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GENERAL INTRODUCTION TO THE SERIES.

Durine 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, Inorganie, 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 O, 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 L The position of the rare earth
metals in the Periodic Classification has for many years been a source
of ditliculty. 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 IL 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 IL. 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 VIIL

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 Tequires.

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 = 82-065.
Potassium == 89-100. Fluorine = 19-015.
Silver = 107-880. Chlorine = 85-457.
Carbon = 12-008. Bromine = 79:916.
Nitrogen = 14-008. Todine = 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. i
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 T'able of Dates of Issue of Journals (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.
March 1930.






PREFACE.

Owixg to the large number of organic arsenical compounds now
existent, it has been found necessary to devote an entire work in this
series to their production. The present book deals with approximately
4000 compounds, all of which contain arsenic directly linked to carbon.
The last fifteen years have doubled the number of arsenicals investi-
gated, owing to their use in gas warfare, and a vigorous search for
compounds of therapeutic value. In order to assist the student, the
various types of compounds have been grouped under definite headings,
as detailed in the Contents List, and although such a scheme is helpful,
it cannot be perfect, since some compounds may obviously belong to
more than one class.

Some investigators have described long series of compounds, the
preparations of which are based on a general method; to save space the
method is here given in the text and the compounds themselves placed in
Appendix I., which also contains tables of physical constants for large
series of compounds. Owing to the rapidity with which this field of
chemistry is advancing, an Appendix II. has been added, containing
arsenicals prepared whilst this work has been in the press.

The Author would draw attention to the unsatisfactory state of
the nomenclature of organometallic compounds in general. The desig-
nations of compounds in the present book are those used in the
original memoirs, since any attempt to alter these in a work of the
present description would only complicate matters. It is necessary
that a closer co-operation shall exist between the leading chemical
societies of the world if the organometallic field is to be saved from a
chaotic mass 6f names during the next fifty years.

In conclusion, the Author would be grateful for reprints of original
papers dealing with organometallic compounds.

A. E. GODDARD.
¢ THALLIA,”

GLENFIELD, NR. LEICESTER,
March 1930.
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A TEXT-BOOK OF
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VOL. XI. PART II.
ORGANOMETALLIC COMPOUNDS.

CHAPTER 1.
ALIPHATIC ARSENICAL COMPOUNDS.

Compounps or THE Tyre RAsH,.

Tue primary alkyl arsines are prepared by the reduction of the corre-
sponding arsinic acids or their salts, using amalgamated zine dust in
alcoholic solution, in an atmosphere of hydrogen. In the case of
methylarsine, methyldichloroarsine may be reduced instead of the arsinic
acid, and for n-propylarsine the reduction is carried out in sulphuric
acid. The compounds are highly refractive, colourless liquids, very
poisonous, soluble in carbon disulphide and other organic solvents, but
only slightly soluble in water. The methyl derivative on prolonged heat-
ing at a high temperature decomposes, yielding methane, hydrogen, and
arsenic, but in the case of the ethyl compound some triethylarsine is also
formed. Oxidation with atmospheric oxygen converts these bodies into
arsenoxides, but dilute nitric acid or silver nitrate converts them to
alkylarsinic acids. Bromine in carbon disulphide solution removes the
arsenic from methylarsine as arsenious bromide, whilst the halogen in
ether solution converts the ethyl compound into ethyldibromoarsine.
Sulphuric acid reacts with ethylarsine at ordinary temperatures to form
a crystalline sulphate, which is the only sign of basic properties these
compounds show, thus distinguishing them as a class from the phos-
phines and the amines. They react with alkyl iodides when heated in
a sealed tube to form tefra-alkylarsonium compounds :

RASH,+8RI=R AsI+2HI

Methylarsine, CH, AsH,,* may be prepared either by the reduction
of sodium methylarsinate with amalgamated zinc dust in alcoholic
hydrochloric acid solution, the operation being conducted in a hydrogen
atmosphere, or by the reduction of methyldichloroarsine.

1 Palmer and Dehn, Ber., 1901, 34, 3594 ; Dehn, Amer. Chem. J., 1905, 33, 101 ; 1908,
40, 117 ; Williams, Amer. Chem. J., 1908, 40, 107.
3
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It is a colourless, highly refractive liquid with B.pt. 2° C. at 755 mm.,
17° C. at 1140 mm., miscible in all proportions with alcohol or carbon
disulphide, but only soluble in water to the extent of 85 parts in a million.
It is very poisonous, fumes in air, and has an odour resembling cacodyl.
When heated for three hours at 810° C. it decomposes with formation
of methane, hydrogen, and arsenie. Oxidation by atmospheric oxygen
gives methylarsenoxide, but oxidation by nitric acid, silver nitrate, or
aqueous potassium iodide yields methylarsinic acid. When passed into
a solution of bromine in carbon disulphide, it gives arsenious bromide,
hydrogen bromide, and methyl bromide, whilst with aqueous mercuric
chloride, mercuric methylarsinate and mercurous chloride result.
Methylarsine is converted by alcoholic iodine into methyldi-iodoarsine.
Hydrogen chloride has practically no action on it, even on prolonged
treatment. It combines with methyl iodide at 110° C., forming tetra-
methylarsonium iodide and hydrogen iodide, whilst propyl iodide
and methylarsine at 100° C. yield some methylpropylarsonium iodide.
Meiiihylarsenoxide and methylarsine combine to form a red polymer,

CHAs),.

( Esthg’iarsine, C,H;.AsH,, is obtained by the reduction of magnesium
ethyl arsinate with amalgamated zine dust and alcoholic hydrochloric
acid. It is a very poisonous liquid, B.pt. 36° C., density 1-217 at 22° C.,
soluble in water to the extent of 126 parts in a million at 19° C. In
dry air this arsine is oxidised to ethylarsenoxide, but with nitric acid or
silver nitrate to ethylarsinic acid. When heated for three hours at
285° C. it yields triethylarsine, ethane, hydrogen, and arsenic. With
stannic or mercuric chlorides, arsenic or antimony trichloride, it gives
ethyldichloroarsine, whilst with bromine in ether solution, ethyldi-
bromoarsine results. The arsine is unaffected by two hours’ heating at
70° C. with hydrochloric acid of density 1-2, but with concentrated
sulphuric acid at ordinary temperatures it forms a crystalline sulphate
to which the following formula is ascribed—2Et.AsH,.H,SO,. Sulphur
dissolves in ethylarsine with the formation of ethylarsine sulphide,
and when heated with alcoholic carbon disulphide at 120° C., the arsine
gives triethylarsine sulphide. When heated with excess of alkyl iodidc at
110° C., tetra-alkylarsonium compounds are produced, e.g. ethyl iodide
gives tetraethylarsonium iodide.

n-Propylarsine is a liquid, obtained from propylarsinic acid by
reduction with amalgamated zinc and concentrated sulphuric acid.!

Comrounps oF THE TyPeE R,AsH.

The dialkyl arsines are formed when the corresponding oxides or
dihalogenated arsines are reduced with platinised zine in aleoholic
hydrochloric acid. Reduction of the corresponding arsinic acids gives
the same result. The lower members of the series are spontancously
inflammable in air, and more reactive than the primary alkyl arsines.
Excluding the first member of the series, dimethylarsine, they only
possess feeble basic properties. Their general reactions may be readily
ascertained by consulting the table given on p. 6 for dimethylarsine.

Dimethylarsine, (CHj;),.AsH.2—A stream of hydrogen is passed

1 Dehn and Williams, Amer. Chem. J., 1908, 40, 113.
2 Palmer, Ber., 1894, 27, 1378 ; Dehn and Wilcox, Amer. Chem. J., 1906, 35, L.
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through a mixture of platinised granulated zine, aleohol, and concen-
trated hydrochloric acid, then cacodyl chloride added drepwise. The
hydrogen carries off the dimethylarsine, which is washed by passing
through water, dried by means of calcium chloride, and finally condensed
by anice and salt freezing mixture. It may also be obtained by reducing
crude cacodyl oxide (cacodyl and cacodyl oxide) with platinised zinc
and hydrochloric acid in alcoholic solution.?

Dimethylarsine is a colourless, spontaneously inflammable liquid,
having an odour of cacodyl. It boils at 85-6° C. at 747 mm., and at
55° C. at 1-74 atmospheres. At 29° C. its density is 1-218. Its reactions
are indicated in the table on page 6.

Diethylarsine, (C,H;),.AsH, is obtained by the reduction of diethyl-
iodoarsine with zinc-copper couple and alcohol in a specially designed
apparatus.? It is a colourless liquid, B.pt. 105° C., having a garlic odour
and is spontaneously oxidised in air. It was considered at one time3
that this arsine resulted from the action of certain moulds, but this
idea appears to be incorrect from the behaviour of diethylarsine with
mercuric chloride in hydrochloric acid solution, as compared with that
of the gas obtained with the moulds. When the solution mentioned is
treated with the gaseous arsine, a mercurosochloride, (C,Hg),AsCl.2HgCl,
is formed, which, on boiling with water, gives diethylchloroarsine.*

Di-isoamylarsine, (C;H,,),.AsH, is formed by the reduction of
di-isoamylarsinic acid with amalgamated zinc and hydrochloric acid.?
The odour of this arsine resembles that of amyl alcohol more than that
of an arsine. It boils at 150° C. at 99 mm., and at 220° C. commences
to decompose, yielding tri-isoamylarsine, hydrogen, and other products.®
In the air it oxidises to di-isoamylarsinic acid, and an oil, probably
di-isoamyl cacodyl oxide.

CompounDns oF THE TYPE RjAs.

The trialkylarsines may be obtained in a variety of ways :

(1) The double salts formed by the interaction of zinc dialkyls and
arsenic trihalides yield tertiary arsines on treatment with potassium
hydroxide :

8ZnR,+2AsX;=2R;As+48ZnX,

(2) In poor yield by heating alloys of arsenic and sodium with alkyl

iodides :
NagAs+3RI=RjAs+38Nal
(8) By treating magnesium alkyl halides with arsenic trihalides :

SRMgX+AsX;=R4As+38MgX,

1 See also Natta, Atti I1. Cong. Naz. Chim. Pura Appl., 1926, 13286.

* Wigren, Annalen, 1924, 437, 285.

3 Biginelli, tts B. Aocad. Lincei, 1900, [v.], 9, ii. 210, 246.

4 The following compounds, described by Biginelli, are of doubtful constitution :
(CyH 5);AsH.2HgCly ; O[ASH(C,Hj),1le; O[AsH(CyH)a180,4; O[AsH (0.Hy)s(0H)),. KNO, 3

(C,H,),HMSH(C,H,),AHgOl,; (CyH ), AsH.2HgNOs,.
8 Dehn and Wilcox, Amer. Chem. J., 1908, 35, 53.
¢ Williams, Amer. Chem. J., 1908, 40, 118.



REACTIONS OF DIMETHYLARSINE.

Treatment.

Products of Reaction.

Heated in sealed tube at 335° C. for one
hour with only traces of air present.
Slow oxidation in air.

Pure oxygen.

Chlorine.
Bromine.

Todine.
Aqueous iodine.

Isobutyl iodide at 110° C. for five hours.
Cetyl iodide at 100° C.

Isopropyl iodide at 100° C.

Allyl iodide, 8 to 4 molecules.

Allyl jodide, 1 molecule.

Dry hydrogen bromide at —10° C.
Dry hydrogen iodide.

Concentrated sulphuric acid.

Nitrous oxide.
Nitrie oxide or peroxide; nitrous or
nitric acid.

Chromic oxide.

Aqueous potassium dichromate,
Lead peroxide

Ferric chloride.

Auric chloride.
Stannic chloride.

Phosphorus trichloride.

Arsenic' trichloride.
Antimony trichloride.

for two to three hours,

Sulphur.

Liquid sulphur dioxide.
Bulphur dichloride.

Silver nitrate or mercuric chloride.

Potassium ferricyanide.
Dibromosuceinic acid.
Acetyl iodide.

Chloroformic ethyl ester.
Arsenic trioxide.

Cacodyl chloride in sealed tube a100° C.

Black lustrous substance, probably [(CH;)As];, and in-
flammable gases.

“ Erytharsine,” [(CHy)As],As;Og.

Ethane, arsenic, black mass containing polymer of
methylarsine.

Methyldichloroarsine. .

Hydrogen, hydrogen bromide, cacodyl bromide, (CH,),AsBr,
and cacodyl bromide hydrobromide, (CH;),AsBr.HBr.

Cacodyl jodide hydriodide, (CH,),AsLHL

Cacodylic acid, (CHj;),As0.0H, hydrogen iodide.

Dimethyldi-isobutylarsonium iodide, (CHy)y(CH,),Asl.
Dimethyldicetylarsonium jodide, (CHg)y(CyHgs), AL
Dimethyldi-isopropylarsonium iodide, (CHg),(CsH,),Asl.
Dimethyldiallylarsonium iodide, (CHj)s(CgH),AsL
Dimethylallylarsine, (CHy),(CsHj)As.

Cacodyl bromide, (CH,),AsBr, hydrogen.
Cacody] iodide, (CH,),Asl, hydrogen.

Sulphate, 2(CH;),AsH.H,S0,, cacodyl sulphide,
[(CH,),As],8, cacodylic acid.

No action.
Nitrous oxide or nitrogen, cacodylic acid and other oxida-

tion products.

Dicacodyl, (CH,),As,, or cacodylic acid.
Reduction takes place.

Lead, lead cacodylate, dicacodyl.

Ferrous chloride, cacodyl chloride, (CH,),AsCl.

Dicacodyl, cacodyl chloride, cacodylie acid.

Chlorostannide, (CHg)oAs.SnCls, hydrogen chloride,

Cacodyl chloride, hydrogen chloride, and probably
(CH,4)oP, or (CHgP)g.

Cacodyl chloride, hydrogen chloride, (CH As)g.

Cacodyl chloride, antimony hydride, antimony, hydrogen
chloride. \

Dicacodyl, hydrogen chloride.

Cacodyl sulphide or disulphide, [(CH,),Asl,S or
[(CHypAs],S,. ot

Ca,eodil disulphide, methylarsine sulphide, (CH,AsS), tri.
methylarsine sulphide, (CH,);AsS, cacodylic acid,

Cacodyl chloride, sulphur, hydrogen sulphide.
Reduction to the metal.

Potassium ferrocyanide, dicacodyl, potassium cacodylate,
Cacodyl bromide, succinic acid,

Cacodyl iodide, acetaldehyde.

Cacody] chloride.
Red-brown product, (CH,As)g.

6
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(4) By the distillation of tetra-alkylarsonium iodides or their arsenic
trihalide addition products with solid potassium hydroxide :

R,AsT=R As+RI

(5) Inone case only has the Fittig reaction been used, namely, in the
preparation of tri-n-propylarsine by boiling a mixture of propyl chloride,
arsenic trichloride, and sodium :

8CgH,Cl+AsCl,+6Na=(C,H,);As +6NaCl

The mixed tertiary arsines are best isolated by the following
methods :
(1) The interaction of alkyl-di-iodoarsines or dialkyliodoarsines with
zine dialkyls :
RAsI,+ZnR’',=RR',As+Znl,
2R,AsI+ZnR’;=2R,R’As+Zn],

(2) By treating dialkylarsines with alkyl iodides :
R, AsH+R'I=R,R'As+HI
(8) By the Grignard reaction, as given under (3) on page 5.

All the tertiary arsines are highly refractive liquids, with the excep-
tion of dimethyl-n-propylarsine, which is stated to be a crystallisable
compound. Those of low molecular weight absorb oxygen from the
air, yielding oxides. The tridlkylarsines combine with the halogens,
sulphur, alkyl iodides, and cyanogen bromide, yielding products of the
types, R3AsX,, R;3AsS, R As], and R;As(CN)Br respectively. Mercuric
chloride and the chlorides of gold, platinum and palladium also form
double compounds with some of the arsines. The de-alkylation of tri-
methylarsine may be accomplished by distilling the arsine with iodine,
the amount of the latter element present determining the number of
alkyl groups removed. Complete removal of the methyl groups can,
therefore, take place in three stages, as shown by the following
equations :

MegAs+I, =Me,AsI +Mel
MegAs+2I,=MeAsI, +2Mel
Me;As+8I,=AsI;  +38Mel

T'rialkylarsine Oxides.—Only three compounds of this type are known
—the methyl, ethyl, and n-propyl derivatives. The first two are formed
by direct oxidation of the arsines by atmospheric oxygen, and the
methyl compound also results when cacodyl oxide, (Me,As),0, in
methyl alcohol solution is treated with methyl iodide and sodium
hydroxide. The propyl derivative is formed when tetra-n-propyl-
arsonium hydroxide is heated in a stream of hydrogen. These oxides
exhibit no acid properties but are inclined to be feebly basic, the ethyl
compound yielding a nitrate, and the propyl compound a double com-
pound with mercuric chloride.

Trialkylarsine Sulphides.—Direct addition of sulphur and trialkyl-
arsine takes place in the case of the ethyl compound, the product also
resulting from the interaction of diethylarsine and carbon disulphide
at 120° C., or on heating ethylarsine disulphide at 195° C. Tri-
methylarsine sulphide is obtained from dimethylarsine and liquid
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sulphur dioxide, or from trimethylarsine dibromide by the following
reactions :
KOEt H,S
Me;AsBr, ————— Me3As(OEt) —————— Me;AsS

The intermediate ethoxide is not isolated in this reaction.

Selenium adds on directly to trimethylarsine, forming trimethyl-
arsine selenide, a product unstable in air, but in solution fairly stable
in the dark. )

Trialkylarsine Dihalides, Hydroxyhalides and Cyanohalides.—These
form a far more numerous class of compounds than the oxides and sul-
phides. Dihalides are only known in the case of methyl and ethyl
compounds, and may be obtained by direct addition of the halogen.
No dichlorides appear to be known with certainty. Triethylarsine
dibromide has also been formed by replacing the sulphur of triethyl-
arsine sulphide by means of concentrated hydrobromic acid. An
indirect method of forming triethylarsine di-iodide consists in distilling
the compound, Et,Asl.AsI;. The dihalides are rather unstable in air ;
chlorine and also concentrated nitric or sulphuric acid eliminate the
halogen. The iodine in triethylarsine di-iodide may be removed by
potassium hydroxide, giving the corresponding oxide. Work on the
mixed trialkylarsines shows that they readily add on cyanogen bromide
to form cyanobromides -

R,R’.As--CN.Br=R,R’'As.CN.Br

It is necessary to carry out this reaction in very dry solvents since
traces of moisture decompose the resulting cyanobromides with forma-
tion of hydroxybromides :

R,R’As.CN.Br+H,0=R,R'As.OH.Br+HCN

The hydroxybromides are so hygroscopic that it is impossible to isolate
them, hence they are converted to the hydroxypicrates by the addition
of picric acid. The decomposition of ethyldi-n-propylarsine cyano-
bromide by heat is of interest, and takes place according to the following
equation :

2C,Hg(C;H, )4As.CN.Br=C,H,Br+C,H,Br +C,H,.C,II,.As.CN
' + (C4lT,),ASCN

Trimethylarsine, (CH;);As.—This compound was first mentioned
by Cahours and Hofmann,® who stated that it was obtained by the
action of potassium hydroxide on the double salt derived from arsenic
trichloride and zinc dimethyl. In 1859 Cahours? isolated this arsine by
distilling tetramethylarsonium iodide or its double salts with potassium
hydroxide, after having obtained only small yields by treating sodium
arsenide with methyl iodide.? Auger 4 in 1904 stated that the brown
polymer formed when arsenomethane is treated with a trace of hydrogen
chloride yields trimethylarsine when distilled in an atmosphere of

1 Cahours and Hofmann, Compt. rend., 1855, 41, 831 ; Jahresber., 1855, p. 538.
* Cahours, Annalen, 1859, 112, 228,
18683 Cuéholu7rs and Riche, dnnalen, 1854, 92, 861.; see also Buckton, Quart. J. Chem, Soc.,
, 16, 17,
* Auger, Compt. rend., 1904, 138, 1705.
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hydrogen. Another method of obtaining the arsine is to heat cacodyl,
[Me,As],, for two hours at 840° C.* The first attempt to employ the
Grignard reagent in the preparation of this arsine was made by Hibbert,?
who states that his method gave a yield of over 70 per cent., but the
free arsine was not isolated, the compound being distilled into an excess
of bromine, thus being obtained as the perbromide, Me;AsBr,. Renshaw
and Holm 2 in 1920 reinvestigated the foregoing methods and found the
following to be the most suitable for isolating the pure arsine: To a
mixture of 50 c.c. of dry xylene and 30 grams of crude zinc dimethyl
in an atmosphere of carbon dioxide and cooled in ice, 83-3 grams of
arsenic trichloride in 50 c.c. of dry xylene are slowly added, with
occasional shaking. Considerable heatis developed, and at the conclusion
of the reaction the xylene is poured off from the white solid which
forms, the latter dissolved in water and an excess of strong alkali added.
The mixture is then distilled on the water-bath until no further product
comes over. 17-4 grams of crude material were collected by the in-
vestigators. The product then fractionated gives pure trimethylarsine
distilling at 51-9° to 52° C. at 786 mm.

The arsine is a colourless, mobile liquid, having a density of 1-124
at 22° C. It absorbs oxygen from dry air giving trimethylarsine oxide,*
and it combines directly with chlorine, bromine, iodine, sulphur, and
selenium, whilst with mercuric chloride the double compound 2AsMe,.
HgCl, is formed. The arsine combines readily with methyl iodide to
form tetramethylarsonium iodide. The methyl groups of trimethyl-
arsine may be replaced by iodine. When distilled with this element,
dimethyliodoarsine, methyldi-iodoarsine, or arsenic tri-iodide are ob-
tained, according to the amount of iodine used.

Triethylarsine, (C,H;),As, results together with ethyl cacodyl,
(Et,As),, by the interaction of sodium arsenide and ethyliodide.5 Ithas
also been obtained by treating arsenic trichloride with zinc diethyl,®
and by distilling tetraethylarsonium iodide with solid potassium
hydroxide.” Auger and Billy 8 failed to obtain this arsine by the inter-
action of arsenic trichloride and magnesium ethyl bromide, but this
was due probably to the conditions under which the experiment was
carried out. The arsine is also said to occur when diethylchloroarsine
is treated with sodium carbonate, bicarbonate, or hydroxide, other
products being diethylarsenoxide and ethylarsenoxide.? .

Triethylarsine is a fuming liquid, boiling at 140° C. at 786 mm. with
partial decomposition, and has a density of 1-151 at 16-7° C. It has an
unpleasant odour, and when gently warmed in air it inflames. It is
insoluble in water, but is miscible with alcohol and ether. With con-
centrated nitric acid it explodes, but less concentrated acid gives the
nitrate; it is miscible with concentrated sulphuric acid, the solution
on warming evolving sulphur dioxide. When a solution of the arsine
is slowly oxidised by air, tricthylarsine oxide results, and an ether

1 Dehn and Williams, Amer. Chem. J., 1908, 40, 120.

2 Hibbert, Ber., 1906, 39, 160.

3 Renshaw and Holm, J. Amer. Chem. Soc., 1920, 42, 1468.

4 Cahours, Annalen, 1862, 122, 205.

5 Landolt, Annalen, 1854, 89, 301.

¢ Hofmann, Annalen, 1857, 103, 357.

7 Cahours, Annalen, 1862, 122, 192.

& Auger and Billy, Compt. rend., 1904, 139, 597.

® Trochimovski, Buezwinski, and Kwapiszewski, Rocz. Chem., 1928, 8, 423.
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solution of the arsine, when boiled with sulphur, gives triethylarsine
sulphide. With iodine, triethylarsine di-iodide is produced. The arsine
combines with mercuric chloride, yielding a mercurichloride, M.pt. 163°
to 164° C.! It does not reduce silver nitrate solution, but it forms
double compounds with gold, platinum, and palladium chlorides.? The
addition of triethylarsine dropwise to a solution of platinic chloride
yields a mixture of two isomeric compounds having the formula
2(C,H;)3As.PtCl,. Separation is effected by treatment with ether, the
soluble derivative crystallising from this solvent in yellow crystals,
which separate from alcohol in sulphur-yellow prisms; the ether-
insoluble isomeride separates from alcohol in long, pale yellow prisms.
These products have been represented by the following formule :

(CoH;)sAs... Cl (CoHj)sAs.. /Cl
.j:-Pt< /"Pt
(CoHj)sAs Cl Cl “As(C,Hj)s

At present it is uncertain which compound should be represented by
the ¢is-, and which by the #rans-configuration. Triethylarsine again
reacts with these compounds, yielding the derivative [4(C,Hj)3As, Pt]Cl,,
which is represented as follows :

(CaHs)sAs-.___ ‘_,.'As(CgH5)3
Pt Cl,
- (CoHj)sAs” “As(CyH;) s

The compound derived from palladium chloride and triethylarsine forms
reddish-yellow prisms and has the formula 2(C,Hj;);As.PdCl, ; the gold
compound is rather unstable, and is represented by (C,Hj;)sAs.AuCl

Tri-n-propylarsine, (C;H,);As.—To obtain this arsine the com-
pound (C;H,),AsI.AsI, is distilled with solid potassium hydroxide,® or
a mixture of propyl chloride and arsenic trichloride is boiled with
sodium.* This body is a liquid, boiling at 158° C. at 78 mm. or 167° C.
at 90 mm. When heated for two hours at 295° C. it partially decom-
poses, with formation of hexane and a compound which is probably
(CsH,As),.

By treating Grignard’s reagents with arsenious oxide, the following
tertiary arsines have been obtained:® Tri-n-butylarsine, B.pt. 102° to
104° C. at 8 mm., density 0-99381 at 21° C. ; iri-n-amylarsine, B.pt. 146°
to 149° C. at 10 mm., density 0-9799 at 20° C.; #ri-n-heaylarsine, B.pt.
165° t0 169° C. at 6 to 7 mm., density 0-9660 at 22-5° C. ; tri-n-heptylarsine,
B.pt. 197° to 199° C. at 9 mm., density 0-9568 at 17° C. ; tri-n-octylarsine,
B.pt. 288° to 240° C. at 9 to 10 mm., density 0-9857 at 19° C.

Mixep ARsSiNES oF THE TyrE R'R,As.

Dimethylethylarsine, Me,EtAs.® — Dimethyliodoarsine and zine
diethyl react to give this arsine, which is a colourless mobile liquid.

1 Trochimovski, Buezwiriski, and Kwapiszewski, loc. cit.

% Cahours and Gal, Compt. rend., 1870, 70, 897, 1380; 1870, 71, 208 ; Zeitsch, Siir
Chem., 1870, 6, 662.

3 (ahours, Compt. rend., 1873, 76, 753 ; Jahresber., 1873, p. 520.

* Dehn and Williams, Amer. Chem. J., 1908, 40, 115.

8 (iryszkiewiez-Trochimovski, Rocz. Chem., 1928, 8, 250.

8 Cahours, Annalen, 1862, 122, 219.
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Methyldiethylarsine, MeEt,As, is prepared as before, using methyl-
di-iodoarsine. It is a very volatile liquid, heavier than water, and com-
bines directly with the halogens.

Methyldi-isoamylarsine, Mec(C;H;,),As. — Isoamylmagnesium
chloride is treated with methyldichloroarsine in ether solution, and in
a nitrogen atmosphere. The arsine is obtained as a liquid, B.pt. 95° to
99° C. at 11 mm.

Dimethyl-n-propylarsine, Me,(C;H,)As, is obtained in the form
of its hydriodide by the action of propyl iodide on dimethylarsine. It
is a crystalline compound, insoluble in chloroform.?

y-Phenylpropyldimethylarsine, CgH;[CH,];As(CH;),,® occurs
when magnesium y-bromopropylbenzene reacts with dimethyliodo-
arsine. It is a colourless, highly refractive liquid, B.pt. 183° C. at
14 mm.* With dimethyliodoarsine it forms an addition compound,
C,,H,,As.Me,Asl, consisting of colourless prisms, M.pt. 78° to 81° C.

§-Phenyl-n-butyldimethylarsine, C;H;.[CH,],.As(CHj),,5 is iso-
lated from magnesium §-phenyl-n-butyl bromide and dimethyliodo-
arsine. It is a colourless liquid, B.pt. 150° C. at 14 mm., and the yield
is about 45 per cent.

Ethyldi-n-propylarsine, Et(C3H,),As.*—To the Grignard solution
obtained from 36 grams of n-propyl bromide and 7-1 grams of mag-
nesium in 800 c.c. of ether, a solution of 25-6 grams of ethyldichloroarsine
in 200 c.c. of ether is added dropwise, the vessel being cooled in ice.
After the addition the mixture is heated for one hour on the water-bath,
then decomposed by ice and hydrochloric acid. The ether layer is
separated off, and the aqueous layer extracted several times with
ether. The ether solutions are washed with dilute alkali, then with
water, dried over calcium chloride, the ether removed and the residue
distilled, in vacuo, in oxygen-free carbon dioxide. The arsine is a
highly refractive liquid, B.pt. 60° to 64° C. at 14 mm.; yield, 123
grams, or 46 per cent. Itgives a cyanobromide with cyanogen bromide
in petroleum.

Ethyldi-isobutylarsine, C,H [(CH,),CH.CH,],As, is prepared in a
similar manner to the preceding arsine. Isobutyl bromide, 50-8 grams
and 9-7 grams of magnesium in 100 c.c. of ether, together with 82 grams
of ethyldichloroarsine in 100 c.c. of ether, yield 21 grams of the arsine,
this being 52-5 per cent. of the theoretical yield. It boils at 86° C. at
16 mm., and has similar properties to ethyldi-n-propylarsine.

CompouNDs oF THE TyrEs Ry;AsX, anp R,R'AsXX'.

Trimethylarsine oxide, (CH;);AsO, may be obtained either by
the action of oxygen on trimethylarsine,” or by treating cacodyl oxide
in methyl alcohol solution with methyl iodide and sodium hydroxide.®
It forms deliquescent erystals. When its aqueous solution is saturated

1 Steinkopf, Dudek, and Schmidt, Ber., 1928, 61, [B], 1911.
2 Dehn and Wilcox, Amer. Chem. J., 1908, 40, 113.

3 Burrows and Turner, T'rans. Chem. Soc., 1921, 119, 426.

¢ Compare $bid., 1920, 117, 1378.

& Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443.
¢ Steinkopf, Donat, and Jaeger, Ber., 1922, 55, [B], 2603.

? Cahours, Annalen, 1859, 112, 231. .

8 Auger, Oompt. rend., 1903, 137, 927.
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at the boiling-point with molybdic acid and then coneentrated, a yellow,
microcrystalline substance scparates,! having the formula

As(CHs)3(OH)3H3\:AS(CH3)3(1\{0207)2 o (M0207)zAs(Clrs)a:].:illz()

If guanidinium chloride is added to the solution of the above hefore
crystallisation occurs, the following guanidinium salt separates in micro-
scopie, white plates :

(CNch)zl'Ia[AS(CHs)s(M°207)2 o (M"z()v)zA“‘((""a):x]

Trimethylarsine dibromide, (CH,);AsBr,, occurs as prismatic,
orange crystals, M.pt. 94° C., decomposing in moist air. It is formed
by direet bromination of the arsine in chloroform or cther solution 2

Trimethylarsine sulphide, (CIl,)3AsS.-The foregoing dibromide
is dissolved in alcohol, treated with potassium cthoxide, filtered, and
the filtrate saturated with hydrogen sulphide. It also results when
methylarsenious disulphide is heated, or amongst other products when
dimethylarsine is acted upon by liquid sulphur dioxide. It crystal-
lises in needles, M.pt. 177-5° C., soluble in alcohol and c¢hloroform,
insoluble in ether. With methyl iodide it forms the double compound,
(CHg)3AS[S.(CH,)] Y or (CHg)gAs : S(CH,)I, crystallising in white
needles from alcohol, M.pt. 180° (. with decomposition, and decomposed
by water forming CH g SIL?

Trimethylarsine selenide, (CH ), AsSe.4 - Five grams of very finely
powdered selenium are added to the ether solution obtained in the pre-
paration of trimethylarsine by the Grignard reaction using arsenie tri-
bromide (sce p. 9). Small prismatic erystals soon scparate, the mixture
being cooled in ice. The ether is poured off and the erystals taken up
in a little hot alcohol ; when the solution is chilled, long, thin needles
arc deposited. The selenide thus obtained is not stable in air, giving
an odour resembling that of trimethylarsine, whilst the erystals become
coated with a brick-red deposit, probably of amorphous selenium. When
covered with aleohol or ether, or dissolved in water and kept in the
dark, the compound scems fairly stable. When exposed to light the
erystals become red, and when heated decompose appreciably at 1007
C., evolving vapours which are considered to be trimethylarsine, and
leaving behind a black deposit of selenium.  The selenide has been used
for the analysis of trimethylarsine.

Triethylarsine oxide, (C;H;),As0.- The slow evaporation of an
ether solution of tricthylarsine gives this oxide, or it may be isolnted
in quantity when the muss prepared from ethyl jodide and sodinm
arsenide is treated first with ether, then with spirit, the latter removed,
and the residue distilled.® The oxide is an oil, heavier than and in-
soluble in water, but soluble in aleohol and ether.  The aleoholie sulution

1 Rosenheim and Bileokl, Ber., 1913, 46, 839,
0 '! _l:u’hn and Williams, Amer, Chem. J., 1908, 40, 3k ; Hantasch and Hibbest, fer, 107,
y 1012,
3 Hantzneh and Hibbort, loc, eit,
4 Renshaw and Holm, J, Amer. Chem. Soe., 1920, 42, 1408,
& Landolt, Jdnnalen, 1834, 89, 801,
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has a neutral reaction and gives no precipitate with silver nitrate. With
dilute hydrochloric or sulphuric acid the oxide is unaffected, but with
nitric acid of density 1-42 1t forms a nitrate.

Triethylarsine dichloride, (C,H;);AsCl,, appears only to have
been obtained in very small amounts and has never been analysed. The
existence of the compound, (CHj)3AsCl,.(C,H;);As0.2HgCl, also de-
scribed by Landolt,! appears to be doubtful.

Triethylarsine dibromide, (C,H;);AsBr,—Triethylarsine sul-
phide is treated with concentrated hydrobromic acid,? or triethylarsine
with bromine in alcoholic solution.® It crystallises from chloroform
in deliquescent ncedles, easily soluble in water and alcohol, insoluble
in ether. Chlorine or nitric acid climinates the bromine, and with
concentrated sulphuric acid decomposition takes place with evolution
of hydrogen bromide.

Triethylarsine hydroxybromide, (C,H;);As(OH)Br,% is formed
when triethylarsine rcacts with cyanogen bromide, and the resulting pro-
duct is filtered in air. It forms colourless needles, M.pt. 149° to 150° C.
It is really the hydrolysis product of the cyanobromide.

Triethylarsine di-iodide, (C,1I;);AsI;.—Direct addition of iodine
to tricthylarsine takes place in cther solution, or the di-iodide is obtain-
able on distillation of the double compound, (C,II;)Asl.AsI;5 It is a
yellow, floceulent precipitate, M.pt.'160° C., boiling with partial decom-
position at 190° C. It is unstable and deliquescent in air, readily soluble
in water or alcohol, sparingly soluble in cther. Nitric and sulphuric
acids causc separation of iodine, whilst silver nitrate and lead acetate
yield silver and lead iodides respectively. Potassium hydroxide con-
verts the di-iodide to the oxide.

Triethylarsine cyanobromide, (C,II;);As(CN)Br,® is obtained by
mixing the specially dried components in light petroleum. It melts at
67° C., is erystalline and stable, but very susceptible to moisture, readily
undergoing hydrolysis.

Triethylarsine sulphide, (C,H;);AsS.—When tricthylarsine in
ethereal solution is treated with flowers of sulphur, the sulphide is pro-
duced.” }Heating cthylarsine disulphide at 195° C., or heating ethyl-
arsine with carbon disulphide and alcohol at 120° C., gives the same
product.® It crystallises in white needles, M.pt. 119-5" C., soluble in
spirit, warm water, or boiling cther, insoluble in cold cther. It is con-
verted into the dibromide by concentrated hydrobromie acid. It reacts
violently with concentrated nitrie acid, and with aqueous silver nitrate
forms silver sulphide. According to Landolt it may be boiled with
potassium hydroxide without undergoing decomposition.

Tripropylarsine oxide, (C;H;);As0.—When tetrapropylarsonium
hydroxide is heated in a current of hydrogen, this oxicfc is produced.?
With mereuric chloride it gives a double compound, (C,4Il;),AsO.2HgCl,,
which erystallises from aleohol in needles, M.pt. 60° to 60-5° C.

1-Landolt, Annalen, 1854, 92, 865 ; J. prakt. Chem., 1854, 63, 283,
8 Dehn, Amer. Chem. J., 1005, 33, 136.

3 Landolt, loe, et

¢ Steinkopf and Maller, Ber., 1921, 54, [ B], 841.

8 Cuhours nnd Riche, Annalen, 1854, 92, 305,

¢ Steinkopf and Maller, loe, cit.

? Landolt, Annalen, 1854, 89, 326,

8 Dohn, Amer. Chem. J., 1905, 33, 135, 146,

* Partheil, Amort, and Gronover, Arch. Pharm., 1899, 337, 136,
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Ethyldi-n-propylarsine cyanobromide,(C,t;)(C,II,;),As(CN)Br.t
—Combination takes place between the two components when brought
together in petroleum ether. The cyanobromide is very susceptible
to moisture. When heated it is decomposed into a mixture of cthyl
bromide (about 25 per cent.), propyl bromide (about 75 per cent.),
cthyl-n-propyleyanoarsine and di-n-propyleyanoarsine.

Ethyldi-n-propylarsine hydroxybromide, (C,I;)(C3lI,),As
(OH)Br, results when the previous preparation is carried out in ecther
instead of petroleum cther. The body is too hygroscopic to isolate,
hence picric acid is added, which gives the picrate, ¥t(Cgll;),As. Ol
[0.CgH,(NO,);], a yellow, crystalline powder, M.pt. 85-5° C.

Ethyldi-isobutylarsine cyanobromide, (C,I;)(CH,),As(CN)Br,
is a solid, M.pt. 69° C., decomposing when heated into a mixture of cthyl
bromide, isobutyl bromide, and di-isobutyleyanoarsine, B.pt. 116" (., at
16 mm.

Ethyldi-isobutylarsine hydroxybromide, isolated as the picrate,
melts at 82° C. '

QUATERNARY ARrsoNIUM COMPOUNDS.

This type of compound, R AsI, has been known sinee 1854, and was
first obtained by the interaction of sodium arsenide and alkyl iodides
in a carbon dioxide atmosphere, the resulting producets being subjected
to distillation. Sodium arsenide may be replaced by alloys of zine,
cadmium, or mercury with arsenic. If a sufliciently high temperature
is maintained, arsenic itsclf reacts with alkyl iodides to form double
salts of tetra-alkylarsonium iodides and arsenie tri-iodide. A more
obvious method of preparation, and one which often gives excellent,
results with the minimum of effort, is the direet addition of alkyliodide
to trialkylarsines, and a variation of the method is to replace the latter
compounds by monoalkylarsines. In the latter case, however, a higher
temperature is required. The above are the principal general methaods
for producing the compounds, ReAsI, where the alkyl radicals are all
of the same kind. There are also special methods applying only to
individual derivatives.

Considering the mixed quaternary arsonium compownds, their pre-
paration is best indicated by the following equations :

RAsH,-F3R'T - RRg'AsI -} 211

RoASH 4-2RT=RgR,'Asl- HI

RyAsX +2RT=:RyR AL XTI (X halogen)
RyR'As -+ R"I —R,R'R"AsI

These arsonium jodides form addition products with the jodides of
zine, cadmium, mereury, and arsenie, and also periodides R AsL I, with
iodine; distillation of the iodides with solid potassinm hydroxide yields
tertiary arsines, The jodine may be removed by treating the arsonium
compounds with moist silver oxide, when hydroxides aee produced.  As
a general rule the arsonium iodides are well-defined, erystalline products.
Treatment of the above-mentioned tetra-alkylarsonium hydroxides with
halogen acids leads to the production of the corvesponding salts, The
tetra-alkylarsonium chlorides are not as a rule obtained in good erystal-

! Kteinkopd, Donat, and Jueger, Ber., 1822, 53, { H], 2608,
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line form, since most of them are deliquescent, but crystalline double
salts have been isolated by interaction with the chlorides of gold,
mercury, platinum, and bismuth. The bromides, nitrates, and normal
sulphates are deliquescent salts. The foregoing remarks also apply in
general to mixed quaternary arsonium compounds.

Tetramethylarsonium iodide, (CH;),AsI.—The double compound
of the iodide with arsenic tri-iodide is formed when powdered arsenic
and methyl iodide are heated together at 160° to 200° C.1 If this
reaction is carried out at ordinary temperatures or on the water-bath,
the principal products are methyldi-iodoarsine and tetramethylarsonium
iodide ; arsenic tri-iodide and a small quantity of cacodyl iodide are
also produced.?  When methyl iodide is added to sodium arsenide in an
atmosphere of carbon dioxide, the mixture on distillation gives cacodyl
and tetramethylarsonium iodide.? Cacodyl and methyl iodide react
with evolution of heat, yielding the arsonium compound and cacodyl
iodide according to the equation :

(CH,)As.As(CH,)y+2CH T = (CH,) AsI+ (CH),AsL4

Alloys of arsenic with zinc and cadmium are also capable of giving the
arsonium compound when heated at 160° to 180° C. with methyl
iodide. It may be produced from its components, trimethylarsine and
methyl iodide, or by hcating methylarsine with an excess of methyl
iodide for eight hours in a carbon dioxide atmosphere at 110° C.5
Arsenomethane, when heated at 100° C. with methyl iodide, gives
tetramethylarsonium iodide and mecthylarsine di-iodide; 8 see eyclo-
pentamethylpenta-arsine, p. 53.

