra.

zolone, "212.

2- -5-&oamylbenaldehyde, mercuration of, 196.

Hydroxyazobenzenes, mercury derivatives of, 205, 206.

3-Hydroxybenzaldehyde, mercuration of, 193.

P" 99 99 99 9 f9 194.

3-Hydroxy-5"fer^.-butylbenzaldehyde, mercuration of, 195.

4- -3-cliloromercuri-l-trichloromercuriphenyl-2 : 3 : 4-trimethyl-5-pyrazolone,
212.

Hydroxydimercuri-acetic acid and derivatives, 59.

Hydroxymercuri-acetic acid, anhydride of, salts of, 69, 60.

Hydroxymercuri-aceto-p-toluidide anhydride, 131.

-acetoxymercuri-benzeneazo-phenol anhydride, 203.

-4-nitro-3-hydroxybenzaldehyde, 195.

-2- -3- 195.

-2- -thiophene, 101.

-p-aminobenzoic anliydride, 162, 175.

3- , -2-anisylindolo, 214.

anthranilic anhydride, 170*

benzoic acid, anhydride of, 16%, 164.

, salts of, 163.

3- , -2-carboxyl-l-methylindole, 214.

<p- , o-chloroaniline, 117.

o- , -P- 118.

cyanoacetic acid, salts, ethyl and methyl ester, 62.

cfiacetoxymercuri acetic acid, anhydride of, 60.

, nitre-acetate from, 60.

-dibromofluorescein, 208.

6- -2 : 4-dichloroaniIine, 118.

2- -4 : 6-dinitrophenol and sodium salt, 146.

ethoxy-chaulmoogric acid, anhydride of, 68.

ethyl malonic methyl ester, 66.

fluorescein, 207.

a- -jS-hydroxy-w-butyric acid, anhydride of, 67.

-j5-hydroxypropionic acid, anhydride of, 66.

-^-hydroxy-^-phenylpropionic acid, anhydride of, 162, 176.

-2-hydroxyquinoHne-8-carboxylic acid, 214.

-8- -5-sulphonic acid, 215.

4- -o-iodoaniline, 118.

2- *$- 99 9 118.

a- -5-methoxy-/5-phenylpropiomc acid, anhydride of, 162, 177,

178.

,, -methylanthranilio anliydride, 171.
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1-Eydroxymercurimethyl-l : 2-dihydrobenzofurane, 216.

1. -6-methyl-l : 2-diliydrobenzofurane, 217.

1- -4- -1:2 ,
217.

Hydroxymercuri methyl malonio esoer, 65.

., methyl ester, 60.

2- -naphthionic acid, sodium salt, 134.

o- -p-nitrobenzoic acid, 161, 165.

3- -4-acfc-nitro-2 : 6-dinitrophenol, anhydride and derivatives, 146,

147.

5- -3-nitro-4-hydroxybenzaldehyde, 194.

4- -2-nitrophenol and sodium salt, 144.

4- -2-aa'-nitrophenol, anhydride of, 144.

2- -4-aa- , anhydride of, pyridine double salt, 145.

2- -4-nitrophenol, sodium salt, 145.

2- -4-ac*-mtro-6-nitrophenol, anhydride, and derivatives, 146.

phenolphthalein, 207.

2- phenylglycine anhydride, 127.

.2-phenylquinoline-4-carboxylic acid, sodium salt, 215.

a- propionic acid, anhydride of, 65.
n RK
P" 99 99 99 99 99 9 W.
3- -salicylic acid, anhydride of, 162, 166.

, ammonium salt, 166*

-salicylsulphone-phthalein, 208.

o- thiolbenzoic acid, anhydride of, 165.

-o-tolylglycine anhydride, 129.

4-Hydioxy-2-methyl-5-wpropylbenzaldehyde, mercuration of, 152.

4- -3> -6- *, , 153.

jft-Kydroxynaphthoic acid, mercuration of, 161, 178, 179.

-4 : 7-disulphonic acid, mercuration of, 179.

^Hydroxy-m-nitrophenyl carbinol, mercuration of, 159.

m-Hydroxyphenyl4rimethylammonium hydroxide, mercuration of, 137, 148.

m
99 99 99 99 99 99 9 149.

8-Hydroxyquinoline, mercury derivatives of, 215.

Indandione, mercuration of, 198.

Indole, mercury derivatives of, 214.

5-Iodo-acetylguaiacol, mercuration of, 154.

o-Iodoaniline, mercuration of, 118.

#-Iodobenzene sulphonic acid, merouration of, 109.

o-Iodomercuri anisole, 141.

-anthranilio acid, 170.

5- -2-bromothiophene, 99.

5- -2-chlorothiophene, 98.

a- cineol, 201.

3- -2 : 5-dimethylthiophene, 102.

2- -3:4- ,84.
5- -2 : 4-diphenylselenophene, 217.

5- -2-ethylthiophene, 101.

2- -3-hydroxy-tetrahydronaphthalene, 103.

4- -o-iodoaniline, 118.

2- -p- ,118.
5- -2-iodothiophene, 99.

-methylanthranilic acid, methyl ester, 162, 168,

l-Iodomercurimethyl-4-bromo-l : 2-dihydrobenzofurane, 216.

l-Iodomercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216.

> 99 99 '5-
, 216.

99 99 9t "4"
, 216.

5"Iodomercuri-2-methylthiophene, 101.

4- , -2-nitrotoluene, 107.
o-

3-

a-

i

phenetole, 143.

pyridine, 213.

, 201.

thiophene, 98, 222.

lodomethylmercuric iodide, 45.

^-lodophenylmercuric acetate, 104.

Itaoonic acid, mercuration of, 67.
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Ketones, mercuration of aliphatic, 54.

Maleio acid, mercuration of, 67.

Malonic acid and esters, mercuration of, 66.

Z-Menthyl cinnamate, mercuration of, 178.

o-Mercaptomercuri benzoic acid, 163.

j^-Mercuri-aniline, 113.

#-Mercuri-bis-acetanilide, 125.

-3-aminobenzoic acid, 173.

2:2'- -4- 162,173.
6:6'- -2- 172.

-p- ethyl ester, 176.

-2- methyl ester, 161.

2 : 2'- -4-aminophenol, 147.

p- -aniline, 114, 116.

-o-anisole, 137, 141.

-2>- ,141.
-anthranilic methyl ester. 171.

o~ , -benzoic acid, 164.

P- > ,164.
o- methyl ester, 164.

p- , benzylaniline, 124.

, -2>bromodimethylanilme, 123.

p- , -o-cliloroaniline, 117.

6- , -2 : 4-dichloroamline, 111, 118.

p- , -diethylaniline, 124.

, quaternary ammonium compound, 124.

p- -dimethylanihne, 111, 121, 122.

, condensation with thionyl chloride, 122.

, quaternary ammonium compound, 122.

-(dimethyl-^toluidine), 132.

p- diphenylamine, 125.

(hydroxymercuri-j5-naphthol-azobenzene-sulphonic acid), 204.

-m-hydroxyphenyl-trimethylammonium acetate, 148.

p- -methyldiphenylamine, 126.

p- -monoethylaniline, 123.

-monomethylaniline, 111, 121.

o- -^-nitroaniline, 120.

(nitrobenzene-azosalicylic acid), 205.

o- -3?-nitrobonzoic acid and sodium salt, 165.

2 : 2'- -4-nitrophenol, 146.

-o-phenetole, 143.

-p~ , 143.

-o-phenol, 137, 140.

diacetate, 139.

-salicylic acid, 166.

ethyl ester, 168.

methyl ester, 167.

-o-thiolbenzoic acid, 161, 165.

-2?-toluidine, 131.

, condensation with dinitrophenylpyridinium chloride, 131.

Mercuric alkyl xanthates, 190,

a-Mcrcuri camphor oxide, 200.

4:6- -o-ohloroaniline, 117.

4:5- ,
118.

a- -di-^-anhydrohydroxy-^-phenylpropionio acid, 162, 178.

diethylene oxide, 183.

1 : 1-Mercuridimethylenc-bis-l : 2-dihydrobenzofurane, 216.

1:1-
*

-bis-4-methyl-l : 2-dihydrobenzofurane, 217.

a- & ^-Mercuridimethylhoptancdiol iodides, 201, 202.