Tetramethylarsonium iodide erystallises in colourless plates, melting
with decomposition at 170° to 180° C., readily soluble in water or aleohol,
insoluble in anhydrous ether. Its aleoholic solution, with mercurie
iodide, gives the double iodide, (CH,),AsLHgI,, consisting of yellow
needles, M.pt. 184° C., readily soluble in acetone and boiling aleohol,
soluble with difficulty in cold alcohol, insoluble in cther.” The following
double iodides have also been described : 2(CH,),AsL.Znl,, pale yellow
crystals ; 2(CHg) AsI.CdI,, pale yellow, prismatic needles ; (CH),AsL.
Asl;, reddish needles, volatilising without decomposition and fairly
soluble in boiling alcohol.? These salts when distilled with solid potas-
sium hydroxide yield trimethylarsine.

Tetramethylarsonium iodide also combines with iodine to give a
periodide, (CHg),AsI.Iy, which erystallises in brown prisms, having a
metallic lustre. It is sparingly soluble, and decomposes on heating into
methyl iodide and cacodyl iodide? When tetramethylarsonium iodide,
or its double salt with mercurie iodide, is treated with moist silver
oxide, tetramethylarsonium hydroxide results. This compound crys-
tallises in deliquescent plates, and has a strongly alkaline reaction, the

3 Cahours, Annalen, 1862, 123, 198,

2 Auger, Compt. rend., 1907, 145, 808.

$ (Cahours and Riche, Annalen, 1864, 93, 361,

¢ Cahours, Annalen, 1862, 1323, 207.

8 Dehn, Amer. Chem. J., 1905, 33, 129.

¢ Auger, Compl. rend., 1904, 138, 1705.

7 Mannheim, Annalen, 1905, 341, 182.

$ Cahours, loc. cit.

* Cahours, ibid., 1860, 116, 386 ; 1802, v23, 215,
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conductivity of its solution having been investigated by Bredig.! Tetra-
methylarsonium iodide gives an additive compound with iodoform,
I[Me,As] . . . CHI; M.pt. 165° C.2

Tetramethylarsonium bromide is a very deliquescent salt formed
by the intcraction of methyl bromide and cacodyl. The reaction is very
violent and cacodyl bromide is produced as a by-product.?

Tetramethylarsonium chloride does not appear to have been
obtained in the solid state, but it forms well-defined salts with metallic
chlorides. The mercurichloride (CH,) AsCL.HgCl, results when tetra-
methylarsonium iodide is heated with mercuric chloride in alcohol
solution for one hour on the water-bath, and the filtrate acidified with
hydrochloric acid. It forms needles from alcohol, M.pt. 175° to 176° C.,
sparingly soluble in cold, but readily in hot water.4 In a similar manner
the addition of platinic chloride to the arsonium chloride in aqucous
solution gives the platinichloride, [(CH ), AsCl]PtCl,, crystallising from
alcohol in yellow crystals, M.pt. 250° to 260° C., with decomposition.
This has a similar solubility to the mercurichloride. A double salt with
auric chloride is also known, Me¢,AsCLAuCl;, forming yellow needles,
M.pt. about 233° C., very soluble in acctone and alcohol, insoluble
in ether.

Tetramethylarsonium sulphate and nitrate have also been
isolated, both of which are deliquescent, erystalline compounds.®

Tetraethylarsonium iodide, (C,H;),As[.—The general methods
used for the preparation of tetramethylarsonium iodide may again be
used for the present case. The iodide decomposes at about 160° C.,
is easily soluble in water or alcohol, insoluble in ether. It forms
the following double compounds: mercuri-iodide, (C,Hjy) AsL.Hgl,,
yellow, shining needles from alecohol, M.pt. 112 C.; with zine dodide,
2(C,I15) JAsLZnl,, pale yellow prisms from aleohol ; with cadmium
todide, 2(C Hjy)AsL.CdI,, prisms from aleohol, sparingly soluble in
cold aleohol, fairly soluble in boiling aleohol ; with arsenie tri-iodide,
(CoMg) AsI.AsI,, reddish-brown plates or reddish needles from alcohol 5 @
with bismuth fodide, 3(C,11;),Asl.2Bil,, deep red erystals ; 7 periodide,
brown needles. The arsonium iodide yields the free base when treated
with moist silver oxide, the product being a white mass, having a
strongly alkaline reaction, and readily absorbing water and carbon
dioxide from the air; it liberates ammonia from ammonium salts
and precipitates the hydroxides of heavy metals from aqueous salt
solutions.

Tetraethylarsonium bromide forms a deliquescent, erystalline
mass, very soluble in water and aleohol.  With bismuth bromide it yields
3(C,H ;) AsBr.2BiBr,, which erystallises in citron yellow crystals.

Tetraethylarsonium chloride, (CgII;)AsCLAIL0, is a deliques-
cent, erystalline producet, very soluble in water and aleohol, insoluble
in cther® It gives the following double compounds: aurichloride,
(CoHg) (AsCLAUCI,, yellow needles, darkening at 1507 (., and melting

U Bredig, Zeitsch, physikal, Chem,, 1804, 13, 301,

3 Kteinkopf and Schwen, Ber,, 1921, 54, [ B], 2060,

3 Cahours nned Richo, Annalen, 1854, 032, 361 3 Clompl, rend., 1834, 39, H1l.
4 Mannheim, be, cit,

» Cuhours and Richu, loe, eit,

¢ Cahoury, dnnalen, 1862, 1322, 201,

? Jorgensen, J. prikt, Chem,, 1871, (i}, 3, 340,

* Landolt, Annalen, 1854, 89, 332,
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about 171° C.; mercurichloride, (C,H;) ,AsCLHgCl,, small, white needles,
M.pt. 189° C.; platinichloride, [(C.Hj) AsCl],PtCl,, small, compact
crystals, melting at 224° C. with decomposition, sparingly soluble in cold
water; with bismuth chloride, 3(C,H;),AsCL2BiClg, a colourless, crystal-
line compound.

A hydrogen sulphate, (CoHj;)As.SO, has also been described. It
is a granular powder, easily soluble in water or alcohol.

Tetra-n-propylarsonium iodide, (CH,.CH,.CH,),AsI, is obtained
in the form of its double salt with arsenic tri-iodide or zinc iodide when
propyl iodide is heated with arsenic or zinc arsenide at 175° to 185° C.1
It also results when propyl iodide reacts with amalgams of arsenic with
sodium or potassium, and as the mercuri-iodide on heating propyl iodide
with an alloy of arsenic and mercury.? The arsonium iodide crystallises
from water in needles, and (rom absolute alcohol in prisms, decomposing
at 150° C., and easily soluble in water or alcohol, but insoluble in
anhydrous ether. It yields the following double compounds : mercuri-
iodide, (CoH,)AsL.Hgl,, forming needles from alcohol, M.pt. 120° C.,
readily soluble in acctone, sparingly soluble in cold alcohol, insoluble
in water and ether ; with zine todide, 2(C3H,),AsL.Znl, ; with arsenic
tri-iodide, (CyH,)AsI.AsI,, reddish-brown crystals which yield tripropyl-
arsine on distillation with solid potassium hydroxide.

The following double salts of tetra-n-propylarsonium chloride
have been described :  aurichloride, (C4lI,),AsClLAUCL, forming needles
from dilute alecohol containing hydrochloric acid, M.pt. 127° C. ; mercuri-
chloride, (CyH,) AsCLIIgCl,, white needles, M.pt. 169° C.; platini-
chloride, [(Call,)4AsCl],PtCly, small, ycllowish-red crystals from water,
M.pt. 189° C.

Tetra-isopropylarsonium iodide, [(CH;),CII|,As], is obtained
as a double iodide by heating Zsopropyl iodide at 175° to 180° C. with
arsenic, or with an alloy of arsenic and mercury.? The pure iodide
crystnlfiscs from water in colourless needles, which commence to darken
at about 150° C. It is readily soluble in aleohol but insoluble in cther.
Its mercuri-iodide crystallises from alcohol in yellow needles, M.pt.
114° C., very soluble in acetone, insoluble in water or ether.

The corresponding arsonium chloride gives the following double
salts :  aurichloride, needles, sintering about 170° C. and melting at
186° to 188° (.., very soluble in acetone and warm aleohol, insoluble in
ether, decomposing on exposure to sunlight with separation of metallic
gold ; mereurichloride, needles, Mupt. 171° C. 5 platinichloride, decom-
posing at 211° C., sparingly soluble in cold water or cold aleohol.

Tetrabutylarsonium iodide, (CHg.CH,.CI,.CI,) AsL4 results as
a double iodide when butyl iodide and arsenic, or an alloy of arsenic and
mereury, are heated at 170" to 180” C. It crystallises from water in
small needles, which commence to decompose at 145° to 1507 C., arc
casily soluble in water or alcohol, insoluble in ether.  1ts mercuri-iodide
erystallises in yellow ncedles, M.pt. 109° C., very soluble in acetone,
insoluble in water or cther.

The corresponding arsonium chloride gives the following deriva-
tives : aurichloride, needles from aleohol containing hydrochlorie acid,

 (tnhours, Compt. rend., 1873, 76, 763 ; Jakresber., 1873, p, 519,
2 Mannheim, Annalen, 1008, 341, 200, 217,
* Mannheim, shid., pp, 202, 219,
¢ Mannheim, ibid., pp. 204, 221,
VOL, XI. : IL 2
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melting at about 181° C., readily soluble in acetone, sparingly soluble
in water, insoluble in ether; platinichloride, orange crystals, M.pt.
220° C. with decomposition.

Mized Quaternary Arsonium Compounds.

Trimethylethylarsonium iodide, (CH,);(C,H;)AsI, results when
cthylarsine is heated with an excess of methyl iodide in a carbon dioxide
atmosphere.! It crystallises from alecohol in needles, which soften at
800° C. and sinter at 320° C. ; it is soluble in water, chloroform, or hot
alcohol, insoluble in ether.

y - Phenylpropyltrimethylarsonium iodide, CgII;.[CII,];As
(CH,)sL,2 erystallises from water in colourless needles, M.pt. 144° C.

§ - Phenyl - n - butyltrimethylarsonium iodide, CglI;.[CIL,],.
As(CH,),1,3 prepared from §-phenyl-n-butyldimethylarsine and methyl
iodide, crystallises ffom alcohol, in which it is sparingly soluble, in
leaflets, M.pt. 150° to 151° C. If ethyl iodide is used in this reaction,
3 - phenyl - n - butyldimethylethylarsonium iodide, CglI;[CH,|,.
As(CH,),(CoHy)I, is isolated. This is fairly soluble in alcohol, separat-
ing in leaflets, M.pt. 134° to 135° C.

Dimethyldiethylarsonium iodide, (CH,),(C,II;),Asl, is readily
formed when cacodyl reacts with cthyl iodide* From aleohol it is
deposited in prisms, and with iodine it forms a periodide, consisting of
brown prisms, having a metallic lustre. The corresponding arsonium
chloride and bromide are only obtained in deliquescent erystals, the
former giving a platinichloride, which crystallises from 50 per cent.
alcohol in orange-red needles.

A sulphate is also known, [(CI3),(C,IT;),A8],80,, forming octahedra,
soluble in water and aleohol ; also a nitrafe, occurring in deliquescent
granules.

Dimethyldipropylarsonium iodide, (CII4CH,.CH,),(CIl;),AsI,
oceurs when cacodyl is heated with four molecular proportions of propyl
iodide for two hours at 140° C.® Its crystals are bright yellow, and with
mercuric chloride, the double salt, (Cz11,)(CEH ) AsL HgCly, is produced ;
this erystallises from water in white plates. .

Dimethyldi-isopropylarsonium iodide, [(CI4),CH]4(CII4) AsI.
—Dimethylarsine and sopropyl iodide are heated together at 100" €., 5
it is a crystalline mass, unmelted at 280° C. It is insoluble in cther,
but readily dissolves in chloroform.

Dimethyldi~isobutylarsonium iodide, [(CIIg),CIL.CH,J(CHy),
Asl, occurs when dimethylarsine and 2-5 mols. of sobutyl iodide are
heated for five hours at 110° C.* ¥rom a mixture of chloroform and ether
it erystallises in white plates, M.pt. 155" C., soluble in aleohol and ehloro-
form, insoluble in cther.

Dimethylpropylisoamylarsonium iodide, (C I, )}(C'HCH,.
CH,)(CH,),Asl, is obtained when the hydriodide of dimethylpropyl
arsine is heated for two hours with an excess of isonmyl iodide,

! Dehn, Amer. Chem. J., 1005, 33, 145,

2 Burrows and Turner, Trana. Chem. Sve., 1921, 119, 420,

* Roberts, Turner, and Bury, J. Chem, Sor., 1926, p. 1413,

¢ Cahours and Riche, Annalen, 1854, 92, 362 ; Compt, rend., 18734, 39, 415 Calwnes,
Annalen, 1862, 122, 209,

8 Dohn and Wileax, Amer, Chem. J., 1908, g0, 123,
¢ Dehn and Wileox, ibid., 1906, 35, 18.
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Dimethyldi-isoamylarsonium iodide, (C;H,,),(CHj;),AsI.—This
iodide is obtained by heating cacodyl and isoamyl iodide at 180° C., and
with moist silver oxide yields the free base. The iodide crystallises in
plates ; a crystalline bromide has also been noted.!

Dimethyldiallylarsonium iodide, (CH,: CH.CH,),(CH,),As], ob-
tained from dimethylarsine and allyl iodide, is a crystalline, yellow
product, readily soluble in aleohol, insoluble in ether.

Dimethyldicetylarsonium iodide, (CH;.[CH,],,.CH,),(CHj,),Asl.
—Formed by heating dimethylarsine and cetyl iodide at 100° C.2 It
crystallises from chloroform-ether ; it melts at 58° to 54° C.

y - Phenylpropyldimethylethylarsonium iodide, CgH,.[CH,],
(CH,),C,H;AsI.>—Obtained from vy-phenylpropyldimethylarsine and
ethyl iodide, separates from alcohol-ether in colourless lcaflets; M.pt.
118° C.

Methylethyldi-n-propylarsonium iodide, (CHj)(C,H;)(C,H,),
AsI, melts at 175° C4

Triethyl - B - bromoethylarsonium  bromide, CH,Br.CII,.
As(C,H;);Br,5 crystallises in cubic crystals,® readily soluble in water,
sparingly soluble in cold alcohol. It is prepared by treating tricthyl-
arsine with a large excess of cthylene bromide below 50° C. The corre-
sponding chloride yiclds a platinichloride, crystallising in needles,
sparingly soluble in boiling water.

Triethyl - B - aminoethylarsonium bromide, II,N.CII,.CH,.
As(C,H;),Br, occurs when the preceding compound is heated with
ammonia at 100° C. From it the following salts have been obtained :
C,I1,,NAs.CLYCL2AuCly, crystallising in plates from hot hydrochloric
acid; CgII,;NAs.CLHCLPtCl,, sparingly soluble in boiling water.

Triethylvinylarsonium hydroxide, (CH,:CH)(C,II;);As.0XI,
results when the foregoing B-bromoethyl compound is treated with an
excess of moist silver oxide. The aurichloride, CgII,;AsCl.AuCly, is a
yellow, sparingly soluble, crystalline substance; the platinichloride,
(CgH1gAsCl),PtCl,, forms octahedra, fairly soluble in water.

Ethylene - bis - triethylarsonium bromide, Br.(C,H;)s;As.CH,.
CII,.As(C,H;)4Br, is formed when tricthylarsine and tricthyl-B-bromo-
cthylarsonium bromide are heated together at 150° C.  The aurichloride,
C o H 34As,CL.2AuCl,, gives golden, glistening plates from hot hydro-
chloric acid; the platinichloride, C,14,As,Cl,.PtCl, forms pale yellow
crystals, sparingly soluble in water.

Ethyltri-isopropylarsonium iodide, [(CIHj),CI]3(C,II;)AsI, is
formed by heating ethylarsine and an exeess of Zsopropyl iodide at 110°
C. for three hours.?

Ethyltripropylarsonium iodide, (CH,.CH,.CIL, ) (C MH)ASI, is
prepared in a similar manner to the preceding compound. It sinters at
230° C., and melts with decomposition at 287° C.  The mercuri-iodide is
a pale yellow substance.

1 Qahours and Riche, loc. cit. ; Cahours, loc. cit.

% Dehn and Wilcox, loe. ¢it

3 Roberts, Turner, and Bury, J. Chem, Soe., 1926, p. 1443,

4 Steinkopf, Donat, and Jaoger, Ber,, 1922, 55, | B), 2003,

b Hofmann, Annalen Suppl., 1861, 1, 311,

3‘1 Sella, Mem. R, Aecad, d. Scienze di Toring, 1861, [2], 20, 369 ; Annalen Suppl., 1861,

I, 311.
? Dehn and Williams, Amer. Chem. J., 1908, 40, 112.
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Ethyltri-isoamylarsonium iodide, (C;H,,);(C,H;)AsI.— Kthyl-
arsine is heated at 140° C. in a carbon dioxide atmosphere with an excess
of isoamyl iodide, and the product recrystallised from alcohol. It does
not melt at 250° C., is readily soluble in aleohol, sparingly soluble in
chloroform, and insoluble in acetone or ligroin.

Dipropyldi-isoamylarsonium iodide, (C,H,;),(C;II;;),As], is
obtained ! by heating di-isoamylarsine and propyl iodide at 160° C.

Compounps oF THE TyPE RAsX,.

The dihalogenated arsines have been obtained in many ways, the
chicef of which arc as follows :

1. By the interaction of monoalkylarsines and halogens (or in some
cases metallie chlorides),

RAsI 42X, =RAsX,+2HX
2. By treating dialkylarsines with halogens,
RoAsIT+2X,=RAsX,-+HX-| RX
3. By treating arsenic trichloride with mercury dialkyls,
2AsCl, 4 gR ,=2RAsCl, |- Hg(l,
4. By the action of heat on dialkylarsine trihalides,
RoASX ;= RAsX, -RX

5. An interesting preparation is that of ethyldi-iodoarsine, where an
exchange of the halogen is made between the corresponding dichloro-
arsine and sodium iodide in dry acetone solution,

EtAsCly+4-2Nal =KtAsl, | 2NaC'l

6. The alkylarsenoxides react with halogen acids in the usual

manner,
RAs50 1 2HX == RAsX, |- H,0

7. When methyl iodide and powdered arsenie react at ordinary
temperatures, or at 100° C., the reaction may be represented as follows,
the chief products being the first two compounds on the right of the

equation,
TMel -} 4As = MeAsI, | Me AsI+ AsTy 4 Me,Asl

8. Preparations have also been achieved by reducing the corre-
sponding arsinie acids, either by phosphorus trichloride, or by sulphur
dioxide in the presence of potassium lodide in hydrochlorie acid solution,

RASO(OH),-+PCLy - RAsCL, - HPO, | HC
RASO(ONa)y ++HCEH} SO, - RAsCly | H,80, 1 2NaCl} H,0
RAsO(OH), -+2HCL | 80, "*-R;\S(‘l,-} HLS0, | HL0
! By treating alkyl iodides with mereurio arsenide, HiggAny, it was nt one tinme supponed
that hexa.alkylated disrsonivem compoundg were produced (Parvtheil and Amort, Her,,
IRON, 31, 5865 Jrek. Pharm, 1880, 237, 121; Partheil, Amert, and Gronover, Jdped,
Pharm., 1809, 237, 127: Amaort, Inaag. Disaert,, Heidelberg, 1808 Gromaver, g,
Dissert,, Heidelberg, 1899.) It was subsoquently shown by Manoheine (lor. eil) that
these eompounds wore in reality totra-alkylarsonium halides and double halides,
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The dichloroarsines are highly refractive, colourless liquids, which
are very irritant to the mucous membrane of the nose, and cause painful
wounds if brought into contact with the skin. Treatment with hydrogen
sulphide gives the sulphide, and chlorine at —10° C. gives methyl-
arsenic tetrachloride, MeAsCl,, an unstable product, decomposing on rise
of temperature. The dichloroarsines of higher molecular weight are
decomposed by water. Although potassium carbonate converts pro-
ducts of this type to oxides, silver oxide is stated to convert ethyldi-
iodoarsine to the corresponding acid.

Alkylarsenoxides and Sulphides.—Replacecment of the halogen
in the foregoing compounds by oxygen, giving alkylarsenoxides, may be
brought about by distilling the dihalogenated products with aqueous
potassium hydroxide:

RAsCl,+2KOII=RAs0+42KCl4+H,0

The potassium hydroxide can be replaced by potassium carbonate when
carrying out the reaction in moist benzene solution :

RAsCl,+K,CO3=RAs0+2KCl4-CO,

Another variation consists in heating di-iodoarsine with calecium chloride
and sodium carbonate in benzene solution.  Treatment of alkyl dihaloge-
nated arsines with hydrogen sulphide causes replacement of the halogen
by sulphur.

Methyldichloroarsine, CIT3AsCl,,! results when cacodyl trichloride,
(CH3),AsCly, is decomposed by warming at 40° to 50° C., or when
cacodylic acid, (CH,),As0.011, is treated with hydrogen chloride. The
compound reacts with chlorine, forming methyldichloroarsine,? and the
same product results when methylarsinie acid is added to well-cooled
phosphorus trichloride.?  Methyldichloroarsine is a colourless, heavy,
mobile, strongly refractive liquid, B.pt. 133° C., which has a very
irritating effeet on the mucous membrane. It does not fume in air and
is not decomposed by water, in which it is somewhat soluble. When
treated with hydrogen sulphide, a white precipitate of the eorrespond-
ing sulphide separates. hen the chloroarsine is dissolved in carbon
disulphide and treated with chlorine at --10° C., large erystals of methyl-
arsenic tetrachloride, MeAsCl,, appear, but these soon decompose at
0° C. into methyl chloride and arsenic trichloride.

Methyldi-iodoarsine, ('I1;As],, has been prepared in a variety of
ways :

1. An aleoholie solution of methylarsenoxide is treated with an
excess of hydriodie acid.4

2. By passing methylarsine into an aleoholie solution of iodine.®

13{. By the action of sulphur dioxide on methylarsenie tetra-
iodide.®

4. It forms the main product of reaction when methyl iodide and
arsenie react at ordinary temperatures or on the water-bath.”

1 Baoyer, Annalen, 1858, 107, 257.

2 Dehn and Wileox, dmer. Chem, J., 1908, 35, 16.

3 Auger, Compl. rend., 106, 142, 1152,

4 Baeyor, loe, eit,

5 Palmer and Doehn, Ber., 1901, 34, 3598 ; Dehn, Amer. Chem. J., 1903, 33, 126,
¢ Klinger and Keeuts, Annalen, 1888, 249, 152,

7 Auger, Compt. rend., 1907, 145, 809,
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5. Two hundred grams of sodium methylarsinate, 250 grams of
potassiuin iodide, and 500 grams of water, containing 150 grams of
hydrochloric acid, are saturated in the eold with sulphur dioxide.?

The arsine forms glistening, yellow needles, M.pt. 30° C., B.pt. 128" C.
at 16 mm.; it is odourless, and volatilises unchanged at 200° C. In
water it is somewhat soluble, is moderately soluble in alcohol, ether, or
carbon disulphide, the solubility being increased by the presence of
hydriodic acid. Hydrogen chloride and hydrogen sulphide convert it
to the chloride and sulphide respectively. Iodine oxidises it to methyl-
arsenoxide.? When boiled with dry sodium carbonate, in the presence
of benzene, it yields the oxide.?

Methyldicyanoarsine, CH,As(CN),, obtained from dimethyleyano-
arsine and cyanogen bromide, melts at 115:5°to 116-5° C., and decom-
poses at 118° C.4

Methylarsenious sulphide, CIHAs : S, isolated from the chloride
or iodide as noted before, crystallises in glistening plates from alcohol
or small columns from carbon disulphide ; it is insoluble in water, some-
what soluble in aleohol and ether, and very soluble in ecarbon disulphide.
It melts at about 110° C., above which temperature it decomposes,
forming arsenic sulphide.. Its alcoholic solution precipitates sulphides
from solutions of salts of silver, copper, mereury, lead, and platinum.

Methylarsenoxide, CH As: O.— When methyldichloroarsine is
distilled with potassium hydroxide solution, it reacts according to the
equation :

CH ;AsCly+2KOM =CH jAsO -+ 2KCl--11,0

The oxide melts at 95° C., has a pungent odour and a high density. It
is easily soluble in hot water, alcohol, ether, and carbon disulphide, and
being feebly basic, readily dissolves in acids. When its concentrated
aqueous solution is treated with halogen acids or sulphides, the corre-
sponding salts arc precipitated. When distilled with potassium hydroxide
it yields arsenious oxide and cacodyl oxide.

Ethyldichloroarsine, C,H;AsCly.—Mercury dicthyl reacts violently
with arsenie trichloride to form this arsine3:

Hg(CoHy)g+AsCly=C,IAsCl, 1-C, I HgC]

It may also be prepared by treating cthylarsine with the chloride of
mercury, tin, phosphorus, arsenic, or antimony.® It results, together
with diethylchloroarsine and the arsinie acid, when arsenie trichloride
reacts with magnesium ethyl bromide.” It is a liquid, B.pt. 156" (.,
having a faint, fruity odour, very soluble in water and miscible in all
proportions with aleohol, cther, and benzene, It is oxidised to ethyl-
arsinic acid by warm dilute nitrie acid. It is extremely irritating in its

* Auger, Compt, rend., 1006, 142, 1151 ; seo alvo Burtows and Tuener, Trens Chem.
Soc., 1920, 117, 1375,

t Bougault, Chem. Zentr,, 1907, 11, 1359,

3 Auger, loe. cit,

41 ‘(i:‘;ischkioviwh-Tmehimowki, Mutoyak, and Zablotski, Bull, Soe, Chim., 1927, [iv],
41, 1323.
; La Coste, Annalen, 1881, 208, 33; mw Nteinkopf and Mieg, Hr. 1920, 53, |B),
¢ Dehn and Williams, Amer. Chem, J., 1008, 40, 110,

7 Auger and Billy, Compt. rend., 1904, 139, 597 ; wee M'Konzie and Winnl, Trans,
Chem. Soe., 1920, 137, 407,
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action upon the mucous membrane of the nose and throat, and causes
painful wounds on the skin.

Ethyldibromoarsine, C,H;AsBr,, results when ethylarsine in ether
solution is treated with bromine. It is an oil, B.pt. 192° C., and forms
a yellow, crystalline platinichloride, C H AsBr, PtCl,.

Ethyldi-iodoarsine, C,H;Asl,, is prepared by distilling diethyl-
iodoarsine with iodine,® or by heating ethyl iodide and arsenic at
100° C. for several days, arsenic tri-iodide and tetraethylarsonium iodide
being formed at the same time.2 It may also be isolated by the inter-
action of ethyldichloroarsine and sodium iodide in dry acectone solution.3
It is a reddish-yellow oil, B.pt. 126° C. at 11 mm., crystallising at —9°C.,
and is oxidised by silver oxide to ethylarsinic acid.4

Ethylarsenoxide, C3;H;AsO, results when the iodide, in benzene
solution, is heated on the water-bath for two hours with a mixture of
calcium chloride and anhydrous sodium carbonate, or when ethyldi-
chloroarsine is heated with a suspension of potassium carbonate in
benzene and a little water.® Itis a colourless oil, B.pt. 158° C. at 10 mm.,
soluble in benzene, cther, and acetone, and readily oxidised in air.

B-Hydroxyethyldichloroarsine, O.CH,.CII,.AsCl,.—This com-
pound does not appear to have been isolated in a very pure condition.
It results when the corresponding oxide is treated with hydrogen
chloride.® Phosphorus pentachloride or a small excess of phosphoryl
chloride converts it into B-chloroethyldichloroarsine.

Treatment with carbonyl chloride gives a compound possessing an
odour resembling cthyl chloroformate. Warm water readily hydrolyses
this compound, carbon dioxide being evolved. Distillation at 10 to 11
mm. pressure gives B-chlorocthyldichloroarsine and carbon dioxide,
probably according to the scheme :

CLCO.0.CH ;. CIN 5 ASCly—>CO 4 4- CLCH . CH 5. AsCl,

B-Hydroxyethylarsenoxide is a thick, viscous liquid, formed by
reducing the corresponding acid with sulphur dioxide. It cannot be
distilled without decomposition, does not evolve ethylene when treated
with alkali hydroxide, and is converted to the arsinic acid by hydrogen
peroxide.

B-Acetoxyethyldichloroarsine, OAc.CH,.CH,.AsCl,.”—g-Chloro-
ethyldichloroarsine is mixed with 20 per cent. excess of 95 to 96 per cent.
acetic acid and a rapid stream of hydrogen chloride passed through the
mixture. The resulting oil is fractionated several times in vacuo, the
required product boiling at 120” to 121° C. at 9 to 10 mm., and having a
density of 1-6766 at 20° C, It is sparingly soluble in water, readily soluble
in ether and chloroform. When boiled with water or alkali it evolves
ethylene. .

B-Chloroethyldichloroarsine, CIH,CLCH,.AsCl;.5—~This deriva-
tive has been prepared in several ways :

1 Cahours, Annalen, 1860, 116, 367, 3 Auger, Compt, rend., 1907, 145, 809,

3 Steinkopf and Nehwen, Ber., 1921, 54, [Bl, 1437,

‘ (";o; M*Kenzie and Wood, e, cit.; Burrows and Turner, Trans. Chem, Soc., 1920,
117, 1370,

8 Bteinkopt and Mieg, Joc. cit.

¢ Noekrassov and Nekragsov, Ber., 1928, 61, [Bl, 1816 ; Boherlin and Epstein, ibid.,
p. 1821, 7 Heherlin and Epstein, loe, cit.
8 Renshaw and Ware, J. Amer, Chem. Soc., 1925, 47, 2991,
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(1) The erude B-hydroxyecthylarsinic acid, prepared from 100 grams
of ethylene chlorhydrin, is dissolved in 350 c.c. of concentrated hydro-
chloric acid, 4 c.c. of normal potassium iodide solution added and the
whole trcated with sulphur dioxide below 50° C. until saturated. After
forty-cight hours standing, the lower layer is removed, dried by solution
in carbon tetrachloride and the solvent cvaporated off. The residual
oil (140 grams) is mixed with an cqual volume of light petroleum and
127 c.c. of thionyl chloride slowly added. When the reaction is complete,
the product is distilled, first at ordinary pressure, then under reduced
pressure. From the fractions, 44 grams of arscnious chloride were
obtained, B.pt. 39° to 41° (.. at 30 mm., and 60 grams of B-chlorocthyl-
dichloroarsine, B.pt. 92° to 93° C. at 32 mm.}

(2) Arscnious chloride, 220 grams, and 29 grams of freshly sublimed
powdered aluminium chloride, are treated with cthylene at 507 to 60" C,
The reaction mixture is poured into ice-cold, +N hydrochlorie acid, and
evaporated under reduced pressure, when the excess of arsenious ehloride
and the dichloroarsine volatilise without hydrolysis. The last portions
of dichloroarsine may be removed from the tarry residue by distillation
in a current of the vapour of 4N hydrochlorie acid at 100" ', and 30
mm. The carbon tetrachloride extract of the total distillate is distilled
to remove water and the residue distilled in vacuo.  Under these
conditions a 30-gram yield of the dichloroarsine should result.  The
conditions given are stated to produce consistent yields, it having been
noted that the reaction is very sensitive to slight alteration of conditions.®

(3) To 30 grams of B-hydroxyethylarsenoxide in 50 e.c. of chloro-
form, 30 grams of phosphorus trichloride in a similar volume of chloro-
form are added. IIydrogen chloride is evolved and the reaction is
completed by heating the mixture for one hour on the water-bath, After
{iltration, the chloroform is distilled off and the residual oil fractionated.
After four fractionations, about 14 grams of pure B-chlorocthyldichloro-
arsine arc obtained, B.pt. 93° to 94° C. at 16 lum.?

(4) Carefully dried B-hydroxyethyldichloroarsine is treated with a
slight excess of phosphoryl chloride (phosphorus pentachloride may
also be added to a benzene solution of the dichloroarsine), the reaction
flask being cooled during the operation.  As the action proceeds the
temperature is raised to 70° C., and the mixture finally heated on the
water-bath until gas evolution ceases. The filtered solution, when
fractionated, gives a 70 per cent. yield, Prepared by this method the
boiling-point is given as 90-8° (. at 12:5 mm., 87 °C. at 10 mm.. or
80-6° C, at 8 mm.4

B-Chlorocthyldichloroarsine is an oil, density 1-8301 at 20 (.,
practically insoluble in water, readily soluble in organie solvents, It is
decomposed by boiling water, and on boiling with alkalis gives a (quanti-
tative yield of ethylene,  When condensed with trinmethylarsine in cold
toluene it yields dickloroarsinyltrimethylammonivm eldoride, N(CH )1,

! Gough and King, J. Chem. Soc., 1924, p. 2426,

* (lough and King, loe. eit. By w similar mothod, Renshaw and Ware, dor, eit., sl
obtained the dichloroarsine, giving the boiling. point as 0 to 93 (' st 20 mm, Notkr;wuv
and Nekrassov, loe, cit., using 318 grams of amenions chloride, 60 grams of slumininm
chloride, und 70 litres of ethylene, obtained 17 grams of [ehloraethyldichloranrsine
B.pt. 80° to 90° C, at 12 mm., and possibly sl a secondury arsine, Bpt, 97 to - .
at 15 mm. )

3 Nekrassov and Nekenswov, loe. eil.

¢ Scherlin and Epstein, doe, eit.
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CH,.CH,.AsCl,, M.pt. 181:1° C.. which, on trecatment with alcoholic
sodium hydroxide, is converted into arsinylethyltrimethylammonium
chloride, N(CH 3)4Cl.CH,.CH,.AsO, M.pt. 194° C.1

B-Piperidinoethyldichloroarsine hydrochloride.>—The corre-
sponding piperidino-acid in concentrated hydrochloric acid containing a
.trace of potassium iodide is reduced by passing in sulphur dioxide for
fifteen minutes. The precipitate, reerystallised from 2N hydrochlorie
acid, separates in square plates, M.pt. 126° to 127° C. with gas cvolution.
The arsine dissolves in water and cthyl alcohol ; the water solution, on
treatment with saturated aqueous potassium iodide, added dropwise,
yields B-piperidinoethyldi-~todoarsine hydriodide. This melts at 158° to
159° C., is bright yellow in colour, but gives colourless solutions in water
or ethyl alcohol.

n-Propyldi-iodoarsine, C;II,.Asl,>—Magnesium propylarsenate
(145 grams) and 250 grams of potassium iodide in 300 c.c. of water and
830 grams of concentrated hydrochloric acid, arc reduced by passing
in sulphur dioxide. When the colour of the mixture disappears, a
further 200 grams of hydrochlorie acid arc added. The di-iodoarsine
separates, is taken up in cther, dried with caleium chloride and the ether
removed in a stream of carbon dioxide. The residue, distilled #n vacuo,
gives a reddish-yellow oil, B.pt. 136" to 137° €. Yicld, 156 grams, which
is 55 per cent. The arsine has a f(aint odour, resembling that of the
lower homologues, but extremely irritating.  Boiled in benzene solution
with an excess of anhydrous sodium carbonate, it forms n-propylarsen-
oxide, which distils in earbon dioxide at 142° to 145° C, at 0-1 mm. ;
it is a pale yellow oil, not solidifying at -20° C.

y-Chloropropyldichloroarsine.*—-This derivative is obtained from
y-hydroxypropylarsinic acid by method (1) used in the preparation of
B-chlorocthyldichloroarsine, p. 24 The dichloroarsine boils at 120° to
122° C. at 16 mm,

y-n-Propylaminopropyldichloroarsine hydrochloride is pre-
pared from the amino-acid hydrochloride in the usual manner. Tt
erystallises from hydrochlorie acid in elongated, hexagonal tablets, M.pt.
195° to 19¢° C., which readily reduce a solution of iodine in potassium
jodide and yield a yellow solid on treatment with saturated potassium
iodide solution.

-n-Hexylaminopropyldichloroarsine hydrochloride crystal-
lises from 2N hydrochloric acid in large hexagonal plates, M.pt. 190° to
192° C.

1-a-Phenylethylaminopropyldichloroarsine hydrochloride is
the product of interaction of l-u-phenylethylamine and y-chloropropyl-
arsinic acid, the reaction being conducted in the usual manner. It
erystallises from 2N hydrochlorie acid in large hexagonal plates, M.pt.
194° to 196” C,

y-Piperidinopropyldichloroarsine hydrochloride is Sropurcd
by treating the acid hydrochloride dissolved in concentrated hydro-
chloriec acid with sulphur dioxide. From 4N hydrochlorie acid it
scparates in hcxngmmi plates, M.pt. 1917 to 196" C.

n-Butyldichloroarsine, C H,.AsCly A solution of 150 grams of

1 Renshaw and Waure, e, eit, ? (lough and King, loc. eit,
* Steinkopf, Dudek, and Schmidt, Ber,, 1828, 61, [ B], 1911,

¢ (Jough and King, loe, cit.

8 Quick and Adamw, J. Adaer. Chem, Soc., 1922, 44, 8O3
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crude n-butylarsinic acid in 800 c.c. of concentrated hydrochloric acid is
treated with a few crystals of potassium iodide and saturated for two
hours with sulphur dioxide, when 100 grams of crude chloride separate.
If this is removed and the mother liquor saturated with sodium chloride,
an additional yield is obtained. The product is fractionated under
diminished pressure, a colourless oil resulting, which boils at 192° to
194° C.

iso-Amyldichloroarsine, (CH,),CH.CH,.CII,.AsCl;.*—A suspen-
sion of 19-6 grams of isoamylarsinic acid in 50 grams of chloroform
is trcated under reflux with 27-5 grams of phosphorus trichloride in
50 grams of chloroform, the latter solution being added dropwise.
Considerable heat is developed, and the reaction is completed by boiling
for thirty minutes on the water-bath. The mixture is filtered whilst
hot, the solvent removed, and the residue fractionated in a vacuum,
about 4-5 grams of product being isolated. The chloride is a colourless
liquid, B.pt. 88-5° to 91-5° C. at 15 mm. with slight decomposition, and
is decomposed by water.

Comrounps oF THE Tyre RyAsX.

Dialkyl Halogenated Arsines.—These derivatives, which may be
regarded as substitution products of arsine or trialkylarsines, are best
obtained by the reduction of the corresponding arsinic acids. This has
been achieved in three ways :

(1) By the action of phosphorus trichloride on the acid,

31{2AS0.0II‘*‘4‘PC18=31{3ASCl '*"31’0(’[3 * Iral)()a

(2) By treating a solution of the arsinic acid in water with sulphur
dioxide in the presence of potassium iodide, dilute hydrochloric acid
being added from time to time.

(3) The arsinic acid may be reduced by sodinum hypophosphite in
hydrochloric acid solution,

2R 4ASO.0H +31I,P0,-+2HCL 2R AsCl+ 1,0 4 811,PO,

Other methods of obtaining these halogenated compounds are as
follows :

(1) Dialkylarsenious oxides are distilled with concentrated halogen
acids, sometimes in the presence of mereurie chloride, in the case of

chlorides,
(RgAs),0 |-2HX- - 2R AsX -} H L0
(2) Tetra-alkyldiarsines are treated with halogens or alkyl halides,

RoAs.AsRy+X, =+2R,AsX
RoAs.AsRy +2RX = RAsX R ASX

(8) Dialkylarsines are caused to interact with chlorinating agents,
such as sulphur or arsenic chlorides or ethylehloroformate,
(4) Dialkylbromo- or iodo-arsines may be obtained from the corre-
sponding chloro-compounds by interaction with potassivm halides,
R,AsCl+-KX =R ,AX + KCl

! Steinkopf and Mieg, Ber,, 1120, 53, [B], 1014,
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Dialkyleyanoarsines.—These compounds may be obtained : (1) By
the action of hydrogen ecyanide or concentrated mercuric cyanide
solution upon arsenoxides. (2) By treating the foregoing halogenated
compounds with potassium cyanide, replacement of the latter by sodium
thiocyanate yielding thiocyano- derivatives, R,As.CNS. (3) Trialkyl-
arsine cyanobromides are heated in vacuo :

R,As.CNBr——R,As.CN +RBr

Dialkylarsenoxides.—These oxides are best prepared by treating
dialkyl halogenated arsines with alkali or alkali carbonates. They may
also be formed by the reduction of dialkylarsinic acids or by the distilla-
tion of a mixture of arsenic acid and the potassium salt of a fatty acid.

Dialkylarsenious sulphides.—The sulphides may be of two types,
(RyAs),S and (RR,As),S,. The monosulphides result—

(1) When secondary arsines are treated with sulphur, excess of the
latter leading to the formation of disulphides :

OR,ASH 45, = (R,As),S +II,S

(é) The corresponding halogenated arsines are decomposed by
hydrogen sulphide or barium hydrosulphide, yiclding arsines:

2RASX+HILS  =(R,As),S+2IIX
21{2ASX'{‘B&(SII)2= (R2AS )QS "I"Bﬂ.Xz""IIsS

(8) Hydrogen sulphide reduces dialkylarsinic acids to sulphides :
2R ,A50.0H +4-311,S = (R ,As),S+S,+ 4,0

This last equation applics to an aqueous solution of the acid ; with a
concentrated alcoholi¢ solution it is possible to obtain the disulphide.
Liquid sulphur dioxide reacts with dialkylarsines, giving disulphides as
one of the products of reaction.

Distillation of dimecthylehloroarsine with aqueous sodium sclenide
yields dimethylarsenious selenide.

All the halogenated compounds are oils, possessing penctrating and
repulsive odours. They are not decomposed by water, cacodyl iodide
being volatilein steam. Reduction by platinised zine in aleoholie solution
in the presence of hydrogen chloride, or reduction by clectrolysis, leads
to the formation of arsines, R,AsIL.  Distillation with sodium, iron, tin,
zine or zine amalgam gives cacodyl compounds. Dimethylchloroarsine
forms additive compounds with many metallic chlorides.  With chlorine
R,AsCl, results, the methyl derivative decomposing at 40° to 50° C. as

follows :
R AsCl3==RAsCly+-RCI

The dialkyl halogenated arsines combine with alkyl halides, the resulting
product depending upon experimental conditions, e.g. dimethylbromo-
arsine may give rise to tetramethylarsoniumm mono- or tri-iodide with
methyl iodide, whilst methyl bromide yiclds trimethylarsine dibromide.

The eyano- compounds are low-melting solids. With methyl iodide
they yield tetra-alkylarsonium mono- and tri-iodides, and under suitable
c%nél(i;:‘ions the eyanogen group, ~CN, may be oxidised to carboxyl,
~-C IQ

Only two oxides are known with certainty, dimethyl- and diethyl-
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arsenoxides, both being liquids. Di-iscamylarsenoxide is supposed to
be a solid, but its existence is doubtful. Dialkylarsenious sulphides are
only known in the methyl and isoamyl serics.

Dimethylfluoroarsine, Cacodyl fluoride, (CII;),AsF, is obtained
by distilling cacodyl oxide with hydrofluoric acid.! It is a colourless
liquid of repulsive and penetrating odour, insoluble in water.

Dimethylchloroarsine, Cacodyl chloride (CHg),AsCl, may be pre-
pared by the following mcthods :

(1) Cacodyl oxide is treated with fuming hydrochlorie acid, then
mixed with an excess of mercuric chloride. The mass is diluted some-
what with more hydrochloric acid and the whole distilled, the ehloride
passing over.?

(2) By treating cacodyl with chlorine water.?

(8) By the interaction of cacodyl and methyl chloride.

(4) By the action of ethyl chloroformate, sulphur dichloride, or
arsenic trichloride on dimethylarsine.®

(5) By the slow addition of cacodylic acid to well-cooled phosphorus
trichloride.

(6) By dissolving cacodylic acid in hydrochlorie acid and adding to
it the calculated quantity of sodium hypophosphite dissolved in an
excess of the same solvent.®

Cacodyl chloride is a liquid having a very offensive odour, does not
solidify at —45° C., and boils at 109° .7 It is heavier than water,
miscible with alecohol but insoluble in water and e¢ther; when warmed
in air it burns with a pale yellow flame. It may be reduced to dimethyl-
arsine either by treatment with platinised zine and aleoholie hydrogen
chloride,® or clectrolytically.® When heated with zine, iron, or tin at 90’
to 100° C. the chloride is converted into cacodyl. If introduced into
chlorine gas, the chloride is spontancously inflammable,' but the pas-
sage of chlorine into a well-cooled solution of cacodyl ehloride in earbon
disulphide yields cacodyl trichloride.tr  Methyl {odide, when heated for
three hours at 100° C. with cacodyl chloride, gives methyl ehloride and
tetramethylarsonium tri-iodide.®*  The following reaction takes place
between cacodyl chloride and metallic sodium in absolute cther :

2(CH ) pAsCL--2Na - = (CH ) A 8], | 2NaCL®

Bunsen, in his rescarches on cacodyl chloride,’ noted that a double
compound, (CHy),AsCLCuCl, was formed on mixing an aleoholie solution
of cacodyl oxide with a hydrochlorie acid solution of enprous chloride,
The product consisted of white granules, decomposed by hot water and
insoluble in alcohol and ether.  More recently, ‘.ov. Thing, and Dehn 3
have isolated a number of these double compounds, which will now be
deseribed.

1 Bunsen, Annalen, 1811, 37, 38.

2 Bunsen, $bid., p. 313 Baoyer, Annalen, 1858, 107, 262,

3 Bunsen, Annalen, 1842, 42, 335, ¢ Cahourn, Annalen, 18602, 123, 197,

5 Dehn and Wilcox, smer. Chem. J., 1908, 40, 125,

¢ Auger, Compt. rend., 1908, 142, 1152 ; sew Steinkopfand Micg, Her., 1920, 53,1 B), 1016,
7 Lee, Thing, and Dehn, J. Amer. Chem. Soe., 1923, 45, SHHN,

& Palmer, Ber., 1804, 27, 1378, v Debn, dmer, Chom, J., VNR, 40, 47,
10 Bunsen, Annrulen, 1841, 37, 31, 1 Baoyer, ibid,, 1NI3, 107, 206,

" h‘teinkn{)f and Schwen, Ber., 1021, 54. [ B}, 1453

18 Loe, Thing, and Dehn, J. dmer, Chem, Sor., 1923, 45, 207,

14 Bunsen, Annalen, 1842, 43, 22, ¥ Low, Thing, st Dehn, e, eit,
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With Mercurous Chloride—Equimolecular quantities of mercurous
chloride and cacodyl chloride when mixed under water slowly combine
to form a white, powdery additive compound. This mixture when
boiled undergoes decomposition according to the equation :

(CH,),AsCl++2HgCl+2H,0 = (CH,),As0.0H +SHC] -+ 2Hg

With Mercuric Chloride—Equimolecular quantities of the two com-
pounds when treated as above soon yield a white, odourless, solid addi-
tive compound. The latter decomposes on heating with water with
formation of cacodylic and hydrochloric acids, mercurous chloride
and mercury. When (iltered, the hot aqueous filtrate deposits odour-
less, glistening, rhombie plates, which decompose without melting at
210° C., and have the composition (CIL;),AsCI(OIIIgCl. The forma-
tion of this product is represented by the cquations :

(CH ) ,ASCL+ITgCl= (CIT,, ) ,AsClL, gl
2(C14),AsCly I TgCl+311,0 == (CI14), AsC1(OI1 ) HgC'l
+(CI)gA$0.OXL4-4I1CI-| IgC)

With Cuprous Chloride.- - 1-5 grams of anhydrous cuprous chloride
and 2-4 grams of cacodyl chloride are mixed under petroleum ether and
the whole shaken and allowed to stand, when a white additive product
separates. This, when filtered, washed with petroleum cther and dried
i vacuo, corresponds to the formula (CH,),AsCL2CuClL

With Cupric Chloride.  Using equal weights of the two substances
and carrying out the operation as before, the additive compound corre-
sponds to (CILy),AsCLCuClys but if the petroleum cther is replaced by
ordinary cther the compound agrees with the formula (CH ;) ,AsOILCuCl,,
whilst with anhydrous cther it agrees with [(CI;),A8[,0.2CuCl,, and
cthyl chloride is also produced.

With Ferrie Chloride.  Yquimolecular quantities of ferrie chloride
and cacodyl chloride in absolute ether deposit green erystals of ferrous
chloride after standing for some months, and hydrolysis of the ethereal
solution yiclds cacodylie acid.  This points to the formation of
(CII,)AsClg during the reaction.

With Platinie Chloride.  Dimethylehloroarsine forms o platini-
chloride, 2(CH ), AsCLPCL, a brick-red precipitate, soluble in hot water,
giving a colourless solution from which the co-ordinated compound
[(CHy) A8 ,0.PECLITLO  separates in colourless needles, which are
dehydrated at 160" (. This compound, with potassiiin bromide or
iodide, silver nitrate or sulphate, yields, respectively. [ (CH ) As]50.
PtBr, 1,0 (colourless), | (CH)p\s [,O0.PHTL IO (yellow), [ (CHL)0As],0.
Pt(NOy)o. H,0 and [ (CH4),A8],0.Pt80 L0,

Basic cacodyl chloride, ** Basic cacadyl superchloride ™ (Bunsen),
(CH5)As(OIT),Cl---Bunsen first. prepared this compound by treating
cacodylie acid with concentrated hydrochlorie acid :

(CH,)A0.011 1 HCT: . (CH,),As(OF),C

It may, however, be isolated by passing a current of moist air through
an cthereal solution of cacodyl chloride

2(CH, ) A0 Oy § 2EL,0  2(CH ), AS(0H ),
¢ vliumwn. HRerz, Jabrcnbc‘}.. 1842, 2x, MK

S il



30 ORGANOMETALLIC COMPOUNDS.

The substance melts at 85° C., is soluble in water and alcohol but
insoluble in ether, chloroform, and carbon disulphide.

Dimethylarsenic chloride, Cacodyl trichloride, (CH,),AsClg,t
crystallises in plates or columns from ether, fuming in air. At 40° to
50° C. the trichloride froths and decomposes into methyl chloride and
methyldichloroarsine. It is prepared by passing chlorine into a solu-
tion of cacodyl chloride in carbon disulphide, or by adding powdered
cacodylic acid in small quantities to phosphorus pentachloride mixed
with dry ether.

Dimethylbromoarsine, Cacodyl bromide, (CHj),AsBr.—This com-
pound was first isolated by distilling the double compound of cacodyl
oxide and mercuric chloride with very concentrated hydrobromic acid,?
and later, by the action of methyl bromide on cacodyl.® In recent
years the substance has been re-investigated and the following methods
of preparation used :

(1) A solution of 22 grams of sodium hypophosphite in 75 c.c. of
concentrated hydrobromic acid is added in two portions to a solution
of 28 grams of cacodylic acid in 45 c.c. of hydrobromic acid. The
reaction is completed by gently warming, keeping the temperature below
60°C. The cacodyl bromideis separated off, dried over calcium chloride,
then distilled in a carbon dioxide atmosphere. B.pt. 128° to 129° C.,
yield 28 grams, or 74 per cent.4

(2) Molecular quantities of potassium bromide and cacodyl chloride
with three to four volumes of absolute alcohol are heated under reflux
for four to five hours, air being excluded. The mixture is then distilled
from a sand-bath and the distillate treated with five to ten volumes of
water, when the bromide is precipitated ; it is scparated, dried over
calcium chloride, and fractionated. The yicld is nearly quantitative,
and the product boils at 130° C.5

Cacodyl bromide is a yellow oil, which gives a hydrobromide,
Me,AsBr.HBr. This double compound is formed along with hydrogen
bromide, hydrogen, and cacodyl bromide, when dimethylarsine is treated
with bromine.t It crystallises in white plates, soluble in hot chloroform,
insoluble in ether, and decomposed by water into cacodyl bromide and
hydrogen bromide. When 528 grams of cacodyl bromide and 17 grams
of methyl iodide were heated in a sealed tube for two hours at 100° C.,
116 grams of tetramethylarsonium tri-iodide were formed, together with
0-2 gram of the mono-iodide, whilst thrce hours® heating at 100° C. of
2-2 grams of cacodyl bromide with 1-5 c.c. of methyl bromide in a carbon
dioxide atmosphere only gave 0-8 gram of trimethylarsine dibromide.
Tetramethylarsonium tri-iodide, when heated for 'six hours in a scaled
tube at 100° C. with cacodyl bromide, is converted into the mono-iodide.”

Dimethyliodoarsine, Cacodyl iodide, (CH;),As], was originally pre-
pared by Bunsen ® by the distillation of cacodyl oxide with concentrated
hydriodic acid, and in small quantity by the interaction of cacodyl and
methyl iodide.® Distillation of the periodide, Me,AsLI,, also gives the

1 Baeyer, Annalen, 1858, 107, 266. 2 Bunsen, Annalen, 1841, 37, 38.
3 (Cahours, Annalen, 1862, 122, 207.

4 Steinkopf and Schwen, Ber., 1921, 54, | B], 1454.

5 Tee, Thing, and Dehn, J. Amer. Chem. Soc., 1923, 45, 2096,

8 Dehn and Wileox, Amer. Chem. J., 1906, 35, 15.

7 Steinkopf and Schwen, Ber., 1921, 54, | B], 1454, 1462.

8 Bunsen, Annalen, 1841, 37, 52.

9 Cahours and Riche, Annalen, 1854, 92, 362 ; Cahours, dnnalen, 1862, 122, 207.
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iodo-arsine, and it results amongst other products when methyl iodide
reacts with powdered arsenic at the ordinary temperature, or on the
water-bath.! It has more recently been prepared from cacodylic acid
as follows : 2 250 grams of cacodylic acid and 800 grams of potassium
iodide are dissolved in 1000 c.c. of water and the whole saturated with
sulphur dioxide. Dilute hydrochloric acid (1: 1) is added from time to
time, the cacodyl iodide separating as an oil as the reduction proceeds.
The end-point of the reaction is reached when sulphur commences to
separate. The oily layer is removed, dried over calcium chloride, and
distilled; 880 grams of cacodyliodide may beisolated, whichis 90 percent.
yield. This method may be varied as [ollows : Sulphur dioxide is passed
into a solution containing 225 grams of cacodylic acid, 450 grams of
potassium iodide, 150 grams of concentrated sulphuric acid, and 1850 c.c.
of water.? The iodide thus prepared is a yellow liquid, B.pt. 154° to
157° C., freczing to a pale yellow solid at about—35° C.

Two preparations of the iodide from cacodyl chloride have recently
been devised. The first 4 is analogous to method (2) used for cacodyl
bromide (p. 30). The yicld is nearly quantitative, and the product boils
at 155° to 160° C. The second method consists in treating a dry acctone
solution of sodium iodide with cacodyl chloride.® The yicld in this casc
is 58 per cent., and the boiling-point 154° to 155° C.8

Cacodyl iodide is a yellow oil of penetrating odour, soluble in organic
solvents but insoluble in water ; it is volatile in steam. When heated
in air it inflames, iodine vapours being evolved. It is decomposed by
nitric and sulphuric acids with separation of iodine.

When dimethylarsine and iodine are heated in o sealed tube, the
hydriodide, (CIT3),AsLILL, is produced. This crystallises in large, pale
yellow needles, which soften and darken at 1609 C. and melt at 175° C.,
are soluble in alcohol, but casily decomposed by water, giving hydrogen
iodide and cacodyl iodide. The latter, when heated with methyl iodide
for one hour at 100" (., yiclds tetramethylarsonium tri-iodide.”

Dimethylcyanoarsine, Cacodyl cyanide, (CIg),AsCN, — This
cyanide, prepared by Bunsen ® by distilling cacodyl oxide with concen-
trated hydrocyanic acid, or better, by the action of concentrated mercuric
cyanide solution on the oxide, has been investigated again more recently.
It is obtained from cacodyl chloride and potassium eyanide (see Cacodyl
bromide, method (2), p. 80), and also from cacodyl oxide in the following
manner : 44 grams of cacodyl oxide in two portions are heated with
five times the ealculated quantity of anhydrous hydroeyanie acid in a
sealed tube for two hours at 100" (. The excess of hydroeyanie acid is
then removed in a stream of carbon dioxide and the residue distilled,
the cyanide distilling at 160° ¢, The yield is 85 grams or 64 per cent.®

Cacodyl eyanide erystallises in glistening prisms, M.pt. 82-5° C,, the
boiling-point according to different investigators varying between 188°

b Augor, Compt. rend., 1907, 145, 509,

t Burrows and Turnor, Trans. Chem, Sovo., 1020, 117, 1873; see also Burrows and
Turner, ibid., 1921, 119, 426.

» Roberts, Turner, and Bury, J. Chem, Soe, 1926, p. 1443,

¢ Leo, Thing, and Dehn, loe, it

& Bteinkopf and Rehwen, lor, eit.

$ Sea alwo Wigren, Axnalen, 1924, 437, 280,

? Btoinkopf and Sehwen, loe, eit,

8 Bunsen, Annalen, 1841, 37, 23 ; weo nlso Annalen, 1842, 43, 18,

* Steinkopf and Schwen, loe. cit.
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and 160°C. Tt was said to be exceedingly poisonous, but Lee, Thing, and
Dehn ! recently state that their preparation was not found to be ex-
cessively poisonous, and suggest that it probably has the cyanide and
not the isocyanide structure. It is readily soluble in alcohol and ether,
but sparingly soluble in water. It reduces mercurous nitrate solution,
and yields silver cyanide with silver solutions. When treated with
methyl iodide for two hours at 100° C. in a carbon dioxide atmosphere,
tetramethylarsonium tri-iodide and a little mono-iodide are formed.
When hydrolysed with dilute sulphuric acid and then neutralised with
calcium hydroxide, the calcium salt of dimethylarsinecarboxylic acid is
obtained. = The free acid, (CH,);,As.CO,H, is formed by decomposition
of this salt with acids. It turns blue litmus red and gives stable salts
with metals and alkaloids.?

Dimethylthiocyanoarsine, (CH;),As.CNS,? results when acetone
solutions of dimethylchloroarsine and sodium thiocyanate are mixed.
It is a colourless, pale yellow oil, B.pt. 92° C. at 17 mm., having a strong,
irritating odour. It is readily miscible with the usual organic solvents.

Methylethyliodoarsine, (CI{3)(02H5)ASI.4—Ethyldichloroarsine
(250 grams), dissolved in 122 grams of sodium hydroxide in 200 c.c. of
water and 600 c.c. of alcohol, is treated with 75 c.c. of methyl iodide
under reflux. After a few hours the solution is neutralised, freed from
alcohol, acidified with hydrochloric acid, and reduced by sulphur dioxide.
The iodoarsine separates as an oil, which is collected, dried, and distilled
under reduced pressure, about 138 grams of product being obtained. It
is a yellow, oily liquid, B.pt. 65° C. at 14 mm.,, boiling with slight decom-
position under atmospheric pressure, spontaneous ignition occasionally
oceurring.

y - Phenylpropylmethylchloroarsine, CoH,;.[CH,];CH ;. AsCl,.5—
y-Phenylpropyldimethylarsine (45 grams), in carbon tetrachloride solu-
tion, is treated with chlorine (I mol.) in the same solvent and the pale
yellow solution evaporated. Theresidueis heated at 160° to 180° C., when
it rapidly decomposes with evolution of methyl chloride; distillation of
the final residue yields 22 grams of the chloride as a colourless liquid,
B.pt. 164° to 167° C. at 14 mm. The corresponding bromide is obtained
in a similar manner and is a colourless liquid, B.pt. 177° to 180° C. at
16 mm.

Dimethylarsenious sulphide, Cacodyl sulphide, [(CH,),A5],S, is
most readily obtained by adding the caleulated quantity of sulphur to
dimethylarsine.s It is also formed when hydrogen sulphide is passed
into an aqueous solution of cacodylic acid, or by distilling a mixture of
barium hydrosulphide and cacodyl chloride in a carbon dioxide atmo-
sphere.?  Dimecthylarsenious sulphide is a transparent, non -fuming
liquid, having a most disagrceable odour, like that of mercaptan. It
docs not solidify at —40° C., is volatile in steam, and boils above 100° C.
It inflames in air, is miscible in all proportions with alcohol and
cther, and is insoluble in water. ‘When treated with copper nitrate in

1 Leec, Thing, and Dehn, J. Amer. Chem. Soc., 1923, 45, 2997.

2 Ironch Patonts, 521119, 521469 ; from Chem. Zentr., 1921, iv. 870.
3 Steinkopf and Mieg, Ber., 1920, 53, [B], 1016.

4 Burrows and Turner, Trans. Chem. Soc., 1921, 119, 426.

5 Burrows and Turner, loc. cit. ; 1920, 117, 1373.

¢ Dehn and Wilcox, Amer. Chem. J., 1900, 35, 37.

7 Bunsen, Annalen, 1841, 37, 18.
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alcoholic solution it forms the double compound [ (CH),As],S.8CuS, which
is stable in air and crystallises in octahedra.l

Dimethylarsenious disulphide, Cacodyl disulphide, [(CH 3),As],S,,
occurs when the preceding compound is treated with sulphur, or when
hydrogen sulphide is passed into a concentrated alcoholic solution of
cacodylic acid.?2 It may also be obtained from dimethylarsine by inter-
action with the requisite amount of sulphur, or by dissolving the arsinc
in liquid sulphur dioxide, other products of the reaction being mecthyl-
arsenious sulphide, trimethylarsine sulphide, and cacodylic acid.? It
crystallises in rhombic plates, M.pt. 50° C., insoluble in water, soluble in
alcohol or ether.

Dimethylarsenious selenide, Cacodyl selenide, [(CIL,;),As],Se, is a
yellowish liquid of very penetrating édour, resulting when pure cacodyl
chloride is distilled with an aqueous solution of sodium selenide It
does not fume in air, is insoluble in water, but soluble in organic solvents.

Dimethylarsenoxide, Cacodyl owide, [(CI14),As],0.—This oxide is
the chief constituent of Cadet’s fuming liquid,* obtained by the distilla-
tion of equal quantities of arsenic acid and potassium acctate.’ The
crude product from this reaction is treated with fuming hydrochloric
acid and mercurie chloride, distillation of the mixture yielding cacodyl
chloride, the latter being converted to the oxide by distilling with
aqueous potassium hydroxide.®! Cacodyl chloride also yields the oxide
when treated with dry sodium carbonate.” Another method of pre-
paration consists in reducing cacodylic acid with sulphur dioxide.®

Cacodyl oxide is a colourless, mobile, non-fuming, non-inflammable
liquid of intolerable odour. It crystallises at —25° C. and boils at about
120° C., has a vapour density of 7-55, and a specific gravity of 1-462 at
15° C. It should be pointed out that these constants have probably
been worked out on a product still econtaining some cacodyl and on
further investigation they may be found to be erroncous. It is readily
soluble in alcohol and ether, but sparingly soluble in water, and in the
air it slowly oxidises to cacodylic acid. Mercury and silver oxides are
reduced by ecacodyl oxide, and when distilled with halogen acids the
oxide yields cacodyl halides. When treated with methyl iodide and
sodium hydroxide in methyl aleohol solution it becomes methylated,
forming trimethylarsine oxide.

The following compounds were deseribed by Bunsen,® but are of
doubtful composition: basie cacodyl chloride, Me As,0.6Me,AsCl, and
a corresponding bromide and iodide; also Me AsO.HgCly, forming white
plates from water.0

Dimethylarsine chlorostannide, ((‘H,),AsCLSnCl, or (CHy),As.
SnCl,, results when dimethylarsine reacts with stannie chloride.? It
crystallises in large, colourless needles, which sublime at 100° C., are

L Bunsen, Axnalen, 1843, 46, 11, . 2 Bunwen, bid., p. 16.
3 Dohn and Wileox, loe, il .
¢ A disoussion of the mechanism of the reactions scoompanying the formation of
Cadet’s off is given by Valeur and Gailliot, Compt, rond., 1027, 185, 056,
8 Bunsen, 4rnalen, 1837, 24, 271; 1839, 31, 175; 1841, 37, 6; 1842, 42, 15,
¢ Basyor, Aanalen, 1808, 107, 202, 282,
7 Auger, Compt. rend,, 1906, 142, 1153,
s Auger, shid., 1903, 137, 926.
* Bunwen, Annalen, 1841, 37. 49,
10 Nee Dehn, Amer. Chem. J,, 1908, 40, 127.
11 Dehn und Wileox, Amer. Chem. J., 1908, 35, 39. -
VOL. X1 : L 3
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stable in dry air, easily soluble in ether, but sparingly soluble in
chloroform.

Diethyliodoarsine, (C,H;),AsI, is formed when the compound
(C,H;)AsLAsI, is distilled.! It is a liquid, which yiclds fetraethyl-
diarsine, (C,H;),As.As(C,Hy),, on distillation with zinc amalgam.

Diethylcyanoarsine, (C,H;),As.CN,2 results when tricthylarsine
cyanobromide is heated in vacuo. It melts at about 50° C. and boils
at 74° C. at 12 mm.

Diethylarsenoxide, [(C,lI;);As],0,% results when dicthylehloro-
arsine is treated with sodium carbonate, sodium hydrogen carbonate,
and sodium hydroxide. The oxide hoils at 225° to 230° C., density
1-2986.

Di-n-propyliodoarsine, (CzH,),AsI.4—To a cooled mixture of
187 grams of n-propyldi-iodoarsine, 81 grams of sodium hydroxide and
125 c.c. of water, 75 grams of n-propyl bromide are added and the whole
stirred for sixteen hours. The mixture is heated on the water-hath
until- all the bromide disappears, and is then treated with 100 e.e. of
water and 110 c.c. of concentrated hydrochlorie acid, when some of the
iodoarsine separates. The mixture is then decolorised by passing in
sulphur dioxide, and the resulting liquor subjected to distillation. A
yield of about 63 grams of the iodoarsine is obtained as o yellow oil,
B.pt. 103-5° to 106° (. at 12-5 mm., strongly irritant to the mucous mem-
brane of the nose.

Methylisoamylchloroarsine, (CII,)(CI1,,)AsC], and Di-iso-
amylchloroarsine, (Us11,,),AsCL—A solution of 93 grams of methyl-
di-isoamylarsine in 150 e.c. of dry petroleum ether is treated with
28 grams of dry chlorine. After standing for several hours the solvent
is removed by a stream of carbon dioxide, methyldi-isonmylarsine
dichloride remaining. This, when heated in earbon dioxide, commenees
to decompose at 186° (., and at 210" ('. a distillate comes over, The
residue yields two fractions: (a) B.pt. 68" to 72" ¢. at Il mm., is
methylisoamylchloroarsine; (D) consists of about 24 gramns of di-iso-
amylchloroarsine, B.pt. 114" to 122° at 11 mm. Methyl chloride and
isoamyl chloride are also obtained in the decomposition of methyldi-
isoamylarsine dichloride.

Basic di-isoamylchloroarsine, G(C E ), ASCLI(CoH ) A8 [,O0

A . .
This compound is the condensation product formed when isonmyl
chloride (2 mols.) and arsenic trichloride (1 mol.) are condensed in the
presence of sodium. It is a colourless oil, B.pt. 263" (', at 750 mm, and
148° (. at 83 mm., has a peeuliar odour, and is soluble in the usual
organic solvents, but inso&uhle in water. When distilled, o small
quantity of white, soapy solid is formed, which is probubly ivenmyl
cacodyl oxide, [(Cgll,)aAs],0. ) )

Di-isoamylarsine chlorodibromide, (C,F;; ), ANCIBr,, is obluined
by the action of bromine on the preeeding compound in ether sabution,
It is a white, erystalline solid, M.pt. 124 to 1237, soluble in ether and
chloroform, and slowly dissolves in water with formation of di-isonmyl-
arsinic acid,

Y Cahours andd Riche, Annadin, 1854, 92, 305,

¥ Steinkopf and Miller, Her., 1921, 54, [ B, 841,

3 Trochimovaki, Buozawitaki, and Kwapbmewski, Roez, Chem,, 1N, 8, 423,

$ Kteiukopf, Ducddek, and Schuwidt, Ber,, 1928, 61, [ B}, 1911,

b Debn and Wileax, Admer. Chem, J., VKK 495 Stwinkopt, Dade Ney
b ity deny the existenen of this mxlmt'nm'o. » 35 40 ko, Bl wand ek,
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Di-isoamylarsine sulphide, [(C4H,,),As],S, is prepared by passing
hydrogen sulphide through a suspension of the chloride in water. It
crystallises in white needles, M.pt. 29° to 30° C., easily soluble in ether
or carbon disulphide, sparingly soluble in alcohol and insoluble in water.

CompouNnDs OoF THE TypE RAsO(OH),.

(1) The most satislactory method ol obtaining the alkylarsinic acids
of the type R.AsO(OH), is by the interaction of alkyl halides and alkali
arsenites. This may be represented by the following scheme :—

Na /0
As&—ONa {-RI ~--—+ RAs—ONa-++Nal
\ONa \ONa
or: o o
Na.z\sé/—-ON al RI-—»> RAs/—{ONn
ONa \ONa

(2) Another method, which has only been applied to n-bhutylarsinic
acid in the aliphatie series, but which appears to be capable of much
greater application, consists of oxidising alkyldichloroarsines by sodium
toluene-p-sulphonchloroamide (*“ Chloramine-T'’).  The obvious draw-
back of this method compared with the preceding one is that it is
necessary to prepare an organic arsenical compound as starting material
for the process.

(8) Methylarsine or methylarsenious oxide may be oxidised by
oxygen, or methylarsenious oxide or methyldi-iodoarsine by iodine.

Methylarsinic acid, CH 3. AsO(OL),.- “The following general method
ol preparation for acids of this type has recently been given by Quick
and Adams:* One gram-molecule of arsenious oxide is dissolved
in sufficient 10N sodium hydroxide solution to produce tri-sodium
arsenite. © This is placed in a round-bottomed f{lask fitted with a
mechanical stirrer and reflux condenser, A little more than one gram-
molecule of alkyl jodide is added, the mixture being stirred and refluxed,
until 1 c.c. when titrated with standard iodine indicates that 80 to 90
per cent. of the sodium arsenite has disappeared. The method of
isolation varies slightly according to the acid being prepared, but in all
cases acidification with hydrochlorie acid is used at some stage of the
operation, and since the arsinie acids show some tendeney to be soluble
in this acid, excess should be avoided.

Methylarsinic acid was previously prepared by the action of oxygen
on methylarsine or methylarsenoxide,® and also by the oxidation of
methylarsenoxide or methyldi-iodoarsine with jodine® It erystallises
in monoclinie, prismatie plates from aleohold 1t is easily soluble in
water or nkeohui, and is o strong, dibasic acid, liberating carbon dioxide
from carbonates.  Its heats of neutralisation and solution have been
studied,® and also ity behaviour towards indicators. When treated

bQuick wwl Adam, J. doners Cluon, Sue,, 18922, 44, 805,

* Palmer and Dolin, Bee., 1901, 34, 3597 3 Dehn, JDnee, Chem, J,, 1008, 33, 124,
* Bougault, (hem, Zentr., 1907, il 1309,

¢ Dufot, Chem, Zentr., 1X12, il. 1408,

5 Astruo and Baud, Compt, rend., 1M, 139, 212,

$ Astruc, Comyn, rend., 1IHR2, 134, 600,
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with an excess of phosphorus trichloride (with cooling), methyldichloro-
arsine is isolated.! The acid, when melted with sodium hydroxide at
250° to 280° C., is decomposed, yielding methance and sodium arsenate.?
When a boiling solution of methylarsinic acid is saturated with sodium
bicarbonate and then treated with an equimolecular quantity of anti-
mony trichloride, the compound CHj3.AsO0(0.5h0), is obtained.® The
following salts of methylarsinic acid are known :—

Sodium methylarsinate (Arrhenal, New Cacodyl), CI1,.AsO(ONa),,
is obtained from sodium arsenite and methyl iodide in dilute aleoholie
solution.t Using the general method of preparation already outlined :
99 grams of arsenious oxide in 300 c.c. of 10N sodium hydroxide, and
150 grams of methyl iodide, are heated on the water-bath for two hours.
An cqual volume of aleohol is then added to precipitate the sodium
methylarsinate, which is then purified by solution in a small bulk of
water and reprecipitation by alcohol. This salt has been isolated with
varying amounts of water of crystallisation.® The water may be driven
olf by heating to 130°C.¢® When the salt is reduced with sulphur dioxide
in the cold, in the presence of potassium iodide and hydrochlorie acid,
it gives methyldi-iodoarsine,” and on heating with sodium hypophos-
phite and dilute sulphuric acid, methyl arsenie (MeAs), is obtained.®
Reduction of the sodium salt by concentrated hydriodie acid converts it
into methylarsenic tetra-iodide, consisting of reddish-brown, six-sided
plates.® With hydrogen sulphide the sodium salt yields methylarsine
disulphide.

When an aqueous solution of sodium methylarsinate is saturated
with molybdic acid, concentrated and treated with an exeess of guani-
dinium chloride, two guanidinium salts are obtained. They may be
separated by their differing solubilitics, the more soluble salt erystallis-
ing in needles of composition : 19

" CHy CHy
(CNHg)gk [ As(Moy0y), (Moy0q) A8 81,0
) Mo 0, '

This salt is only obtained in alkaline solution. T'he less soluble salt
crystallises in rectangular plates having the formula :

(CNGH )l As.CIT4(M0,0,)5]. 11H 0

Silver methylarsinate, CH AsO(OAg),, forms pearly, glistening
crystals, which cx[l)lodc on strong heating and decompose gradually oy
exposure to light.! '

Magnesium methylarsinate, CHyAsO0.0,Mg.3H 0, is u erystalline

L Auger, Compt. rend., 1906, x42, 1152,
* Auger, $bid., 1908, 146, 1280,
: ?[z.rthe ?}1:(! Minet, ilé)id.. lﬂ(lﬂ.x l‘48. 1414,
vyer, Ber., 1883, 16, 1440 : Klinger axd Keouts, denahn, 858, y 148 Faveed,
Rl Hrg FPharmeaeol,, 1913, 20, 337, g ' 240 144 el
¢ Astruc and Baud, Compt. rend., 1944, 139, 212, give 3H 0 Astene, ihid., 1902,
134, 6860, gives SH,0 3 Adrinn and Trillat, ibid,, p. 1231, give N; S
¢ Foruse in medicine, see (autier, ihid, , p. 329; ibid,, 103, 136, 6, K92, Hell N, ¢him.,
1903, [3], 29, 5465 Leprinee, J. Phurm, Chim, Y03, [vi ), 27, 225 Chem, Zrntr., BN, §, 280,
7 Auger, Compt, rend., 104, 142, 1151,
¥ Auger, ihid,, 138, 1705,
?* Klinger and Kroutz, Annalen, 1888, 349, 152,
16 Rosonheim and Bilecki, Rer., m:;.l&?;‘ 539,
1t Byoyer, Annalen, 1838, 107, 237 ; ger and Kreuts, b, cit,
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product, onc litre of water dissolving 2118 grams at 22° C. and 8-085
grams at 99° C.2

Barium methylarsinate, CH,A$0.0,Ba.511,0, crystallises in
colourless needles, and may be obtained in the anhydrous state by
precipitation from its aqucous solution by alcohol.?

Calcium methylarsinate, CH,As0.0,(a.I1,0, crystallises from
its solution in dilute acctic acid after ncutralisation with ammonium
hydroxide.?

Yohimbine methylarsinate.—Prcpared from 130 parts of acid and
368 parts of yohimbine; melts at 140° C.4

Pyrobismethylarsinic acid, CII;.AsO(O).0.AsO(011).CH ;. —
This anhydride of methylarsinic acid is prepared by heating the latter in
a stream of hydrogen at 180° C.5  If the temperature is raised from 170°
to 180° C., decomposition to methyl aleohol and arsenious oxide oceurs.
The acid is reconverted to methylarsinic acid when treated with water.
Similarly, the mono-sodium salt of methylarsinic acid yields sodium
pyrobismethylarsinate, di-sodium methylarsinate at 1.40° C. in a carbon
dioxide stream giving a mixture of sodium carbonate and sodium pyro-
bismethylarsinate.

Di-iodomethylarsinic acid, CIII,.AsO(OII),, crystallises in yellow

tablets containing one molecule of water of erystallisation. 1t is de-
composed by boiling nitrie acid into arsenice acid and iodine, whilst with
hot sodium hydroxide, methylene iodide and arsenie acid are produced.
The silver salt is a white precipitate, insoluble in water. Kor the
preparation of di-iodomethylarsinic acid, sce tetra-iodocacodylic acid,
). 45.
: Ethylarsinic acid, C,115.AsOQ(OH),, is best prepared by the general
method for the type deseribed under methylarsinic acid.® It has also
been obtained from ethyldichloroarsine by prolonged warming with con-
centrated nitrie acid, and the latter also oxidises cthylarsine disulphide
to the arsinie acid.”  Another method consists in treating ethyl iedide
with tri-sodium arsenite in the presence of aleohol,® or with tri-potassium
arsenite in aqueous aleohol solution.?  The acid erystallises in needles,
M.pt. 957 to 96" (., 100 parts of water dissolving 70 parts of the acid at
27° C. and 112 parts at 40° C.; 100 parts of 95 per cent. aleohol also
dissolve 39-f parts of acid at 25” (. The sodium salt is known in
therapy as * Mon-arsone.” The silver salt erystallises in pearly seales ;
the magnesium salt is o white powder, soluble in acids, insoluble in alkali.
One litre of water dissolves 2-31 grims of the salt at 22° (., and one litre
of aleohol 0.3 gram at 25" C. Reduction of the magnesium salt by
amalgamated zine dust and aleoholic hydrochlorie acid gives cthyl-
arsine.

Propylarsinic acid, C H,.AsO(OH),, crystallises from alcohol in
needles or small plates, M.pt, 120” to 127° (., readily soluble in water
and alcohol, insotublv in cther (100 parts of water dissolve 43 parts of

Y Dehn, dmer. Chem, J., 1903 33, 136.

2 Baeyer, loe, ¢il,

¥ Meyor, Ber., 1883, 16, 1442,

¢ Ameriean Pgtont, 1305402, '

3 Baud, Compt. rend., 194, 139, 411,

¢ Quick and Adams, J, Awwer. Chem, Nove., 1922, 44, 805,

: l:. L‘.«'nt&.{nm&r‘, Ié;i&).;o&, :!-:v ;7!)oim, Amer, Chem. J., 1905, 33, 134.
uger, Compt, read., x37, 927.

* D«ﬁ, boe. eit, b
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acid at 26° C.). It has been prepared by the general method,® and
also by the interaction of tri-potassium arsenite and propyl iodide in
aqueous alcohol solution.? The reaction in the latter case is repre-
sented as (ollows, the second equation showing the side reaction also
oceurring :
As(OK);+C,H,I=C,H,.AsO(OK),+KI
C,H,0K+CyH,I=C,H;.0.C;H,+KI

The acid is isolated from the reaction mixture in the form of its mag-
nesium salt by the aid of magnesia mixture, the free acid being obtained
by adding the requisite amount of sulphuric acid. The yield of mag-
nesium salt by this process is 42 per cent., and it forms pearly white,
soapy crystals, containing half a molecule of water of crystallisation.

n-Butylarsinic acid, C,H,.AsO(OH),, may be prepared by the
general method given under methylarsinic acid,® or by oxidation of
n-butylchloroarsine with sodium toluene-p-sulphonchloroamide (*‘ Chlor-
amine-T *’). The process is as follows:% The chloroarsine (1 mol.)
dissolved or suspended in cold acetone (20 c.c. per gram of arsine), is
treated with a 10 per cent. solution of Chloramine-T (2 mols.) in cold
water. The reaction is completed by boiling for thirty minutes under
reflux, the acetone then distilled off and the Chloramine-T scparated
by filtration of the cold solution. If the arsinic acid is only sparingly
soluble in water, it separates with the sulphonamide and is removed
by shaking with cold aqueous sodium carbonate, in which it is soluble.
Should the arsinic acid be soluble in water, the solution is evaporated
to dryness, and the residue then extracted as before. Acidification of
the solution precipitates the arsinic acid. By this method, a 74 per
cent. yield of n-butylarsinic acid results. The acid melts at 160° C.,
is soluble in water, and forms an insoluble magnesium salt when its
solution is treated with magnesia mixture.

iso-Amylarsinic acid, C;II,;.AsO(OII),, occurs as shining scales,
M.pt. 194° C., insoluble in ether. Water (100 parts) dissolves 0-82 part
of the acid at 28° C., and 100 parts of 95 per cent. alcohol, 2-2 parts at
21° C.5 When heated for four hours at 285° C. the acid decomposes,
giving isoamyl alcohol, arsenious oxide, and water.®

Allylarsinic acid, CH,=CIIL.CII,.AsO(OH),, is crystalline, and
melts at 128° to 129° C.7

Substituted Alkylarsinic Acids of the Type, RAsO(OH),.

B-Hydroxyethylarsinic acid, CH,OH.CH,.AsO(OII),.5—Kthylene
chlorhydrin, 80 grams, is slowly added to a solution containing 100
grams of arscnious oxide, 120 grams of sodium hydroxide, and 300 c.c.
of water. It is neccssary to cool and shake the solution during the
operation, or some chlorhydrin is lost as ethylene oxide. After twelve

1 Quick and Adams, loc. cit.

2 Dehn and M¢Grath, J. Amer. Chem. Soc., 1906, 28, 352.

3 Quick and Adams, loc. cit.

4 Burton and Gibson, P'rans. Chem. Soc., 1924, 125, 2275.

5 Dechn and M¢Girath, loc. cit.

¢ Dehn and Williams, Amer. Chem. J., 1908, 40, 116.

7 Quick and Adams, loc. cit. ; sce also Chem. Zentr., 1921, ii. 1065.

8 (tough and King, J. Chem. Soc., 1928, p. 2432 ; comparo British Patents, 191028,
191029 (1922), 206152 (1924); Adams and Quick, J. Amer. Chem. Soc., 1922, 44, 811 ;
Rdee, bid., 1928, 50, 1394.



ALIPHATIC ARSENICAL COMPOUNDS. 39

hours the mixture is warmed for thirty minutes on the water-bath, 1500
c.c. of water arc added, and the liquor made acid to Congo red, using
hydrochloric acid. The whole is then evaporated until a copious deposit
of salt and arsenious oxide is formed, the solid removed, washed twice
with 90 per cent. alcohol, the united filtrates evaporated to dryness at
50° C., and the residue extracted with 100 c.c. of aleohol. Removal of
the solvent leaves a viscous syrup of crude B-hydroxycthylarsinic acid.!
Treatment of the acid with hot ammoniacal caleium chloride solution
yields a sparingly soluble calcium salt, erystallising [rom dilute solution
in hexagonal leallets.
y-Hydroxypropylarsinic acid.>—Trimecthylene chlorhydrin, 95
grams, is stirred with the sodium arsenite solution from 100 grams of
arsenious oxide, 120 grams of sodium hydroxide, and 300 ec.c. of water
at 50° to 60" C. until homogencous.  An equal bulk of water is then
added, the liquor neutralised to Congo red and evaporated to dryness
at 50° C. The residue, extracted with 150 c.e. of hot alcohol, gives a
syrup ol the impure arsinie acid on removal of the solvent. The acid
yields a crystalline caleium salt. 1t rcacts with sulphur dioxide in
hydrochloric acid solution, [orming the di-ester of y-hydroxypropyldi-
chloroarsine,
0.C511 6. AsCl,
(‘)ll’.(‘,sll'a.As< ,
0.C41T . AsCl,

Bopt. 35" C. at 016 mm., and y-hydroeypropylarsinous acid,
(AsCla.Cyll.0)As.C4 - . OIL,  The ester when treated with thionyl
chloride gives y-chloropropyldichloroarsine.