Mercuri-hydroxymercuri-acetic acid, 60, 61.

3 : 3'- -mercazine, 126.

Mercuriphenyl-5-naphthylamine, 133.

Mercuro-diethylene oxide, 183.

Mercury jp-anisyl acetylide, 189.

Mercury, aromatic compounds of types, B2Hg, BHgB', EHgX, 69.

benzyl acetylide, 189.
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Mercury, bis-aceto-diethylmethane, 65.

,, bis-acetodimethylmethane, 64.

bis-a-acetyl-a-ethylpropyl, 65.

bis-a-acetyl-a-&0propyl, 64.

bis-benzoylmethane, 63.

bis-diazo-acetic ethyl and methyl esters, 65.

-bis-3-dinitro(?)-mercazine, 126.

bis-diphenyl, 69, 81.

bis-malonic methyl ester, 66.

bis-propionio acid, 65.

"bromoacetylide, 188.

"butyl zsoamyl, 87.

phenyl, 87.

chloroacetylide, 188.

di-isoamyl, 25, 44, 38, 360.

di-tertf.-amyl, 29, 38.

5 : 5'-di-isoamyl-2 : 2'-dithienyl, 83, 100.

dibenzyl, 69-71, 79, 86, 95.

5 : 5'-dibenzyl-2 : 2/

-dithienyl, 83, 101.

5 : 5'-dibromo-2 : 2'- , 83, 100.

di-p-bromophenyl, 69, 78.

di-u-butyl, 29, 37.

di-isobutyl, 29, 37.

di-5c-butyl, 29, 30, 37.

di-feft-butyl, 29, 38.

5 : 5'-dichlQro-2 : 2'-dithienyl, 83, 99, 100.

5 : 5'-dichloromercuri-2 : 2'-dithienyl, 84.

di-p-chlorophenyl, 69, 78.

dicumyl, 81.

dicyclohexyl, 69, 81, 95.

diethyl, 4, 16, 21, 29, 30, 33, 34, 41, 42, 69, 71.

, action of metals and metallic chlorides on, 30.

di-^-heptyl, 39.

5 : 5'-di-iodo-2 : 2
/

-dithienyl, 83, 100.

dimesityl, 80.

^dimethyl, 3-5, 15, 29, 30, 34, 39-41, 232.

, action of metals and metallic chlorides on, 30.

di-4-methylcyclohexyl, 81.

5 : S'-dimethyl^ : 2'-dithienyl, 83, 101.

di-a-naphthyl, 69, 70, 81, 96, 228.

di-jS-naphthyl, 69, 82.

o-o'-o'Mtrodiphenyl, 105.

di-o-nitrophenyl, 69, 78.

di-w-octyl, 30, 39, 44.

di-sec-octyl, 29, 39.

dipentamethylphenyl, 80.

diphenyl, 5, 6, 12, 13, 15, 16, 26, 69, 71, 72-74, 78, 86-89, 91-93, 220, 227,

234, 235, 242, 268, 298, 324.

, reactions of, 74-77.

di-ra-propyl, 29, 30, 36, 43, 360.

di-&opropyl, 29, 37.

5 : 5'-di-w-propyl-2 : 2
/

-dithienyl, 83.

dipseudocumyl, 69, 80, 95.

2 : 2/

-dithienyl, 70, 82, 98, 222.

di-o-tolyl, 69, 71, 78, 86, 93.

-m- , 69, 78, 93.

-P- ,, , 15, 69, 7, 93, 94.

di-o-xylyl, 80.

-w- , 69, 80, 228.

,,-p* ,80.

ethyl benzyl, 71, 86, 87.

naphthyl, 29, 87.

phenyl, 71, 85.

fulminate, 53.

hexahydrobenzyl aoetylide, 189.
2 : 4 : 6 : 2' 1 4' : e'-hexanitrodiphenyl, 78.
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Mercury iodoform, 45.

methyl benzyl, 87.

butyl, 87.

cyclohexyl, 87.

mesityl, 87.

naphthyl, 87.

phenyl, 87.

phenoxymethyl acetylide, 189.

phenyl acetylide, 189.

o-anisyl, 87.

benzyl, 85.

cyclohexyl, 87.

ethyl acetylide, 189.

mesityl, 87.

naphthyl, 87.

thienyl, 86.

,, 3>tolyl, 86, 87.

propyl butyl, 87.

3:4:3': 4'-tetramethyl-2 : 2'-dithienyl, 84.

3K O' fL f 9 . 9' JJd.
: 5 : 6 : 5 - -^.z- , o*.

2:5:2':5'- -3:3'- ,84.
2;4:2':4'- -5:5". ,103.
2:4:2': 4/

-tetranitrodibenzyl, 80.

2:5:2': 5'-tetraphenyl-3 : 3'-dithienyl, 84, 103.

#-tolyl acetylide, 189.

o-tolyl benzyl, 86, 71.

tribromoethylene, 189.

trichloroethylene, 189.

Mesitylmercuric chloride, 87, 95.

Methine trimercuric iodide, 45.

Methyl acetylene, interaction with mercuric salts, 187, 188.

2>-Methylaminophenylmercurio acetate, bromide, chloride, hydroxide, nitrate, sul-

phate, 120, 121.

Methylanthranilic methyl ester, mercuration of, 171.

Methyl chavicol, mercuration of, 143. .

4-Methylcyclohexylmercuric chloride, bromide, cyanide, hydroxide, iodide, 96.

Methylene blue, mercuration of, 206.

Methylene dimercuric iodide, 45.

Methyl ethyl ketone, mercury derivatives of, 57.

Methylheptenone oxime, mercuration of, 202.

Methyl hydrazine carboxylate, mercuration of, 192.

J^-Methylindole, mercuration of, 214.

2-Methylindole, , 214.

Methylketole, , 214.

Methylmercuric acetate, 32, 41.

chloride, 32, 39, 87.

hydroxide, 39, 41.

iodide, 21, 29-33, 40, 46.

salts, 39-41.

ethyl and methyl xanthate, 191.

Methylphthalylindole, mercuration of, 214.

3-Methyl-5-pyrazolone, , 213.

JV-Methylthiodiphenylamine, mercuration of, 126.

Monoacetoxymercuri-furane, 214.

Monoalkylanilines, mercuration of, 120.

Monobromoethylene, reaction with mercuric acetate, 190.

Monochloroacetic acid, sodium salt, reaction with mercuric oxide, 62.

Monochloroacetone, reaction with mercuric sulphate, 54.

Monochloromercuri-6-nitro-3-hydroxybenzaldehyde, 195.

Monoethylaniline, mercuration of, 123.

Monoformoxymercuri-4-nitro-3-hydroxybenzaldehyde,
195.

Monomercuric methylene iodide, 45.

chloro-iodide, 45. .

Monomethylaminonaphthalene-6-sulphonic acid, reaction with mercuric acetate,

134.

Monomethylaniline;
mercuration of, 120.
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Naphthionic acid, mercuration of, 134.

a-Naphthol, mercuration of, 156.

8- , 158.

fatty acids, mercuration of, 191.

1-

1-

2-

-4-sulphonic acid, mercuration of, 157.

-5- , reaction with mercuric acetate, 157.

-6- , mercuration of, 158.

Naphthylamines, mercuration of, 132.

Naphthylamine sulphonic acids, mercuration of, 133, 134.

0-Naphthylamine, , 111.

-6-sulphonic acid, morcuration of, 111, 133.

1:5- -sulphonic acid, mercuration of, 111, 134.

a-Naphthylmercuric acetate, 96.

bromide, 29, 33, 81, 96.

butyrate, 97.

chloride, 71, 82, 87, 96, 231.

formate, 97.

iodide, 82, 96.

nitrate, 72, 82, 97.

sulphide, thiocyanate, 97.

Naphthyl mercury compounds, 81, 82, 96, 97.

Nitrito-dimercuracetaldehyde, 53, 187.

o-Nitro-p-acetoxymercuri dimethylamline, chloride, 123.

p- -o- monoethylanihne, chloride, 123.

monomethylanilinc, 121, 123.

o-Nitroaniline, mercuration of, 118.

m- , 119.