B-Chloroethylarsinic acid, CH,CLCH . AsO(OII),,? is obtained by
the oxidation of B-chloroethyldichloroarsine: (1) The dichloroarsine
(57 grams), suspended in 228 c.c. of water, is dissolved by the passage
of chlorine below 50" . The solution is repeatedly evaporated with
water at 60" C., and the residue finally crystallised from acetone, 85
grams of the required acid being isolated in the form of pearly plates ;
M.pt. 134" to 185" ¢, (2) Two grams of the dichloroarsine are treated
with a few c.c. of water, then an exeess of 30 per eent. Perhydrol.  The
product crystallises from aleoholin plates or needles, M.pt. 133° .4 The
acid obtained by these methods may be recrystallised from acctone, or
precipitated from this solvent by earbon tetrachloride.

Derivatives of B-Chlorocthylarsinie Acid.®

Triethylamine-Bp'8” -triarsinic acid, N|CI[,.C11,. AsO(OH),]5—
Five grams of the B-chlorocthylarsinic acid and 63 grams of carbamide
are heated on the water-bath with sufficient water to give a liquid, and
more water added oceasionally to liberate ammonia by hydrolysis of
the carbamide. The reaction is discontinued when a sample containg
no un-ionised chlorine, and then excess of earbamide is removed by

t Compars Nokrassov and Nekragsov, Ber., 1028, 61, | B, 1816 ; Scherlin and Epstein,
ibid , p. 1821 ; Kdee, loe, eit,, states that the ackd is very hygroscopie, and melts between
167° and 158° (.,

? (ough and King, loe. cit.

* (lough aml King, loc. eit.

¢ Nokraseov and Nokruasov, loe. eit. ; compare Scherlin and Bpstein, loe, cit,

® (lough and King, los, eit.



40 ORGANOMETALLIC COMPOUNDS.

extraction with 30 c.c. of boiling ethyl alcohol. The residue is dissolved
in 15 c.c. of water and the solution made neutral to Congo red paper.
On cooling, the required acid separates in clusters of needles, which yield
a crystalline calcium or barium salt on treatment in ammoniacal solution
with calcium or barium chloride. A soluble and amorphous magnesium
salt is also known. In the above reaction, acetamide and ammonium
acetate may also be used as sources of ammonia.

Methyldiethylamine - 88’ - diarsinic  acid, N.CH,|CH,.CH,.
AsO(OH),],.—Three grams of B-chloroethylarsinic acid and 2 c.c. of
water are maintained at 100° C., and 33 per cent. aqueous methylamine
solution added occasionally to keep the whole neutral. ~ All the chlorine
is ionised after about fifteen hours, the mixture then being neutralised
to Congo red by hydrochloric acid, evaporated to dryness and freed from
methylammonium chloride by boiling with ethyl alcohol. The residue
is crystallised from aqueous alcohol, 19 grams of rectangular plates being
produced, M.pt. 192° to 194° C.

B-Dimethylaminoethylarsinic acid hydrochloride and Di-
methyldiethylammonium chloride Bp’-diarsinic acid.—g-Chloro-
ethylarsinic acid (6 grams) is treated with dimethylamine in the manner
described above. The reaction is complete in about twenty hours, the
mixture then being acidified with hydrochloric acid, evaporated and
freed from dimethylammonium chloride by boiling with chloroforn.
The residue, in a minimum of water, is treated with aleohol until no
further precipitation takes place. The solid, 0-5 gram, crystallises from
aqueous alcohol in compact masses, and is dimethyldiethylammonium
chloride Bp’-diarsinic acid, having the structure :

CHy CH,CHyASO(OIT);
/N< l
CH, CH,.CII,. ASO(OTI), _

The alcoholic (iltrate is concentrated to 10 c.c. and slowly ireated with
120 c.c. of acetone. The precipitate, on crystallisation from cthyl
alcohol, yields 4-9 grams of B-dimecthylaminocthylarsinie acid hydro-
chloride, M.pt. 138° to 140° C. The quaternary ammonium compound
may also be obtained by the interaction of B-dimethylaminocthylarsinie
acid and B-chlorocthylarsinic acid.

B-Dimethylaminoethylarsinic acid methochloride is obtained
by the interaction of B-chloroethylarsinic acid and trimethylamine in
the usual manner. It forms clongated plates, melting with gas evolu-
tion at 187° to 188° C. _ ‘

B-Piperidinoethylarsinic acid, obtained by using piperidine,
erystallises in lustrous plates.

NN'-Piperazine-Sp’-ethylarsinic acid dihydrochloride,

CI1,.CH,
(110)20As.CH2.CH2.N< N.CH ,.CH,.AsO (OH ) ,.2FICI,
CH,.CH,

obtained by the use of pipcrazine hydrate, forms hexagonal plates, which
arc unmelted at 280° C. but gradually darken above 220° C.

1 Detection of un-ionised chlorine in this and subsequent preparations is carried out
by .t,m-uting a wample with an excess of silver nitrate in nitrie acid, filtering off the silver
halide, and boiling the filtrate with excess of potassium hydroxide to hydrolyse any
unchanged chloro-acid,



ALIPHATIC ARSENICAL COMPOUNDS. 4]

v-Chloropropylarsinic Acid and its Derivatives.

y-Chloropropylarsinic acid.—Chlorine is passed into a suspension
of 40 grams of y-chloropropyldichloroarsine in 160 c.c. of water until
complete solution results. Repeated evaporation with water, followed
by crystallisation from water, yields clongated, hexagonal plates, M.pt.
146° to 148° C. 'The acid forms ealcium and barium salts.

y-Aminopropylarsinic acid results when the preceding acid is
heated at 110° C. for cight hours with ammonium hydroxide (density
0-88). It forms compact, microscopic prisms, very soluble in water but
insoluble in ethyl alcohol.

y-Dimethylaminopropylarsinic acid is the condensation product
of the chloro-acid and dimethylamine. It is isolated in the form of its
hydrochloride, cousisting of slightly deliquescent needles, M.pt. 108° to
110° C.

y-Dimethylaminopropylarsinic acid methochloride is formed
when the dimethylamine in the preceding preparation is replaced by
trimethylamine. It erystallises in compact prisins, M.pt. 174° to 176° C.

y-n-Propylaminopropylarsinic acid. --Six grams of v-chloro-
propylarsinic acid are heated under reflux for twelve hours with 40 c.c.
of aleohol and 10 grams (6 mols.) of n-propylamine. On distillation,
followed by heating under reduced pressure with sodium hydroxide, the
excess of amine and alecohol are removed ; the residue is acidified with
hydrochlorie acid, dried, and extracted with alcohol.  The resulting solu-
tion yields the Aydrochloride of the acid, which melts at 210° to 212° C.
The free acid is isolated as follows : The hydrochloride (0-47 gram)
is treated with 1 gram-molecule of sodium hydroxide, the solution
evaporated to dryness, ‘the residue extracted with 2 c.e. of methyl
aleohol, and 12 c.c. of ethyl aleohol added. The acid slowly separates
in needles, M.pt. 2227 to 224" (%, neutral to litmus, and yielding a white,
basic arseno-compound when warmed with hypophosphorous acid con-
taining a trace of potassium iodide. The foregoing hydrochloride in
alkaline solution reacts with powdered m-nitrobenzoyl chloride to yield
m=nitrobenso propylamino propylarsinic acid, M.pt. 132° to 184° C. The
corresponding benzoyl compound is & non-erystallisable oil.

y-n-Hexylaminopropylarsinic acid is formed when the chloro-
acid and n-hexylamine are heated for twenty hours at 100° C.  The
hydrochloride separates from ethyl aleohol in short, flat plates, M.pt.
221% to 228" ¢, The m-nitrobenzoyl derivative forms white plates,
M.pt. 118" to 1207 (., but the corresponding m-aminobenzoyl compound
cannot be obtained in erystalline form.  Condensation of the acid with
ethyl chloroformate gives y-carbethory-n-herylaminopropylarsinic acid,
consisting of long, flnt plates, M.pt. 58" to 60” C., and the amino-hydro-
chloride with phenylearbamide yiclds y- phenylearbamyl-n-hexylamino-
propylarsinie acid, melting indefinitely at 118” to 124" (. .

y-Piperidinopropylarsinic acid results when the chloro-acid and
piperidine are heated for six hours at 100° C. It is isolated ay the
hydrochloride, which erystallises from boiling aleohol in square plates;
M.pt. 162" to 164° C.

y-4-Hydroxy-2 : 2 : 6-trimethylpiperidinopropylarsinic acid,
obtained by heating the chloro-acid and vinyldiaectone-methylamine in
aleoholic solution for twoe days, forms white crystals, M.pt. 162° C,,
which are deliquescent.
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y-2 :2 : 6-Trimethylpiperidinopropylarsinic acid.—y-Chloro-
propylarsinic acid and 2:2:6-trimethylpiperidine, when heated in
alcoholic solution for six hours, yield the required acid. It crystallises
from methyl alcohol-cther in deliquescent, microscopic crystals, M.pt.
150° to 160° C.

y-Piperazinopropylarsinic acid is isolated in the form of its
dihydrochloride from the chloro-acid and piperazine hydrate. Benzoyla-
tion yields y-4-benzoylpiperazinopropylarsinic acid, crystallising from
aqueous acetone as a white solid, M.pt. 204° to 206° C.

-Carbethoxypiperidinopropylarsinic acid, from the chloro-acid
and ethyl nipecotinate, is an amorphous, deliquescent solid.

Compounps oF THE TyreE R,AsO.OH.

This group of compounds is of historical importance, since its lower
members formed part of Bunsen’s classic work on cacodyl. The most
recent method of preparation, and one which appears to be fairly
general, consists in treating alkyl dihalogenated arsines with alkyl
halides in the presence of sodium hydroxide. Oxidation of alkyldichloro-
arsines has also been effected by the action of bromine water. Sodium
hypochlorite and electrolytic oxidation have also been used for
oxidising mixtures of cacodyl and cacodyl oxide to dimethylarsinic acid.*
Hydroxyalkylarsinic acids are readily prepared by the interaction
of halogenated alkyl or hydroxyalkylarsines and the sodium salts of
hydroxyalkyl- or alkylarsinic acids.

These acids are characterised by great stability towards oxidising
agents, the methyl and ethyl compounds being unaffected by con-
centrated nitric acid or aqua regia, except ol course when iodine is
substituted in the alkyl radical.

Dimethylarsinic acid, Cacodylic acid, (CH4),AsO.0H, was originally
obtained by the oxidation of cacodyl oxide in air, or better, by oxida-
tion with mercuric oxide under water ; 2 also from mecthylarsenoxide
by the action of methyl iodide and sodium hydroxide in methyl alcohol
solution.> More recent methods of preparation arc as follows : 4 (1)
The oil obtained by the distillation of arsenious oxide and potassium
acetate, which consists of a mixture of cacodyl and cacodyl oxide, is
agitated with the required amount of sodium hypochlorite solution in
the presence of hydrochloric acid. The completion of the reaction is
indicated by the disappearance of the cacodyl oxide, and by testing
the mixture with starch iodide paper. The solution is then treated
with sodium hydroxide until neutral to Congo red, evaporated down
until the sodium chloride separates, then taken to dryness, and extracted
with 96 per cent. alcohol. The extract gives a 70 per cent. yield of
pure cacodylic acid, and a further 20 per cent. is obtainable from the
mother liquors. (2) The oil used in the previous mecthod may be
converted to the acid (80 per cent. yield) by dissolving in. dry acetone
to which is added rather more water than is required by the following
cquations, and then passing oxygen through the mixture :

[(CH4),As],04+H,0+0,=2(CH,),AsO.OH
2[(CH};),As],+2H,0+80,=4(CH,),As0.0H

1 Tarlier methods of isolation consisted in oxidising arsenoxides with air or mercuric

oxide. 2 Bunsen. Annalen, 1843, 46, 2. 3 Auger, Compt. rend., 1903, 137, 926.
¢ (uinot, J. Pharm. Chim., 1923, [Vii.], 27, 55.
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(8) By the anodic oxidation of the oil, dissolved in 20 per cent. sulphuric
acid. This method. gives a 70 to 80 per cent. yield.

Cacodylic acid crystallises in trielinic prisms,! M.pt. 200° C., very
readily soluble in water and dilute aleohol, less so in absolute aleohol,
insoluble in anhydrous cther. At 22° C., 100 parts of water dissolve
82-9 parts of acid.2  The acid is not attacked by feeble reducing agents,
but phosphorous acid on warming gives cacodyl oxide, and stannous
chloride in the presence of acid yields the chloride. The acid is monobasic,
and its aqueous solution has a neutral reaction towards helianthin, but
is acid towards phenolphthalein.? In concentrated solutions of sodium
hydroxide the acid functions in a tribasic manner, as (CII,),As(OH);.4 It
is also an amphoterie clectrolyte® The clectrolytic dissociation con-
stant ¢ and heat of ncutralisation? have been determined, also the
cleetrical conduetivity of the magnesium salt.®  Towards oxidising agents
the acid shows great stability, being unaffected by fuming nitrie acid,
aqua regia, aqueous chromie acid,” or potassium permanganate.’® When
hydrogen sulphide is passed into an aqueous or aleoholic solution of the
acid, cacodyl sulphide is formed.  Sulphur dioxide is without action on
an aqueous solution of cacodylie acid, but with the sodium salt of
the acid, cacodyl oxide is produced.t*  Treatment with phosphorus
trichloride or the caleulated quantity of hypophosphorous acid in
hydrochlorie acid solution gives cacodyl chloride, whilst excess of
hypophosphorous acid yields cacodyl.™  Phosphorus pentachloride in
the presence of ether gives eacodyl triehloride.®®  Solution of the acid in
concentrated hydrofluorie acid gives a basie fluoride, (CI1;),As(OH),F.
(CIX3)pAsFy, consisting of deliqueseent prisms ;. whilst  with hydro-
chlorie acid, (CIH,),As(OI),ClL is obtained ; but hydrogen chloride
passed into warm eacodylie acid gives methyldichloroarsine.**  With an
cquimolecular quantity of antimony trichloride, the antimony compound,
(CIg)As( 0).OSHCL, is obtained.? When cacodylie acid, sodium
hypophosphite, and methyl iodide are boiled together in the presence
of a little hydrochlorie acid, whilst a stream of carbon dioxide is passed
in, tetramethylarsonium iodide is formed.?®  Decomposition of the acid
oceurs when it is heated with solid sodium hydroxide, methane and
sodium methylarsinate being obtained at 180 C., whilst methane and
sodium arsenate are the produets at 260° €17 Kleetrolytie reduction

t Bunsen, Ann, Phyx. Chom., 1854, 42, 149,

8 Dehn, Amer, Chem, J., 18902, 28, 361,

3 Imbert, Comgd, rend., 1899, 129, 1245,

4 Hantaseh, Bee, 104, 37, 1076, 27053 see also Miller and Bauer, Compt. rend.,
1904, 138, 1089,

o Veloy, Trana, Chem, Noey, 18907, 9x, 1621 wee also v, Zawidzki, Ber,, 1903, 36, 3325 ;
104, 37, 158, 2280 5 Johnston, Jer., TR, 37, 3025,

¢ v, Zawidaki, e, vit, 3 soe also Jdohnston, loe, eil s Hantzseh, Ber., 1904, 37, 2707,

? Imbert, loe, cit 3 Baud and Astrue, Compt, rend., 1907, 144, 1348,

8 Waldun, Zeitwch, phynikel, Chem., 1887, 1, B33,

? Bunwen, Annalan, 1843, 46. 9.

10 L Conte, dnnalen, 1881, 208, 32,

1 Auger, Compd, rend., 103, 137, D27,

12 Augor, shid., 1906, 142, 1152,

13 Baoyor, Annalen, 1838, 107, 363,

W Bunsen, Arnalen, 1843, 46, 383 Hantzsch, Ber, 1904, 37, 1081 ; Bacyer, dnnalen,
1838, 107, 272

12 Barthe and Minet, Compl. rond., 168, 148, 1609,

18 Augor, Compt. rend., 1906, 143, 1152,

17 Auger, tbid., 1908, 146, 1280,
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of cacodylic acid at an amalgamated zinc cathode in 2N sulphuric acid
yields principally cacodyl, only a little dimethylarsine being obtained :

(CH,),As0,H ——> (CH,),As.As(CH,)y — — (CIT5),AsIT

When the acid is oxidised at a platinum anode in alkaline solution the
reaction takes the following course: (CII3)yAs0,lI |80 =2C0O, |
H,As0,42H,0.! )

The following salts of cacodylic acid have been isolated :

Lithium cacodylate.——A. white, crystalline powder, soluble in water
and alcohol.2 '

Sodiwmn cacodylate, (CHy),As0,NaJI,0.~ -Forms prismatic crystals
from alcohol ; 3 commercial produets often contain 2 to 3 molecules of
water. Itissaid to be hydrolysed in aqueous solution.® Sodium cacody-
late, on treatment with molyhdic acid, followed by guanidinium chloride,
yields a guanidinium salt, crystallising in anhydrous plates, which have

the composition : 8 (
( CNalIG)gl:AS((’H( %gf(llylzo ,()7)2J

Potassium cacodylate, (CII4),AsO,K. 0. A very deliqueseent
produet, sparingly soluble in alcohol, insoluble in cther.® It forms a
molybdenum saltf with molybdic acid, which erystallises in needles of
composition :

KsH[As(CH3),(Mu30,),
OH),

7

Silver cacodylate, (CIIg)aAsO,Ag.2(CHy)yAsO L Is of indistinet
erystalline form; it occurs when the acid is treated in warm aqueous
solution with silver carbonate for several days, the resulting solution
evaporated, and the residue extracted with water,  The salt Me,AsOuAg
forms long needles, very soluble in water and aleohol, and is obtained
from the acid and silver oxide ; the double salt, (CHz),A80, g AgNO,,
is derived from the acid and silver nitrate in aleoholie solution, and
yields scales, casily soluble in water, sparingly soluble in aleohol, and
affected by light.

Magnesium cacodylate, [ (CHg)gAsO 0] Mu (V0. A white powder,

Mercuric cacodylate, [ (CHg )y AsOy g H g - v?)vliqm-sovnt wisms,obtained
from yellow mereurie oxide and cacodylic acid in absolute aleohol,
Is very soluble in cold water, the solution decomposing on warming ;
insoluble in cther.

Calcium cacodylate, [(CHy)ASO,1,Ca 0810, - White needles, kosing
water of crystallisation at 115" .3 soluble in water and aleohol,

Barium cacodylate. -A very deliqueseent erystalline powder,

Ferric cacodylate, [(CHy)gA80,[gFe. - A yellowish powder,

} Fiohter and Elkind, Ber., 1918, 49, 246

2 Bibont, Chem, Zentr., 1902, 1. 744,

8 Bunsen, Annalen, 1843, 46, 16,

¢ Hantzach, Ber., 1904, 37, 1076,

# Rosenbeim and Hileoki, Her,, 1918, 46, 530,
¢ Bunsen, loe, oil,

T Rosenheim and Biecki, loe. nit.

$ Annoni, Chem. Zenir., 1905, i, 751,
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Guatacol and strychnine cacodylates are known and are white
powders,! and an antipyrin cacodylate® has also been described.?

Tetra-iodocacodylic acid, (CHI;),AsO.0OH.—This product is the
result of a curious reaction betwecen amorphous arscnic and iodoform.4
The two bodies are heated for several hours on a boiling water-bath in the
presence of benzene or toluene, and the resulting product oxidised by
nitric acid in the cold. The reactions taking place are represented as

follows : .
3CHI +2As=CHI,.AsI,+ (CHI,),AsI
CHI . AsL,-+-4HNO;=CHI, AsO(OII), +4NO,+H,0+1,
(CHI,),AsI+4-8HNO ;= (CHI,),.AsO.0II4+38NO,+H,0+1

The di-iodomethylarsinie acid is extracted with cold water, leaving the
tetra-iodocacodylic acid mixed with free iodine. The latter is removed
by benzene or toluene, the acid dissolved in ammonium hydroxide and
reprecipitated by acid. It crystallises in sulphur yellow crystals, in-
soluble in water, soluble in fifty parts of boiling acetic acid, and in cight
to ten parts of boiling nitrie acid. Prolonged boiling with nitrie acid
causcs decomposition, jodine, carbon dioxide, and arsenic acid being
produced. Ilot sodium hydroxide solution yields methylene iodide
and arsenic acid. The sodiuwm salt crystallises from 90 per cent.
alecohol in pale yellow erystals containing six molecules of water of
crystallisation.

Dithiodimethylarsinic acid, Dithiocacodylic acid, (CH 3),AsS.S1I.—
This acid is unknown in the free state, butits salts are readily obtained by
the action of hydrogen sulphide on salts of cacodylic acid, or by treating
cacodyl disulphide with metallic salts.® In this way the following salts
have been isolated: gold salt, (CIl4);AsS,Au, an insoluble pale yellow
powder; copper salt, (CHg),AsS,Cu, an insoluble yellow powder; lead
salt, (CIIg),As84Ph, colourless scales, insoluble in water, very sparingly
soluble in aleohol ; antimony salt, [(CH4)AsS,]55b, short, golden yellow
needles 3 bismuth salt, | (CH4)aAs8,],B1, golden scales, very sparingly
soluble in water, alcohol, or cther.

Diethylarsinic acid, Ethyleacodylic acid, (CyHlg),AsO.011.8—This
acid is obtained either by the direet oxidation of cthyl cacodyl in air
or alcoholie solution, or by shaking ethyl cacodyl with finely divided
mereurie oxide in the presence of water.  In the latter case the mercurie
salt is formed, and on the addition of baryta water the mercury is pre-
cipitated as mereurie oxide, Excess of baryta water is then removed
by passing in earbon dioxide, and the free acid liberated from its barium
salt by the addition of sulphurie acid.  After filtration and concentra-
tion the diethylarsinic m-icf crystallises in large, clear, glistening plates,
melting at about 190” C.

U Martindale, Inter. Congress App, Chem., 1909,

8 Barthe, Pharm, J., 1915, 94, 9.

3 The following references deal with the analysis of cacodylio acid: Bnugault, Chem.
Zentr., 1903, i. 539; Barthe and Minet, Compt. rend., 19508, 148, 1610 ; Vitali, Chem.
Zentr,, 1903, i, 1418, ibid., 1901, i, 1232 bmbert and Badel, Compt. rend., 1900, 130,
881 ; Barthe and Pérys Chem. Zenir., 1901, & 801 ; Hafltor, Chem. Zenlr., 1801, L 1108 ;
Ganaasini, Chem., Zentr , 1908, 1. 787; Guinot, J. Pharm. Chim., 1923, [vil.], 27,85 ; Poggi
snd Polverind, 488 B, Acead. Lineei, 1926, [vi ), 4, 316,

¢ Augor, Compt. rend., 1907, 148, 809,

5 Bunsen, Annales, 1843, 46, 21,

s Landolt, Annalen, 1854, 92, 363 ; J. prakt, Chem., 1854, 63, 283.
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The following is a more recent method of preparation :! 55 grams of
ethyl bromide are warmed for from four to six hours with 90 grams of
ethyldichloroarsine and 210 c.c. of 10N sodium hydroxide. Towards
the end of the heating a further 20 grams of cthyl bromide are added
to replace that lost during the reaction. After completion of the
reaction the excess of ethyl bromide is boiled off and the mixture treated
with hydrochloric acid until it is neutral to phenolphthalein, then
concentrated to half its bulk. Any salts which separate are filtered
off, and the filtrate acidified with hydrochloric acid until Congo red just
commences to turn blue. The liquid is then further evaporated until
it is about two-thirds of its original volume, when about 50 grams of
crude diethylarsinic acid separate, this being purified by two crystal-
lisations from alcohol. The crystals have an acid reaction, are odourless,
have a bitter taste, and arc very deliquescent in air.  They are easily
soluble in water and alcohol, the solutions liberating carbon dioxide
from alkali carbonates. The acid shows a remarkable stability, and
is unattacked by concentrated nitric acid or aqua regin.  The barium
salt, [(CoHy)oA50,],Ba.(C,115),As0,I1.211,0, is erystalline, very soluble
in water, but sparingly soluble in aleohol.

Methylhydroxyethylarsinic acid, HO.CH,.CHp.AS.CHO,IL% -
Sodium methylarsinate in aqueous solution is reduced with sulphur
dioxide at a temperature of 45° C. and the solution neutralised by adding
sodium hydroxide (density 1-882). The solution is then maintained at
80° C., glycol chlorohydrin added, and the whole stirred for six to
eight hours. The liquid is then acidified with sulphurie acid, evaporated
in a vacuum and the residue extracted with hot aleohol.  From this
solution crystals are obtained by slow evaporation, or precipitation
with acctone or cther. The resulting acid softens between 807 and
103° C., and forms water-soluble salts. The acid may also be prepared
by the interaction of sodium hydroxyethylarsinate and methyl imfido.

Dihydroxydiethylarsinic acid, (FLO.CH ;. CH ) A8.0,11 is prepared

- by treating sodium hydroxyethylarsinate with glyeol bramohydrin,
whilst treatment with allyl bromide at 60" (. yiclds allylhydroxyethyl-
arsinic acid. The preparation of alkylhydroxyalkyl- and dihydroxy-
dialkyl-arsini¢ acids by the interaction of alkyl or hydroxyalkyl halides
and the sodium salts of hydroxyalkyl- or alkyl-uarsinic acids sppears to
be of general application.

Di-n-propylarsinic acid, (C,ll,),AsO.0H, oceurs when tetras
propylarsonium hydroxide is subjected to distillation and the resulting
product oxidised in air It forms colourless erystals from ligroin,
M.pt. 128° (., readily soluble in water, aleohol, and ether; casily soluble
in hot ligroin, sparingly in cold ligroin.

Di-n-butylarsinic acid, (C ), AsQLOH, prepared in o similar
manner to diethylarsinic acid, melts at 1377 to 138 C. It forms n pale
blue copper salt, [(C Hg)eAs0y],C0t

n-Propyl-n-butylarsinic acid, (C, I, )(C H)AsO.OH,  Obtained
from n-butyldichloroarsine and r-propyl bromide in 10N sodivum
hydroxide solution, melts at 127" to 328" (',

Di-isoamylarsinic acid, (gl )oAsOLOH, erystallises from water

v Quick and Adumm, J, Amer, Chem, Noe., 1922, 44, 405,

2 Fronch Patent, 5859703 mee British Patent, Q01062 ¢19:21),

3 Partheil, Amort, and Gronover, Her., 1808, 3x, B86; Partheil, dsoh. Pharm., 1800,
237, 134. * Guick and Adams, for, ¢il,
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in scales containing two molecules of water of crystallisation. It is
formed when bromine acts upon di-isoamylchloroarsine in the presence
of water.! The acid melts at 158° to 154° C., is readily soluble in
alcohol and water, insoluble in ether; reduction by zine and hydro-
chloric acid gives di-isoamylarsine.

ARSINOACETIC ACID AND ITS DERIVATIVES.

Arsinoacetic acid, (110),0As.CII,,COOH.-—This acid was first
prepared by treating p-aminophenylarsinoacetic acid with bromine
water : 2

NH,.C4l1,.AsO(OIT).CII,.COOIT -8Br,--H,0
== CglI,NIT,.Br,+3IIBr -} (30),0As.CH,.COOH

Removal of the tribromoaniline, followed by boiling the filtrate with
magnesia mixture, precipitates magnesium arsinoacetate. This method
was superseded by another, which treated aliphatic halogen carboxylic
acids or their derivatives, such as amides or csters, with arsenious acid,
e.g. chloroacctic acid and arsenious oxide gave arsinoacetic acid.® The
most recent preparation 4 is based upon the following cquation :

CIT,CLCO,Na + As(ONa)y==CH,(CO;Na).AsO(ONa),

It is best carried out as follows :® 100 grams of powdered arsenious
oxide are dissolved by the aid of heat in 800 c.c. of water containing
160 grams of sodium hydroxide, and the solution cooled to 20° C. before
adding 48 grams of chloroacetic acid. After stirring for about five
minutes, reaction sets in, the temperature rises to 70° or 75° C., and a
transparent solution results. The solution, after standing for at least
an hour, is acidified with 160 c.c. of glacial acetic acid, the temperature
recuced to 40 (. by cooling, and the precipitated arsenious oxide washed
with 50 c.c. of water. By pouring the filtrate into a solution of 185
grams of erystallised barium chloride in 600 c.c. of hot water, barium
arsinoacetate, Ba(04,CCH AsO4Ba),, in a hydrated form, separates as a
copious, fine precipitate.  After a few minutes’ stirring, the mixture is
allowed to stand overnight, then filtered upon a 15 cm. Biichner funnel
and thoroughly washed with water.  When air-dried, the product con-
tains 13 per cent, of water of hydration and weighs 220 grams (96 per
cent. yield). T'o convert the barium salt to the sodium salt, the previous
washed precipitate is added whilst wet to 500 c.c. of hot water containing
108 grams of anhydrous sodium sulphate, and the mixture mechanically
stirred for one hour, The barium sulphate is then removed by filtration
and the filtrate evaporated on a steam-bath until erystallisation com-
mences, when the liquor is allowed to cool, and is continually stirred.
The deposited erystals are filtered off and the concentration repeated,
when the combined fractions give 100 Lo 110 grams (80 to 88 per cent. ) of
sodium arsinoacetate. This product is & white, microcrystalline powder,
readily soluble in cold water, the solution being alkaline to litmus.

v Dohn and Wilcox, Amer, Chem J., 108, 35, 62,

2 Khelleh and Berthelm, Ber., 1010, 43, 926,

* Austrisn Patent, 93820, Rwia DPatent, 07977, trom Chem. Zenltr, 1923, iv. 721;
Amoricant Patont, 145680,

& Palmer, J, Amer, Chem. Soe,, 1DE3, 48, 3023,

¥ Organic Syathgses, vol. iv., Wily & Sona,
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The free acid may be isolated from the barium salt in the following
manner:1 A mixture of 22-5 grams of the powdered barium salt, 100 c.c.
of water, and 5 c.c. of sulphuric acid (density 1-84) is mechanically
stirred at the ordinary temperature for several hours, then the barium
sulphate is filtered off and the filtrate concentrated to a very small
volume in vacuo over sulphuric acid in the cold. At crystallisation
point, 25 c.c. of absolute alcohol are stirred in and the mixture filtered,
the filtrate being treated with 25 c.c. of ligroin and concentrated at room
temperature as before. Arsinoacetic acid crystallises out, is removed,
washed with ligroin and dried. It forms colourless, shining plates, M.pt.
152° C. with gas evolution, very soluble in water and alcohol, sparingly
soluble in hot glacial acetic acid, practically insoluble in ligroin, benzene,
acetone, chloroform, or ethyl acetate. Ethyl arsinoacetate, obtained from
sodium arsenite and ethyl acetate, forms light yellow leaflets, melting
at about 95° C.?

Dichloroarsinoacetic acid, Cl,As.CH,.COOH,? is formed when

arsinoacetic acid in chloroform solution is treated with phosphorus tri-

_chloride. The crystals which separate are removed, washed with ether
to take out phosphorous acid, and recrystallised from benzene or carbon
tetrachloride, the resulting product melting at 123° to 125° C. The acid
is soluble in cold ether, ethyl acetate, methyl alcohol, and acetonc;
sparingly solublein cold benzene, ligroin, and carbon tetrachloride; more
soluble in these solvents on warming. The methyl ester is prepared by
using methyl arsinoacetate as starting material, and is a clear liquid,
boiling at 78° C. at 5 mm.

Arsinolactic acid is a viscous, yellow syrup, obtained from pB-
chlorolactic acid and arsenious acid.

Diarsinoadipic acid, consisting of colourless crystals, melting with
decomposition at 165° C., is obtained from dibromoadipic acid and
arsenious acid.4

Arsenoacetic acid, HOOC.CH,. As=As.CH,.COOI.>—This is the
reduction product of arsinoacetic acid, the process being best carried out
as follows,® and taking place according to the equation :

2HOOC.CH ,.AsO(OH),+8H(m,ro0,)
=HOOC.CH,.As: As.CH,.COOII -+ 61,0

Sodium arsinoacetate, 12-5 grams, and 30 grams of sodium hypophos-
phite (NaH,PO,.H,0), are dissolved in 150 c.c. of cold, 15 per cent.
sulphuric acid. After standing for two or three days at room tempera-
ture, the yellow deposit which forms is filtered off, washed with water
and dried in vacuo over sulphuric acid or phosphorus pentoxide. If the
mother liquid is allowed to stand for a further two days, a second erop
of product is obtained. The yield should be 5 grams (74 per cent.).
Arsenoacetic acid forms minute, yellow needles, unmelted helow 260° (.,
although they undergo considerable decomposition above 200" C.
The compound is insoluble in water and the usual organic solvents,
but readily dissolves in pyridine, dilute sodium hydroxide, and dilute
ammonium carbonate solutions. The disodium salt is alight, yellowish-

1 Palmer, J. Amer. Chem. Svec., 1923, 45, 3023.

2 Austrian and Swiss Patents, loc. cit.

8 Steinkopf and Schmidt, Ber., 1928, 61, [B], 677.

4 Austrian Patent, 93325, Swiss Patent, 97977 ; Chem. Zenlr., 1923, iv. 721,
5 Palmer, loc. cit. 8 Organic Syntheags, loc. cit.
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brown powder, readily soluble in water, giving a clear yellow solution,
which reacts slightly alkaline to litmus.!

Tetra-arsenoacetic acid, HOOC.CH,.As = \s — As = As.CH,.
COOH.—The arsinoacetic acid from 49-5 grams of arsenious oxide and
23-68 grams of chloroacetic acid is treated with 150 grams of sulphuric
acid (density 1-84) and 100 grams of sodium hypophosphite. ~ After
three hours a mixture of arsenious oxide and sodium sulphate containing
a little highly coloured organic arsenic compound is filtered off and the
filtrate allowed to stand in the cold. A bright red precipitate gradually
separates ; this is removed at three to four day intervals, washed
repeatedly with water, and dried in vacuo over sulphuric acid, since
drying in air causes the exposed surface to blacken. Altogcther, five
fraclions yield about 25-6 grams of fairly pure product. Tetra-arseno-
acetic acid is a bright, vermilion-red, microcrystalline powder, which
shows signs of decomposition at about 180° C. but does not melt below
250° C. Its solubility resembles that of arsenoacetic acid. Alono-
sodiwm tetra-arsenoacetate is a reddish-brown powder, considerably less
soluble in water than disodium arsenoacetate. It is noteworthy that
a monosodium salt is formed in spite of an excess of sodium hydroxide.

ARsSENICAL COMPOUNDS FROM a-GLYCOLS.?2
Di-ethylene glycol arsenoacetic acid,

CH 0\ |
] > As.CH,.COOH

CH,.07 /],

is obtained by dissolving arsenoacetic acid in warm ethylene glycol.
The yield is about 60 per cent., and the substance is bimolecular in
bromoform solution. If the solution of arsenoacetic acid in ethylene
glycol is heated at 100° C. for a short time, small quantitics of ethylene
glycol bis (di-ethylene glycolarseno) acetate are isolated,

(CH,.0
1 > As.CHz.CO.O.CHZ.]
CH,.0”/,

This compound melts with decomposition at 130° C. and is not hydro-
lysed by water to free arsenoacetic acid. If the above solution is
heated at 130° C. instead of 100° (., carbon dioxide is evolved, and
di-ethyleneglycol methylarsinic acid results :

CH,.O
| > As.ClI,
CII,.0” /,
This acid boils at 135° to 186° C. at 15 mm. If the reaction temperature

is raised to 140° C. the same product results.
Dipinacol arsenoacetic acid,

C(CH,),.0
(| >) As.CH,.COOH
C(CH,),.0

1 Palmer, loc. cit. 2 Englund, J. prakt. Chem., 1928, [ii.], 120, 179.
VOL. XI. : I 4

2

2
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‘is prepared from pinacol and arsenoacetic acid in ethyl alcohol solution.
It melts with decomposition at 188° C. ]

When d-tartaric acid, not meso-tartaric acid, is heated with arseno-
acetic acid for a few minutes in boiling glacial acetic acid solution, a
substance decomposing above 250° C., and corresponding to the follow-
ing formula, is obtained :

CO,H.CH.O
CO,H.CH.O

AsO.CH,.CO.0H

a-ARSENOCARBOXYLIC AcIDs.!

a-Arsenocarboxylic acids are prepared by the following general
reaction :

CHRBr.COOK -+ K ,As0 ;= CHR[AsO(OH),]. COOK +KBr

The acids are dibasic, as shown by titration, and if their diquinine
salts are fractionally crystallised, optically active acids may be isolated.
Neutralisation of both acidic groups causes a reversal of the sign of
optical rotation. The active barium salts are not racemised in aqucous
solution at 100° C., but the free acids readily racemise. This is espcei-
ally the case when mineral acids are present, the racemisation heing
a unimolecular reaction. The {following compounds arc known :
a-Arsenobutyric acid, M.pt. 127° C.; forms a diquinine salt containing
5 molecules of water; d-a-arsenobutyric acid has [M]y+257°, barium
salt —10-5°. d-a-Arsenopropionic acid has [M]p+-41-0°, bariwm
salt —8-5°. a-Arsenovaleric acid has M.pt. 114° C., and yiclds a
diquinine salt containing 4 molecules of water ; d-a-arsenovaleric acid
has [M]p+19-8°, barium salt —15-6°.2

ComrounDps oF THE TypE R,As.AsR,.

These derivatives, the tetra-alkyldiarsines, which go under the name
of cacodyl compounds, were amongst the earliest arsenicals to be
investigated, and they date back to 1887. The only representatives of
this group which are known with certainty are the methyl and ethyl
derivatives. They may be isolated :

(1) By removing the halogen from two molecules of sccondary
halogenated arsines by heating with zine or zinc amalgam,

2R,AsX +Zn=R,As.AsRy+7ZnX,

(2) By reducing the corresponding arsinic acids with hypophos-
phorous acid.

(8) By the condensation of dialkylarsines with secondary halogenated

arsines,
RoASIT+R,AsX =R ,As.AsR ,-} TIX

! Becker and Mulder, Proc. K. Akad. Wetensch. dmsterdam, 1928, 31, 301.

* The production of aliphatic di- or poly-hydroxyarsinie acids is dealt with in American
Patent 1654224, Glycerol dichlorhydrin, when treated with arsenious acid in sodium
hydroxide solution, the mixture being warmed and stirred during the aperation, yields
an acid on acidification which may be extracted with alcohol, )
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(4) By heating together sodium arsenide and alkyl iodides in a
carbon dioxide atmosphere. This method gives only poor yields.

(5) By distilling a mixture of arsenious oxide and the potassium salt
of a fatty acid. In addition to the required cacodyl compound, cacodyl
oxide forms a fair percentage of the reaction product in this method.

One striking feature of these derivatives is their repulsive odour,
and they are spontaneously inflammable. Regulated oxidation by
moist air, or mercuric oxide, yields the corresponding oxides and acids.
In the absence of excess of oxygen, the following scheme has been put
forward to show the formation of the oxide. It is interesting to note
the assumption of peroxide formation containing tetravalent arsenic.?

0 (CH,),Asy

(CH,)pAs.A8(CHy)y ———— | (CHj),As—As(CH,), | ——>
o
2(CHs>2A<—é—§s<CH3>2 ———— 2[(CH,),As],0

The tetra-alkyldiarsines combine directly with halogens, sulphur and
alkyl iodides. In the case of sulphur, both mono- and di-sulphides are
formed. In the case of tetramethyldiarsine, methyl chloride produces
dimethylchloroarsine, but methyl bromide gives tetramethylarsonium
bromide and trimethylarsine dibromide. The following scheme suggests
the course of the reaction with methyl bromide :

MeBr MeBr MeBr
(CH,);As—A8(CHg)s ——> (CHy)gAs—— As(CH,)y ———> (CH, )y As— As(CH,); ——>
H; Br Br CH; BrCH,
(CH)yAs——As(OHy)y ~————— (CHy)AsBr+ (CH),AsBr,

0H7 [ Rooms
CH; Br
Br \Br

The products from the interaction of tetramethyldiarsine and methyl
iodide vary according to the number of molecules of the latter taking
part in the reaction.

Tetramethyldiarsine, Cacodyl, (CHj),As.As(CH,),—This com-
pound was originally prepared by Bunsen,® by distilling equal parts
of potassium acetate and arsenious oxide. Considerable quantities of
cacodyl oxide are also formed during the operation. Bunsen also
isolated cacodyl by heating cacodyl bromide or sulphide with mercury
at 100° C., and by heating cacodyl chloride with zinc at 100° C. in a
carbon dioxide atmosphere. Another early preparation consisted in
adding methyl iodide in small portions to sodium arsenide, the operation

being conducted in a carbon dioxide atmosphere. The yield of cacodyl,
however, was small, the main product being tetramcthylarsonium iodide.?

1 Steinkopf and Schwen, Ber., 1921, 54, | B], 1437.

2 Bunsen, Annalen, 1837, 24, 271 ; 1842, 42, 14 ; sce also Baeyer, Annalen, 1858, 107,
257.
3 Cahours and Riche, Annalen, 1854, 92, 361 ; Compt. rend., 1854, 39, 541.
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Cacodylic acid is reduced to cacodyl when treated with an excess of
sodium hypophosphite in hydrochloric acid solution.! Cacodyl may
be obtained from dimethylarsine by the action of oxides of nitrogen,
aqueous chromic acid, lead peroxide, cacodyl chloride, auric chloride,
or potassium ferricyanide? It also results when cyclopentamethyl-
penta-arsine is distilled under atmospheric pressure in a carbon dioxide
atmosphere, the decomposition commencing at 270° C.2

Cacodyl is a heavy oil, of intolerable odour, solidifying at —6° C.
to large, glistening, quadratic prisms. It boils at about 170° C., and
inflames in air or chlorine ; regulated oxidation by moist air or mercuric
oxide gives cacodyl oxide and cacodylicacid. When heated for two hours
at 840° C. it yields trimethylarsine and a compound, (McAs),.* Electro-
lytic reduction of cacodyl gives dimethylarsine, but reduction with tin
and hydrochloric acid gives the dark red amorphous powder, (MeAs),.
As,0,4(?), known as Erytrarsin. Combination takes place with sulphur,
giving cacodyl sulphide and disulphide, whilst chlorine water or methyl
chloride converts cacodyl to cacodyl chloride. When heated at 100° C.
with methy! bromide, cacodyl yields tetramethylarsonium bromide and
trimethylarsine dibromide.® Methyl iodide (2 mols.) and cacodyl
(1 mol.) combine at ordinary temperatures giving tetramethylarsonium
iodide, but methyl iodide (5 mols.) yields an equimolccular mixture of
the arsonium mono- and tri-iodides.

Tetra-ethyldiarsine, Ethyl cacodyl, (C,H;),As.As(C,H;),.—One
part of sodium arsenide is mixed with four to five times its weight of
quartz sand and treated with ethyl iodide, the operation being con-
ducted in a carbon dioxide atmosphere. Sufficient heat is developed
to cause distillation of the ethyl iodide, which has to bec replaced
until the action is complete. The mass is then distilled, when a
mixture of ethyl cacodyl and triethylarsine is obtained.® Fthyl cacodyl
has also been obtained by distillation of diethyliodoarsine with zine
amalgam.?

Ethyl cacodyl is a faintly yellowish liquid, strongly refractive, heavier
than water, and having a repulsive odour ; it boils between 185° and
190° C., and is soluble in alcohol and ether. In air or oxygen it inflames,
but with dilute nitric acid it yields a red compound analogous to
Bunsen’s Erytrarsin, this soon becoming brown and in air changing to
white. This compound is insoluble in water, alcohol. and cther.  Ethyl
cacodyl combines directly with the halogens, oxygen and sulphur, and
reduces salts of silver, mercury, gold, and platinum, a property not
possessed by triethylarsine. Concentrated nitric acid causes cthyl
cacodyl to explode, whilst concentrated sulphurie acid dissolves it in
the cold, the solution on warming evolving sulphur dioxide.

_Tetra-n-propyldiarsine, Propyl cacodyl, (C,IT,),A8.A5(C,yl1,),.5—
This compound, together with arsenic, is the thermal decmflpositiun
product of cyclopenta-n-propylpenta-arsine. The latter, when distilled
at 18 mm., yields propyl cacodyl as a colourless, mobile liquid, B.pt.

1 Auger, Compt. rend., 1906, 142, 1153.

2 Dehn and Wilcox, dmer. Chem. J.,1906, 35, 1.

3 Steinkopf and Dudek, Ber., 1928, 61, [B], 1910.
4 Dehn, Amer. Chem. J., 1908, g0, 120.

5 Steinkopf and Schwen, Ber., 1921, 54, [B], 1437.
¢ Landolt, Annalen, 1854, 89, 301.

? Cahours and Riche, Annalen, 1854, 92, 365.

8 Steinkopf and Dudek, loc. cit.
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165° to 167° C. at 18 mm. On redistillation it boils at 168° to 170° C.
at 15 mm.:
4(CH,.As);=5(C3H,),As.A8(CH,; ), +10As

When heated at 100° C. with methyl iodide, it gives dimethyl-di-n-
propylarsonium tri-iodide, consisting of dark red crystals, which
melt at room temperatures.

Tetrabutyldiarsine, Bufyl cacodyl, (CH,),As.As(CHy),.—This
compound is supposed to be obtained when potassium butyrate is dis-
tilled with an equal weight of arsenious oxide. The properties of the
products of the distillation resemble those obtained in the case of cacodyl,
but sufficient work has not been done on this compound to warrant any
definite conclusions being drawn from the results.

Tetravaleryldiarsine is a compound to which similar remarks
apply to those mentioned above.?

Cacodyl carbide, (CH;),As.C=C.As(CH;),.>—Magnesium ethyl
bromide in ether is treated with acetylene at room temperatures, ethane
being evolved and magnesium acetylene bromide separating as an oily
layer. The gas is then passed into the boiling solution for one hour, the
liquid cooled and shaken with 50 grams of pure cacodyl chloride. The
reaction is completed by warming for one hour on the water-bath, the
solution decomposed by ice, treated with 55 c.c. of concentrated hydro-
chloric acid and extracted with ether. The ethereal solution is dried
over sodium sulphate, removal of the solvent yielding a golden yellow
oil, which is purified by fractionation. The product boils at 84-5° C.
at 14 mm., is strongly unsaturated, explodes on treatment with nitric
acid, and is hydrolysed by alkali.

Cyclopentamethylpenta-arsine, (CHgAs);*—This compound,
until recently, was known as arsenomethane, and the formula (CH As),
was assigned to it. It may be isolated as follows:® Sodium methyl-
arsinate, 100 grams, is stirred with 850 c.c. of 50 per cent. hypophos-
phorous acid for three hours at 70° C. Traces of impurity in the
methylarsinate cause the formation of red and brown solid modifications
of the arsine, but the intermediate can be prepared sufficiently pure by
Quick and Adams’ ® modification of Mcyer’s reaction, the product from
the second recrystallisation from alcohol being thoroughly washed with
a mixture of equal volumes of alcohol and water to remove the sodium
iodide and any trace of original materials. The immiscible oil is washed
five times with 25 c.c. portions of 5 per cent. sodium hydroxide, followed
by similar portions of water, then sealed in small containers, all in an
atmosphere of carbon dioxide. The clear oil boils at 178° C. at 15 mam.,
but further attempts to purify it by (ractional distillation under reduced
pressure give immediate formation of the red, solid modification.? The
formula (CHjAs), assigned to the compound was based on molecular
weight determinations by the cryoscopic method. Owing to extensive
work, and a large number of molecular weight determinations both by

1 Wohler, Annalen, 1848, 68, 127.

2 (libbs, bid., 1853, 86, 222.

3 Wicland, tbid., 1923, 431, 30.

¢ Auger, Compt. rend., 1904, 138, 1705, .

5 Palmer and Scott, J. Amer. Chem. Soc., 1928, 50, 536.

8 Quick and Adams, tbid., 1922, 44, 809.

7 Auger, loc. cit., gave the boiling-point as 190° C. at 13 mm. ; compare Valeur and
Gaillot, Compt. rend., 1927, 185, 256.
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the cryoscopic and ebullioscopic methods,! it has been conclusively
proved that the formula (CH4As), is incorrect, and must be replaced by
(CHAs);. Moreover, a cyclic structure of the following nature has been
given to the compound :

CH;.As

| I
CH;As  As.CH,
\as”

CH,

As.CH,

This formula, (CH,As);, appears to hold good whether the determina-
tions are carried out upon the yellow oil or the red solid.2 It is necessary
to exercise great care in preparing the compound, as the yellow oil,
owing to the ease with which it is oxidised, forms the red or brownish-
black modifications very readily. When cyclopentamethylpenta-arsine is
heated in a sealed tube with methyl iodide in an atmosphere of carbon
dioxide for five hours at 100° C., it yields tetramethylarsonium mono-
and tri-iodides and methyldi-iodoarsine, the reaction taking place as

follows : 8
B5OH,I 10CH,I
(CHAs); — 5(CH),AsI — 5(CH;),AsI,
(CH,.As);+5(CH ) ,Asly=5CH ;AsI,+5(CH ) ,Asl

Cyclopentamethylpenta-arsine, when distilled at atmospheric pres-
sure in a carbon dioxide atmosphere, yields cacodyl and arsenic.4
Cyclopenta-n-propylpenta-arsine, (CH,.As);.5—Fifty grams of
magnesium propylarsinate, 51 grams of sodium hypophosphite, 60 grams
of concentrated sulphuric acid, and 150 c.c. of water are heated in a
carbon dioxide atmosphere for three hours on a water-bath. Twenty
grams of heavy, yellow oil should result, which is washed with water,
dilute sodium carbonate, and again with water, the operations being
conducted in carbon dioxide. The liquid is fractionally distilled in a
. high vacuum, the pure product distilling at 177° to 179° C. at 1 mm.,
with slight decomposition. The yield is about 11 grams. The arsine
is readily oxidised in air, but may be kept unchanged in a scaled tube
for twelve months. The above product appears to contain about 5 per
cent. of propyl cacodyl. When the arsine is distilled under 18 mm,
pressure it decomposes into arsenic and propyl cacodyl, a colourless,
mobile liquid, B.pt. 168° to 170° C. at 15 mm. (p. 52).

ArrpHATIC UNSATURATED ARSENICAL COMPOUNDS.

When acetylene is passed into anhydrous arsenic trichloride, only
slight absorption of the gas takes place, and the gas is again evolved iff
the liquid is boiled. This points to no chemical reaction taking place,
or only one in which the compounds formed are decomposed by heat.
If, however, anhydrous aluminium chloride is used as a catalyst, a

1 Steinkopf, Schmidt, and Smie, Ber., 1926, 59, [B], 1463.
2 Palmer and Scott, loc. cit.

3 Steinkopf, Schmidt, and Smie, loc. cit.

4 Steinkopf and Dudek, Ber., 1928, 61, 1906.

5 Steinkopf and Dudek, ibid.
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definite series of compounds results. Less efficient catalysts are mer-
curic chloride and anhydrous ferric chloride. In 1919, Dafert ! obtained
by the foregoing method a compound to which he assigned the formula
AsClg.2C,H,. The properties of this derivative are similar to those
of the dichlorodivinylchloroarsine described below. Green and Price,
in 1921,% using anhydrous aluminium chloride as a catalyst, isolated
three products from the reaction—namely, B-chlorovinyldichloroarsine,
CHCl=CH.AsCl, ; BB'-dichlorodivinylchloroarsine, (CHCl=CH),AsCl ;
BB’ B"-trichlorotrivinylarsine, (CHCl=CH);As. These derivatives were
oxidised by Mann and Pope? to the following : B-Chlorovinylarsinic acid,
CHCl=CH.AsO(OH),; Bf'-dichlorodivinylarsinic acid, (CHCl=CH),
AsO(OH); BB'B"-trichlorotrivinylarsine oxide, (CHCl=CH),AsO. If
the arsenic trichloride in the reaction is replaced by the tribromide, the
chlorine in the foregoing arsines is replaced by bromine, the compounds
containing the latter element having higher melting or boiling points
than the chloro compounds. From the halogen derivatives, sulphides
and thiocyanates have been produced, which possess powerful, nauseat-
ing, and persistent odours, but the cyanides have little odour. Com-
pounds which irritate the mucous membrane of the nose have been
obtained by condensing the primary arsine with diphenylamine or
phenyl-a-naphthylamine. The tertiary arsines readily form double salts
with palladium and auric chlorides or silver nitrate, and show resem-
blance to triethylarsine, which also forms compounds with these chlorides.
The compounds differ, however, in their action towards platinic chloride,
triethylarsine forming two isomeric compounds of formula 2(C,Hj;)sAs.
PtCl,,° and BB’ B"-trichlorotrivinylarsine two compounds corresponding
to the formule [(CHCl=CH),As],.Pt(CH=CHCl), and [(CHCI=CH),
AsCl],[(CHCl=CH),As.OH],PtCl,.6* In the case of the interaction of
higher hydrocarbons of the acetylene series with arsenic trihalides, no
catalyst appears to have been used.

B-Chlorovinyldichloroarsine, CHCl=CH.AsCl,, BB’-Dichlorodi-
vinylchloroarsine, (CHCl=CH),AsCl, and BB’S"-Trichlorotrivinyl-
arsine, (CHCl=CH),As are prepared as follows : Acetylene, washed
with sodium bisulphite solution and dried with sulphuric acid, is slowly
passed into a solution of 88 grams of anhydrous aluminium bromide in
410 grams (16 molecular proportions) of arsenic trichloride at a tem-
perature of 25° C. for two hours, whilst the whole is vigorously stirred.
After standing for seven hours, the mixture is poured into 8300 c.c. of
25 per cent. hydrochloric acid. Heat is developed and the mixture is
cooled in water, stirred for fifteen minutes, the lower oily layer separated
and fractionated at 830 mm. The 90° to 105° C. fraction is the crude
B-chloro-compound, the 180° to 140° C. fraction is the Bp’-dichloro-
compound, and the 155° to 168° C. fraction is the Sg’B"-trichloro-com-
pound.” B-Chlorovinyldichloroarsine is a colourless or faintly yellow
liquid, B.pt. 76° to 77° C. at 12-5 mm. or 82° C. at 16-5 mm.® It blisters

1 Dafert, Monatsh., 1919, 40, 313.

2 Green and Price, Trans. Chem. Soc., 1921, 119, 448.

3 Mann and Pope, ibid., 1922, 121, 1754,

¢ Lewis and Stiegler, J. Amer. Chem. Soc., 1925, 47, 2546.

5 Cahours and Gal, Compt. rend., 1870, 70, 897, 1380 ; 71, 208.

¢ Mann and Pope, loc. ¢it. . .

7 Lewis and Stiegler, J. Amer. Chem. Soc., 1925, 47, 2546 ; sce Lewis and Perkins
Ind. Eng. Chem., 1923, 15, 290 ; Green and Price, T'rans. Chem. Soc., 1921, 119, 448.

8 Mann and Pope, loc. cit. ; sec Wieland, Annalen, 1923, 431, 30.
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the skin even in dilute solution and attacks the mucous membrane of
the nose. It is soluble in the usual organic solvents, but insoluble in
water or dilute acids, whilst dilute alkaline solutions cause evolution of
acetylene.

BB’ -Dichlorodivinylchloroarsine boils at 108° to 109° C. at 10-5 mm.,
116° to 117° C. at 15 mm., and 120° to 121° C. at 17 mm. It is more
irritant to the mucous membrane than the preceding chloroarsine, the
solubility of which it resembles ; it absorbs halogens, forming additive
products.

BB’ B"-Trichlorotrivinylarsine boils at 189° to 140° C. at 13 mm. or
144° C. at 16 mm. It erystallises on cooling in long, white needles, M.pt.
28° C. Its odour, although pungent, does not possess the irritant effects
of the preceding derivatives. It is insoluble in water, dilute acids, and
rectified spirit. It readily absorbs halogens. The bromo-compounds
corresponding to the first two compounds described are prepared by
replacing the arsenic trichloride in the previous experiment by arsenic
tribromide. The temperature during the reaction ranges from 35° to
48° C., and the product isolated after distilling at 10 to 12 mm. is
fractionated five times at 16 mm. The fraction boiling between 140°
and 143° C. is B-bromovinyldibromoarsine, and the fraction 155° to
165° C., BB’-dibromodivinylbromoarsine.

B-Chlorovinyldibromoarsine, CHCl=CH.AsBr,.—g-Chlorovinyl-
arsenoxide (vide infra), 70 grams, is slowly added to a solution of
10 grams of potassium bromide in 200 c.c. of hydrobromic acid (40 per
cent.). The oily liquid which separates is warmed and agitated with the
hydrobromic acid solution for two to three hours. Alter cooling, the
oily layer is collected on a dry filter paper and then distilled at 15 mm.
pressure, the arsine coming over at 114° to 116° C. It is soluble in
absolute alcohol and slightly soluble in ligroin.

B-Chlorovinyldi-iodoarsine, prepared in a similar manner,
crystallises from ice-cold methyl alcohol in yellowish-brown erystals,
M.pt. 87:5° to 838:5° C. It is somewhat soluble in ligroin and very
soluble in aleohol and benzene.

B-Chlorovinylarsenoxide, CHCl=CH.AsO.—This is best prepared
by mixing the corresponding dichloroarsine with one-hall its weight of
water and adding an excess of dilute ammonium hydroxide slowly, with
stirring and cooling. The oxide is filtered off, ground to a powder,
repeatedly washed with water, and finally with aleohol. ILis a white,
crystalline powder, M.pt. 143° C., sparingly soluble in water and carbon
disulphide, more soluble in xylene, and slightly soluble in boiling aleohol.

B-Chlorovinylarsinic oxide, CHCl=CH.AsO,, results when the
corresponding arsinic acid is heated in a vacuum at 110° to 115" (., one
molecule of water being lost. It forms a fine, white, hygroscopic powder,
decomposing violently at 242° C.

B-Chlorovinylarsenious sulphide may be isolated in about 50
per cent. yield, by treating the dichloroarsine in absolute aleohol with
hydrogen sulphide. A pale yellow precipitate separates, which is purified
by solution in carbon disulphide and precipitation with alcohol, the
operation being repeated several times. The sulphide is thus isolated
as a golden yellow oil, from which the last traces of carbon disulphide
are removed by heating for an hour at 100° C. al. 5 mm. pressure,  The
pure product is a clear, amber-coloured, plastic substance, insoluble in
the usual solvents, with the exception of carbon disulphide. It cannot
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be distilled without decomposition under any conditions, and it has an
extremely irritant and nauseating odour, which persists in the skin for
days.

B-Chlorovinylhydroxythiocyanoarsine, CHCl=CH.As(OH)CNS,
is formed by the interaction of potassium thiocyanate and the corre-
sponding dichloroarsine in aleoholic solution. The product is a water-
soluble oil, rather unstable in air.

7-B-Chlorovinyl-7 : 12-dihydro-y-benzophenarsazine,

|
CH=CHCI

Five grams of B-chlorovinyldichloroarsine and six grams of phenyl-a-
naphthylamine are gently heated under an air condenser for fifteen
minutes. Hydrogen chloride is evolved, and after standing overnight
a little xylene is added and the mixture filtered. The compound crys-
tallises from boiling xylene in well-defined, needle-like crystals, M.pt.
218° C. Too long heating, too high temperatures, and the use of
catalysts cause the formation of tar.
6-B-Chlorovinylphenarsazine,!
NH

Ay

J‘/H =CHCl

B-Chlorovinyldichloroarsine (25 grams) and 15 grams of diphenylamine
are gently heated for fifteen minutes. 15 c.c. of absolute alcohol are
then added, the solid filtered off, washed with aleohoel and recrystallised
trom xylene. The crystalline product melts at 186° to 187° C., is soluble
in hot xylene, acetone-carbon tetrachloride, and absolute alecohol. It
is decidedly irritating to the eyes and nostrils.

B-Chlorovinylarsinic acid, CHCl:CH.AsO(OH),, is prepared
cither by the action of concentrated nitric acid on the dichloroarsine,?
or better, by oxidising the p-chlorovinylarsenoxide with hydrogen
peroxide and cvaporating the solution to crystallising point. The
crystals thus obtained are flat and hexagonal, but when crystallised
from acetone-carbon tetrachloride mixture, fine needles are deposited.
Both types of crystals arc bi-axial, positive, orthorhombic, the para-
meters a:b:c¢ being 1-555:1:565:1705; birefringence y-a, 150.
They melt at 130° C., and are very soluble in water and alcohol. The
mono-ammonium salt forms six-sided plates or long ncedles, melting
with decomposition at 168° C., and the di-silver salt is a fine, creamy-
white erystalline powder, which decomposes violently when heated
alone or with concentrated nitric acid.’

! Compare this Vol., p. 4560. # Mann and Pope, loc. cit.
3 Lewis andStiegler, loc. cit.
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BB’ -Dichlorodivinylarsenious cyanide, (CHC1=CH),AsCN, is a
colourless oil formed by the interaction of aleoholic ff’-dichlorodivinyl-
chloroarsine and aqueous potassium cyanide.

BB -Dichlorodivinylarsenoxide occurs when the corresponding
arsine is treated with sodium alcoholate in alcohol solution. It is a
crystalline product, M.pt. 62° to 68° C., soluble in ether and hot alcohol,
slightly soluble in cold alcohol and insoluble in water.

Bp -Dichlorodivinylarsenious sulphide is a yellowish-brown,
viscous product, soluble in alcohol, insoluble in water, and has a very
irritating effect on the mucous membrane.

BB’ -Dichlorodivinylarsinic acid, (CHCl = CH),AsO.OH.—gp'"-
Dichlorodivinylchloroarsine is treated with a mixture of equal volumes
of concentrated nitric acid and water, the reaction mixture being cooled
in ice. When crystallised from water it melts at 114° to 115° C.t It
forms a nitrate, consisting of needle-shaped crystals, M.pt. 99° C.; a
potassiwm salt, which is a white, hygroscopic powder, M.pt. 158° C.;
and a hydrate (4H,0), colourless plates, M.pt. 49° C.; also a sodium
salt (4H,0), colourless plates, M.pt. 70° C.

BB’ -Dichlorodivinylmethylarsine, (CHCl=CH),As.CH;, is formed
when Bp’-dichlorodivinylchloroarsine is acted upon by magnesium
methyl iodide. It is a thin, colourless oil, having a powerlul, disagrec-
able odour ; is insoluble in water but soluble in ether and absolute
alcohol. When heated in a sealed tube with an excess of methyl iodide
at 100° C. for three hours it gives BP’-dichlorodivinyldimethylarsonium
iodide, (CHCl=CH),As(CH,),I. This compound appcars to deccom-
pose at 248° C.

B’-Dichlorodivinylethylarsine is a colourless oil, yielding
BB'-dichlorodivinylmethylethylarsoniwm dodide with methyl iodide.  This
arsonium compound sublimes without change at 234° C., and is soluble
in water and the usual organic media.

B’ -Dichlorodivinyl-a-naphthylarsine is a ycllow, non-crystallis-
able oil, insoluble in water.

BB’B”-Trichlorotrivinylarsine dibromide, (CILCl=-CII),AsBr,,
results when the corresponding arsine is treated with bromine in a
freezing mixture, the reaction being carried out in light petroleum. It
crystallises in needles, M.pt. 107° C.

BB’ B"-Trichlorotrivinylarsine oxide, (CIICl=CI);As0, may be
prepared either by hydrolysing the preceding dibromide with sodium
hydroxide, or by acting upon the hydroxy-nitrate with sodium hydroxide
solution. The oxide crystallises from benzene containing a little carbon
tetrachloride in long, colourless necedles, or in small plates, which melt
with decomposition at 154° C.

B’ B”~Trichlorotrivinylhydroxyarsonium nitrate, (C11C1 Cll),
As(OH).NOy, is formed when the corresponding arsine is oxidised by
nitric acid. It crystallises from chloroform in needles, M.pt. 103" (.,
soluble in cold absolute alcohol and in water.

B’'B”-Trichlorotrivinylmethylarsonium iodide, (CHCI (),
As(CH)I, results when the tertiary arsine and methyl iodide are heated
in a sealed tube at 80° C. for twenty-two hours, then at 100" (. for
two hours. It crystallises from alcohol in colourless needles, M.pt.
209° C., very soluble in water. It forms a double salt with mercurie
todide, (CHCl=CH) As(CH,)L.HgI,, a light yellow precipitate, M.pt.

1 Wieland, Annalen, 1923, 431, 30, gives the M.pt. as 122° C.
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150° to 156° C., and with phenylmercuric iodide, (CHCl=CH),As(CH,)I.
CeH Hgl, a compound melting at 147° to 148° C.

B’'B” - Trichlorotrivinylarsine - p - toluenesulphonylimine,!
(CHC1=CH)3;As=N.S0,.C;H,.CH4.H,0. — The corresponding tertiary
arsine and Chloramine T are boiled for twenty minutes in acetone
solution, when condensation occurs. The arsylimine crystallises from
benzene in colourless plates, M.pt. 124° C. Since no acetylene is
evolved when the product is added to hot benzene containing caleium
carbide, the compound may contain the grouping .NH.As(OH), instead
of possessing water of crystallisation as shown above.

Platinuni bis-B-chlorovinylbis-BB’'B”- trichlorotrivinylarsine,
[(CHCl=CH);3As],Pt(CH=CHCI),.—This product results from the
interaction of a dilute alcoholic solution of chloroplatinic acid and an
alcoholic solution of the tertiary arsine. It crystallises from aleohol in
very pale yellow needles, and from benzene in pale yellow plates, M.pt.
198° C. with decomposition.

Bis - 88’ -dichlorodivinylchloroarsinebis - 3’ - dichlorodivinyl -
hydroxyarsineplatinichloride, [(CHCl=CH),AsCl],[(CHCl=CH),As.
OH],PtCl,.—The crystals obtained in the preceding preparation before
purification are agitated with dry ether, and the ether solution allowed
to evaporate spontaneously, when the platinichloride is isolated in
lemon-yellow plates. Its production depends upon having a large excess
of tertiary arsine present in the reaction mixture. It melts at 196° C.

Bis-Bp’'B"-trichlorotrivinylarsine palladichloride, [(CHCl=
CH);As],PdCl,.—Palladous chloride and the tertiary arsine readily
yield this product in alcoholic solution. It forms long, yellowish-
brown needles, melting with decomposition at 196° C., soluble in ether
and acetone.

B’'B"-Trichlorotrivinylarsine aurichloride, (CHCl=CH);As.
AuCl.—Obtained from potassium aurichloride and the tertiary arsine
in aleohol; forms small, heavy white crystals, M.pt. 128° C., with de-
composition. The erystals become purplish-grey on exposure to light.

BB’'B"-Trichlorotrivinylarsine silver nitrate,> (CHCl=CH),As.
AgNO;—Excess of silver nitrate dissolved in boiling absolute alcohol
is added to an alcoholic solution of the tertiary arsine. The compound
separates in fine, long, silky needles, M.pt. 144° C., stable to light when
pure and dry. If an excess of the arsine is used, the compound,
[(CHCl=CH);3As],.AgNOyg, is formed, which has similar properties to
the foregoing derivative.

Interaction of Hydrocarbons of the Acetylene Series with Arsenic
Trihalides.®

Chloroheptinenearsenoxide, C;H;;.CC1=CH.AsO.—A>-Heptinene
(240 parts) is heated under reflux for sixteen hours with 900 parts of
arsenic trichloride. The excess of trichloride is removed in a vacuum
and the residual oil dissolved in 8000 parts of moist ether. Aniline is
added until no further precipitation of aniline hydrochloride occurs, the
latter being removed and the filtrate washed with dilute hydrochloric
acid, then with water, until neutral to Congo red. The oxide remains

1 Mann and Pope, Trans. Chem. Soc., 1922, 121, 1754.

2 Lewis and Stiegler, J. Amer. Chem. Soc., 1925, 47, 2546.
3 American Patent, 1201692 ; German Patent, 206915.
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as a viscous oil, which is dried over sodium sulphate, and freed from
ether in a vacuum.

Chloroheptinenearsinic acid.—The above oxide (44 parts) in 400
parts of acetone is treated with 8 per cent. hydrogen peroxide until
oxidation is complete. The solution is shaken with 500 parts of cther
and the ethereal layer washed with dilute sodium hydroxide and water.
The aqueous alkaline solution is acidified with hydrochloric acid and
concentrated in a vacuum at 60° to 70° C. until the arsinic acid erystal-
lises. It forms shining white plates, M.pt. 115° C., soluble in water,
giving a neutral solution. It yields a water-soluble sodiumn salt.

Octinenebromoarsinic acid, M.pt. 129° to 180° C., is prepared in
a similar manner from octinene and arsenic tribromide, the intermediate
product being octinenebromoarsenoxide.

Derivatives of Unsaturated Higher Fatly Acids.

Chloroarsinosobehenolic acid, C,,H,,0;AsCl.l—Pure behenolic
acid and 1-25 times its weight of arsenic trichloride are heated at 140° C.
for six hours, the dark, thick product being then subjected to reduced
pressure to remove excess of arsenic trichloride. It is then shaken with
ether and water, and the ether layer evaporated. An oil results, and
this is treated with a little absolute alcohol, well cooled, and mixed with
normal potassium hydroxide solution, a clear solution being formed.
Addition of dilute hydrochloric acid precipitates an oil, which is taken
up in ether, evaporation of the solvent yielding a mixture of behenolic
acid and chloroarsinosobehenolic acid. The separation is cffccted by
dissolving the mixture in twice its bulk of alcohol and cooling in a
freezing mixture, behenolic acid separating out. Morce of this acid may
be removed from the mother liquors by cooling to —50° C. The product
obtained is a thick, light brown oil, containing 18-93 per cent. of arsenic
and 6-7 per cent. of chlorine, the atomic proportions of the two clements
being 1:1, and the quantities of the two elements in the preparation
correspond to 86 per cent. of chloroarsinosobehenolie acid. The pure
preparation is a brownish-red oil, soluble in alcohol, cther, henzene,
chloroform, and olive oil, insoluble in water. When strongly heated it
gives an arsenic mirror, and with thionyl chloride forms chloroarsinoso-
behenolanilide.® 'The alkaline earth salts are insoluble in water and
obtained as amorphous, colourless precipitates when an aleoholie solution
of the acid is treated with a methyl aleohol solution of calcium or
strontium chloride containing ammonia. The strontium salt is known
in medicine as Elarson, is insoluble in water, and sparingly soluble
in other solvents, blackens on heating, and is decomposed by cold dilute
hydrochloric acid.® An alcoholic solution of chloroarsinosobehenolie
acid, when heated for two hours on the water-bath with normal potas-
sig:in hydroxide, then saturated with hydrogen chloride, gives behenolie
acid.

Yohimbine chloroarsenobehenolate is a faintly coloured powder,
melting at about 90° C., soluble in water, alcohol, and acetone.t

1 Fischer, Annalen, 1914, 403, 106 ; see Jerman Patent, 257641 : American Patents,
1082509, 1082510 ; British Patents, 18732 (1912), 10378, 10379 (1913); French Patent,
449014 ; German Patents, 268829, 271158, 271159,

2 German Patent, 273219.

8 Iron salts have also been obtained, 4 American Patent, 1305402,
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The methyl ester of chloroarsenobehenolic acid is prepared by dis-
solving the acid in a mixture of concentrated sulphuric acid and methyl
alcohol, and warming on the water-bath to complete the reaction. An
oil separates, the mixture being neutralised with sodium carbonate and
extracted with ether. On working up the extract, a thick, brownish
oil results, which readily dissolves in methyl aleohol ; it forms a sfron-
tium salt which may be used for its purification. The pure ester is a
thick, yellowish oil, soluble in the usual organic solvents, and decomposes
on strong heating. Its methyl alcohol solution turns blue litmus a deep
red. The ester is hydrolysed by methyl alcoholic potassium hydroxide
to chlorobehenolarsinic acid, which is purified by means of its strontium
salt, CyoH 4g05AsClSr.

Methyl chloroarsinosobehenolate?® is obtained by heating 700
parts of methyl behenolate and 900 parts of arsenic trichloride at 135°
C. for nine hours. The product is worked up as above, a brown oil
resulting, soluble in ether and benzene, sparingly soluble in alcohol. If
behenolic anhydride is used and the heating maintained at 140° C. for
six hours, chloroarsinosobehenolic anhydride is obtained as a brown mass,
soluble in chloroform and benzene.

In a similar manner to the above, compounds have been obtained
from stearolic acid. This acid and 1-5 times its weight of arsenic tri-
chloride, when heated at 140° C. for six hours, gives a thick brown
mass. This is dissolved in ether and shaken with water, the ethereal
extract being treated as in the case of behenolic acid. A semi-solid
mass is obtained which contains 10 to 11 per cent. of arsenic and 6 to .
7 per cent. of chlorine. The strontium salt is a water-insoluble powder,
containing 11 to 12 per cent. of arsenic. .

1 German Patent, 273219.



CHAPTER 1I.
AROMATIC ARSINES AND ARSONIUM COMPOUNDS.

Comrounps oF THE TyreEs RAsH, anp RyAsH.

All the mono- and diarylarsines may be prepared by the reduction
of the corresponding arsinic acids, whether the benzene nucleus is sub-
stituted or not. Such reduction may be effected with zinc dust and
hydrochloric acid, and, in the case of phenylarsinic acid, elcctrolytic
reduction in aqueous alcohol solution has also been used. The primary
arsines show no basic properties and readily undergo oxidation in air,
forming oxides, acids, and arseno- compounds. Halogens react with these
arsines, replacing the hydrogen :

RAsH,+2X,=RAsX,+2HX
Alkyl halides yield aryltrialkylarsonium halides :
RAsH,+8R'X=RR AsX+2HX [R'=alkyl]

The interaction of both mono- and diarylarsines with magnesium cthyl
bromide is interesting, the hydrogen in each case being replaced by the
grouping MgBr, thus: CgHAs(MgBr), and (CeH;),As(MgBr). These
.magnesium compounds are readily oxidised, and also absorb carbon
dioxide. Phenylarsine combines also with zine cthyl iodide, giving
C¢H As(Znl,), which resembles the preceding magnesium compound in
structure. The condensation products of aromatic primary arsines with
aldehydes are fully dealt with on p. 67. Only one derivative of the type
R,AsH is known, namely, diphenylarsine. It is rapidly oxidised in air,
and its hydrogen may be replaced by halogen in the same way as with

the primary arsines.

Phenylarsine,
This substance is best prepared as follows: 400 grams of crude
phenylarsinic acid, 800 grams of amalgamated zine dust, and a little
water are mixed with 1000 e.c. of ether. Two thousand e.c. of coneen-
trated hydrochloric acid are added drop by drop, and when reduction
is complete, the condenser is replaced by a funnel and delivery tube.
Water is poured into the funnel, thus forcing the cther layer through
the delivery tube, which is attached to a 2000 c.c. sceparating
funnel filled with carbon dioxide. The ether solution is dried by
means of calcium chloride, then distilled in a current of carbon dioxide,
first at ordinary pressure until most of the ether is removed, afterwards
under diminished pressure, the receiver heing cooled in a freczing
mixture. The product distilling at about 93° (. at 70 mm. is colleceted.?

1 Palmer and Adams, J. Amer. Chem. Soc., 1922, 44, 1356 ; seo Adams and Palmer,
1bed., 1920, 42, 2375 ; Palmer and Dehn, Ber., 1901, 34, 3694 ; Amer. Chem. J., 1005, 33,
147 ; Kabn, Chem. Zett., 1912, 36, 1099.
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The yield is about 88 per cent. The arsine may also be prepared by
the electrolytic reduction of phenylarsinic acid in aqueous alecohol
solution.?

Phenylarsine is a clear, colourless liquid, boiling at 148° C. at 760
mm., 98° C. at 70 mm., 84° C. at 55 mm., 77° C. at 838 mm., and 55° C.
at 14 mm.; its density is 1-849 at 25° C.; np 1-6082 at 25° C. In
a concentrated state it smells like phenyl isocyanide, but on dilution
resembles hyacinths. It causes painful blisters on the skin and is highly
irritating to the mucous membrane. It oxidises in air, forming the
oxide, acid, and arsenobenzene; in ether or chloroform solution the
last of these three products is exclusively produced. Oxidation by
nitric acid gives phenylarsinic acid together with some nitrobenzene
and arsenobenzene. Iodine? in potassium iodide gives phenylarsinic
acid and phenyldi-iodoarsine, whilst methyl and ethyliodides at 120° C.
give phenyltrimethylarsonium and phenyltriethylarsonium iodides re-
spectively, and hydrogen iodide in both cases. Phenylarsine (1 mol.)
and 2 molecules of magnesium ethyl bromide interact in ether solu-
tion to give an arsinomagnesium compound, As.CgHy(MgBr),, which is
readily oxidised, and reconverted to the arsine by the action of
water ; 8 this compound also absorbs carbon dioxide, yielding As.C¢Hjy
(CO,.MgBr),, which is decomposed by water or dilute acid into phenyl-
arsine and magnesium hydrogen carbonate. The magnesium-arsine is
converted by ethyl chloroformate in benzene solution and an inert
atmosphere to ethyl phenylarsinodicarboxylate, As.C¢H;(CO,.Et),, an
oil, which does not crystallise at —60° C., and has a density of 1-812 at
28° C.; np, 1-5442 at 28° C., B.pt. 146° C. at 5 mm. or 180° to 188° C.
at 20 mm. It has a slight ethereal odour, and is apparently stable in
air, but is hydrolysed by alcoholic potassium hydroxide, yielding
phenylarsine and potassium carbonate, together with smaller quantities
of the arsenoxide and ethyl formate. Jodine in aqueous aleohol
converts it quantitatively into phenylarsinic acid. The compound
As.CcH (MgBr), in benzene solution is transformed by acetyl chloride
into diacetylphenylarsine, As.CgHyAc,, a yellow oil, oxidising in air and
reacting with methyl iodide to form phenyltrimethylarsonium iodide
and acetyl iodide. With dihalogen compounds, e.g. carbonyl chloride
or ethylene dibromide, unstable compounds are formed, which decom-
pose, yielding arsenobenzene and carbon monoxide in the first case,
arsenobenzene and ethylene in the second case. For the action of
BB’-dichloroethyl sulphide, see p. 67. Phenylarsine (1 mol.) also
reacts with zine ethyl iodide (2 mols.) yielding zinc phenylarsine iodide,
As.CgHjy(ZnlI),, and ethane (2 mols.).

Phenyliodoarsine, C¢H ;. AsIH.*—Concentrated ether solutions of
2:55 grams of diphenylarsine and 4-5 grams of phenyldi-iodoarsine are
mixed in a carbon dioxide atmosphere. Raising the ether to the
boiling-point causes the separation of a solid iodine compound. The
solvent is removed by decantation and the solid washed with ether,
the resulting phenyliodoarsine soon becoming dark and sticky on
exposurce to air. The cther filtrate soon gives an oil, from which

1 Fichter and Elkind, Ber., 1916, 49, 239.

2 Compare Fleury, Bull. Soc. chim., 1920, [iv.}, 27, 490.

8 Job and Reich, Compt. rend., 1923, 177, 56 ; Job, Reich, and Vergnaud, Bull. Soc.
chim., 1924, [iv.], 35, 1404.

¢ Steinkqpf and Smio, Ber., 1926, 59, [B], 1460.
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diphenyliodoarsine may be obtained. Triphenyldiarsine with two

atoms of iodine also yields phenyliodoarsine. Exhaustive methiodina-

tion gives chiefly phenyltrimethylarsonium tri-iodide, together with

smaller amounts of phenyltrimethylarsonium icdide and phenyldi-

iodoarsine. Nitric acid converts the iodoarsine into phenylarsinic acid.
4-Hydroxyphenylarsine,?

HOO—AsHz

p-Hydroxyphenylarsinic acid, 218 grams, in 2500 c.c. of methyl alcohol,
is treated with 400 grams of zinc dust and 1500 c.c. of hydrochloric
acid (density 1-19), run in with vigorous stirring. After removing the
undissolved zinc dust, the filtrate is extracted with ether and the cther
solution shaken with sodium hydroxide. The arsine dissolves, and is
precipitated by passing carbon dioxide through the alkaline solution,
a white powder being obtained. At 70° C. it darkens, and completely
decomposes at 155° C. It is soluble in sodium hydroxide, sparingly
soluble in water, alcohol, and ether. It is oxidised by air, becoming
yellow and finally red, owing to the formation of the dihydroxyarseno-
benzene.
4-Aminophenylarsine,

NE,<  >-AsH,

results when p-aminophenylarsinic acid is reduced as above. After
removal of the unchanged zinc dust, the filtrate is made alkaline and
steam distilled. The distillate is extracted with ether, and removal
of the solvent gives a colourless oil, which rapidly oxidises in air to a
yellow solid, the diaminoarsenobenzene. ~The arsine boils at 132° (',
at 10 mm., is readily soluble in alcohol, cther, and acctic acid, sparingly
soluble in water. If the p-aminophenylarsinic acid in the foregoing
preparation is replaced by its acetyl derivative, p-acefyluminophenyl-
arsine results.2 This is a white powder, soluble in methyl aleohol and
dilute hydrochloric acid, and forms a ycllowish-red co-ordination com-
pound with cupric chloride.?
4-Amino-5-carbomethoxyphenylarsine,4

C0.0Me
NH2—< >-AsH,

is a yellow, sparingly soluble powder, obtained from the arsinie acid
by reduction with zinc and hydrochlorie acid in the usual way.
Phenylglycine-~4-arsine,®

CO,H.CH,.NHOABH,

Phenylglycine-4-arsinic acid, 275 grams, in 1500 c.c. of hydrochlorie
acid (density 1-19) is treated with 400 gramns of zine dust, with brisk
stirring. The yellow precipitate which at first appears redissolves, the
yellow solution becoming colourless. The filtrate from the undissolved

1 (German Patent, 251571, *2 (ferman Patent, 260743,
3 (derman Patent, 275216. 4 Goerman Patent, 200744,
8 (jerman Patent, 251571,
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zine dust is treated with a solution of 2500 grams of crystalline sodium
acetate in 2500 c.c. of water, the 2zinc salt of the reduction product
separating as a white precipitate. This is filtered off and boiled with
an excess of sodium carbonate solution, the sodium salt of the arsine
being formed ; the precipitated zinc carbonate is removed. Acidifica-
tion of the filtrate gives the free acid as a pale yellow precipitate, which
soon darkens in air. It decomposes above 100° C., and is very sparingly
soluble in water, alecohol, and ether.
3-Amino-4-hydroxyphenylarsine,

Ho<m]3-m&12
2

is obtained from 8-nitro-4-hydroxyphenylarsinic acid as follows: 268
grams of the acid in 8000 c.c. of hydrochloric acid (density 1-19) are
allowed to react with 800 grams of zine dust, a dirty precipitate form-
ing at first, which gradually dissolves, giving a dark solution. To this
mixture, 6000 c.c. of water are added and the whole warmed until
colourless. On filtering, the zinc double salt of the arsine crystallises
from the filtrate as it cools. This is decomposed by adding sodium
acetate, the arsine extracted by ether, then removed from the latter
solution by shaking with sodium hydroxide, and precipitated by the
addition of acetic acid. The arsine is a white powder, darkening above
100° C., and completely decomposing at 185° C. It is soluble in sodium
hydroxide, hydrochloric acid, alcohol, and ether, sparingly soluble in
water. With gold chloride it forms a brown co-ordination compound,
readily soluble in water, acids, alkalis, and methyl alecohol.! The silver
nitrate addition product is black, and that of cupric chloride, yellowish-
red.2
3-Carbethoxyamino-4-hydroxyphenylarsine,?