P- ,,,119,120.
o-Nitrobenzal dimercuric hydroxide, anhydride of, 106.

1-p-Nitrobenzatomercurimethyl-l : 2-dihydrobenzofurane, 217.

l-p~ -6-methyl-l : 2-dihydrobenzofurane, 217.

Nitrobenzene, mercuration of, 104, 105.

m- sulphonic acid, mercuration of, 109.

Nitrobenzoic acids, mercuration of, 165, 166.

o-Nitrobenzylmercuric chloride, 106.

P- 99 j 107.

^-NitrO"0"Chloromercuri monomethylamline, 121.

o-Nitrodimercuribenzylidene oxide and salts, 106.

3-Nitro-4-hydroxybenzaldehyde, mercuration of, 194.

6- -3- , 194.

4- -3- ,,,195.

o-Nitrophenol, mercuration of, 136, 144.

P- 99 99 9 145.

o-Nitrophenylmercuric chloride, 104.

m- , 105.

P- ;, ,105.
2-Nitroresorcinol, mercuration of, 156.

5-Nitrosalicylaldehyde, mercuration of, 192.

*" f 99 > it 9 192.

5-Nitrosalicylic acid, , 168.

#-Nitroso-o-chloromercuri aniline, 137, 139.

99 99 phenol, 137, 139.

Nitrotoluenes, merouration of, 72, 103-108.

w-Octylacetylene, mercuration of, 188.

sec.-Octylmercuric bromide, 30, 44.

n- hydroxide and salts, 44.

defines, mercuration of, 180-185.
Oleic acid, ethyl ester, mercuration of, 68.

1-Oxalato-di-mercurimethyl-l : 2-dihydrobenzofurane, 217.

Oxindone, mercury derivatives of, 198,

Penta-acetoxymercuri-acetanilide, 14, 126.

Pentamethylene-1 : 5-dimercuri-dibromide, dichloride^ dihydroxide* di-iodide^
acetylide, sulphate, sulphide, 209, 210.

Pentamethylene-1 : 5-dimercuridiphenyl, 210.

Perchloratomercuracetaldehyde, 53, 187.

Phenacylmercuric chloride, 63, 196.
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Phenetole, mercuration of, 137, 143.

Phenol, ,,,136, 139.

disulphonic acid, mercuration of, 166.

Phenolphthalein, mercuration of, 207.

Phenylacetylene, mercury derivatives of, 189.

Phenyl o-chloromercuriphenyl ethyl carbinol, 197.

Phenyldimethylpyrazolone, mercuration of, 210.

Phenylethylene, mercury derivatives of, 190.

Phenylethylmethylpyrazolone, mercuration of, 211.

Phenylmercuriamine acetate, chloride, cyanamide, nitrate, sulphate, 92,

Phenylmercuric acetate, 72, 74, 75, 90.

amine, 328.

bromide, 73, 75, 8$.

carbonate, 90.

chloride, 71, 74-77, 86, 87.

cyanide, hydroxide, 89.

formate, 90.

iodide, 73-76, 89.

myristate, propionate, 91.

nitrate, 72, 75, 90.

oxide, 75.

sulphide, 73, 91.

thiocarbonate, thiosulphate, 73, 91.

thioeyanate, 74, 89.

trinitrobenzoate, 78.

Phenyl mercury compounds, 72-78, 85-92.

-2:4 : 6-trinitrophenyl, 78, 88.

l-Phenyl-3-methyl-5-pyrazolone, mercuration of, 212.

1- -2:3: 4-trimethyl"5-pyrazolone, mercuration of, 212.

Phthaleins, mercuration of, 207.

Picric acid, , 137, 146.

Z-Pinene, reaction with mercuric acetate, 200.

Propanol mercuric chloride, bromide, hydrosulphide, iodide, sulphide, 185.

Propargylmercuric iodide, 45.

Propionic acid, mercuration of, 65.

Propionoxymercuri-4-nitro-3-hydroxybenzaldehyde, 195.

Propyl alcohol, mercuration of, 47.

Propylene, reaction with mercuric salts, 184, 185.

Propylene glycol mercuric bromide, iodide, 51,

tso-Propyl hydroxymercuri-acfc-nitro-acetate anhydride, 64.

tt-Propylmercuric bromide, 36, 43.

chloride, 37, 43, 87, 360.

ethyl xanthate, 191.

hydroxide and salts, 43.

iso- , 43.

Pseudocumylmercuric chloride, bromide, iodide, 95.

Purine derivatives, mercuration of, 68.

Pyrazolones, mercuration of, 210-213.

Pyridine, , 213.

Pyrimidine, reaction with mercuric oxide, 192.

Pyrrole, mercuration of, 213.

Quinoline, mercuration of, 214.

-8-sulphonic acid, mercuration of, 215.

Quinone-(l)-imide ac*-(2)-nitro-(4)-meroury, 119.

Kesorcinol, mercuration of, 155.

dimethyl ether, mercuration of, 156.

Safrol, mercuration of, 137, 154.

isc-Safrol, reaction with mercuric acetate, 155.

SaHcylaldehyde, mercuration of, 192, 193.

Salicyl red, mercuration of, 208.

Salicylic acid and esters, mercuration of, 166-168.

Salicyloxy-aoetic acid, mercuration of, 191.

Salicylsulphone-phthalein, mercuration of, 208.

Salioylyl alcohol (saligenin), mercuration of, 158.

Sodium anhydro^-hydroxy-S-hydroxymercuri-S-methyl-azobenzene^'-sulphonate,
206.

VOL. xi. : i. 26
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Sodium #-bromobenzene sulphonate, merouration of, 109.

-S-chloromercuri^-hydroxy-azobenzene-^'-sulphonate, 205.

-6-hydroxymerouri-2-nitroplxenolate, 145.

1-SodiumtMosulphatomercurimethyl-l : 2-dihydrobenzofurane, 217.

-4-methyl-l : 2-dihydrobenzofurane, 217.

Sodium ^-toluene sulphonate, mereuration of, 109.

Starch, mercuration of, 47, 50.

Stearolie acid ester, mercuration of, 68.

Styrol, reaction with, mercuric acetate, 190.

Styryl ethyl ether, reaction with mercuric acetate, 190.

Sulphatomercuri-dimethylanthranilic acid, chloride, 172.

1 : 1-Sulphato-mercuridimethylene-bis-l : 2-dihydrobenzofurane, 216.

o-Sulphidomercuribenzoic acid, 161, 164.

methyl ester, 164.

o-Sulphidomercuribenzoyl chloride, 164.

Sulphidomercuri-salicylic methyl ester, 161, 167.

Sulphonic acids, aromatic, mercuration of, 1089 156.

1-Tartrato-di-mercurimethyl-l : 2-dihydrobenzofurane, 217.

Tetra-acetoxymercuri-a-acetonaphthalide, 133.

diacetone hydrate and salts, 55.

fluorescein, 208.

M furane, 213.

2 : 2' : 4 : 4/

-Tetrachloromercuri-diphenylamine, 111, 125.

Tetrachloromercuri-furane, 214.

Tetrahydroxymercuri fluorescein, 208.

furane, 213.

Tetramethyl6Uaminotriphenylmethane-azo-o-chloromerouriphenol, 139.

2:5:2': 5'-Tetramethyl-3 : 3'-dithienyl, 70.

Tetra (phenylmercuri) thiourea, 92.

5-Thiocyanatomercuri-2-*soamylthiophene, 100.

-2-bromothiophene, 100.

'2-chlorothiophene, 100.

3- -2 : 5-dimethylthiophene, 103.

2- -3 : 4- , 102.

5- -2:3- ,102.
5- -2 : 4- , 103.

3- -2 : 5-diphenylthiophene, 103.

5- . -2-ethylthiophene, 101.

5- -2-iodotMophene, 100.

1-Thiooyanatomercurimethyl-l : 2-dihydrobenzofurane, 217.

1- , -4-methyl-l : 2-dihydrobenzofurane, 217.

5-Thiocyanatomercuri-2-methylthiophene, 101.

2or5(?)- , .3- ,101.
5- , -2-?i-propylthiophene, 100.

2- , thiophene, 98.

Thiolbenzoic acid, mercuration of, 165.

Thiophene mercury compounds, 72, 82-85, 97-103.

Thiosalicylic acid, mercuration of, 165.

Thymol, , 137, 151.

^-Thymolaldehyde, , 152.

Thymoxyacetic acid, 191.

^-Toluene sulphonic acid, mercuration of, 108.
0" 7 99 99 99 99 9 109.

Toluidines and toluidides, , 129.

l-3?-Tolyl-2 : 3-dimethyl-5-pyrazolone, mercuration of, 211,
1 -o-Tolyl-3-methyl-2-ethyl-5-pyrazolone,

Tolylglycine esters, mercuration of, 128.

<?-Tolylmercuric bromide, iodide, 92.

,211.

o~

o-

o-

m-
m~
P-
P-

chloride, 92, 229.

nitrate, 72, 93.

sulphide, 93.

bromide, iodide, propionate, 93.

chloride, 71, 93, 229.

acetate, bromide, carbonate, mercaptan, 94.

chloride, 71, 76, 78, 86, 87, 93, 161, 163, 230.

ethyl xanthate, 191.



SUBJECT INDEX. 403

p-Tolylmercurie iodide, 79, 94.

, methyl xanthate, 191.

nitrate, 72, 94.

2:4: 6-trinitrobenzoate, 79, 94.

2:4: 6-trinitrophenyl, 94.

Tolyl mercury 2:4:6- , 79.

Tolyl mercury compounds, 78, 79, 92-94.

2:4:6-Triacetoxymercuri-m-cMoroaniline, 118.

phenolphthalein, 207.

-w-tolylglycine ethyl ester, 129.

Tribromoethylene, interaction with mercuric cyanide, 188,

Trichloroethylene, , 185, 188.

Trichloromercuri-acetaldehyde, 186.

-acetic acid, 61, 188.

acetone, 187.

2:4:6- , -m-chloroaniline, 118.

-methyl ethyl ketone, 188.

Trihydroxymercuri-acetio acid, 188.

2:4:6- -m-chloroaniline, 118.

phenolsulphone-phthalein, 207.

Trimercuri-acetic acid, 48.

-diacetone hydroxide and derivatives, 56, 57.

-dialdehyde hydroxide, 53.

2:4:6-Trinitrophenol, mercuration of, 146.

2:4:6-Trinitrophcnylmercuric chloride, 78, 105.

Triolein, mercuration of, 146.

Vanillin, mercuration of, 154.

Vinyl oxymercurochlorido, 186.

w-Xylylmercuric chloride, 80, 95.

Xylyl mercury compounds, 80.

Boron.

iso-Amyl boric acid, 224, 226.

o-Anisyl boric acid, 230.

Benzyl boric acid, 95, 231.

, isobutyl ester, 231.

Boron o-anisyl dichloride, 228

p- ,228.

diethyl chloride, 224.

ethylate. 225.

hydroxide, 224.

diphenyl bromide, 227.

chloride, 76, 219, 227, 228.

fluoride, 219.

a-naphthyl dichloride, 228.

jS- ,228, 231, 232.

o-phenetyl dichloride, 228.

P- ,228.

phenyl dibromide, 228.

dichloride, 227.

dmuoride, 219, 227.

tetrachloride, 227.

propyl oxide, 226.

pseudocumyl dibromide, 228.

o-tolyl dichloride, 228.

jp- dibromide, difluoride, 228.

tri-^amyl, 224.

tri-isobutyl, 224.

triethyl, 219, 2249 225.

ammine, 224.

trimethyl, 223, 224.

ammine, 22$.

triphenyl, 219, 226, 227.

triphenyl-ammonia, methylamine, ethylamine, 226.

-7i-propylamine, dimethylamine, trimethylamine, 227.
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Boron triphenyl-aniline, pyridine, quinoline, quinaldine, piperidine, phenyl

hydrazine, 227.

tri-ra-propyl, 224, 225.

o-xylyl dichloride, 228
m- dibromide, 228.

diohloride, 231,

P- ,228,

^-Bromophenyl boric acid, 229.

&o-Butyl boric acid, 226.

#-Carboxy-phenyl boric acid, 230,

#-Chlorophenyl boric acid, 229.

Diethylboric acid, 224, 225.

Diphenyl boric acid, 227, 228.

Di-<p-tolyl boric acid, 229.

Ethyl boric acid, mono- and diethyl esters, 225.

, compound with triethyl boric ester, 225.

Methyl boric acid, 225.

a-Naphthyl boric acid and salts, 231.

0- ,> , 231.

ft- , methyl ester, 231.

a-Naphthyl boron oxide, 232.

/?- ,, , 232.

o-Phenetyl boric acid, 230.

Phenyl boric acid, 88, 225, 228, 229.

boron chloride, 76.

boron oxide, 231.

Propyl boric acid, 225.

o-Tolyl boric acid, 92, 229.

Wr- ,93, 229.

m- ,, isobutyl ester, 229.

P" , and salts, 92, 230.

o-Tolyl boron oxide, 231.

P- ,231.

o-Xylyl boric acid, 231.

m- ,, and diethyl ester, 231.

p- ,,,231.
o- boron oxide, 231.

w- ,231.
m- , acid silver salt, 231.

P- ,232.

p- , acid silver salt, 232.

Aluminium alky] iodides, compounds with amines, 233, 23J:.

diethyl iodide, 233.

ethyl di-iodide, 233.

,, tri-woamyl, 233.

tri-i5obutyl, 233.

triethyl, 36, 232.

, compound with aluminium bromide, 232.

triethyl-etherate, 233.

trimethyl, 33, 232.

trimethyl-etherate, 233.

triphenyl, 76, 220, 234.

, compound with ether, 234.

tripropyl, 37, 232.

tripropyl etherate, 233.

Methylene bromide or iodide, aluminium derivatives of, 220, 234.

Indium.

Indium diphenyl chloride, 76, 220, 236.

phenyl oxide, 235.
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Thallium.

Thallium compounds, comparison with gold, 4.

Thallium di-isoamyl chloride, fluoride, 242.

di-%-butyl bromide, carbonate, chloride, fluoride, iodide, nitrate, sulphate,

di-&0butyl chloride, nitrate, 242.

di-sec.-butyl chloride, nitrate, 242.

dicyclohexyl chloride, 243.

diethyl acetate, 239.

bromide, 222, 237.

ra-bromobenzoate, 239.

carbonate, 238.

chloride, 237, 238, 302.

,, ^ chroniate, 238.

-4 : 6-dinitro-2-aminophenoxide, 240.

dinitro-/?-naphthoxide, 241.

-2 : 4-dinitronaphthoxide-7-sulphonate, 241.
-2 : 4-dinitrophenoxide, 240.

-2:6- ,240.
M dinitro-o-tolyloxide, 241.

fluoride, 237.

,. hexanitrodiphenylamine, 240.

?i-hexoate, 239.

hydrogen carbonate, 238.

hydrosulphide, 238.

hydroxide, 221.

iodide, 237, 238.

^-iodobenzoate, 239.

lactate, 239.

nitrate, 238,

nitrite, 238.
'

^-nitrobenzoate, 239.

o-nitrophenoxide, 239.

w- ,239.

p- ,239.

a-nitroso-^-naphthoxide, 241.

-4-nitrosophenoxide, 221, 240.

-3-nitro-o-tolyloxide, 240.

-5- ,221,^1
-4- -m- ,240.
-6- -m- ,240.
-3- -5?- ,240
w-octoate, 239.

phosphate, 238.

propionate, 239.

sulphate, 237, 238.

thiocyanate, 238.

trichloroacetate, 239.

trinitro-a-naphthoxide, 241.

2:4: 6-trinitrophenoxide, 240.

trinitro-m-tolyloxide, 241.

valerate, 239.

dimethyl acetate, 237.

bromide, 235, 236.

carbonate, 236.

chloride, 221, 235.

chrornate, 236.

-4 : 6-dinitro-2-aminophenoxide, 237.

nuoride, 235.

hydrosulphide, 236.

hydroxide, 236, 237.

iodide, 235, 236.

nitrate, 236.

o-nitrophenoxide, 236.

m- ,221,236.
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Thallium dimethyl .p-nitrophenoxide, 237.