HOQ-&H,
.CO.0Bt

This derivative is prepared by the electrolytic reduction of the corre-
sponding arsinic acid. It is a white, crystalline powder, M.pt. 155°
to 160° C.; with palladium dichloride it forms a black co-ordination com-
pound.t

3-Acetamido-4-hydroxyphenylarsine,®

Hopmu,
HAce

Five grams of 3:8'-diamino-4 : 4/-dihydroxyarsenobenzene are mixed
with 16 grams of zinc dust and the mixture added to a solution contain-
ing 70 c.c. of concentrated hydrochloric acid and 50 c.c. of water at
90° to 100° C. After cooling, the supernatant liquid is filtered into a

1 German Patent, 275216.
32 For reaction with formaldehyde sulphoxylate, see German Patent, 278648.
3 (German Patent, 267082.
¢ German Patent, 275216.
5 Newbery and Phillips, J. Chem. Soc., 1928, p. 2375.
VOL. XI. : IL 5
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solution of 20 grams of sodium acetate in 20 c.c. of water containing
15 c.c. of acetic anhydride in suspension. On shaking the mixture,
a 90 per cent. yield of the arsine separates as white plates, insoluble
in water, but soluble in excess of caustic alkali. It readily oxidises in
air to the corresponding arseno-compound.
5-Acetamido-2-hydroxyphenylarsine,

I\ITHAc

C%ASHE
H

prepared in a similar manner to the foregoing, also forms white plates,
having similar properties to the preceding compound. ) o

o-Chlorophenylarsine, CL.C¢H,AsH,,! is prepared in a similar
way to phenylarsine, except that no ether is used, and after reduction
is complete the arsine is distilled in steam from the reaction mixture.
The yield ranges from 45 to 60 per cent., and the product boils at
206° C. at atmospheric pressure. Its density is 1-519 at 25° C., and its
refractive index, np, 1:6250 at 25° C.

p - Chlorophenylarsine.—p-Chlorophenylarsinic acid, 70 grams,
850 grams of zine dust, and 250 c.c. of methyl alcohol are placed in a
flask carrying a reflux condenser with a mercury trap attached to the
upper end. The cork taking the condenser has a second hole, which
carries a separating funnel. Concentrated hydrochloric acid is allowed
to run in from the funnel at the rate of three to four drops a minute,
the total amount added being about 1000 c¢.c. In about three to seven
days the bulk of the zinc disappears and the product is distilled in
carbon dioxide. The arsine distils with the water and methyl alcohol,
and after pouring off the water the alcohol is rémoved by distillation,
200 c.c. of ether added, and the solution dried over potassium hydroxide,
being then distilled in vacuo, first using a stream of carbon dioxide to
displace the air; after removing the ether one or two distillations give
a pure product, boiling at 116° C. at 838 mm. or 159° C. at 200 mm.,
M.pt. 80-5° to 80-7° C. It crystallises in thin, transparent leaves, density
1-507 at 25° C., refractive index, np, 1-6148 at 25° C. From the above
quantities a yield of 16 to 26 grams should be obtained.

o-Tolylarsine, CH,;.C¢H,.AsII,, obtained in a similar way to
phenylarsine, is a colourless oil, B.pt. 121° C. at 93 mm., density 1-301
at 25° C., refractive index, np, 1-5925 at 25° C.

p-Tolylarsine requires rather more zinc dust than in the corre-
sponding case of phenylarsine. It is a colourless liquid, B.pt. 113:5° C.
at 44 mm., forming white, shining plates, M.pt. 20° C., density 1-295
at 25° C., refractive index, np, 1-5891 at 25° C. The yicld is 80 to
50 per cent.

Benzylarsine, C¢H;.CH,. AsH,,? results when benzylarsinic acid is
reduced by amalgamated zinc dust and hydrochloric acid. It is a faint
yellow liquid, B.pt. 140° C. at 262 mm. It forms a platinichloride,
C;H,.AsH,.PtCl,. The arsinc oxidises in air to benzylarsinie acid.

Diphenylarsine, (Cgl;),AsH,? is obtained by reduction of the
arsinic acid in the usual manner. It is a clear, colourless oil, B.pt.

! Palmer and Adams, J. Amer. Chem. Soc., 1922, 44, 1356.
2 Dchn, 4mer. Chem. J., 1908, 40, 88.
3 Dehn and Wilcox, tbid., 1906, 33, 45.
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174° C. at 25 mm., rapidly oxidised by air, forming the acid and phenyl-
cacodyl oxide. The hydrogen is replaceable by bromine or iodine,
giving diphenylarsenic tribromide and diphenyliodoarsine respectively.
It has been shown, p. 63, that phenylarsine reacts with magnesium
ethyl bromide, yielding an oily product, As.C¢Hy(MgBr),, and in a
similar manner diphenylarsine gives a crystalline substance, As(CgHj),
MgBr, which is less soluble, and absorbs carbon dioxide less readily
than the preceding compound. The compound from As(C¢Hj;),MgBr
and carbonyl chloride yields.some phenylecacodyl with carbon mon-
oxide, but with BB-dichloroethyl sulphide this doubling of the arsine
radical does not occur. In general reactions the compound from
diphenylarsine resembles that from phenylarsine.r Diphenylarsine
also reacts vigorously with acetyl chloride in an atmosphere of carbon
dioxide?® to form diphenylacetylarsine, (C¢H;),As.CO.CH,, B.pt. 167°
to 168° C. This compound decomposes on exposure to air with evolu-
tion of heat, and oxygen in the presence of water converts it into di-
phenylarsinic acid and acetic acid. Under the same conditions, chloro-
and bromo-acetyl chloride give diphenylchloroarsine and diphenyl-
bromoarsine respectively. Phosgene or phosphorus trichloride interacts
with diphenylarsine, diphenylchloroarsine being produced in each case.
Combination between diphenylarsine and benzene sulphonyl chloride
produces diphenylchloroarsine, diphenyl sulphide, and a substance,
(CeH;)2As0.0.50,.C¢Hj, [diphenylarsinic acid]-[benzenesulphonic acid]-
anhydride. This compound also results when diphenylarsinic acid
reacts with benzenesulphonyl chloride. It melts to a turbid liquid at
106° to 108° C., which becomes clear at 109° C. It readily dissolves in
cold acetone, alcohol, chloroform, hot benzene, or carbon tetrachloride.

Condensation Products of Aromatic Primary Arsines
with Aldehydes.?

Interaction between primary arylarsines and aldehydes may take
one of the three courses indicated below, the final product depending
upon the conditions under which the reaction takes place:

(1) CeH,AsH,+2R.CHO=C,H,As(CHR.OH),

2) CGH5AsH2+4R.CH0=C6H5As<C£IR AsC;H;-+2CH,R.OH
(3) 2CH,ASH,+2R.CHO=CH;As : AsC¢H,+2CH,R.0H

With aliphatic aldehydes, condensation takes place in the presence of con-
centrated hydrochloric acid at room temperatures, yielding derivatives
of the type shown in equation (1). In the case of aromatic aldehydes
the reaction takes place with or without a solvent when dry hydrogen
chloride is passed in. Heating these condensation products in the free
flame decomposes them, with formation of aldehyde and phenylarsine,
the latter being immediately oxidised to arsenobenzene in air, this in
turn being transformed completely to triphenylarsine and arsenie :

1 Job, Reich, and Vergnaud, Bull. Soc. chim., 1924, [iv.], 35, 1404.

? Steinkopf, Schubart, and Schmidt, Ber., 1928, 61, [B], 678. .

3 Adams and Palmer, J. Amer. Chem. Soc., 1920, 42, 2875 ; Palmer and Adams, tbid.,
1922, 44, 1356.
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C,H,As(CHR.OH ), —C,HAsH, +2RCHO
2C5H5ASHQ+02 —-“=CsH5AS==ASCSH5+2H20
3C6H5AS=ASC6H5 =O(CGH5)3A.S+AS

When phenyldi-a-hydroxyalkylarsines are exposed to the air for a few
days, oxidation takes place with the precipitation of phenylarsinic acid,
the speed of the reaction increasing in solution, particularly in carbon
tetrachloride. Alkaline potassium permanganate or nitric acid in ice-
water also effect the oxidation :

C,H,As(CHR.OH),-+6HNO,=CH;As0.(OH),+2R.CHO+8H,0 +6NO,

These condensation compounds are not easily reduced, the following
reagents being without effect: zinc and acetic or hydrochloric acid ;
aluminium powder and sodium hydroxide ; sodium and alcohol.

Chlorine and bromine react violently with these compounds, and
with the aliphatic aldehyde compounds the following reaction takes
place quantitatively in ether solution, and titration with standard
iodine may be carried out :

CH;As(CHR.OH),+21,=C H;AsI,+2HI+2R.CIIO

Phosphorus pentachloride and phenyldichloroarsine react according to
the equations :,

CH,As(CHR.OH), +2PCl;=C H;AsCl,-+2HCl+2PCl,+2R.CHO
CH;A$(CHR.OH),-+CoH5AsCl,=CyHjAs : AsC,H;-+2HCl+2R.CHO

Some of the compounds form unstable additive products with halogen
acids, and stable additive derivatives with chloroplatinic acid.

The tetrahydro-dioxadiarsines formed according to equation (2)
(p. 67) are unaffected by long standing in the cold with water, dilute
hydrochloric acid, or dilute sodium hydroxide, or after three hours
heating with alcoholic potash. 2 :5-Diphenylictrahydro-1: 4: 2 : 5-
diozadiarsine is rapidly oxidised in air, but the higher members are more
slowly attacked. The products from the action of nitric acid, phos-
phorus pentachloride, and iodine are the same as those described in the
case of the preceding compounds. Ether solutions of dioxadiarsines
cannot be titrated quantitatively with iodine, and they do not form
additive products with halogen acids. Benzaldehyde (in the presence
of acetic acid), anisaldehyde, and m-nitrobenzaldehyde, when condensed
with phenylarsine, yield arsenobenzenc; p-chlorobenzaldehyde gives
p-chlorobenzyl alcohol, and chloral yields phenyldichloroarsine and
acetaldehyde.

Phenyldi-a-hydroxyethylarsine, CgHAs[CII(CII,).0OH], is a
colourless oil, B.pt. 175° to 17¢° C. at 22 mm.; density, 1-252 at
25° C.; np, 1-5619 at 25°.C.; yield, 81 per cent.; platinichloride, M.pt.
169° to 170° C. ; hydrobromide, M.pt. 117° to 118° C. °

Phenyldi-o-hydroxy-n-propylarsine hoils at 196° to 197” (. at
24 mm.; density, 1-176 at 25° C.; ny, 1-5425 at 25”° C.; yield, 70 per
cent. ; platinichloride, M.pt. 148° to 149° C.

Phenyldi-a-hydroxy-n-butylarsine hoils at 228° (. at 26 mm.
or 187° C. at 10 mm.; density, 1-116 at 25° C.; np, 1:5271; platini-
chloride, M.pt. 119° to 121° C.; hydrobromide, M.pt. 111° to 112° C.;
hydriodide, M.pt. 157° to 158° C.
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Phenyldi-a-hydroxyisovalerylarsine boils at 170° C. at 6 mm.,
M.pt. 62° C.; density, 1-079 at 25° C.; np, 1-5202 at 25° C.; yield,
59 per cent. ; platinichloride, M.pt. 84° to 85° C.

Phenyldi-a-hydroxy-n-heptylarsine boils at 263° to 264° C. at
2 mm.; density, 1-069 at 25° C.; np, 1-4650 at 25° C.

Condensation Products of Arylarsines and Aromatic Aldehydes.

The condensation between these types of compounds takes place
readily in the presence of concentrated hydrochloric acid, but better
yields are obtained when anhydrous hydrogen -chloride is passed into
the mixture in any convenient solvent and the whole mechanically
stirred. As in the previous condensations, it is necessary to pass in
carbon dioxide to prevent oxidation.

Phenyldi-a-hydroxybenzylarsine, C;H,As[CH(C,H;)OH],, crys-
tallises from chlorobenzene in white, silky needles, M.pt. 193° C. It
is soluble in hot benzene, sparingly soluble in hot alcohol, and insoluble
in water. '

Phenyldi - a - hydroxy - p - chlorobenzylarsine forms colourless
needles, M.pt. 164° C., and is more soluble than the preceding compound.

Phenyldi - o - hydroxy - p - methoxybenzylarsine occurs as a
yellowish oil, insoluble in water, readily soluble in organic solvents,
except petroleum ether.

Phenyldi-a-hydroxy-o-carbomethoxybenzylarsine is a colour-
less powder, M.pt. 145° to 147° C., with loss of carbon dioxide.

o-Chlorophenyldi-a-hydroxybenzylarsine separates from ether
or aleohol in white crystals, M.pt. 146° to 147° C.

p - Chlorophenyldi - o - hydroxybenzylarsine crystallises f{rom
chlorobenzene and alcohol in white, silky needles, M.pt. 218° to 218-5° C.

p-Chlorophenyldi-a-hydroxyethylarsine is a liquid, B.pt. 183° C.
at 28 mm.; density, 1-386 at 25° C. ; np, 1-5728 at 25° C.

o-Tolyldi-a-hydroxyethylarsine boils at 165° C. at 21 mm.;
density, 1-244 at 25° C. ; np, 1-5578 at 30° C.

o-Tolyldi-a-hydroxybenzylarsine crystallises from ether in
white needles, M.pt. 140° C.

p-Tolyldi-a-hydroxyethylarsine is a colourless oil, B.pt. 176° to
177° C. at 22 mm. ; density, 1-2331 at 18° C.; np, 1-5570 at 20° C.

p-Tolyldi-a-hydroxybenzylarsine occurs in long, white needles,
M.pt. 208° C. .

General Method for the Preparation of Tetrahydro-1: 4:2: 5-
Dioxadiarsines.

One gram-molecule of phenylarsine is cooled in ice, in an atmosphere
of carbon dioxide, and dry hydrogen chloride passed through the liquid.
At the same time, two granmi-molecules of aliphatic aldchyde are added
dropwise, and after standing for several days the mixture is distilled
at ordinary pressure. The residue is fractionated under reduced
pressure, the first fraction consisting of phenyldi-a-hydroxyalkylarsine,
and the residue tetrahydro-dioxadiarsine in 50 to 90 per cent. yield.

2:5-Diphenyltetrahydro-1 : 4 : 2 : 5-dioxadiarsine,

0"'—_0 H 2
C,HB.AS<C As.CH,
H 2—‘——"0
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Fifteen grams of phenylarsine, when treated with paraformaldehyde in
the presence of concentrated hydrochloric acid, give about 10 grams of
product. After two distillations the latter boils at 215° to 216° C. at
9 mm. ; density, 1-547 at 25° C. ; np, 1-6522 at 25° C.

2 : 5-Diphenyl - 3 : 6-dimethyltetrahydro - 1 : 4 : 2 : 5-dioxa-

diarsine,
O——CH(CH,)
C6H5As< >ASC6H5
CH(CH,) O

This compound is prepared by the general method, or by the following
process : Phenyldi-a-hydroxyethylarsine is heated in an oil-bath with
half its weight of acetic anhydride for seven hours at 140° to 150° C.
The reaction mixture is then distilled and the fraction from 75° to
80° C., which contains ethyl acetate, is collected. The residue is
distilled under reduced pressure and the fraction from 250° to 265° C.
at 10 mm. collected. A third method of preparation is to allow phenyl-
di-a-hydroxyethylarsine to stand for a few days in the presence of
hydrogen chloride. The diarsine is a colourless oil, B.pt. 257° C. at
10 mm. ; density, 1-869 at 25° C.; np, 1-6382 at 25° C. Its platini-
chloride separates in colourless flocks from dilute alcohol, and melts at
180° to 181° C. ; the cuprichloride melts at 150° to 152° C.

2 : 5-Diphenyl - 3 : 6-diethyltetrahydro - 1 : 4 : 2 : 5-dioxadi-
arsine boils at 212° C. at 2 mm.; density, 1-886 at 25° C.; np, 1-6217
at 25° C.

2 : 5-Diphenyl - 3 : 6-di-n-propyltetrahydro - 1 :4 :2 : 5-di-
oxadiarsine may be prepared by the general method, or by the action
of acetic anhydride on phenyldi-a-hydroxy-n-butylarsine. 1t is a pale
yellow oil, B.pt. 241° to 242° C. at 2 mm. ; density, 1-297 at 25° C. ;
np, 1-5856 at 25° C.

2 : 5-Diphenyl - 3 : 6-di-isobutyltetrahydro - 1 : 4 : 2 : 5-di-
oxadiarsine boils at 240° C. at 16 mm.; density, 1-296 at 25° C,;
np, 1-5869 at 25° C.; the platinichloride has M.pt. 76° to 77° C., the
cuprichloride, M.pt. 78° to 79° C.

2 : 5-Diphenyl - 3 : 6-difuryltetrahydro - 1 : 4 : 2 : 5-dioxadi-
arsine occurs as a hard mass when furfural and phenylarsine react in
the presence of anhydrous hydrogen chloride. When powdered it
resembles zinc dust, and burns without melting or leaving a residue.
It is insoluble in all solvents.

Compounps oF THE TYPE R,As.

There are six types of tertiary aromatic arsines known, if those
containing aliphatic radicals are also included: Ar,As, ArAr,’As,
Ar,AlkAs, ArAlk,As, ArAr'AlkAs, ArAlkAlk’As. For the type Ar,As,
the Fittig reaction forms the basis of a method of preparation, aryl halides
and arsenic trihalides reacting in cther or benzene solution in the pre-
sence of sodium as follows :

8RX+AsX;+6Na=R,As--6NaX

Magnesium aryl halides and arsenic trihalides also give the same pro-
ducts:

8MgRX +AsX ;=R As +8MgX,
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The author would recommend the first of the two methods as the
better to use for these preparations. It is true that by-products tend
to be produced, as in the case of tribenzylarsine, but, unless extreme
care is taken, the Grignard reaction will also give more than one pro-
duct during the reaction. Moreover, the extra trouble taken in drying
ether for the second method, as compared with drying benzene for
a Fittig reaction, does not recommend the Grignard method. Finally,
those who have had much experience in preparing these compounds
by the Grignard reaction know that it is almost impossible to guarantee
that any two experiments carried out together in precisely the same
way will give the same yield. There always seems to be some factor
of uncertainty about the reaction, and the larger the quantities used
in a Grignard reaction, the poorer often are the yields of tertiary arsine,
whereas the preparation by the Fittig reaction can be carried out on
a large scale. The following methods are also available, but not so
extensively used: (1) Magnesium aryl halides are allowed to react
with arsenious oxide in ether solution. (2) Some arylarsenoxides are
decomposed when heated, yielding tertiary arsines and arsenious oxide.
(8) Mercury diaryls react with aryl dihalogenated arsines as follows :

R,Hg +RAsX,=R As+HgX,

Compounds of the type ArAr,’As are also prepared by the Fittig reaction,
according to the equation :

RAsX,+2R'X+4Na=RR,’As+4NaX
In the case of mixed aliphatic-aromatic tertiary arsines, the following
equations indicate the methods available :

Type Ar,AlkAs.

(1) 2Ar AsX+7ZnAlk, =2Ar,AlkAs+7ZnX,
(2) 2ArMgBr+AlkAsI, =Ar,AlkAs+MgBr,-}MgI,
(8) CgHj;.CH3.AsCl+4CgH g+[AlCl ] = (CeHj),CH;3.As +HC14-[AICL]

Type ArAlk,As.

(1) ArAsX,+ZnAlk, =ArAlk,As+ZnX,
(2) 2AIkMgI+ArAsX, =ArAlk,As+MgI,+MgX,
(8) ArMgBr--Alk,AsI =ArAlk,As+MgBrl

Type ArAr’AlkAs.
(1) Ar.MgX-+Ar.Alk.AsX =Ar.Ar.’Alk.As+MgX,
(2) 2ArAr'AsX+ZnAlk, =2ArAr'AlkAs+7nX,

(8) CH,;.CH . AsCl-+C Hy +[AIC],] =C¢H;.CH,.CH,As +HCl-+[AICL]
Type ArAIKAIK’As,

(1) ArAlkAsI +Alk'MgBr =ArAlkAlk’As+MgBrl
(2) AlkAlk’AsI+ArMgBr =ArAlkAlk’As-+MgBrl
(8) 2ArAlkAsBr+ZnAlk,’ =2ArAlkAlk’As+ZnBr,

All the tertiary arsines of the types Ar;As and ArAr,’As are solids,
which form addition products with mercuric chloride of the type
R;As.HgCl,, and many of them combine with platinic chloride in aleohol
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solution to give well-defined, crystalline products of the type ArsAs.
H,PtCl;. Thesetwo types of addition products may be used for identify-
ing the various arsines. Addition of halogens in carbon tetrachloride
or ether solution to these tertiary arsines in the same solvents, produces
pentavalent arsenicals of the type R3AsX, (X=halogen). Alkyl iodides
react with the arsines to form quaternary arsonium compounds of the
type R,AsI. The introduction of an alkyl radical into a tertiary arsine,
forming the type Ar,AlkAs (where the two aryl groups are the same),
appears practically to destroy this property of forming additive products.
When, however, two similar alkyl groups are present, as in ArAlk,As,
addition compounds are readily formed, e.g. phenyldimethylarsine,
under.suitable conditions, combines with derivatives of the type RAsX,
(where R may be an aliphatic or aromatic radical), and also with the
iodides of phosphorus, arsenic, antimony, and tin. Arsines of the type
ArAlkAlk’As also exhibit a capacity for forming additive compounds
with the type of derivative RAsX,, as already mentioned.

Compounds containing nitro or amino groups substituted in the
benzene nucleus, e.g. tri-8-nitrotriphenylarsine, are obtained by reducing
the corresponding oxides. When the latter nitro-oxides are reduced
by alcoholic phosphorous acid, nitro-arsines result, but reduction with
tin and hydrochloric acid takes the process a stage further, forming
amino-arsines. The only exception to this is hezamethyliriaminotrs-
phenylarsine, which is formed by the interaction of dimethylaniline and
arsenic trichloride.

Triphenylarsine, (C¢H;);As.—Owing to theintroduction of aromatic
arsenical compounds into gas warfare, and the fact that this particular
arsine can be used as a starting-point for preparing other useful pro-
ducts, considerable attention has been given to its methods of pro-
duction. The first convenient method of preparation consisted in
treating an ether solution of arsenic trichloride with bromobenzene
and sodium.® Chlorobenzene has also been used, and dry ethyl acetate
added in small quantity to induce the commencement of the reaction.?
The two most recent methods adopted are as follows :—

(1)3 The sodium (in the form of slices, granules, powder, or wire) is
weighed out into the reaction flask and covered with benzene containing
1 or 2 per cent. of ethyl acetate, and the mixture allowed to stand for
about an hour. Arsenious chloride and chlorobenzene arc then slowly
added, and although the reaction may become vigorous and require
controlling with a freezing mixture, care should be taken that it does
not become checked. In the latter case it is often difficult to start it
again. After standing overnight, the mixture is filtered, the residue
extracted with hot benzene and the filtrate and washings evaporated
until a thermometer placed in the liquid registers 200° C.  On cooling,
the residue solidifies, and is almost pure triphenylarsine. The best
results are obtained in this preparation when 800 c.c. of benzene are
used for each 186 grams of chlorobenzene, 85 grams of arsenious chloride,
and 57 grams of sodium.

(2) The preparation in this case* is carried out in a specially designed
apparatus, the reaction vessel being made of steel, and the sodium

t Michaclis and Reese, Ber., 1882, 15, 2876 ; Michaelis, Annalen, 1002, 321, 160,
* Philips, Ber., 1886, 19, 1031 ; Michaelis and Loesner, ibid., 1894, 27, 2064.

3 Pope and Turner, Trans. Chem. Soc., 1920, 117, 1447.

4 Morgan and Vining, ¢hid., 1920, 117, 777.
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introduced in a molten state. From an experiment, using 276 grams
of arsenious chloride, 510 grams of chlorobenzene, and 210 grams of
sodium in 1200 c.c. of xylene, a yield of 388 grams or 82 per cent. of
triphenylarsine were obtained.

It has also been shown that the Friedel-Craft reaction is available
for the preparation of primary, secondary, and tertiary arsines : 1

To a boiling solution of 181 grams (1 mol.) of arsenic trichloride in
1000 grams of benzene, 835 grams (2-5 mols.) of aluminium trichloride
are added over a period of three hours in 18 gram quantities, the whole
being vigorously stirred. Hydrogen chloride is evolved, and the mixture
is boiled for twelve hours. On cooling, two layers separate, the lower
one containing an aluminium chloride double compound. The whole
is shaken with ice and concentrated hydrochloric acid, the benzene layer
removed, dried over calcium chloride, and the solvent distilled off. The
brown oil remaining is fractionated at 12 mm., three fractions being
collected : (1) B.pt. 160° to 175° C., (2) B.pt. 180° to 205° C., (8) B.pt.
210° to 280° C. (chiefly 218° to 225° C.). Fraction (8) is almost pure
triphenylarsine, fractions (1) and (2) containing phenyldichloroarsine
and diphenylchloroarsine. In a well carried out preparation the yields
are 30 grams of primary, 6 grams of secondary, and 85 grams of tertiary
arsine.

Triphenylarsine has also been prepared by the Grignard reaction.?
More recently it has been shown that arsenious chloride can be replaced
with advantage by the iodide, this method being useful when small
quantities are required.? To the Grignard reagent from 4 grams of
magnesium and 26 grams of bromobenzene in 50 c.c. of ether, 22 grams
of powdered arsenious iodide are slowly added. When the reaction
subsides, it is completed by boiling the mixture for thirty minutes. The
mass is then decomposed and extracted in the usual manner, any
volatile products being removed from the residue by heating to 200° C.
at 12 mm. pressure. The product thus obtained is practically pure
triphenylarsine.

Four other methods of less importance are also available for isolating
triphenylarsine :

(1) By working up the residues in the preparation of diphenyl-
chloroarsine from mercury diphenyl and phenyldichloroarsine.*

(2) Phenylarsenoxide is subjected to prolonged heating at 180° to
200° C., when it decomposes according to the equation :

(8) The Grignard solution from 15-7 grams of bromobenzene and
2-4 grams of magnesium in 80 c.c. of ether is treated with 4-9 grams of
powdered arsenious oxide and the mixture heated on the wa!:er—bath
for three hours. The product is then steam distilled to remove diphenyl,
and extraction of the residue with ether should give 2-7 grams of tri-
phenylarsine.’ . )

(4) A rather curious method of obtaining triphenylarsine consists
in the reduction of diphenylarsinic acid with phenylhydrazine; 11

1 Wieland, Annalen, 1923, 431, 30.

2 Pfeiffer, Ber., 1904, 37, 4620.

3 Burrows and Turner, T'rans. Chem. Soc., 1920, 117, 1382.
¢ La Coste and Michaelis, Ber., 1878, 11, 1887.

5 Sachs and Kantorowicz, tbid., 1908, 41, 2767.
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grams of the hydrazine are warmed on the water-bath, and 26 grams
of diphenylarsinic acid slowly added. Nitrogen is evolved and, after
the addition is complete, the melt is heated for a few minutes in an oil-
bath at 150° C. Triphenylarsine crystallises out on cooling in about
60 per cent. yield theoretical.! The course of the reaction is indicated
as follows :

(CeHs)zA.S0.0H +H2N.NH.CGH5= (CﬁHs )2AS-OH+CGH6+N2+H2O
(€3, As.OH 1 H.N.NH.CoHy—(CHy),As NH.NH. CoH,+ H,0
(CoH, ) As.NH.NH. CoH, +(CeH;),As0.0H
2T HL) AN : N.CoH; 4+ (CoHy) As.OH
(CoHg)sAS.N : N.CHy = (CoHy)sAs.CoH+N,

Triphenylarsine crystallises in colourless, triclinic plates, M.pt. 58° to
60-5° C., B.pt. above 860° C. in a carbon dioxide atmosphere ; density,
1-806. It is soluble in ether and benzene, sparingly soluble in cold
alcohol, and insoluble in water, concentrated hydrochloric, and hydriodic
acids. It combines with mercurie chloride to form a mercurichloride,
(CeH;)3As.HgCl,, crystallising in leaflets, fairly soluble in alcohol. This
compound is unchanged by cold potassium hydroxide, but on boiling,
the following reaction takes place :—

(C¢Hj)5As.HgCl, +2KOH = (CHj);As (OH),+2KCl+Hg

If aleoholic potassium hydroxide is used, the reaction takes the following
course on warming 2 :—

(CoH;)oAs. HgCl,+2KOH = (CHj);As+HgO +2KC1+H,0

The mercurichloride is also decomposed by hydrogen sulphide, yielding
triphenylarsine, mercuric sulphide, and hydrochloric acid. Platinic
chloride and triphenylarsine combine in aleoholic solution to give the
platinichloride, (C¢H;),As.H,PtClg, consisting of pale yellow leaflets,
M.pt. 285° C., soluble in hot alcohol or chloroform, sparingly soluble in
hydrochloric acid. Triphenylarsine does not react with phosphorus tri-
chloride, either in cold ether or in the absence of solvent at 78° C.2 'With
4 molecules of trichloride in a sealed tube at 160° C., some diphenyl-
chloroarsine is produced. Antimony trichloride only appcars to react
slightly with the arsine, some phenyldichloroarsine resulting, whilst
silicon tetrachloride does not react with it. The arsine reacts with
sulphur monochloride to give an addition compound : 4

Cl
(Cota)sasd
S.SCl

The reaction must be carried out in an indifferent solvent. This com-
pound forms yellowish-white crystals, M.pt. 200° C., is readily soluble
in carbon disulphide, chloroform, and absolute aleohol, sparingly soluble
in petroleum ether or benzene and insoluble in ordinary cther. With
water it yields triphenylarsine oxide, and with hydrogen sulphide or
ammonium pentasulphide gives triphenylarsine sulphide. Studies of

1 Wieland, Annalen, 1923, 431, 30.

2 La Coste and Michaelis, 1bid., 1880, 201, 184.

3 Challenger and Pritchard, T'rans. Chem. Soc., 1924, 125, 864.
4 Zuckerkandl and Sinai, Ber., 1921, 54, [B], 2479.
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the absorption spectra of chloroform solutions of triphenylarsine indicate
that no bands are shown at any dilution.?
Tri-3~-nitrotriphenylarsine,?
<
NO,
3

The corresponding oxide is boiled in alcoholic solution with phos-
phorous acid and the whole poured into water, when the arsine is
obtained as a yellow, crystalline powder, M.pt. 250° C. In a similar
manner, trinitrotrichlorotriphenylarsine is prepared, a white powder,
M.pt. 252° C., soluble in alcohol, chloroform, and acetic acid. These
compounds combine with halogens in the usual way.

Tri-3-aminotriphenylarsine, (NH,.C;H,);As,? is formed by the
reduction of tri-8-nitrotriphenylarsine oxide in glacial acetic acid with
tin and hydrochloric acid, 20 grams of the nitro-compound yielding
9 grams of amine. It melts at 176° C., soon becomes grey in air, and is
insoluble in water. It forms a hydrochloride, platinichloride, and an acid
sulphate. The triacetyl derivative, obtained by boiling the amine with
acetic anhydride, forms white needles, M.pt. 283° C., sparingly soluble
in aleohol, and the tribenzoyl derivative is a crystalline powder, M.pt.
271° C., insoluble in the usual organic solvents. Phenols have not been
prepared from the amine by the diazo-reaction; bromine water gives
(CeHBr; NH, ) As(OH),.

Hydrogen sulphide passed into an acetic acid solution of trinitrotri-
phenylarsine gives a partially reduced product, (C¢H,.NO,),As(C,H,NH,),
which is slightly basic, and melts at 205° C.

Hexamethyltri-4-aminotriphenylarsine, [C/H, N(CHjg),];As.4—
Dimethylaniline (15 grams) and 25 grams of arsenic trichloride are
mixed in the cold, the syrup dissolved in water by stirring, the solution
filtered and treated with concentrated sodium hydroxide. The arsine
is precipitated as a white, caseous mass, which is filtered, washed, dried,
and dissolved in chloroform. The arsine is then precipitated by the
addition of aleohol, and crystallises from the latter in long, white needles,
M.pt. 240° C., very soluble in chloroform and dilute acids, sparingly
soluble in alecohol. It may be precipitated unchanged from its solution
in acids by the addition of alkali. In carbon disulphide solution the
arsine reacts with sulphur monochloride on prolonged heating on the
water-bath, yielding an addition product, [(CHj),N.C¢H,]3AsCLS.S.CLS
This erystalline product melts at 187° to 141° C., is readily soluble in
chloroform, sparingly soluble in carbon disulphide and ether. It is
decomposed by dilute hydrochloric acid, giving the arsine oxide and
sulphur. If the sulphur monochloride is replaced by o-nitrophenyl-
sulphur chloride, the additive compound has the constitution :

1
CHg)N As<c
[( o Ol S.0,H, NO,

1 Purvis and M‘Cleland, Trans. Chem. Soc., 1912, xox, 15614.
2 Michaelis, Annalen, 1902, 321, 180.

3 Michaelis, ibid., p. 183 ; Phillips, Ber., 1886, 19, 1031.

¢ Michaelis and Rabinerson, 4nnalen, 1892, 2770, 139.

8 Zuckerkandl and Sinai, Ber., 1921, 54, [B], 2479.
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This product melts with decomposition at 201° C., dissolves readily in
carbon disulphide and chloroform, but is sparingly soluble in benzene,
ether, and alecohol. Water or alkalis cause immediate decomposition of
the compound according to the equationis :

RyAs N0 10 R,AsO+HOI + N0
] U= 8 +
: sa T _sH
_NO, _NO, NO,-
2 +0=H,0 +
_SH S5

Tri-o-tolylarsine, (CH,.CH,);As.—To the Grignard reagent from
26 grams of o-bromotoluene, 8-7 grams of magnesium and 80 c.c. of
ether, 22-8 grams of arsenious iodide are gradually added, and the
reaction finally completed by heating. When the produect is worked
up in the usual manner about 10 grams of the arsine are obtained,
which crystallise from aleohol in colourless needles, M.pt. 98° C.

Tri-m-tolylarsine 2 is obtained by the interaction of 50 grams of
m-bromotoluene, 18 grams of arsenious chloride, and 80 grams of
sodium in 800 grams of anhydrous ether. Only two-thirds of the
sodium are added at first, the remainder when the action slackens. The
mixture is filtered, the ether distilled off, and the residue reerystallised
from alecohol. It may also be obtained by the Grignard reaction.?
The Grignard reagent from 28-9 grams of m-bromotoluene and 3-36
grams of magnesium is slowly treated with 7-2 grams of arsenic tri-
chloride in 72 c.c. of dry benzene, and the mixture heated under reflux
for about two hours. The solvent is then removed, the residue distilled
in steam to remove by-products, and the arsine recrystallised from
alecohol, the yield being 55 per cent. It crystallises in leaflets from
aleohol, and rhombic crystals from ether, M.pt. 96° C., density 1-31
at 18° C. In benzene, alcohol, ether, and acetic acid it is readily soluble,
but is only sparingly soluble in ligroin. Its mercurichloride melts at
174° C., is soluble in acetic acid, but less so in aleohol. 'This arsine,
in contrast to others of the same type, very readily combines with
alkyl iodides in the cold.

Tri-p-tolylarsine is derived by methods similar to those used for
the corresponding phenyl compound : (1) By heating p-tolylarscnoxide
in a sealed tube at 800° C. and extracting the resulting product with
cther# (2) The Grignard reagent from 9 grams of p-hromotoluene,
when treated with arsenious oxide in ether solution, yields 1-6 grams
of the arsine.® (3) p-Bromotoluene, 100 grams, 45 grams of arsenious
chloride, and 40 grams of sodium in 500 c.c. of ether react to give about
49 grams (69 to 70 per cent. theoretical) of tri-p-tolylarsine.® Tri-p-
tolylarsine crystallises in rhombie erystals, M.pt. 146° C., readily soluble
in chloroform and carbon disulphide, less soluble in ether and acetic
acid, and sparingly soluble in hot aleohol. Its mercurichloride is a

! Burrows and Turner, T'rans. Chem. Soc., 1920, 117, 1382.

2 Michaelis, dnnalen, 1902, 321, 216.

3 Challenger and Pritchard, Trans. Chem. Soc., 1924, 125, 864.
4 La Coste, Annalen, 1881, 208, 26.

5 Sachs and Kantorowicz, Ber., 1908, 41, 2767.

¢ Michaelis, Annalen, 1902, 321, 201,
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white, crystalline powder, M.pt. 246° C., sparingly soluble in hot acetic
acid.
Tri-3-nitrotri-p-tolylarsine,®

[OHSQ] e
NO, 3
is obtained in a similar way to the corresponding phenyl compound.
It crystallises in colourless needles, M.pt. 201° C., soluble in hot alecohol
and chloroform. It combines with chlorine, forming trinitrotrichloro-
tri-p-tolylarsine dichloride (see p. 126).
Tri-3-amino-tri-p-tolylarsine, formed from the nitro-oxide by
reduction with tin and hydrochloric acid, crystallises in prisms, M.pt.
198° C. It yields a hydrochloride, crystallising in fine, colourless needles,
and a crystalline acid sulphate. The iriacetyl derivative melts at 228° C.,
and a tribenzyl derivative (CHg.CoH 3 NH.CH,.C¢H;),As is formed by
heating the amino-arsine with benzyl chloride (8 mols.), but has only
been isolated in the form of its Aydrochloride. The amino-arsine also
condenses with benzaldehyde and with diazobenzene chloride.
Tri-p-ethylphenylarsine,?

[C,HS—Q«:LAs

This is prepared similarly to tri-p-tolylarsine, the p-bromotoluene being
replaced by p-bromo-ethyl benzene. It melts at 78° C., is readily
soluble in ether, sparingly soluble in alcohol, and its mercurichloride
melts at 182° C. -

Tri-p-anisylarsine, (CH,0.C¢H,);As,® obtained from p-bromo-
anisole, using the Fittig reaction, crystallises from alcohol-benzene in
colourless, transparent, cubical crystals, M.pt. 156° C.

Tri-p-phenetylarsine, (C,H;0.C;H,);As, melts at 88° to 89° C., and
is only obtained in poor yield by the Fittig method.

Tribenzylarsine, (CH,.C¢l;);As.4—Benzyl chloride (100 grams),
72 grams of arsenious chloride, 50 grams of sodium, and 5 c.c. of anhydrous
ethyl acetate in 500 c.c. of ether are allowed to react. When the
reaction slows down, afurther 8 c.c. of ethyl acetate are added and the
whole allowed to stand for about twenty hours. The ether is then
removed and the residue mixed with alcohol, when tribenzylatsine and
some dibenzylarsine dihydroxychloride, (CH;.CH,),As(OH),Cl, sep-
arate, leaving in solution the remainder of the latter product together
with tribenzylarsine hydroxychloride, (CoH,;.CH,);As(OH)Cl. The
precipitate is dissolved in boiling aleoholic ammonia and the solution
cooled, when ammonium dibenzylarsinate remains in solution, whilst
tribenzylarsine crystallises on cooling. From this method of prepara-
tion, 15 to 20 grams of tribenzylarsine, 10 grams of dibenzylarsinic
acid, and 5 to 7 grams of tribenzylarsine oxide can be obtained.

Tribenzylarsine crystallises in long, colourless needles, M.pt. 104° C.,
readily soluble in hot alcohol or ether, sparingly soluble in cold alecohol.

1 Michaelis, Annalen, 1902, 321, 211.

2 Michaelis, ibid., 1902, 321, 226.

3 Michaelis and Weitz, Ber., 1887, 20, 49.

4 Michaselis and Paetow, ibid., 1885, 18, 41 ; Paetow, Inaug. Dissert., Rostock, 1885,



78 ORGANOMETALLIC COMPOUNDS.

Its mercurichloride crystallises from boiling alcohol in white needles,
M.pt. 159° C.
Tri-p-cumylarsine,?

CH,
HC< > | As
[CH3> ]3
p-Bromocumene (40 grams), arsenious chloride (12 grams), and 30
grams of sodium are condensed in 800 c.c. of anhydrous ether. The
arsine crystallises in prisms, M.pt. 189° to 140° C., easily soluble in
ether, chloroform, and hot aleohol, sparingly soluble in cold alcohol.

Its mercurichloride forms white needles, M.pt. 248° C.
Tri-tert.-butylphenylarsine,?

[(ona)ac-OlAs

‘This arsine is prepared by the Fittig reaction, using bromo-ter.-butyl-

benzene, arsenious chloride, and sodium, heated together in ether

solution. It melts at 285° C., is readily soluble in benzene, chloroform,

and carbon tetrachloride, but sparingly soluble in alcohol and ether.
Tri-m-xylylarsine,?

e

A quantitative yield of this arsine is obtained by the intcraction of
61 grams of bromo-m-xylene, 20 grams of arsenious chloride, and 80
grams of sodium, the reaction, when onee started, going to completion
without external heating. A more recent method of preparation is as
follows : To the solution from 8-62 grams of magnesium and 27-9 grams
of bromo-m-xylene in 50 c.c. of ether, 9 grams of arsenious chloride in
80 c.c. of light petroleum are gradually added. The reaction is very
violent, and a greyish-green gelatinous precipitate separates out, which
becomes white on standing. After several hours the mass is decom-
posed by water and extracted with ether, from which solution drying
and evaporating gives fine, white needles. Yield, 8 grams.

Tri-m-xylylarsine melts at 166° C., is readily soluble in cther, pet-
roleum, and benzene, less soluble in alcohol. When treated with thallic
chloride: it yields thallous chloride and m-xylylchloroarsine.t The
mercurichloride, (CgH,);As.HgCl,, melts at 257° C., is readily soluble in
acetic acid, sparingly soluble in alcohol.