-3-nitro-o-tolyloxide, 237.

di-ct-naphthyl bromide, 221, 243.

chloride, 243, 360.

diphenyl acetate, 244.

acid butyrate, 221, 244.

hexoate, 221, 244.

propionate, 244.

valerate, 244.

bromide, 242.

o-bromobenzoate, 244.

m- , 244.

%-butyrate, 244.

chloride, 76, 222, 242, 245, 340, 360.

chromate, 244.

fluoride, 242.

n-hexoate, 244.

nitrate, 243, 244.

nitrite, 243.

jp-nitrobenzoate, 244.

o-nitrophenoxide, 244.
*> 244
Jf 99 99 9 fi*W*

a-nitroso-^-naphthoxide, 244.

Ti-octoate, 244.

oxide, 243, 244.

pyrophosphate, 244.

trinitro-a-naphthoxide, 244.

trinitro-m-tolyloxide, 244.

di-#-tolyl bromide, 243.

chloride, 243.
di-o- , 243.

dipropyl bromide, hydrosulphide, hydroxide, iodide, 241.

chloride, 37, 241.

chloride, nitrate, 242.

Silicon.

ic acid, 259.

isoAmyl silicon trichloride, 254, 256.

trichlorosilicane, see isoAmyl silicon trichloride.

triethoxy silicon, 256.

^iihydrobisdibenzylsilicanediol, 276, 277.

Anhydrobisdiphenylsilicanediol, 248, ^7J~274.

, crystallographic measurements of, 365.

Anhydrobisphenylethylsilicanediol, 275 r

Benzyldiethylsiliool, 270.

BenzylethyKsobutylchlorosilicane, 267, 281.

Benzylethybsobutylsilicol, 271, 281.

, sulphonation of, 271.

Benzylethylbutylsilicyl oxide, 280, 281.

BenzylethyK^obutylsilicyl chloride, see Benzylethyh'sobutylchlorosilicane.
Benzylethyldichlorosilicane, see Benzylethyl silicon dichloride.

Benzylethyldipropylsilicane, 264.

9, f> 9 sulphonic acid and salts, 264.

BenzylethylpropyKsobutylsilicane, 265.

, sulphonic acid and salts, 264, 265.

Benzylethylpropylchlorosilicane, 264, 265, 2679 271, 285.

Benzylethylpropylsilicol, 265, 270, 2719 280.

, sulphonic acid and salts, 265, 271.

Benzylethylpropyl silicon chloride, see Benzylethylpropylchloroailicane.
Benzylethylpropylsilicyl oxide, 280.

Benzylethylsilicanediol, 278, 279.

Benzylethyl silicon dichloride, 266-6, 271, 280.

Benzylethylsilicone, 270, 280.

Benzylmethylethylpropylsilicane, 265.

9, > sulphonic acid and salts, 265.
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Benzyl orthostticic acid triethyl ester, 284.

m-silicic acid, 270.

silicon trichloride, 262, 269, 270, 284
Benzyltrichlorosilicane, see Benzyl silicon trichloride.

Benzyltrimethylsilicane, 262.

Bisethpxyphenyl-#-bromophenyldisiloxane, 363*

Bis-(triethylmonosilyl)-ether, 257.

Bis-#-triethylsilylbenzene, 363.

Bis-(tripropylmonosilyl)-ether, 257.

#-Bromophenyl silicon trichloride, 263, 269.

p- , esters derived from, 363.

#-Bromophenyltriethylsilicane, 263, 264.

, alcohols derived from, 373,

w-Btityltrichlorosilicane, 251.

iso- , 251, 253.

2?-Chlorophenyltriethylsilicane, 263.

^-Chlorophenyltri-w-propylsilicane, 264.

p-Chlorophenyl-silicon trichloride, 264, 269.

Chlorotriethoxysilicon, 257.

Cyclopentamethylenesilicon dichloride, 282.

Cyclopentamethylenesilicone, 282.

Dianhydrotrisdibenzylsilicanediol, 277, 278.

Dianhydrotrisdiphenylsilicanediol, 248, 273, 274.

, crystallographic measurements of, 366.

dZ-Dibenzyldiethyldipropylsilicoethane, 285.

d^Dibenzyldiethyldipropylsilieoethane, sulphonation of, 286.

disulphonic acid, Z-menthylamine salt, 286.

Dibenzylethylchlorosilicane, 266, 268.

Dibenzylethylpropylsilicane, 264.

, sulphonic acid and salts, 264.

JDibenzylethylsilicol, 270.

Dibenzylethyl silicon chloride, see Dibenzylethylchlorosilicane.

Dibenzylethylsilicyl oxide, 270.

Dibenzylmethylsilicol, 270.

Dibenzylmethylsilicyl oxide, 282.

Dibenzylsilicanediol, 258, 275, 276.

Dibenzyl silicon dichloride, 268, 275.

Dibenzylsilicone, 270.

Dibromoethyl-silicon dichloride, 254.

Diethylchlorosilicon ethyl ether, 256.

Diethyl silicon dichloride, 252, 253, 258.

Diethylsilicone, 254, 258.

Diethyl silicon oxide, 258.

Diethylcyclopentamethylenesilicane, 282, 361.

Dimethyldiethylsilicane, 252.

Dimethylethyl-isobutylsilicane, 252.

-^-propylsilicane, 252.

Diniethyldipropylsilicane, 252.

Dimethyl silicon dichloride, 282.

Diphenoxydiphenylsilicane, 290.

Diphenoxyoctaphenylsilicotetrane, 290.

Diphenylchlorosilicane, see Diphenyl silicon dichloride.

rfZ-Diphenyldiethyldipropylsilicoethane, 285.

Diphenyldiethylsilicane, 263.

Diphenyldimethylsilicane, 263.

Diphenylethylchlorosilicane, 266, 280.

Diphenylethylsilicyl chloride, see Diphenylethylchlorosilicane.

Diphenylethylsilicyl oxide, 280.

Diphenylmethylchlorosilicane, 266.

Diphenylmethyl siHcol, 280.

Diphenylmethylsilicyl oxide, 280.

DiphenylsiHcanediol, 248, 259, 271-275, 288, 290.

, crystallographic measurements of, 364.

Diphenyl silicon dibromide, 268.

Diphenyl silicon dichloride, 263, 267, 268, 272, 283, 287, 290.

Diphenylsilicone, 273, 279.



408 OBGANOMETALLIC COMPOUNDS.

Ethyl isobutyl silicon chloride, 253.
ortho-2 : 4-dimethylailicobenzoate, 284.

orthosilico-butyrate, 256.

p-Ethylphenyltriethylmonosilane, 363.

Ethyl -propyl silicon chloride, 252.

Ethysiliconic acid, 258.

Ethyl silicon trichloride, see Ethyltrichlorosilicane.

Ethyltrichlorosilicane, 252, 2549 266, 268.

Ethyl triethoxy silicon, 256, 258, 259.

Ethyl trimethoxy silicon, 256, 259.

Hexaethylsilicoethane, 259.

HexamethylsjUttcoethane,
259.

Hexaphenylsilicoethane, 284, 361.

-p.Iodophenyltriethylsilicane, 264.

Methoxyethoxysflicon dichloride, 284.

Methylethylpropylsilicol, 264.

Methyl monosilicic acid, 256.

Methylsiliconic acid, 258, 361.

Methyl triethoxy silicon, 258.

ct-Naphthyl silicon trichloride, 269.

Octaphenylcyclosilicotetrane, 288-290.

Octaphenyldiethylsilicotetrane, 288.

Octaphenyldi-iodosilicotetrane, 287.

Octaphenylsilicotetrane oxide, 287, 288.
Orthosilicoacetic acid triethyl ester, 256, 258.

ct-Orthosiliconaphthoic acid triethyl ester, 284.

Phenoxydiphenylsilicyl chloride, 290.

, sulphonation of, 290.

Phenoxymethoxyethoxymenthoxysilicon, 284.

Phenoxymethoxyethoxysilicon chloride, 284.

Phenoxymethoxysilicon dichloride, 284.

Phenylbenzylethylpropylsilicane, 265.

, sulphonic acid? 265.

PhenylbenzyUilicanediol, 279.

Phenyl-jp-bromophenyldichloromonosilane, 363.

Phenyl-jp-bromophenyldiethylmonosilane, 363.

Phenyldiethylsilicol, 270.

Phenyldiethylsilicyl oxide, 270.

Phenyldimethylethylsilicane, 262, 264.

Phenylethyldipropylsilicane, 285.

Phenyl-^-ethylphenyldiethylmonosilane, 363.

Phenylethylpropylchlorosilicane, 267, 270, 285.

Phenylethylpropylsilicol, 270.

Phenylethylpropyl silicon chloride, see Phenylethylpropylchlorosilicane.
Phenylethylsilicanediol, 275, 278.

Phenylethyl silicon dichloride, 266-, 270, 280, 285.

Phenylethylsilicone, 270, 280.

Phenyl-metasilicic acid, 283.

Phenylmethylethylpropylsilicane, 264.

Phenylmethylethylsilicol, 270,

Phenyl silicon trichloride, 77, 262, 263, 267, 268, 283
Phenyltriethylsilicane, 263.

Phenyltiimethylsilicane, 262.

Propylsiliconic acid, 259.

Propyl silicon trichloride, 252, 254, 266, 259.
trichlorosilicane, see Propyl silicon trichloride.

triethoxy silicon, 256.
Silico-acetic acid, 258.
Silico-benzoic acid, 283.

, triethyl ester, 283.

anhydride, 279.

-butyric acid, 259.

Silicochloroform, 250, 251.

Silicoheptyl ethyl ether, 251, 255.
Silicohexoic acid, 259.

Silicohydrocarbon,
* e

unsaturated^" Si4Ph8, 287.
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Silicohydrocarbon,
"
saturated," Si4Pli8, 288.

, [SiPhJn, 288, 289.

a-Silieonaphthoic acid, 283.

Silico-propionio acid, 258.

Silicotoluio anhydride, 279.

Silicon diethyl diethyl ether, 255, 256, 258.

ether, 253.

ethyl triethyl ester, 254.

propyl ,254.

tetraethyl ester, 256.

tetraphenyl, 262, 317, 340.

triethyl ether, 255.

ethyl ether, 250, 253.

SulphobenzylethyKsobutylsilicyl oxide, 281.

99 sulphonio acids and salts, 2819 2S2.

Sulphobenzylethylpropylsilicyl oxide, 280.

99 99 , sulphonic acids and salts, 280, 281.

Tetra-asoamylsilicane, 250.

Tetra-anhydrotetraldsdiphenylsilicanediol, 273, 275, 288, 361.

99 99 99 ,1 , crystallographic measurements, 368.

Tetrabenzyl silicane, 262.

Tetraethoxysilicon, 256, 258.

Tetraethylsilicane, 23, 250, 252, 253, 361.

Tetramethyl siHcane, 18, 248, 361.

Tetranitrophenyl silicane, 262.

Tetraphenyl silicane, 259, 262, 266, 268, 361.

Tetrapropyl siHcane, 24 250f 251.

Tetra-w-tolyl silicane, 262.

_ conic acid, 283.

#-Tolyl silicon trichloride, 269.

Tri-wamylbromosilicane, 253, 256.

Tri-^oamylsilicane, 251.

Tn-isoamylsilieol, 256.

TrWsoamyl silicon bromide, see Tri-woamylbromosilicane.
Tri-^oamyl silicon oxide, 250, 258.

Trianhydrotetrakisdiphenylsilicanediol, 275, 361.

Trianhydrotrisdibenzylsilicanediol, 2769~-278.

9, , crystallographic measurements of, 369.

Trianhydrotrisdiphenylsnicanediol, 273, 274, 290.

, crystallographic measurements of, 367.

Tribenzylchiorosilicane, 266.

Tribenzylsilicol, 266, 270.

Tri-^obutylbromosilioane, 253.

Tri-is0butylsilicane, 251, 253.

Trichlorosilicane, 250, 251.

Trichloro-jp-triethylsilylphenylmonosilane, 363.

Triethoxysilicon chloride, 256.

Triethylacetoxyethylsilicane, 252.

TriethyHfioamylsilicane, 252.

Triethylbromosilicane, 250, 251, 253, 363.

Triethylbromo-^p-phenylmonosilane, 291, 362.

Triethyl-n-butylsilicane, 252.

Triethyh*5obutylsilicane, 252.

Triethylchloroethylsilicane, 250, 252f

Triethyl-^-chlorophenylmonosilane, 2919 362.

Triethylchlorosilicane, 253, 256.

Triethylhydroxyethylsilicane, 252.

Triethyl-jp-iodophenylmonosilane, 362.

Triethylphenylsilicane, 362.

Tri-n-propyl-jp-chlorophenylmonosilane, 362.

Triethyl-w-propylsiHcane, 252.

Triethylsilicane, 23, 251.

Triethylsilicol, 253, 254, 259, 363.

Triethyl silicon acetate, 253, 254.

chloride, see Triethylchlorosilicane.
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Triethyl silicon oxide, 253, 257.

Triethylsilicyl ethyl ether, 23.

1-TriethylsUyl-4-triethylstannyl-benzene, 291 .

1- -4-trimethylplumbyl-benzene, 291.

1- -4-diphenylarsyl benzene, 291.

Trimethylisoamylsilipane, 252.

Trimethyl-w-butylsilicane, 251.

TrimethyKsobutylsilicane, 251.

Trimethylethylsilicane, 251.

Trimethyl-n-propylsilicane, 24, 251, 253, 257.

Trinitrophenylsilicol, trisulphonate of, 269.

Triphenylbromosilicane, 263, 266, 268, 361.

Triphenylchlorosilioane, 262, 263, 266, 267, 269, 284.

Triphenylethylsilicane, 263.

Triphenylmethylsilicane, 262.

Triphenylsilicane, 263.

Triphenylsilicol, 262, 266, 269, 280.

trisulphonic acid, 269.

Triphenyl silicon acetate, 266.

,, bromide, see Triphenylbromosilicane.
chloride, see Triphenylchlorosilicane.
oxide, 361.

TriphenylsilioylaTnine, 266.

Tiipropylbromosilicane, 253, 255.

Tripropylsilicane, 250, 251.

Tripropylsilicol, 253, 255.

Tripropyl silicon acetate, 253, 255, 258.
bromide, 255.

oxide, 251, 253, 257.

Germanium.

Dimethylaminophenylgermanic acid anhydride, 299.

Dimethylanilino germanium trichloride, hydrochloride of, 299.
Disodium diphenyl germanide, 296.
Germanium dimethylanilino triphenyl and hydrochloride, 298.

ethyl triphenyl, 298.

tetra-fsoamyl, 293.

tetrabenzyl, 298.

tetrasulphonic acid and barium salt, 298.

tetra-w-butyl, 293.

tetraethyl, 291, 292, 293, 361.

tetramethyl, 291, 292, 361.

tetraphenyl, 294, 295, 297, 361.

tetrapropyl, 293.

tetra-jp-tolyl, 297, 298
triphenyl anisyl, 298.

-jp-tolyl, 298.

Hexaphenyldigermane, 294-P5, 361.

Phenylgermanic acid anhydride, 298.

Phenylgermanonic acid, 297.
Sodium triphenyl germanide, 294, 295, 296.

germanolate, 296, 297.

Tetra-anhydrotetraMsdiphenylgermanediol, 297, 361.

Tetraphenylgermane, 294.

^)-Tolylgermanic acid anhydride, 299.

Trianhydrotetrakisdiphenylgermanediol, 297, 361.

Trimethylstannyl-triphenylgermane, 296.
Triphenylgermane, 296.

Triphenylgermanol, 297.

Triphenylgermanium bromide, 294, 296-298, 361.
chloride, 294.

>, fluoride, 294, 296.
,, iodide, 294.

oxide, 2M, 297, 361.
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Tin.

1 : 10-Bis-triethylstannyl-?&-decane, 330.

1:5- -w-pentane, 330, 331, 373.

Dimethylmethylene stannane, 316.

Bisodium dimethyl stannane, 313, 315, 316.

diphenyl stannide, 320, 329. *

hexamethyl tristannane, 315, 316.

tetramethyl-distannane, 315.

tin diphenyl, see Disodium diphenyl stannide.