Tri-p-xylylarsine,’

CH,

- | As
CH,,

This is prepared in a similar way to the preceding compound. It
crystallises in glistening, white prisms, M.pt. 157° C., soluble in ether,

1 Michaelis, dnnalen, 1902, 321, 235.

s Michaolis, ibid., p. 238.

3 Michaelis, ibid., p. 220 ; Goddard, Trans. Chem. Soc., 1923, 123, 1170.

4 (Qoddard, #bid. & Michaelis, loc. ¢cit.; Goddard, loc. cit,
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chloroform, and benzene, sparingly soluble in alecohol and petroleum.
Its mercurichloride melts at 286° C. It is decomposed by thallic chloride
in a similar manner to the meta compound.

Tripseudocumylarsine,!

G,

o> |
CH, 3

Bromopseudocumene (50 grams), 16 grams of arsenious chloride, and
21 grams of sodium in 250 c.c. of ether are heated for a prolonged
period after the initial reaction ceases. The product, when worked up
in the usual manner, crystallises in snow-white needles, M.pt. 228° C.,
very soluble in warm benzene, sparingly soluble in alcohol and light
petroleum, insoluble in ether.

Trimesitylarsine,?
o,

CHQ As
H3 3

The method of preparation is similar to that of the preceding compounds,

80 grams of bromomesitylene, 9 grams of arsenious chloride, and 20

grams of sodium in dry ether being heated under reflux. It crystallises

{from aleohol in prismatic needles, M.pt. 170° C., readily soluble in ether,

chloroform, and light petroleum, less soluble in alcohol and acetic acid.
Tri-a-naphthylarsine,?

=

A mixture of 51 grams of a-bromonaphthalene, 15 grams of arsenious
chloride, and 20 grams of sodium in dry ether, after standing for twenty-
four hours, are heated at 100° C. for about twenty hours. The ether is
then removed and the residue dissolved in hot benzene, from which the
arsine is precipitated by the addition of alcohol. Yield, 20 per cent.
It is also obtained when arsenious chloride is added to magnesium
a-naphthyl bromidein ether solution.* The arsine crystallisesin rhombic
plates, M.pt. 252° C., soluble in carbon disulphide and benzene, sparingly
soluble in chloroform, ether, and alcohol, insoluble in light petroleum.
It does not form a mercurichloride, but with sulphur monochloride forms
an addition product, melting with decomposition at 175° C.5
Tri-B-naphthylarsine,

CO]»

results when B-bromonaphthalene replaces the a-bromonaphthalene in
the foregoing preparation. It gives colourless crystals, M.pt. 165° C.,

1 Michaelis, dnnalen, 1902, 321, 227. 2 Michaelis, ibid., p. 238.

3 Michaelis, tbid., p. 242.

4 Matsumiya, Mem. Coll. Sci., Kyoto, 1920, 4, 217. If the Grignard reagent is added
to the arsenious chloride, the resulting product is di-a-naphthylchloroarsine.

8 Zuckerkandl and Sinai, Ber., 1921, 54, [B], 2479.
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soluble in benzene, carbon disulphide, and chloroform, less soluble in
aleohol and glacial acetic acid. It forms a mercurichloride, consisting
of fine plates, M.pt. 247° C.

Tricyclohexylarsine, (C¢H;,);As.—The interaction of the Grig-
nard reagent from 118-5 grams of cyclohexylchloride, 24-8 grams of
magnesium, and 100 grams of ether, with 85 grams of arsenic trichloride
in 50 grams of ether, gives about 45 grams (72 per cent.) of tricyclo-
hexylarsine. It boils at 208° to 215°C. at 11 mm., and has a solidifying
point of 41° to 40° C.

Compounds of the Type ArAr,As.
Phenyldi-p-tolylarsine,?

[on ]

This occurs when phenyldichloroarsine (20 grams), p-bromotoluene (31
grams), and sodium (17 grams) react in 200 c.c. of dry ether. It forms
colourless, rhombie crystals, M.pt. 101° C., easily soluble in ether, chloro-
form, benzene, or hot aleohol, less soluble in eold alcohol and acetic acid.
Its mercurichloride is a white, crystalline solid, M.pt. 210° C., and the
platinichloride is a yellow, crystalline product from alecoholic hydro-
chlorie acid, M.pt. 256° C.
Phenyldi-m-xylylarsine,?

R

Phenyldichloroarsine (46 grams), 77 grams of bromo-m-xylene, and
88 grams of sodium in 400 c.c. of ether yield 45 grams (60 per cent.)
of this arsine. It crystallises in triclinic crystals, M.pt. 99° C., readily
soluble in most organic solvents, sparingly soluble in cold alcohol. Its
mercurichloride, C¢H;.As(CgH,),, HgCl, forms fine, glistening needles,
M.pt. 224° C.; the platinichloride, C¢Hg.As(CgHly), H,PtClg, forms
yellow needles, M.pt. above 300° C.

Phenyldipseudocumylarsine,?

CH,

- 3 2

This arsine is not so easily prepared as the preceding compounds, and
it is necessary to heat 30 grams of phenyldichloroarsine, 53-5 grams of
bromopseudocumene, and 30 grams of sodium in 300 c.c. of dry ether
for forty-five hours to complete the reaction. The yield is 85 grams, or
70 per cent. It melts at 188-5° C. and has a similar solubility to the pre-
ceding compound. The mercurichloride crystallises in glistening plates
from acetic acid, M.pt. 288° C., readily soluble in chloroform ; the

! Steinkopf, Dudek, and Schmidt, Ber., 1928, 61, [B], 1911 ; compare Roberts, Turner,
and Bury, J. Chem. Soc., 1926, p. 1443.

2 Michaelis, 4nnaler, 1902, 321, 192. :

3 Ibid., p. 223. ¢ Ibid., p. 227.
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platinichloride forms yellow rosettes, M.pt. 287° (.; the auwrichloride
has the composition CeH;.As(CoHy; ), HAuCl,, Mopt. 177° C.
Diphenyl-p-tolylarsine,!

[l em

This is formed by the interaction of 80 grams of p-tolyldichloroarsine,
42 grams of bromobenzene, and 24 grams of sodium in 500 c.c. of ether,
the reaction commencing spontaneously, and being completed by heating
for three days. From alcohol the arsine is deposited in colourless
crystals, M.pt. 50° C. ; the mercurichloride crystallises from glacial acetic
acid with M.pt. 147° C., and the platinichloride is a yellow precipitate,
M.pt. 283° C.

Dicyclohexylphenylarsine, (C;H,,),As.CcH,,2 is obtained in about
54 per cent. yield from magnesium cyclohexylbromide and phenyldi-
chloroarsine, but in 93 per cent. yield if magnesium cyclohexyl chloride
is used.

Treatment with chlorine eliminates a cyclohexyl group, forming
cyclohexylphenylchloroarsine.

Compounds of the Type Ar,AlkAs.

Diphenylmethylarsine, (C¢Hj;),As.CHj—This is prepared either
by the action of zinc dimethyl on diphenylchloroarsine,? or, better, as
follows : * Methyldi-iodoarsine (84 grams) is gradually added to the
reaction product from 846 grams of bromobenzene, 5-4 grams of
magnesium, and 80 c.c. of ether. The product is worked up in the
usual manner and 17-5 grams of the arsine can be obtained.

A third method consists in gently heating 15 grams of phenylmethyl-
chloroarsine, 60 grams of benzene, and 10 grams of aluminium chloride
for two hours. Hydrogen chloride is evolved, and the product is de-
composed by ice and dilute hydrochloric acid ; 7 grams of pure diphenyl-
methylarsine may be produced.®

Diphenylmethylarsine is a colourless, highly refractive oil, B.pt.
306° C., 163° to 170° C. at 15 mm.; it has a pungent, fruity odour, is
soluble in alcohol and benzene, insoluble in water. It only possesses
to a slight degree the property of forming additive compounds.

p-Bromodiphenylmethylarsine, (CH,.Br)(C¢H;)As.CH,.6 —
Twenty grams of phenylmethylehloroarsine, 60 grams of bromobenzene,
and 20 grams of aluminium chloride are boiled under diminished pres-
sure (bath at about 85° C.) for an hour. The produet is cooled, poured
into ice and hydrochloric acid, then worked up in the usual manner.
From the reaction mixture 5 grams of the required arsine may be
isolated, B.pt. 170° to 200° C. at 15 mm. It also results when magnesium
phenyl bromide reacts with p-bromophenylmethyliodoarsine, the yield
being about 60 per cent.

1 Michaelis, Annalen, 1902, 321, 187 ; Lauterwald, Inaug. Dissert., Rostock, 1897.

2 Steinkopf, Dudek, and Schmidt, Ber., 1928, 61, [B], 1911 ; compare Roberts, Turner,
and Bury, J. Chem. Soc., 1926, p. 1443.

8 Michaelis and Link, Annalen, 1881, 207, 199.

4 Burrows and Turner, Trans. Chem. Soc., 1920, 117, 1381.

5 Burrows and Turner, ibid., 1921, 119, 430.

¢ Hunt and Turner, tbid., 1925, x27, 2609,
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o-Carboxydiphenylmethylarsine, CO,H.C H,.As(C;H;)CH, .t —
The Grignard solution from 30 grams of bromobenzene is added to 42
grams of o-carboxyphenylmethylarsinous anhydride in benzene during
thirty minutes, and the mixture heated for four hours. The solvent is
removed, the residue decomposed by dilute acid, the aqueous layer
drawn off, and the pasty residue recrystallised from alcohol. The yield
should be about 20 grams; M.pt. 168° C.

Diphenylethylarsine, (C4Hj),As.C,H;.—This is obtained in 80 per
cent. yield when 83 grams of diphenylchloroarsine in 50 c.c. of ether
react with the Grignard solution from 15 grams of ethyl bromide.?
It also results when zinc diethyl reacts with diphenylchloroarsine.?
It is a colourless liquid, B.pt. 820° C., or 162° to 168° C. at 10 mm.

Di-o-tolylmethylarsine, (C,H,),As.CH,,* is isolated by the inter-
action of the Grignard reagent derived from o-bromotoluene with methyl-
di-iodoarsine. It melts at 42° C., giving a very pale, yellow oil, B.pt.
178° to 182° C. at 12 mm.

Di-a-naphthylmethylarsine, (C,0H,),As.CHj5 is a solid, M.pt.
145° to 146° C.

Compounds of the Type ArAr'AlkAs.

Phenyl-p-tolylmethylarsine, CH;(C,H,)As.CH.%—This com-
pound has been prepared by two methods :

(1) The Grignard reagent from 24 grams of p-iodotoluene, 2-6 grams
of magnesium, and 100 c.c. of ether is slowly treated with 20-4 grams
of phenylmethylchloroarsine in 20 e.c of ether, and the reaction product
worked up in the usual manner. The yield is 18 grams, or 76 per cent.

(2) By heating under reflux for two and a half hours a mixture
of 15 grams of phenylmethylchloroarsine, 60 grams of toluene, and
15 grams of powdered, anhydrous aluminium chloride.

Phenyl-p-tolylmethylarsine is a liquid, B.pt. 164° to 165° C. at
12 mm., having an unpleasant, fishy odour, and slowly oxidising on
keeping. It forms a white mercurichloride, which may be crystallised
from glacial acetic acid.

Phenyl-p-tolylethylarsine, CH;.(CoH,.CII;).As.C,H;,? is the pro-
duct of interaction of zinc diethyl and phenyl-p-tolylchloroarsine. It
is a colourless oil, B.pt. 210° to 225° C. at 50 mm.

Phenylbenzylmethylarsine, C¢H;. (C.H;.CH,).As.CH 3.8—Obtained
from phenylmethylchloroarsine and magnesium benzyl chloride, boils at
74° to 1177° C.

Phenylmesitylmethylarsine, CH;[(CH;),C;H,]As.CH .2 — 15
grams of phenylmethylchloroarsine, 85 grams of mesitylene, and 15 grams
of aluminium chloride are gently boiled under reflux at 75° to 80° C.
at 45 mm. for several hours. When the evolution of hydrogen chloride
slackens, the mixture is poured into ice and hydrochloric acid. The oil

1 Aeschlimann, T'rans. Chem. Soc., 1925, 127, 811.

2 Steinkopf, Donat, and Jaeger, Ber., 1922, 55, [B], 2597.

3 Michaelis and Link, loc. cit. ; La Coste and Michaelis, Annalen, 1880, 201, 184 ;
Ber., 1878, 11, 1883.

4 Burrows and Turner, loc. cit.

5 Matsumiya and Nakal, Mem. Coll. Sei. Kyato, 1925, 8, 307.

¢ Hunt and Turner, Trans. Chem. Soc., 1925, x27, 2668.

7 Michaclis, dnnalen, 1902, 321, 155; Predari, [nauy. Dissert., Rostock, 1894.

8 Steinkopf, Donat, and Jaeger, Ber., 1922, 55, [B], 2597.

9 Hunt and Turner, loc. cit.
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thus obtained is extracted with benzene, filtered, shaken with alkali,
and worked up in the usual manner, 7 grams (30 per cent. yield ) of arsine
resulting. It is a colourless, mobile liquid, B.pt. 164° C. at 17 mm.,
possessing a faint, fishy odour, and oxidising in the air to a white,
crystalline solid. .

Phenyl-a-naphthylmethylarsine, CH;(C,,H,)As.CH,! is pre-
pared by the Grignard reaction, 117 grams of phenylmethyliodoarsine,
94 grams of a-bromonaphthalene, and 14 grams of magnesium in ether
solution giving 102 grams of the arsine. It is a colourless, crystalline
solid, M.pt. 58° C., B.pt. 286° to 288° C. at 17 mm., soluble in ether,
best recrystallised from alcohol.

cycloHexylphenylmethylarsine, C¢H;,.C;H;.As.CH,,2 from mag-
nesium cyclohexyl chloride and phenylmethyliodoarsine, is a highly
refractive oil, B.pt. 152° to 158° C. at 12 mm., and shows no marked
tendency to oxidise.

Compounds of the Type ArAlk,As.

Phenyldimethylarsine, C¢H;.As(CH,),.—This arsine may be pre-
pared in several ways :

(1) By the interaction of zinc dimethyl and phenyldichloroarsine.?

(2) By the action of magnesium methyl iodide on phenyldichloro-
arsine in the presence of light petroleum.* Yield, 75 per cent. Magne-
sium methyl bromide may also be used in place of the iodide.5

(8) To the Grignard reagent from 19 grams of bromobenzene, 2-9
grams of magnesium, and 50 c.c. of ether, 28-2 grams of dimethyl-
1odoarsine in 50 c.c. of ether are slowly added. After the addition,
and standing for two hours, the mixture is decomposed by ice and
dilute hydrochloric acid, and the ether layer removed and dried over
anhydrous sodium sulphate. Removal of the solvent, and distillation
under diminished pressure, give the arsine as an oil, B.pt. 85° C. at
14 mm., or 198° to 200° C. in a carbon dioxide atmosphere.$

This arsine gives rise to a number of double compounds, as follows :
With methyldi-todoarsine, C¢Hg.As(CHj;),.CHy. Asl,, lemon - yellow
needles, M.pt. 98° to 94° C., the compound being dissociated into its
components in benzene solution at concentrations up to 5 per cent.;
with ethyldi-iodoarsine, CgHg As(CHyg),.CoHy AsI,, a yellow solid, M.pt.
44° C.; with phenyldi-iodoarsine, CgHz As(CH,),.CoH;.AsI,, orange
prisms from acetone or alcohol, M.pt. 69° C.; and with phenyldichloro-
arsine, CgHy. As(CH,),.CqH;. AsCl,, colourless needles, M.pt. 86° C.

A number of double compounds may also be obtained between this
arsine and #norganic fodides. When phenyldimethylarsine (1 mol.) is
added to phosphorus tri-iodide (1 mol.) in carbon disulphide, heat is
evolved, and orange prisms separate. These melt at about 140° C.,
readily absorb water,? and have the following constitution—CgH;(CH,),
As.PI,. Arsenious iodide yields C;H;(CH 5),As.As],, orange-red leaflets,
M.pt. 158° C.; antimony tri-iodide gives C H;(CHg),As.Shl,, orange

1 Burrows and Turner, Trans. Chem. Soc., 1921, 119, 432.
? Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443.
3 Michaelis and Link, Annalen, 1881, 207, 205.

4 Winmill, Trans. Chem. Soc., 1912, 101, 722,

8 Steinkopf and Schwen, Ber., 1921, 54, [B], 1437.

¢ Burrows and Turner, Trans. Chem. Soc., 1920, 117, 1378,
? Burrows and Turner, tbid., 1921, 119, 1448.
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prisms, M.pt. 165° C.; bismuth iodide gives C Hy(CHj),As.Bil,, ver-
milion prisms, M.pt. 198° to 200° C. ; stannic todide gives CgHy(CH,)pAs.
Snl,, chocolate-coloured leaflets, M.pt. 140° to 145° C.

Phenyldiethylarsine, C¢H;(C,H;),As, may be obtained from zinc
diethyl and phenyldichloroarsine in ether solution,! or in better yield
by using light petroleum as solvent.2 A more recent preparation is as
follows : 3 The Grignard reagent from 26-2 grams of ethyl bromide, 5-8
grams of magnesium, and 40 c.c. of ether, is treated with 22-8 grams of
phenyldichloroarsine in 100 c.c. of benzene, the mixture boiled for two
hours, the ether slowly distilled off, and the residue decomposed with
ice and sulphuric acid. The benzene layer is separated, dried, and
distilled under reduced pressure, 12 grams of phenyldiethylarsine
being obtained as a colourless oil, B.pt. 111° to 115° C. at 14 mm,,
a further 8 grams of less pure product distilling at 115° to 120° C. at
14 mm.

Phenyldiethylarsine is a colourless, highly refractive liquid, B.pt.
240° C., 111° to 115° C. at 14 mm. It forms a double compound with
methyldi-todoarsine, CgH;As(CyH;),.CH3 AsI,, bright yellow needles
from acetone or alecohol, M.pt. 78° to 79° C.

p-Tolyldimethylarsine, (CH,.C,H,)As(CH;),,* results when zine
dimethyl interacts with p-tolyldichloroarsine in dry ether. It is a
colourless liquid, B.pt. 220° C. in a carbon dioxide atmosphere.

p-Tolyldiethylarsine is a colourless, strongly refracting, faintly
fuming liquid, B.pt. 250° C.

Benzyldimethylarsine, (C,H;.CH,)As(CHj),,® is obtained by the
interaction of benzyl magnesium chloride with one equivalent of
dimethyliodoarsine, and working the mixture up in the usual manner.
The clear ether solution is dried over sodium sulphate, removal of the
solvent and fractionation giving a colourless liquid, B.pt. 110° C. at
8 mm., the yield being about 20 per cent.

a-Naphthyldimethylarsine, C,,H,.As(CH;),.%—To the Grignard
reagent from 50 grams of a-bromonaphthalene, 5-34 grams of magnesium,
and 200 c.c. of ether, 46-4 grams of dimethyliodoarsine are added slowly.
The reaction is completed by an hour’s heating, and the mixture decom-
posed and worked up in the usual manner. Yield, 87 grams. This
arsine is a liquid, B.pt. 163° to 165° C. at 13 mm., and forms a doudle
compound with methyldi-iodoarsine, CyI,.(CH,)As.CHAsI,, yellow
needles, M.pt. 76° to 77° C.

Cyclohexyldi~-n-propylarsine, CgH,;.As(CzH,),.”—To an ice-
cooled solution from 20 grams of cyclohexyl chloride in 100 c.c. of ether
and 4 grams of magnesium, 38 grams of di-n-propyliodoarsine (ahout
80 per cent. of theory) in 50 c.c. of ether are added dropwise. After
heating for one hour on the water-bath, the mixture is decomposed
with ice and hydrochloric acid and worked up in the usual manner.
The arsine is a colourless liquid, B.pt. 126:5° to 129-5° C. at 12 mm,,
and the yield is about 24-7 grams (60 per cent.).

1 Michaelis and La Coste, Annalen, 1880, 201, 212 ; seé also Michaelis, Ber., 1877, xo0,

2 Winmill, loc. cit.

3 Burrows and Turner, Trans. Chem. Soc., 1920, 117, 1378.

4 Michaclis, Annalen, 1902, 320, 304 ; Klatt, Tnany. Dissert., Rogtock, 1893.
5 Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443.

¢ Burrows and Turner, loc. cit.

? Steinkopf, Dudek, and Schmidt, Ber., 1928, 61, [B], 1911.
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Compounds of the T'ype ArAlkAlk’As.

Phenylmethylethylarsine, C,H;(CHg4)As.C,H;,! is obtained either
from phenylmethyliodoarsine and magnesium ethyl bromide, or frem
methylethyliodoarsine and magnesium phenyl bromide. It is a colour-
less liquid, B.pt. 97° C. at 12 to 13 mm., or 93° to 99° C. at 11 mm., and
forms a double compound with methyldi-iodoarsine, CgH;.CH 4.As.C,H,.
CHAsI,, crystallising from alecohol in yellow needles, M.pt. 84° C.
Similarly with phenyldi-iodoarsine it gives a compound separating from
alcohol in orange-yellow prisms, M.pt. 55° C. It yields a cyanobromide
when treated with cyanogen bromide in ether solution.

Phenyl-S-phenylethylmethylarsine, CoH;.[CcH;(CH,),]CH,.As,?
results when magnesium B-phenylethyl bromide and phenylmethyliodo-
arsine react in ether solution. The product is a colourless liquid, B.pt.
187° C. at 12 mm., or 190° C. at 15 mm., and the yield is about 82 per
cent.

Phenylmethylallylarsine, C;H;(CH;)As.C;H;,® results when mag-
nesium powder is added to a mixture of phenylmethylbromoarsine and
allyl iodide in dry cther. It is a colourless liquid, B.pt. 192° C. The
scheme worked out for obtaining this arsine is shown by the following
equations :

CeH;.AsCly4-2CH . Mgl =CgH;. As(CH 3), +2MgClI
CeH;.As(CHj;),+Br,=CH;.As(CH,),Br,
: CeH;.As(CH;),Br,=C¢H;.As(CH,)Br+CH Br
CeH;.As(CH;)Br+4CgHI+Mg=CH;(CH;)As.C;H;+MgBrl

Phenylmethyl - n - propylarsine, CH;(CH,)As.C;H,,* may be
obtained from phenylmethylchloroarsine and magnesium #n-propyl
bromide. It boils at 105° to 106° C. at 12 mm. and forms a non-
crystalline cyanobromide. -

Phenyl - y - phenylpropylmethylarsine, CgH;.|CH,(CH,),].
CHAs.5—The Grignard reagent from 638 grams of y-bromopropyl-
benzene, 10 grams of magnesium, and 800 c.c. of ether is slowly treated
with 88.3 grams of phenylmethyliodoarsine. The reaction mixture,
worked up in the usual manner, gives 60 grams of arsine as a colourless
liquid, B.pt. 208° C. at 17 mm.

Phenylethyl-n-propylarsine,® C.H;(C,H;)As.C;H,, is prepared by
the following reactions :

(CoHj) A8 +2A5Cl;=3C H,AsCl,
CoHyAS(CyH,) g+ Bry=CoH,As(C,H,),Br,
2CHy (C,H; )AsBr -+ Zn (C,H, ), =2C ¢H,(CoH, )As.CoH, -+ ZnBr,

The arsine is a colourless liquid, B.pt. 245° C., behaves as a feeble base,
is insoluble in concentrated hydrochloric acid, and appears to oxidise
slowly in air.

1 Burrows and Turner, Trans. Chem. Soc., 1920, 117, 1380 ; 1921, 119, 433 ; sce also
Steinkopf, Donat, and Jaeger, Ber., 1922, 55, [B], 2597.

2 Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443.

3 Winmill, 7rans. Chem. Soc., 1912, 101, 718.

¢ Steinkopf, Donat, and Jaeger, loc. cif.

8 Burrows and Turner, T'rans. Chem. Soc., 1921, 119, 426.

§ Winmill, loc. cit.
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p - Tolylmethylethylarsine, (CH,.C,H,)(CH;)As.C,H;.! — The
addition of 100 grams of p-tolylmethyliodoarsine in 100 c.c. of dry
benzene to the Grignard reagent from 81 c.c. of ethyl bromide and
10-4 grams of magnesium in 200 c.c. of ether, gives a yield of 50 grams
of this arsine. It is a colourless oil, B.pt. 117° C. at 15 mm.

Comrounns oF THE TyrE R,AsX (Arsonium CoMPOUNDS).

Under the general formula R ,AsX, the following ten types of com-
poundsareincluded: Ar,AsX, Ar,AlkAsX, Ar,Ar'AlkAsX, Ar,Alk,AsX,
Ar,AlRAIK’AsX, ArArAlk,AsX, ArAlk,AsX, ArAr'AlkAlk’AsX,
ArAlk,Alk’AsI, and ArAlkAlk’Alk"AsX. The triarylalkylarsonium
10dides are all obtained by the direct combination of triarylarsines and
alkyl iodides, but the ease of combination varies considerably, tri-m-
tolylarsine and methyl iodide yielding an arsonium compound in the
cold, whilst triphenylarsine and the same alkyl halide require prolonged
heating to give a good yield of the quaternary derivative:

ArzAs+AlKI =Ar,AlkAsI

When the alkyl halide is replaced by methylene iodide or ethylene
chlorhydrin, an todomethyl or a hydroazyethylarsonium compound, respec-
tively, results. Many arsonium iodides of the above types, and also some
bromides, are obtained by the reaction depicted in the above equation.

It has already been shown, on p. 62, that primary arsines and alkyl
halides also combine to produce aryltrialkylarsonium iodides:

ArAsH, +8AIkX =ArAlk,AsX L 2HX

The following interesting series of reactions? shows the formation
of phenyltrimethylarsonium tri-iodide from sym-diphenyldi-iododiarsine :

C o AS.A5.C o, o €, H, A As.CJH

oH;.As.As.C H; ¢Hg As—! 8.CeHj
| N\

II I 11 tu

CoHy AT, +CH;.CH . AST-2PL ¢ g, (CH,) AT,

The tri-iodide thus formed reacts with sym-diphenyldi-iododiarsine as
follows :

CoHy.(CH ) ASI 5+ CoHASLASICHy=CH, (CH,)4AsI +2C,H, As],

Arsenobenzene may replace sym-diphenyldi-iododiarsine in the ahove,
when the course of the reaction is represented thus :

CH,I CH,I
CGHEA.S =A.SC6H5 — CGHs-AS-AS-CGHs —— CallsoA.S_—; ASC‘Hs
I CH, ¥ cH, | cl, I
CeH; 4CH,I
—2 >AsI s 9C,H(CH, ),As,

* Mills and Raper, Trans. Chem. Soc., 1925, 127, 2479,
? Steinkopf and Schwen, Ber., 1921, 54, [B], 1446.
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The tri-iodide then reacts with arsenobenzene in a manner similar to
that given for sym-diphenyldi-iododiarsine :

2C ¢ H 5 (CH,)sAsT g+ CoHAs : AsCoH;=2C JH (CH,) AT +2C H,As],

Quaternary arsonium halides may also be obtained from the corre-
sponding hydroxides by treating the latter with halogen acids:

R,As.OH+HX=R,AsX+H,0

Two methods have been given above for the preparation of #ri-
jodides, and the following are also available :

(a) Secondary monohalogenated arsines, cyano- or thioeyano-arsines
are treated with alkyliodides:

Ar,AsI+2AI1KT =Ar,Alk,AsI,

(b) Tertiary arsine dihalides and alkyl iodides react as follows, this
probably being an intermediate stage in the reaction shown above :

I o
ArAs( —— Ar 3As< I — - Ar,AlkAsT,
I AT 1<
Alk

(¢) Quaternary arsonium iodides under suitable conditions add on
two atoms of halogen directly :

R4A.SI +X2 = R4ASI.X2

The quaternary iodides are crystalline compounds, form platini-
chiorides, and with chlorine yield ‘ododichlorides of the type R,AsI.Cl,.
Some aliphatic-aromatic arsonium iodides combine with metallic salts
such as mercuric halides, auric chloride, and cadmium todide, whilst zodoform
also forms addition compounds with some derivatives. Treatment of the
iodides with a boiling suspension of silver chloride replaces the iodine
by chlorine, giving R4AsCl. The latter also results when hydrochloric
acid is added to hydroxides of the type R,;As.OH. The hydroxides are
derived from the iodides by boiling the latter with a suspension of silver
oxide in water or alcohol. It is not always possible to isolate a crystal-
line product from this reaction, and the syrups often isolated soon
absorb carbon dioxide from the air.

Triphenylmethylarsonium chloride ! results when the iodide is
boiled with a suspension of silver chloride in water, or when the hydroxide
is neutralised by hydrochloric acid. It crystallises in needles, M.pt.
121° C., readily dissolving in alcohol and water. It forms a platini-
chloride, consisting of yellowish-red needles, M.pt. 224° to 225° C.

Triphenylmethylarsonium bromide 2 forms colourless crystals,
M.pt. 195° C., and yields an additive compound with iodoform, consisting
of pale, brownish-yellow plates, M.pt. 124° C.

Triphenylmethylarsonium iodide, (C H;);As(CH 3)I.—Triphenyl-
arsine is heated for a long time with an excess of methyl iodide on the
water-bath, when addition takes place. The arsonium compound
crystallises in yellow plates, M.pt. 176° C., readily soluble in alcohol,
less soluble in hot water, insoluble in ether. When treated with chlorine

1 Michaelis, Annalen, 1902, 321, 166 ; Gimborn, Inaug. Dissert., Rostock, 1891.
2 Steinkopf and Schwen, Ber., 1921, 54, [B], 2069.
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it yields an dododichloride, (C¢Hj;);As.CH,ICL,, M.pt. 144° C., readily
dissolving in boiling alcohol, acetone, and acetic acid, insoluble in water
and ether. ) )

Triphenylmethylarsonium hydroxide.! — The hydroxide s
formed when the iodide is digested with silver oxide in aqueous or
alcoholic solution. It melts at 125° to 126° C., and prolonged heating
at 100° C. converts it into triphenylarsine and methyl aleohol. Spon-
taneous evaporation in air yields the hydrogen carbonate, (C¢Hj)sAs.
HCO;.H,0, which crystallises in transparent plates. )

Triphenylmethylarsonium nitrate is prepared by the action of
nitric acid on the hydroxide, a stellate mass resulting when the solution
is evaporated. .

Trinitrotriphenylmethylarsonium nitrate.—The above nitrate
or chloride is added to a mixed acid containing 5 parts of concentrated
sulphuric acid and 8 parts of fuming nitric acid. The solution is then
poured into ice-cold water and the precipitate extracted with warm
alcohol. From the resulting solution the trinitro-compound separates
as a yellow powder, M.pt. 195° C., soluble in hot aleohol, chloroform, or
acetic acid, insoluble in water. .

Triphenylethylarsonium iodide, (CgH;);As(C,H;)I, results in
small yield when triphenylarsine and ethyl iodide are heated under
reflux on the water-bath. It crystallises in needles, M.pt. 158° C.,
readily soluble in alcohol, sparingly soluble t water. Its platini-
chloride melts at 221° C.

Triphenyliodomethylarsonium iodide, (C¢H;);As(CH,I)I. —
15 grams of triphenylarsine and 17 grams of methylenc iodide are
heated in an oil-bath for thirty minutes at 180° C., when a 12 to 15
grams yield of iodide is obtained. The compound is insoluble in cther,
sparingly soluble on heating in dilute alcohol, chloroform, acetic acid, or
water. Treatment with chlorine gives the ‘ododichloride of the corre-
sponding chloromethyl compound, (C H;),As(CH,CI)IC],, an intensely
yellow, crystalline compound, M.pt. 188° C.; insoluble in cold alcohol,
acetic acid, chloroform, or water, dissolving readily in boiling alcohol.

When heated with aqueous sodium hydroxide the iododichlorides
decompose as follows :—

(CeHy)sAS(CH,C)ICL,++2NaOH = (CgH );As(CH ,C1)T -+~ NaOCl+NaCl+H,0
(CeH3)5A5(CH,C1)ICl,+NaOH + NaOCl =CHICI, -+ (C4H;)5A5(011),+2NaCl

Triphenyliodomethylarsonium chloride, obtained by digesting
the preceding compound with freshly preeipitated silver chloride,
crystallises in needles, M.pt. 208° C., readily soluble in alcohol and water.

Triphenylhydroxymethylarsonium chloride, (CoH;)sAs
(CH,OH)CL—The above iodide is shaken with moist silver oxide and
the resulting solution treated with hydrochloric acid. The chloride
forms deliquescent crystals, M.pt. 112° C. It gives a platinichlorid
M.pt. 224° C., and an dodide, yellow needles, M.pt. 171° (., very soluble
in alcohol or water.

Triphenyl-B-hydroxyethylarsonium chloride, (CgIT;),As(CH,.
CH,.OH)CL, is obtained by heating together triphenylarsine and ethylene
chlorhydrin. It erystallises in colourless needles, M.pt. 215° (.., and
gives a platinichloride, M.pt. 223° C.

1 Michaelis, loc, cit.
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Tri-o-tolylmethylarsonium iodide crystallises from water in
colourless needles, M.pt. 166° C.1

Tri-m-tolylmethylarsonium iodide, (C,H;);As.CH,.I.2—The
free arsine and methyl iodide combine to give the arsonium compound
at the ordinary temperature. It crystallises from water or alcohol in
prisms or plates, M.pt. 181° C. The corresponding ckloride is an oil,
yielding a yellow platinickloride. The hydroxide or todide when heated
with aqueous alkali is decomposed into the arsine and methyl alcohol.

Tri-m-tolylethylarsonium iodide crystallises in rhombohedra,
M.pt. 180° C. ; the corresponding n-propylarsonium iodide forms needles,
M.pt. 148° C., the isopropylarsonium iodide melts at 162° C., and the
benzylarsonium chloride, formed from its components at 80° to 40° C.,
melts at 102° C., and is easily soluble in water, sparingly soluble in
alcohol.

Tri-p-tolylmethylarsonium iodide, obtained in a similar manner
to the phenyl compound, melts at 179° C.; the chloride has M.pt.
87° C.; the platinichloride separates from dilute aleohol in reddish-
brown, refracting prisms, and the dododichloride forms reddish-yellow
crystals, M.pt. 146° C.

Tri-p-tolyliodomethylarsonium iodide forms colourless crystals,
M.pt. 215° C. It is prepared from methylene iodide and tri-p-tolylarsine.

Hexamethyltriaminotri - p - tolylmethylarsonium iodide,
[(CH4)oN.CiH,.CH]3As.CH,I, is a white powder, M.pt. 185° C., readily
soluble in aleohol, sparingly soluble in water.

Tri-p-tolylethylarsonium iodide crystallises in colourless needles,
turning brown and melting at 158° C.

Tri - p - tolylallylarsonium bromide, (C,H,);As(CgH;)Br.—Tri-
p-tolylarsine and allyl bromide are heated together under reflux for
five hours. The bromide separates from water in colourless prisms,
M.pt. 82° C., soluble in chloroform or alecohol, insoluble in ether.

Tri - p - tolyldibromoallylarsonium  bromide, (C,H,),As
(CsHBr,)Br, is prepared by adding bromine to the foregoing bromide
in alcoholic solution. It melts at 112° C. and is soluble in the usual
solvents. The corresponding chloride is an oil, but its platinichloride is
a red powder, M.pt. 225° C. The dodide results when the bromide is
treated with potassium iodide ; it forms colourless prisms, M.pt. 141° C.,
sparingly soluble in cold water, easily soluble in alcohol.

Tri-p-ethyl-triphenylmethylarsonium iodide, (C H,.C,Hj)s.
As(CH,)I, melts at 126° C.

Tribenzylmethylarsonium iodide, (C¢H;.CH,);As(CH,)1.>—This
and the following alkylarsonium compounds are prepared by heating
the arsine with alkyl iodides in sealed tubes at 100° C. The iodide
forms colourless needles or rhombic prisms, M.pt. 148° C. Moist silver
oxide transforms it to the hydroxide, which absorbs carbon dioxide, and
yields toluene on treatment with concentrated sodium hydroxide. The
corresponding chloride melts at 201° C. and forms a platinichloride,
M.pt. 178° C.

Tribenzylethylarsonium iodide crystallises in plates, M.pt.
148° C.; tribenzyl-n-propylarsonium iodide forms plates, M.pt.
146° C.% tribenzylisopropylarsonium iodide forms small tablets,
M.pt. 148° C.; tribenzylisoamylarsonium iodide melts at 146° C.

1 Burrows and Turner, Trans. Chem. Soc., 1920, 117, 1373. 2 Michaelis, loc. cit.
8 Michaelis and Paetow, Annalen, 1886, 233, 60; Paetow, Inaug. Dissert., Rostock, 1885.
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Tetrabenzylarsonium chloride, (C¢H;.CH,),AsCl.—This may be
isolated by heating benzyl chloride and tribenzylarsine under reflux for
a long time, or in quantitative yield by heating the two substances in
a sealed tube at 170° to 175° C. for three hours. The temperature
should be kept below 180° C., or dibenzylarsine trichloride is formed.
Tetrabenzylarsonium chloride forms triclinic crystals, M.pt. 160° C.,
readily soluble in hot water or alcohol. It is slowly decomposed by
concentrated hydrochloric acid at high temperatures and under pressure.
The aqueous solution gives precipitates with nitric acid, potassium
dichromate, potassium thiocyanate, potassium bromide, potassium
iodide, picric acid, and platinic chloride.

Tetrabenzylarsonium bromide crystallises in fine needles, M.pt.
178° C., and the Zodide in needles or plates, M.pt. 168° C., turning yellow
on exposure to light. When an alcoholic solution of the iodide is boiled
with iodine in the same solvent, a periodide results, (C,H,),AsI;, con-
sisting of glistening, red plates, M.pt. 149° to 150° C.

Tetrabenzylarsonium hydroxide, (C.H;.CH,),As.OH, results
when the iodide is boiled with an aqueous suspension of silver oxide.
Evaporation yields a syrup, having an alkaline reaction and absorbing
carbon dioxide from the air. When heated with alkali it decomposes
as follows :—

(C,H,)4.As.OH=CH;.CH;+(C,H,)3As.0

It forms the following salts : 1 mercuri-iodide, M.pt. 168° C. ; mercuri-
chloride, transparent needles, M.pt. 176° C.; platinichloride, M.pt.
198° C.; and aurichloride, yellow needles, melting at about 130° C.

Tri-m-xylylmethylarsonium iodide,? (CgH,y);As(CH I, melts at
179° C., is sparingly soluble in water, but readily dissolves in alcohol
or chloroform. The corresponding chloride is not crystalline ; it yields
a crystalline platinichloride, M.pt. 245° C.

Tri-p-xylylmethylarsonium iodide forms tablets, M.pt. 175° C. ;
the platinichloride separates in pale yellow needles, M.pt. 250° C.

Trimesitylmethylarsonium iodide, (CoH,;)As(CH,)I, crystallises
in white prisms, M.pt. 186° C., sparingly soluble in hot water, easily
soluble in alcohol and chloroform. The corresponding chloride melts at
192° C., and the platinichloride at 287° C.

Tri-p-cumylmethylarsonium iodide, (Cgl,.CglL,);As(CI,)I,
forms colourless rosettes, M.pt. 108° C.; the corresponding cthiodide
melts at 188° C.

Tri-tertiary-butylphenylmethylarsonium iodide, |(CH,),C.
CeH,]sAs(CH,)I, melts at 125° C.; the Aydroxide melts at 186° C.
and crystallises with four molecules of water.

Tricyclohexylmethylarsonium  iodide, (CglI;),(CII,)AsL,3
obtained from tricyclohexylarsine and methyl iodide, crystallises {rom
water in prisms, M.pt. 153° to 154° C. A corresponding benzobromide
melts with slight decomposition at 197° C.

Diphenyldimethylarsonium iodide,* (C.Hj),As(CHj),I, is
formed by the interaction of methyl iodide and diphenylmethylarsine.
It separates in white crystals, M.pt. 190° C., readily soluble in hot water

1 Mannheim, Annralen, 1905, 341, 208.

2 Michaelis, 3bid., 1902, 321, 220.

3 Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443,
4 Michaelis and Link, Annalen, 1881, 207, 199.
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and alcohol, insoluble in ether. WWhen heated in a stream of carbon
dioxide it is decomposed into its components. The platinichloride
crystallises in reddish-yellow needles, M.pt. 219° C., with decomposition.

Diphenyldimethylarsonium tri-iodide, (C H;),As(CH,),l5.
results amongst other products when methyl iodide reacts at 100° C.
with any of the following compounds: Diphenylchloroarsine, the
corresponding bromide, iodide, cyanide, or thiocyanate. It erystallises
in violet needles, M.pt. 69-5° C., insoluble in water or ether, readily
dissolving in hot alcohols, chloroform, ethyl acetate, or acetone. VWhen
treated with alcoholic potassium hydroxide and the product recrystal-
lised from water, diphenyldimethylarsonium iodide results. An alcoholic
solution of iodine transforms the tri-iodide into the compound, (C¢H;),As

CH) I.Ig. -

( p-Bromodiphenyldimethylarsonium iodide,® (C.H;)(C¢H,Br).
As(CH,),l, is obtained by combination of p-bromodiphenylmethylarsine
and methyl iodide in the cold, two to three weeks being required to
complete the reaction. It separates from absolute aleohol in very
pale yellow prisms, M.pt. 87° C.

Diphenyldiethylarsonium iodide, (CeHj)As(CoH), I8 —
Diphenylethylarsine and ethyl iodide are heated in a sealed tube at
100° C. The product crystallises in white needles, M.pt. 184° C.,
sparingly soluble in cold water, readily soluble in hot water or alcohol.
The corresponding chloride cannot be obtained in crystalline form, but
its solution with platinic chloride gives diphenyldiethylarsonium platini-
chloride, [(C¢Hj)As(CoHj )y, PtClg, crystallising in golden yellow plates.