Dodecaniethylpentastannane, 316.

Ethyl stannonic acid, 313.

Hexabenzyldistannane, 327.

Hexa-isobutyldistannane, 315, 372.

Hexaoyclohexyldistannane, 327.

Hexaethyldistannane, 305, 306, 3U, 372.

Hexamethyldistannane, 314.

Hexaphenyldistannane, 327, 361.

Hexa-w-propyldistannane, 315, 372.

Hexa-23-tolyldistannane, 327.

Hexa-;p-xylyldistannane, 327.

Methyl stannonic acid, 311, 312, 361.

^o-Propyl stannonic acid, 313.

Sodium tin triphenyl, 328, 329.

Sodium trimethyl stannide, 304, 314.

sym.-Tetraethyldi-*$0butyl-distannane, 315, 372.

sym.- ,, -w-propyl- , 315, 372.

Tin di-isoamyl, 310.

dibenzyl acetate, 325.

chloride, 321, 325.

dibromide, di-iodide, oxide, 325.

di-Mobutyl salts, 310.

dicyclohexyl, 327.

dicyclohexyl dibromide, 318, 325.

dichloride, difluoride, dihydroxide, di-iodide, 325, *

diethyl, 300, 301, 309, 313, 314.

diethyl-w-amyl bromide, 331, 373.

i$o-&myl bromide, 370.

chloride, 370.

-5-bromoamyl bromide, 329, 330, 373.

isobutyl bromide, 370.

cyclopentamethylene, 329, 330, 361, 373.

di-wo-amyl, 370.

dibenzyl, 320.

dibromide, 309, 311, 329, 330, 371.

di-Mobutyl, 370.

dichloride, 302, 303, 309, 311, 313, 360.

di-iodide, 18, 21, 302, 303, 306, 309, 329.

oxide, 309, 313.

%-propyl bromide, chloride, 370.

salts, 309-311.
dim thyl, 313, 315.

-5-bromoamyl bromide, 329, 373.

-cyclopentamethylene, 329, 331, 373.

di-&obutyl, 370.

diethyl, 18, 303, 360.

dibromide, 308, 313, 315, 316, 329.

dichloride, 303, 308, 314.

di-iodide, 308, 329, 371.

ethyl bromide, 303.
"

yl propyl, 303.
'

myl, 320.

> 308, 309.

di-ct-naphthyl, 327.

diphenyl, 326, 327, 329.

diphenyl aminochloride, 325.
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Tin diplienyl clilorobromide, chloro-iodide, 324.

dibromide, 324.

dichloride, 77, 225, 322, 323, 324, 361.

diethoxide, 324.

difluoride, 324.

hydride, 329.

Kydroxychloride, 324, 360.

oxide, 324.

di-ra-propyl salts, 310.

di-isopropyl salts, 310.

di-^-tolyl, 326.

di-#-xylyl, 327.

ethyl butyl dibenzyl, 320.

di-teoamyl bromide, 370.

dibenzyl iodide, 320.

dibutyl benzyl, 320.

di-isobutyl bromide, 370.

plienyl dichloride, 326.

w-propyl di-isoamyl, 303.

propyl dibenzyl, 307, 320, 321.

dichloride, 307.

tribromide, 313.

9 , tri-isobutyl, 369.

tri-w-propyl, 369.

methyl ethyl dibromide, 303.

dipropyl, 303.

%-propyl ^ea:*ro-bromocamphor sulphonate, 307, 308.

-camphor sulphonate, 307.

iodide, 307.

sulphate (basic); 312.

tribromide, trichloride, 312.

tri-iodide, 301, 311, 312.

*sopropyl tribromide, 313.

trichloride, 313.

tetra-tfioamyl, 302.

tetrabenzyl, 318.

tetrabromide, physical constants of, 371.

tetra-isobutyl, 302.

tetra-cyclohexyl, 317, 323, 325.

tetraethyl, 21, 26, 300, 301, 302, 305, 309, 361, 371.

tetramethyl, 301, 304, 305, 312, 315, 361.

tetraphenyl, 13, 316, 321-324, 329, 360, 361.

tetrapropyl, 24, 37, 302* 371.

tetra-a-thienyl, 318.

-o-tolyl, 317.
-m- , 317.

-m-xylyl, 317.

,, -p- , 317.

tri-tso-amyl salts, 371.

tribenzyl chloride, 320, 323, 325, 327.

iodide, 327.

ethyl, 320.

tri-&obutyl iso-amyl, 369.

tri-^obutyl salts, 306, 307, 371.

tricyclohexyl bromide, 319, 323.

chloride, 318, 323.

ethyl, 320.

fluoride, hydroxide, iodide, 323.

methyl, 319.

phenyi, 319.

^-tolyl, 319.

triethyl i'soamyl, 369.

7t-amyl, 329, 330, 331, 373.
bromide, 291, 305, 314, 330, 331, 371.

-5-bromoamyl, 329, 330, 373.

isobutyl, 369.
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Tin triethyl carbonate, 302, 306.

chloride, 302, 305, 314, 371.

ethylate, 371.

ethyl sulphonate, 302.

iodide, 18, 300-303, 305, 309, 314, 360, 371.

methyl, 18, 303.

phenyl, 321, 326.

w-propyl, 303, 369, 371.

,, salts, 305, 306.

trimethyl, 304, 305, 314.

benzyl, 321.

bromide, 296, 300, 303, 304, 314, 32i, 328.

-5-bromoamyl, 330, 331, 373.

chloride, fluoride, 304.

ethyl, 302.

ethylate, 305.

hydroxide, 305.

, electrical conductivity of solutions of, 305.

, complexes of, 305.

iodide, 301, 302, 304, 321, 371.

phenyl, 321.

w-propyl, 303.

(trimethylstannyl)-amine, 321.

trimethyl sulphide, formate, acetate, 305.

triphenyl, 328, 361.

bromide, 322, 327, 361.

chloride, 318, 322, 325, 360.

cyclohoxyl, 318.

ethyl, 319.

fluoride, 322,

hydride, 328.

iodide, 319, 32&

methyl, 319.

, a-naphthyl, 318.

#-tolyl, 318.

jp-xylyl, 318.

tri-w-propyl esobutyl, 369.

tripropyl chloride, 306, 371.

iodide, 37, 302, 306, 371.

tri-4sopropyl bromide, chloride, iodide, 306, 37L
tripropyl salts, 306.

trU>opropyl salts, 306.

tri-o-tolyl bromide, chloride, iodide, 322.

-& ,3^,327.
chloride, fluoride, 322.

tri-m-xylyl fluoride, 322.

, -P- 9 chloride, bromide, iodide, 323.

l-Triethylsilyl-4-triethylatannyl benzene, 291.

l-Trimethylstannyl-5-trimethylplumbyl-w-pentanc, 330, 331, 373*

Trimethyltriethyldistannane, 314.

Triphenyltrimethyldistannane, 328.

Lead.

1 : 5-BiS"trimethylplumbyl-?t-pentane, 330/5^, 379.

Lead i^obutyl isoamyl dibromide, 339.

tri-woamyl, 375.

di-isoamyl dibromide, dichloride, 338.

ethyl propyl, 377.
_ . _v o._ J. v . _

, OOO.

dibromide, dichloride, 338.

dicyclohexyl dibromide, 342, 348.

dichloride, di-iodide, sulphide, 348.

diethyl ^oamyl chloride, 339.

-5-bromoamyl bromide, 353.

*5obutyl isoamyl, 377.
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Lead diethylcyclopentamethylene, 352, 353, 361, 379.

,, diethyl di-Moaonyl, 376.

dibromide, 338.

dUsobutyl, 376.

diohloride, 335, 338, 351, 352, 360.

di-a-naphthyl, 343, 360.

diphenyl, 338, 3439 360.

di-n-propyl, 376.

di-see.-propyl, 376.

methyl isoamyl, 377.

Mobutyl, 377.

,v propyl, 377.

propyl woamyl, 336, 377.

sec.-amyl, 377.

n-butyl, 377.

^obutyl, 377.

sec.-butyl, 377.

%-propyl $ec.-propyl, 377.

, estimation of in organic compounds, 334.

ethyl Moaznyl dicMoride, 339.

^obutyl dibromide, 339.

-5-chloroamyl dicMoride, 352, 353.

-n-propyl-w-butyl-fc'soamy], 336.

dimethyl sec.-butyl isoamyl* 377.

di-Moamyl, 376.

dibromide, dichloride, di-iodide, pxide, sulphide, chromate, 338.

di-wobutyl, 376.

diethyl, 335.

di-w-propyl, 376.

ethyl i^oamyl, 377.

^c.-amyl, 377.

^obutyl, 377.

,, 5eo.-butyl, 377.

%-propyl, 336, 377.

sep.-propyl,
377.

propyl iso-amyl, 377.

diphenyl, 348, 349.

carbonate (basic), 346.

chromate, 347.

cyanide (basic), 347.

cyclohexyl bromide, 351.

methyl, 351.

diacetate, 346, 347.

dibromide, 342, 343, 345.

dichloride, 340, 345, 360, 361.

dicyanide, 347.

dicyclohexyl, 342.

diformate, 346.

di-iodide, 342, 346, 350.

di-a-naphthyl, 342.

dinitrate, 346, 347.

,, (basic), 346.

di-jp-nitrobenzoate, 347.

di-o-tolyl, 342.

dj-^-tolyl,
349.

'

dithiocyanate, 347.

di-trichloroacetate, 346.

divalerate, 346.

di-^-xylyl, 342, 351.

ethyl bromide, 351.

iodate, 346.

methyl bromide, 351.

oxalate, 346.

oxide, 346.

phosphate, 346.

propionate (acid salt), 346.
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Lead diphenyl sulphide, 347.

#-xylyl, 351.

di-w-propyl dichloride, 338.

di-jp-tolyl diacetate, 347, 348.

dibromide, dichloride, 347*

diformate, 347.

di-iodide, 347, 350.

dinitrate, 347.

sulphide, chromate, 348.

di-w-xylyl diehloride, 350, 360.

, ? di-#-xylyl dibromide, 345, 348, 350.

ethyl tri-isoamyl, 375.

tri-isobutyl, 375.

tri-tt-propyl, 375.

methyl ethyl dichloride, 338.

, di-iodide, chromate, sulphide, 339.

w-propyl isoamyl, 336.

,, isobutyl, 336.

%-propyl isoamyl chloride, 339.

tzi-iffoaxnyl, 375.

tri-tsobutyl, 375.

triethyl, 334, 335, 360, 374.

tri-7i-propyl, 375.

phenyl cyclohexyl methyl bromide, 351.

?i-propyl isoamyl dichloride, sulphide, 339.

5obutyl dibromide, sulphide, 339.

dichloride, 339.

,, tri-itfoamyl, 375.

,, tri-isobutyl, 375.

totra-a'soamyl, 333.

tetra-wobutyl, 333.

tetracyclohexyl, 341, 348.

tetraethyl, 21, 3339 360, 361.

tetramethyl, 333, 336, 361.

tetraphenyl, 317, 339, 340, 343-346, 360, 361.

tetra-w-propyl, 333.

tetra-sec.-propyl, 333.

tetra-a-thienyl, 341.

tetra-jp-tolyl, 340, 347.

tetra-j?-xylyl, 341.

tri-iaoamyl chloride, bromide, iodide, fluoride, hydroxide, 338.

tri-tobutyl tsoamyl, 375.

tri-%-butyl chloride, bromide, hydroxide, 337.

tri-isobut^l chloride, bromide, iodide, fluoride, 337.

tricyclohexyl, 345.

bromide, chloride, fluoride, hydroxide, 345.

iodide, 345, 351.

triethyl, 339.

triethyl ra-amyl, 353, 379.

soamyl, 335, 374.

sec.-amyl, 375.

benzyl, 343, 378.

-5-bromoamyl, 353, 379.

iwbutyt 335, 374.

sec.-butyl, 375.

bromide, iodide, 336.

chloride, 336, 339, 360.

hydroxide and salts, 336, 3379 339.

a-naphthyl, 378.

phenyl, S78.

Tfc-propyl, 335, 374.

o-tolyl, 378.

jp-tolyl, 378.

trimethyl woaxnyl, 335, 374.

bromide, 330, 331, 334, 336, 353.

^-butyl, 335, 374.



416 ORaANOMETALLIC COMPOUNDS.

Lead trimethyl wobutyl, 335, 374.

chloride, 291, 334, 336.

ethyl, 334, 338, 374.

fluoride, hydroxide, iodide, 336.

phenyl, 378.

w-propyl, 334t 374.

wpropyl, 375.

sulphate, 331, 336.

o-tolyl, 378.

p-tolyl, 378.

triphenyl, 349, 361.

bromide, 341, 344, 351, 361.

chloride, 343, 344.

cyclohexyl, 342, 351.

ethyl, 351.

fluoride, 344.

iodide, 343, 344, 349.

methyl, 351.

a-naphthyl, 342.

#-phenetyl, 341.

jp-phenoxyphenyl, 342.

sulphide, 344.

p-tolyl, 341.

m-xylyl, 341.

^p-xylyl, 341.

tri-w-propyl wamyl, 375.

i^obutyl, 375.

acetate, bromide, chloride, fluoride, hydroxide, sulphate, 337.

tri-o-tolyl, 350.

, -p- , 344, 350.

, fluoride, iodide, 344.

tri-m-xylyl, 350, 360.

p- , 344, 345, 350.

bromide, 341, 345.

chloride, 344.

l-Triethylsilyl-4-trimethylplumbyl-benzene, 291.

l-Trimethylstainiyl-5-trimethylplumbyl-w-pentane, 330, 331, 373.

Phosphorus.

Dimethylamidophosphenyl chloride, 122.

Diphenyl phosphorus chloride, 16.

Phenyl-^-tolylchlorophosphine, 94.

Phosphenyl chloride, 77, 94.

m-Tolyldichlorophosphine, 78.

Triethylphosphine, 20.

Trimethylphosphine, 18.

Triphenylphosphine, reaction with thallic chloride, 360.

m-Xylyldichlorophosphine, 80, 95.

Arsenobenzene, reaction with mercury diethyl, 35.

Ethyldichloroarsine, 35.

Diphenylchloroarsine, 77, 291, 340.

Dithienylchloroarsine, 83, 98.

a-Naphthyldichloroarsine, 82.

P- ,, ,82.

Phenylarsenious chloride, 77, 88, 91, 360.

oxide, reaction with mercuric chloride, 73.

. sulphide, reaction with mercury diethyl, 35.

Phenyldichloroarsine, see Phenylarsenious chloride.

Phenyldiethylarsine, reaction with mercury diethyl, 35.

Thienyldichloroarsine, 83, 98.
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Triethylarsine, 20.

l-Triethylsilyl-4-diphenylarsyl benzene, 291.

Trimethylarsine, 18.

Triphenylarsine, 226, 360.

,, dichloride, 360.

Tripropylarsine, 24.

Trithienylarsine, 83.

Tri-w-xylylarsine, 360.

-p- , 360.

w-Xylylarsenious dichlorido, 80, 360.

'P- , , 360.

w-Xylyldichloroarsine, see m-Xylylarsenious dichloride.

Antimony.

Diplieiiylstibine chloride, 340.

,, trichloride, 77, 340.

Trianisylstibine mercuricliloridc, 142.

Triethylstibinc, 20, 35.

Trimethylstibine dichloride, 32.

Triphenylstibine, 71, 88, 226, 360.

dichloride, 77, 360.

Tri-w-tolylstibine mercurichloride, 71, 93.

Tri-w-xyiylstibine, 360.

,, dichloride, 360.

c>

Bismuth.

Bismuth triethyl, 34, 36.

Di-cc-naphthylchlorobisniuthine, 360.

J")iphenylchlorobismuthine, 340, 360.

Di-jo-tolylchlorobismuthine, 360.

Triethylbismuthine, 29, 41.

Tri-a-naphthylbismuthme, -43, J>(0.

Triphenylbismuthine, 77, 242, 360

Tri-jp-tolylbismuthinc, 243, 360.

Selenium, Tellurium.

Selenium, mercury derivatives containing, 217
Tellurium diethyl, 36.

Tellurium diphenyl, 77.

diohloride, 340.
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