Diphenylmethylethylarsonium iodide, (CH;),As(CH,)(C.H;)L,*
crystallises in rhombic plates, M.pt. 170° C., soluble in alcohol or hot
water, insoluble in ether. It has a bitter taste. When heated in a stream
of carbon dioxide, ethyl iodide is split off. The hydrozide is a syrupy
mass; the platinichloride crystallises from boiling water in yellowish-red
needles, M.pt. 214° C., whilst the picrate forms yellow needles, M.pt. 95° C.

Diphenylmethylbenzylarsonium iodide melts at 198° C.5

Diphenyl - p - tolylmethylarsonium iddide, (C.H;),As(C,H,)
(CH,)L,® melts at 152° C.; the corresponding chloride is an oil, and
the platinichloride forms pale red crystals, M.pt. 209° C.

Diphenyl-p-tolylethylarsonium iodide is an oil, and the platini-
chloride consists of pink crystals, M.pt. 220° C. .

Di-o-tolyldimethylarsonium iodide, (C,H,),As(CH,),I,” crys-
tallises from water in colourless needles, M.pt. 195° C.

Phenyltrimethylarsonium iodide, C.H;.As(CH)4I.8—In addition
to the usual method of preparation, this body results when arsenobenzene
and methyl iodide are heated at 100° C.? It crystallises in white needles,
M.pt. 250° C., fairly soluble in cold water or alcohol, insoluble in ether.
It splits up into its components when heated in an atmosphere of carbon
dioxide. The platinichloride forms red lamine, M.pt. 219° C. The

1 Steinkopf and Schwen, Ber., 1921, 54, [B], 1437.

? Hunt and Turner, T'7ans. Chem. Soc., 1925, 127, 2670.

3 La Coste and Michaelis, Ber., 1878, 11, 1883.

4 Michaelis and Link, loc. cit.

5 Burrows and Turner, T'rans. Chem. Soc., 1920, 117, 1381.

¢ Michaelis, Annalen, 1902, 321, 141.

7 Burrows and Turner, loc. ctt.

8 Burrows and Turner, loc. cif. ; see Michaelis and Link, Annalen, 1881, 207, 205.
% Bertheim, Ber., 1914, 47, 274.
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iodide forms an additive compound with iodoform, CgH; As(CH,),I . . .
CHI,, which crystallises in yellow needles, M.pt. 143° to 145° C.,! and
also a 2compou,ncl with cadmmium diodide, [C¢Hz(CHj)oAs],.Cdl,, M.pt.
194° C.

Phenyltrimethylarsonium tri-iodide, CgH;.As(CH;);l4,% is
formed amongst other products by the interaction of methyl iodide and
any of the following arsenicals: Phenylmethylchloro- or iodoarsine,
arsenobenzene or sym.-diphenyldi-iododiarsine. It forms reddish-brown
needles, M.pt. 108° C., which arc converted by arsenobenzene or
sym.-diphenyldi-iododiarsine into phenyltrimethylarsonium iodide and
phenyldi-iodoarsine.

p - Iodophenyltrimethylarsonium iodide, (CH,I)(CH,) As],
obtained from methyl iodide and 4 : 4’-di-iodoarsenobenzene, crystallises
in plates, M.pt. 800° C. It has a similar solubility to the preceding
mono-iodide.*

Phenyltrimethylarsonium bromide.> — Phenyldimethylarsine
(2 grams) and 7-7 grams of methyl bromide are brought together in the
cold and allowed to stand for many days, when the bromide separates
as a white, microcrystalline mass. It yields large, compact crystals
from aleohol, decomposing at 284° C., and dissolving in water, giving a
solution with neutral reaction. It is soluble to some extent in most
solvents, except ether and pyridine. When heated with methyl iodide
the bromide is converted into the corresponding iodide. The corre-
sponding platinichloride crystallises from water in brown leaflets, M.pt.
197° to 200° C., and the picrate forms orange-yellow needles, M.pt.
145° C.

Benzyltrimethylarsonium iodide, (C¢H;.CH,)(CH;);AsL® is
readily formed from benzyldimethylarsine and methyl iodide. It
separates from alcohol in colourless leaflets, M.pt. 195° to 196° C. If
ethyliodideis used in the preparation, benzyldimethylethylarsonium iodide
is obtained; this separates from alcohol-ether in colourless leallets,
M.pt. 168° to 165° C.

Benzyltrimethylarsonium picrate, (C¢H;.CH,)(CH;);As.
C¢H,N;O,,” obtained from the methiodide of benzyldimethylarsine,
crystallises from water in yellow prisms, M.pt. 175° to 176° C.

p-Anisyltrimethylarsonium iodide, (C,H,.OCH,)(CH,),AsI, is
obtained when arseno- p-anisole, CH0.C¢H,As : AsCgH,.OCH,, is
hea.'ged ;11: 100° C. with methyl iodide It forms colourless prisms, M.pt.
218° C.

a-Naphthyltrimethylarsonium iodide, C;(},(CH;);AsL,? crystal-
lises from alcohol in colourless ncedles, M.pt. 230° C.

m-Nitrophenyltrimethylarsonium picrate, (C,H,NO,)(CH),As.
C¢H,N30,, results when 4 grams of phenyltrimethylarsonium picrate
in 30 grams of nitric acid (density 1-52) are heated at 100° C. for live
hours in a sealed tube. It forms orange-yellow necedles, M.pt. 180° C.

1 Steinkopf and Schwen, Ber., 1921, 54, [B], 2969.

2 Burrows and Turner, Trans. Chem. Soc., 1921, 119, 1448.

3 Steinkopf and Schwen, Ber., 1921, 54, [B], 1437.

4 Bertheim, loc. cit. § Steinkopf and Schwen, loe. cit,
¢ Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443.

7 Ingold, Shaw, and Wilson, ibid., 1928, p. 1282.

8 Bertheim, Ber., 1914, 47, 276.

9 Burrows and Turner, Trans. Chem. Soc., 1920, 117, 1381.
10 Ingold, Shaw, and Wilson, loc. cit.
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p-Nitrobenzyltrimethylarsonium picrate, (NO,.CH,.(CH,)
(CH,)3As.C4H,N 30, from nitration of benzyltrimethylarsonium picrate,
crystallises from acetone in orange-yellow needles. M.pt. 166° to 168° C.

Phenyldimethylethylarsonium iodide ! is obtained from phenyl-
methylethylarsine and methyl iodide or phenyldimethylarsine and ethyl
iodide at water-bath temperatures. It crystallises from alcchol in
colourless needles, M.pt. 142° C. Phenyldimethylethylarsonium mercuri-
todide, CgHz(CH3),C,Hs. As. Hgl s, forms pale yellow prisms, M.pt. 185°C.,
and the plumbi-iodide, CgHz(CH,),C,H As. Pbl,, melts at 203 C.2

Phenyldimethylbenzylarsonium iodide crystallises from acetone-
ether in colourless needles, M.pt. 115° to 116° C.

Phenyl-S-phenylethyldimethylarsonium iodide, C.H,[(CH,),.
CeH;](CH;),AsL,2 is prepared from phenyl-B-phenylethylmethylarsine
and methyl iodide. It crystallises from water in rhombohedra or
prisms, M.pt. 119° C.

Phenylmethyldiethylarsonium iodide,* C.H; As(C,H;),(CH,)I,
is a colourless, crystalline solid, M.pt. 75° to 77° C.; the chloride is an
oil, and the platinichloride melts at 190° C.

Phenyltriethylarsonium iodide, C/H;As(C,H,);I.5— Phenyldi-
ethylarsine and ethyl iodide in a sealed tube at 100° C. combine to give
the iodide, or phenylarsine may be heated with ethyl iodide at 120° C.6
It yields prismatic crystals from water, M.pt. 112° to 118° C., which
possess a bitter taste. It decomposes in the usual manner when heated
in a carbon dioxide atmosphere. When heated for from two to three
hours at 110° C. with water and silver oxide in a sealed tube, it gives
the hydrowxide, a syrupy liquid, which forms an uncrystallisable chloride
on neutralisation with dilute hydrochloric acid. The platinichloride
forms golden yellow plates. When an acetic acid solution of the iodide
is treated with chlorine, dark yellow crystals of phenyliriethylarsonium
iodod chloride, C¢H;As(C,Hj)sICl,, separate, M.pt. 79° C.7

Phenyliodomethyldiethylarsonium iodide, CgH;.As(CH,I)
(C.Hj),I, results when phenyldiethylarsine and methylene iodide are
heated together on the water-bath. It crystallises from dilute alcohol
in needles, M.pt. 178° C. It dissolves rcadily in methyl alcohol, and is
sparingly soluble in hot cthyl alcohol, acetone, or water.

Phenyltri-isoamylarsonium iodide, (C¢H;)(C;H,,)3AsI, prepared
by heating phenylarsine and isoamyl iodide at 140° to 150° C., forms
white crystals, M.pt. 168° C.2 It is very soluble in chloroform and
alcohol, insoluble in benzene, ether, light petroleum, and cold water.

Phenylethyl - n - propylallylarsonium bromide, (C¢Hj)(C,H;)
(CsH,)(C3H;)AsBr,® obtained from phenylethyl-n-propylarsine and allyl
bromide, crystallises in colourless plates from acetone, M.pt. 86° C. The
corresponding d-a-bromocamphor-m-sulphonate, crystallises from alcohol
and melts at 128° C.

Phenyl - y - phenylpropyldimethylarsonium iodide, (CgHj)

1 Burrows and Turner, loc. cit.

# Burrows and Turner, ibid.

3 Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443.

¢ See Michaelis, Annalen, 1902, 320, 296.

5 La Coste and Michaelis, Ber., 1878, 11, 1883 ; Michaclis, zbid., 1877, 10, 622.

¢ Dehn, Amer. Chem. J., 1905, 33, 151.

? Michaelis, loc. cit.

8 Dehn, Amer. Chem. J., 1905, 33, 152.
9 Winmill, Trans. Chem. Soc., 1912, 101, 718.
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[CeH,;.CH,.CH,.CH,](CH 4),.AsI, crystallises in colourless rhombohedra,
M.pt. 102° C.1

Phenyl - p - tolyldimethylarsonium iodide, (C,H;)(C,H,)As
(CH,),I.2—In this case, combination only occurs in the cold after the
arsine and methyl iodide have been standing for two to three weeks,
but the reaction may be accelerated by heating at 100° C. The iodide
crystallises in colourless prisms, M.pt. 98° C.

Phenyl-p-tolylmethylethylarsonium iodide, (C.H;)(C,H,)(CH,)
(CoHj;)AsL? from phenyl-p-tolylethylarsine and methyl iodide, melts at
150° C. when crystallised from alcohol, and at 158° C. when crystallised
from water. When once it has been crystallised from water, recrystal-
lisation from either solvent gives M.pt. 158° C. The corresponding
chloride and hydroxide have not been isolated in crystalline form, but
the platinichloride yields yellowish-red prisms, M.pt. 214° C.

Phenyl-p-tolyldiethylarsonium iodide,(CsH;)(C,H,)(C,H;),AsI,*
crystallises from water in needles, M.pt. 148° C. The n-propyl and
isopropyl derivatives are crystalline compounds of indefinite melting-

oint.
P Phenyl-p-tolylethylbenzylarsonium iodide, (C.H;)(C,H,)(C,Hj;)
(CeH;CH,)AsI, forms rhombic crystals, M.pt. 150° C., but the corre-
sponding chloride is not crystallisable.

Phenylbenzylmethylallylarsonium iodide, (CoH;)(C.H;.CH,)
(CH,)(C4H;)AsI, forms colourless crystals, M.pt. 100°C. Its d-a-bromo-
camphor-m-sulphonate crystallises in prisms, M.pt. 189° C., and cannot
be resolved.

Phenylbenzylethyl-n-propylarsonium iodide, (C;H;)(C.H,CH,)
(CoH;)(CsH;)AsIL,5 is formed from phenylethyl-n-propylarsine and
benzyl iodide by heating at 40° to 50° C. It separates from dilute
alcohol in colourless crystals, M.pt. 128° C. Its d-camphor- B-sulphonate
shows no signs of resolution into optically active components.

Phenylmesityldimethylarsonium iodide, (CyH;)[CcH,(CH,))
(CH,),AsI..—Phenylmesitylmethylarsine readily combines with methyl
iodide at 100° C., yielding the iodide, which separates from alcohol
in colourless prisms, M.pt. 187° C. Phenylmesitylbenzylmethylar-
sonium bromide, (CgH;)[C;Hy(CH,);](CeH;CH,)(CH;)AsBr, is pre-
pared in a similar manner, and crystallises from alcohol or water in
colourless prisms, M.pt. 179° to 180° C.

Phenyl-a-naphthyldimethylarsonium iodide, (CglI;)(C,H;)
(CH,)Asl,? is readily formed on the water-bath, and crystallises from
concentrated aleoholic solution in plates, M.pt. 175° C.

Phenyl-a-naphthylmethylallylarsonium bromide, (C¢Hj)
(CyoH,)(CH,)(C3H;)AsBr,® obtained by combination of the arsine and
allyl bromide, is a colourless, crystalline compound, melting with
decomposition at 140° C.

Phenacylphenyl-a-naphthylmethylarsonium bromide, (C,H;.
CO.CH,)(CgHj)(CyoH;)(CH 3)AsBr. — Phenyl - o - naphthylmethylarsine

1 Burrows and Turner, ZT'rans. Chem. Soc., 1921, 119, 429.
2 Hunt and Turner, ibid., 1925, 127, 2668.

3 See Michaelis, Annalen, 1902, 321, 160.

4 Michaelis, loc. cit. '

5 Winmill, loc. cit.

8 Hunt and Turner, loc. cit.

7 Burrows and Turner, loc. ¢it.

8 Burrows and Turner, T'rans. Chem. Soc., 1921, 119, 426.
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and w-bromoacetophenone are warmed together in molecular pro-
portions. The product, when treated with alcohol, gives a white,
crystalline solid, M.pt.. 189° C. It dissolves readily in hot alcohol,
sparingly in cold aleohol, and is insoluble in acetone.

Homopiperonyl-phenyl-a~-naphthylmethylarsonium bromide,
[CeH 5.CH3(O0,CH,)](CeH;)(C1oH,)(CH3)AsBr, crystallises from alcohol
in colourless plates, M.pt. 174° to 175° C. It yields a d-a-bromocamphor-
m-sulphonate, crystallising in stout needles, which cannot be separated
into two optically active forms.

Phenyl - a - naphthylbenzylmethylarsonium bromide, C.H;.
CyoH,.(CeH;CH,)CH ;AsBr, forms colourless prisms, M.pt. 185° C. The
bromocamphor-sulphonate is known; the d-iodide forms colourless
needles, M.pt. 186° to 187° C., and the d-bromide colourless crystals,
M.pt. 187° to 188° C. :

Phenyldi-p-tolylmethylarsonium iodide, (C¢H;)(C,H,),
(CH,)AsI,?! crystallises in needles, M.pt. 84° C. ; its platinichloride forms
golden-yellow needles, M.pt. 222° C. The corresponding ethylarsonium
todide forms yellow needles, M.pt. 125° C.

Phenyldi-m-xylylmethylarsonium iodide, (CoH;)[CeH 3(CHj), ],
(CH4)AsI, forms white crystals, M.pt. 184° C., which yield a hydroxide,
M.pt. 122° C. The corresponding ethylarsonium compound melts at
157° C.

Phenyldi-pseudocumylmethylarsonium iodide, (CzH;)
[CeH,(CH,;)5l5(CH,)ASI, obtained from the arsine and methyl iodide,
melts at 179° C. The corresponding chloride melts at 192° C., and the
platinichloride at 266-5° C. The hydroxide crystallises in colourless
needles, sintering at 147° and melting at 151° C. Prolonged heating
at 180° C. converts the hydroxide into the arsine and methyl alcohol.
The ethylarsonium compound forms colourless crystals, M.pt. 189° C.

p-Tolyltrimethylarsonium iodide, (C,H,)(CHj3);AsL,? is isolated
from p-tolyldimethylarsine and methyl iodide, or from the latter and
p-arsenotoluene, CH4.CgH,As=AsC¢H .CHy.2 It crystallises from water
in needles or prisms, M.pt. 274° to 275° C. with decomposition. The
platinichloride melts at 225° C., and separates from very dilute hydro-
chloric acid in reddish-yellow plates.

p-Tolylmethyldiethylarsoniunriodiag, TCiE; ) (CEF,) (C,H; ) ,AsL, ¢
from p-tolyldiethylarsine and methyl’ iodide,. cr%st?u-iﬁes ins B]GVH’
colourless plates, M.ptmﬂﬁ;,{- AL LuJ‘z (YRS

p-Tolyltriethylars®k i fodide, (CH,)(CoHy)gAsI, separates in
colourless, prismatic crystals from water, PY 280° C. The platini-
chloride forms reddish-yellow plates, M.pt.' 210° C., but the chloride is
very difficult to crystallise.

a-Naphthyldimethylethylarsonium iodide® C,,H,(CH,),
(CoHj)AsI, }é)roduced by treating o-naphthyldimethylarsine with ethyl
iodide at 90° to 100° C., crystallises from alcohol in colourless leaflets,
M.pt. 218° C.

cycloHexylphenylbenzylmethylarsonium bromide,C¢H,, (CgH;)
(CH;.CH,)(CH 4)AsBr..—When cyclohexylphenylmethylarsine is heated
at 100° C. with onc cquivalent of benzyl bromide and a little alcohol,

L Michaelis, Annalen, 1902, 321, 192. 2 Michaelis, #bid., 1902, 320, 304.
3 Bertheim, Ber., 1914,47, 274. 4 Michaelis, loc. cit.

8 Burrows and Turner, 7'rans. Chem. Soc., 1920, 117, 1381.

6 Roberts, Turner, and Bury, J. Chem. Soc., 1926, p. 1443.
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large, colourless crystals appear, but subsequently vanish. On cooling,
a little white powder separates, and crystallisation has to be induced
by adding an excess of ether. Recrystallisation from alcohol-ether
yields rectangular plates, M.pt. 1938° C.  The corresponding d-a-bromo-
camphor-m-sulphonate has been isolated, the crude product melting at
109° to 118° C.

ARYL ARSENATED BETAINES AND KETOBETAINES.

The method of production of arylarsenated betaines is similar to that
for betaine itself (trimethyl-glycine),

CH
(CH3)3N< . 2>co

which may be synthesised from trimethylamine and chloracetic acid.
The application of this method to the triarylarsines yields products of
type I:

CH,.COOH CH, COOH CH,
R3As< - R3A5< . R3A5< >c.0
cl OH 0

I I T

These products may be transformed by alcoholie alkali to type II, from
which the elements of water may be removed to give type III. The
compounds used may be either triaryl or alkyl-arylarsines. A ring
formation similar to III may also be obtained by oxidising an aryltri-
alkylarsonium chloride, in which the aryl group contains a substituted
methyl group, by alkaline permanganate :

CoH,
CH 3.CoH,.As(CH, )0l —— (CHs)sAs< >co
0

If the chloracetic acid above is replaced by an aliphatic or mixed ketone,
such as bromacetophenone, a ketonic group is introduced as in I, and
the compounds are known as kefobetaines :

/CI-I ».CO.R’ CH, OH
RsAs\ — RsAs< >C<

o

II

Cl !
I
CH

SN R3As< /c-o—c.< >A51{3
07| | YO
R’ R’
11X
Alkali transforms I to II, which yields the anhydride III on heating.

All the above compounds arc solids and yield platinichlorides, which
may be used for their identification.
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Triphenylarsenibetaine hydrochloride,!

H,.COOH H, COOH H,
(CH)sAs —— (CHy)sAs — (A0
Cl OH 0
III

I II

This chloride, I, is prepared by heating equal parts of triphenylarsine and
chloracetic acid on the water-bath until a homogeneous mass is formed.
When the latter is triturated with ether, then crystallised from aleohol
and ether, colourless needles, M.pt. 145° C., are deposited. The chloride
is very soluble in aleohol or water, and gives a platinichloride, a pale red
powder, M.pt. 194° C. When the chloride is heated with alcoholic
potassium hydroxide, filtered from potassium chloride, and treated with
carbon dioxide to remove excess of alkali, the solution on concentrating
over sulphuric acid yields triphenylarsenibetaine (II). The crude pro-
duet is crystallised from alcohol-ether, small white needles, M.pt. 125° C.,
being deposited, which are readily soluble in alecohol and water, the
solutions being neutral. When heated at 100° C., the betaine is trans-
formed to the anhydride (III).

Phenyldiethylarsenibetaine hydrochloride,2 C Hj.As(C,H;),.
CL.CH,.COOH, crystallises from alcohol-ether in needles, M.pt. 185° C.,
and forms a bright red platinichloride, M.pt. 161° C. The free betaine,
obtained as in the preceding preparation, has the composition :

CeHl;

. <As(z:)H5>z>o

If chloracetic acid is replaced by its ethyl ester, the final product is
the betaine ethyl ester, C{H;.As(CyH;),Cl.CH,.CO.0C,H,, which is an oil.
It forms a platinichloride consisting of small needles from aleohol, M.pt.
125° C., and also a picrate, melting at 90° C.

Trimethylarsenibenzobetaine hydrochloride,

o, <AS(s:s)s>o

is obtained by oxidising p-tolyltrimethylarsonium chloride with alkaline
permanganate at 50° C. for about ten days. It separates from water in
white, bushy needles, decomposing above 400° C. without melting,
sparingly soluble in cold water, readily soluble in hot alcohol. Its
platinichloride melts at 219° C.

The free betaine crystallises' from aqueous aleohol in flat plates, con-
taining 24 molecules of water, stable in air, and melting without
decomposition on heating. Prolonged boiling with alcoholic potassium
hydroxide converts this compound into trimethylarsine oxide and
benzoic acid. It forms the following double salts: platinichloride, small,
yellow needles, M.pt. 255° C.; aurichloride, golden-yellow needles,
M.pt. 198°C.; hydrobromide, small needles, decomposing at about 270° C.
without melting ; ndtrate, plates, M.pt. 280° C. ; sulphate, flat needles.

1 Michaslis, Annalen, 1902, 321, 174.
2 Michaelis, sbid., 1902, 320, 297.
VOL. XI. : IL 1
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Triethylarsenibenzobetaine hydrochloride is isolated from
p-tolyltriethylarsonium chloride in a similar manner to the correspond-
ing trimethyl compound. After oxidation, the filtrate is treated with
hydrochloric acid, evaporated to dryness and the residue extracted
with absolute alecohol. From the solution, hygroscopic star-like crystals
separate. The platinichloride crystallises from dilute hydrochloric acid
in bright yellow plates, M.pt. 225° C.; the aurichloride forms golden-
yellow needles, M.pt. 165° C.; the picrate, golden-yellow plates, M.pt.
155° C.

The fiee betaine is formed from the hydrochloride by treating a
solution of the latter with sodium carbonate, evaporating to dryness
and extracting the residue with alcohol. It has a bitter taste, forms no
salts with alkalis, and is very stable towards concentrated aqueous
potassium hydroxide, whereas trimethylphosphorbenzobetaine is easily
decomposed by the latter reagent. If, however, alcoholic potassium
hydroxide is used, eight hours’ boiling yields trimethylarsine oxide and
potassium benzoate. .

Triphenylmethylarseniketobetaine hydrochloride or Tri-
phenylacetonylarsonium chloride,!

H,.CO.CH, CH, <cH2 |
<csHs>sAs<2 1 R ANEY . >fls—0—lc . s (),
CHH CH

8

I

This chloride, I, is prepared by heating triphenylarsine and monochlor-
acetone for some hours under reflux in an oil-bath at 120° C. It melts
at 172° C., is soluble in water or alcohol, and forms a platinichloride. By
treatment with sodium hydroxide it is transformed into free triphenyl-
methylarseniketobetaine,

CH, OH
(CeHs)sAs< >C<
(6] CH,

which melts at 128° C., is insoluble in cold water, but readily dissolves in
hot water, alcohol, and benzene ; sparingly soluble in ether. At 194°C.
it is converted into the anhydride (II), which crystallises unchanged
from anhydrous benzene, but reverts to the free betaine in solvents con-
taining water.
Triphenylacetonylarsonium bromide forms colourless crystals,
"M.pt. 165° C., and the jodide melts at 161° C.
Tetraphenylarseniketobetaine hydrobromide or Triphenyl-
phenacylarsonium bromide,

CH,.CO.C.H,
(€A

Br

results when triphenylarsine and bromoacctophcnone are heated for a

short time on the water-bath. It forms silky needles from water, M.pt.

178° C., easily soluble in hot water or alcohol, less soluble in cold water.

The free betuine, obtained by the action of sodium hydroxide or carbonate
! Michaelis, Annalen, 1902, 321, 176 ; Weiss, Inaug. Dissert., Rostock, 1899.
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on the bromide, forms white needles, M.pt. 176° C., soluble in water,
but insoluble in alcohol. It forms the following salts : Aydrochloride,
M.pt. 166° C. ; platinichloride, M.pt. 191° C. ; hydriodide, M.pt. 157° C. ;
nitrate, colourless needles, M.pt. 184° C., soluble in cold water, insoluble
in aleohol.

Tri-p-tolylarsenibetaine hydrochloride,

CH,.CO.0H
(CrHr)sas

prepared by the general method, melts at 146° C., and forms a platini-
chloride, M.pt. 206° C. .
Tri-p-tolylmethylarseniketobetaine hydrochloride,

CH,.CO.CH,
(o) As(

is formed when tri-p-tolylarsine and monochloracetone are heated in
a sealed tube at 85° C. It melts at 170° C., is readily soluble in alecohol
and water, less soluble in benzene, insoluble in ether. The free betaine,
obtained from the hydrochloride by the action of alkali, crystallises in
fine, glistening needles, M.pt. 118° C. It dissolves in alcohol, benzene,
or ether, but is insoluble in water. The hydrobromide melts at 159° C.,
the hydriodide at 144° C., and the platinichloride forms yellow plates,

M.pt. 210° C.
Tri-p-tolylphenylarseniketobetaine hydrochloride,
CH,.CO.C H;
Casd

crystallises in white needles, M.pt. 159° C., having a similar solubility
to the methyl compound. The free betaine forms needles, M.pt. 160° C. ;
the platinichloride, yellowish-red needles, M.pt. 205° C.; and the hydro-
bromide and hydriodide melt at 182° C. and 148° C. respectively.

DEerivaTives oF THE TyPE R,As.AsR,

The first member of this group to be isolated was tetraphenyldiarsine,
obtained by reducing diphenylarsenoxide with excess of phosphorous
acid, the general equation being :

(R,As),0+HPO;=R,As.AsR,+H PO,
This method has been used in several cases, and the oxide has also been
replaced by the corresponding acid <

Reduction of compounds of the type RAsI, yields substituted diarsines
of the type RASLIAsR. A number of interesting derivatives have
recently been obtained as follows :

(1) Interaction of a diarylchloroarsine with a primary arylarsine in
ether solution in a carbon dioxide atmosphere yields a triaryldiarsine :

R,AsCl+RAsH,=R,As.AsHR +HCl
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(2) Diarylchloroarsine (2 mols.) with a primary arylarsine (1 mol.)
in absolute alcohol at about 70° C. in a carbon dioxide atmosphere
vields a penta-aryliriarsine :

2R ,AsCl4+-RAsH ;=R ,As.AsR.AsR,+4-2HCI

A similar compound is isolated from a diarylarsine and an aryldi-

iodoarsine :
2R ,AsH+RAsI,=R,As.AsR.AsR,+2HI

(8) Interaction of an aryldichloroarsine and a diarylarsine gives a
triarylchlorodiarsine :

RAsCl,+R,AsH=R,As.AsCIR+HC]

(4) A diaryldi-iododiarsine and a primary arylarsine in alcoholic
solution in a carbon dioxide atmosphere at about 70° C. react as follows :

RASI.AsIR+RAsH,=RAs—As—R--2HI
X

%

(5) If the arylarsine is replaced by a diarylarsine (2 mols.) the
course of the reaction is :

2R,AsH —|—RAsI.AsIR=R2.As.1|is —ll&s.AsR2+2HI
R R

Oxidation of these compounds by dilute nitric acid yields arsinic acids,
whilst oxidation by air results in arsenoxides. The compounds react
with alkyl iodides, the resulting products being fully dealt with in the
following pages.

Triphenyldiarsine, (C H;),As.AsH(CyH;).:—The preparation of
this compound is carried out in a specially designed apparatus, which
ensures the reaction and the filtration being conducted in an atmosphere
of carbon dioxide. In such an apparatus 8 grams of diphenylchloro-
arsine are mixed with 2-8 grams of phenylarsine in ether solution,
CeH;. AsH ,+ClAs(CgH; )= (CeH;) ,As.AsH(C¢H;)+HCL.  The reaction
is started by gently warming the reaction flask with water, when
hydrogen chloride is evolved and white needles separate. When the
diarsine is treated with dilute nitric acid, and the mixture evaporated
on the water-bath, complete oxidation ensues, and from the reaction
mixture phenyl- and diphenyl-arsinic acids may be isolated. Treatment
with iodine, followed by methyl iodide in a scaled tube at 100° C., gives
phenyldi-iodoarsine and diphenyliodoarsine as arsonium compounds.

Triphenylchlorodiarsine, (CgHj),As.AsCl(CgH;).—To a solution
of 9-2 grams of diphenylarsine in 40 c.c. of ether in an atmosphere of
carbon dioxide, 4-5 grams of phenyldichloroarsine in the same solvent
are added. After warming to about 30° C., gas evolution takes place,
white necdles separate, and after about two hours the reaction is complete.
Theliquoris decanted off and the erystals washed with ether. Thediarsine
melts to a turbid liquid at 164° C., this becoming clear at 179° C.

1 Steinkopf and Smie, Ber., 1926, 59, [B], 1453.
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Oxidised by nitric acid the diarsine yields phenyl- and diphenyl-arsinie
acids. The preparation may be represented as follows :

(CeH;),AsH 4 Cl,AsCeHy=(C4H;),As.AsCl(C H; ) +HCl1
cycloTriphenyltriarsine,
CeHs.As—As.CH,
N

As.CH,

This is formed by the interaction of diphenyldi-iododiarsine and rather
more than 1 gram-molecule of phenylarsine in aleohol at about 70° C.
The reaction takes about two hours for completion, and the product
is obtained in fine needles:

CeHs.A.SI-ASICeH5 + C6H5-A.SH2= CGH5'AS '—AS.CGH5+2HI

As.CH;

When 8-5 grams of the triarsine are heated with 11 grams of methyl
iodide for eight hours at 100° C., the following products are obtained :
1.7 grams of phenyldi-iodoarsine, 1-2 grams of phenyltrimethylarsonium
iodide, and 5-2 grams of phenyltrimethylarsonium tri-iodide.
Tetraphenyldiarsine, Phenylcacodyl, (CeHjy)As. As(CeH;),. —
Diphenylarsenoxide in boiling alcohol solution is reduced by an ex-
cess of phosphorous acid to tetraphenyldiarsine.! This method of pre-
paration has more recently been repeated,? and the product, which is
crystalline, introduced into sealed glass tubes without coming into
contact with the air. It melts at 180° to 185° C. (corr.),® and in moist
air is not spontaneously inflammable, but is oxidised to diphenylarsinic
acid and tetraphenyldiarsine oxide ; a benzene solution also gradually
absorbs oxygen. Chlorine converts the diarsine to diphenylarsenic
chloride, and with iodine, diphenyliodoarsine appears to be formed.
The diarsine reacts with methyl iodide, yielding diphenyldimethyl-
arsonium iodide and diphenyliodoarsine. The vapour pressure of tetra-
phenyldiarsine at 200° C. is about 1 mm., and at 800° C. in a vacuum
it decomposes, giving arsenic and triphenylarsine. It does not dissociate
at the boiling-point of benzene.t The molecular weight, as determined
in naphthalene, increases from 500 to 760 with time, and at the latter
value the iodine absorption is 40 per cent. The specific conductivity
in liquid sulphur dioxide also increases with age of the solution, changing
from. 18:3 X10~¢ to 100 X10~¢ mhos in nineteen days. In the fused
state, at 182° C., the specific conductivity is 18-8 X106 mhos, and
with rise in temperature to 807° or 808° C. the value becomes 880 x 108
mhos. From this data it appears that the bond between the arsenic
atoms is easily ruptured, but it is doubtful whether bivalent arsenic,
which may be present in solution, is present in the stable form.
Tetranitrotetraphenyldiarsine, (NO,.C;H,),As.As(CcH,;.NO,),,%
results when an acetic acid solution of dinitrodiphenylarsinic acid is

1 Michaelis and Schulte, Ber., 1882, 15, 1952 ; Michaelis, Annalen, 1902, 321, 151.

2 Porter and Borgstrom, J. Amer. Chem. Soc., 1919, 41, 2048 ; see Steinkopf and
Schwen, Ber., 1921, 54, [B], 1437.

3 Borgstrom and Dewar, J. Amer. Chem, Soc., 1922, 44, 2915.

¢ Schlenk, Annalen, 1912, 394, 216.

5 Michaelis, sbid., 1902, 321, 151.
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boiled with a moderate excess of phosphorous acid. If too large an
excess of the latter is used, reduction of the nitro-groups also occurs.
The diarsine crystallises in plates, melting at 200° C. to a yellow liquid,
and at higher temperatures explodes. Itisinsolublein the usualsolvents;
it readily combines with chlorine, bromine, and sulphur.

Tetra-aminotetraphenyldiarsine is prepared like the nitro-com-
pound, but using a large excess of phosphorous acid. It is an amorphous
powder, yielding a white acetyl derivative, M.pt. 162° C.

sPm. - Diphenyldimethyldiarsine or sym.-Phenylmethylcacodyl,
(CH,.C;H;.As),.)—In order to prepare this derivative it is necessary
to obtain syin.- phenylmethylarsenoxide, (CH ;. CgH;.As),0, in the follow-
ing manner: Eight grams of phenylmethylbromoarsine in 20 c.c. of
alcohol are heated under reflux on the water-bath, and then treated
with alcoholic potassium hydroxide until the mixture is alkaline. The
potassium bromide is removed, washed with a little alcohol, and the
bulk of the alcohol removed from the filtrate by distillation. The
oxide is precipitated from the residue by the addition of water, collected
in a separating funnel, and dried over calcium chloride. Yield, 5 grams.
The oxide may be purified by distillation in a carbon dioxide atmo-
sphere, a colourless, highly refractive oil, B.pt. about 94° C. at 11 mm.,
" being obtained. It is soluble in aleohol, insoluble in water.

Eight grams of the oxide and 6 grams of crystallised phosphorous acid
in absolute alcohol solution are boiled under reflux for twenty minutes.
An oil separates, which is treated with water after cooling, a solid soon
resulting. In air the latter melts with evolution of heat, but does not
inflame. When dried in a vacuum in a carbon dioxide atmosphere
it melts at about 70° C. When treated with methyl bromide it is
converted into phenyltrimethylarsonium bromide and phenylmethyl-
bromoarsine, but phenyltrimethylarsonium iodide results if methyl
iodide is used.

sym.-Diphenyldi-iododiarsine, C.H;.AsI.AsI.C{H;,? is obtained
in bright yellow needles when phenyldi-iodoarsine in aleohol solution is
reduced by phosphorous acid. It oxidises in air :

(CoHy)sAs 1,40, +H,0=CH,.AsI,+C,H,.As0.(OH),

Nitric acid decomposes this compound, yielding phenylarsinic acid and
iodine, whilst heating causes decomposition as follows :

8(C o) A8,T ;=2 (C oMy )sAs +2A8T ;-+2As

With methyl iodide, the diarsine gives phenyltrimethylarsonium tri-
iodide and mono-iodide, also phenyldi-iodoarsine, the reaction taking
place according to the scheme : 3

CH,I

CeHy A8, A8, CHy ——— CgHy, As————As, CgHy ———> OgHy. As+ CgHy. CH. As
: CH,
2CH,L
— CyHy(CHy)g. AsIy. 4 CoHy. AT AsL Oy Hy — o CoHy(CHy)oAsT +2C, He. Asl,

The relatively small amount of tri-iedide produced is accounted for by
its interaction with sym.-diphenyldi-iododiarsine, as shown.

! Steinkopf and Schwen, loc. ¢it. ; compare Steinkopf and Smie, loc. cit.
2 Michaelis and Schulte, Ber., 1882, 15, 1952. 2 Steinkopf and Schwen, loc. cit.
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Pentaphenyltriarsine, (C¢Hjy),As. As(CIly). As(CH;),!— When
2-5 grams of phenylarsine and 9 grams of diphenylehloroarsine react in
10 c.c. of absolute alcohol in a carbon dioxide atmosphere at 70° (., gas
evolution soon takes place and a thick, white, crystalline mass of the
triarsine séparates. After a short time this is removed and washed
with aleohol. The triarsine may also be prepared from diphenylarsine
and phenyldi-iodoarsine. It is decomposed by iodine in alcoholic
solution into phenyldi-iodoarsine and diphenyliodoarsine :

(CoHj)zA8.A5(CoHj)-As(CoHj )y +2T, =2(CoHy),AsI +C HAsI,

The reaction product with methyl iodide yields dimethyldiphenyl-
arsonium tri-iodide and phenyldi-iodoarsine in the molecular ratio of
0-95 : 2-08.

Hexaphenyltetra-arsine, (C;H;),As.As(CgH; ). As(CH;). As(CHy) 5,
is prepared according to the equation :

2(CGH5)2AsH+(c.,H5)IAs.As1(c6H5)=(CGH5)2As.1|as__As.As(CBH5)2+2Ht
CGHs SHS

The reaction is carried out as before in carbon dioxide at about 70° C.,
using alcohol as solvent, and the product obtained is a white solid, only
very sparingly soluble in alcohol, from which it separates in needles on
cooling. These react with iodine as follows :

(CoHis),A8.AS(CoH ;). As(CoH ). As(CoH )+ 8T, =2C (H ;AST,+2( CoEL, ) ,As]

The reaction mixture from the iodination gives with methyl iodide at
100° C. after fifteen hours’ heating, phenyldi-iodoarsine and dimethyl-
diphenylarsonium tri-iodide in the molecular ratio of 0-88 : 1.

3 :3’-Diamino-4 : 4’-dihydroxydiphenyldimethyldiarsine.?

CH, AsO.0H CH,.As0.0H CHj As———As.CH,
. —— —_—
NO, NH,- NH, | NH,
H H OH 0H
I I 11

8-Nitro-4-hydroxyphenylmethylarsinic acid (I) and the correspond-

ing 8-amino compound (II) are described on p. 289. The final stage in
the synthesis is carried out as follows : 4:62 grams of the amino-acid (II)
are dissolved in 50 c.c. of hypophosphorous acid (density 1-136), con-
tajning 0-5 c.c. of hydriodic acid (density 1-7). The reduction is rapid,
and after thirty minutes, 50 c.c. of water are added and the solid filtered off
in a carbon dioxide atmosphere and washed with much acetone and ether.
White, rthombic erystals (5:1 grams) of the hypophosphite of the arsine
(III)result. The frec arsine is readily soluble in dilute sodium hydroxide,
dilute hydrochloric and sulphuric acids, but insoluble in sodium car-
bonate solution. With sodium nitrate it forms a yellow diazo-solution.
It reduces Fehling’s and Tollen’s solutions, and explodes in contact with
nitric acid (density 1-58).

1 Steinkopf and Smie, loc. cit.

2 Bertheim, Ber., 1915, 48, 357.



CHAPTER III.
AROMATIC HALOGENATED AND CYANOARSINES.

CompounDs OF THE TyrE RAsX,.

IT has already been pointed out that primary arsines, RAsH,, may have
their hydrogen replaced by halogens (p. 62), thus yielding compounds
of the type RAsX,. The difficulty of obtaining primary arsines, how-
ever, does not permit this method being of practical value. The prin-
cipal mode of formation consists of heating tertiary arsines with arsenic
trichloride under pressure, and at a high temperature, the following

reaction taking place :
R;As+2AsCl;=8RAsCl,

In this method some diphenylchloroarsine results as a by-product.
Heating arsenic trichloride with mercury diaryls or with arylmercurie
halides also has a wide application :

R,Hg +2AsCl,=2RAsCl,+HgCl,
RHgCl+AsCl,=RAsCl,+HgCl,

Other methods not so extensively used are as follows :—
(1) Arylarsenoxides are allowed to react with halogen acids :

RAsO+2HX =RAsX,+H,0

(2) Phenylarsenic chloride, C;H;.AsCly, is decomposed by acetic acid,
losing two chlorine atoms :

C,Hj.AsCl, +CH;.COOH =C¢Hj.AsCl, +CH,Cl.COOH +HCl

(8) Tertiary arsines react with thallic chloride, forming thallous
chloride and compounds of the type RAsX,.

(4) Aryldi-iodoarsines may be isolated by treating the corresponding
dichloroarsines with sodium iodide in absolute aleohol :

RAsCl,+2NaIl=RAsI,+2NaCl

(5) By the interaction of arsenobenzene, or sym.-diphenyldi-iodo-
arsine, with aryltrialkylarsonium tri-jodides, p. 86.

(6) Arylarsinic acids in alcohol solution are treated with concen-
trated hydrochloric acid and a trace of iodine and the solution saturated
with sulphur dioxide whilst hot, when the dichloroarsine separates out.
The dichloro-compounds are either highly refractive liquids, evolving
pungent odours when heated, or white, low melting solids. They react
with dry chlorine, yielding arylarsenic tetrachlorides, RAsCl,, which are
decomposed by moisture, forming oxychlorides of the type RAsOCI,,
which may be further hydrolysed to the corresponding acids. In some
cases the oxychlorides are prepared by treating arylarsenoxides with
dry chlorine.

104
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The dichloroarsines may lose their chlorine in two stages when
treated with sodium ethoxide, according to the amount of the latter
used :

RAsCl,+NaOEt=RAsCl(OEt)+NaCl

or
RAsCl,+2NaOEt=RAs(OEt),+2NaCl

Phenyldichloroarsine, C¢H;.AsCl,.—This compound has been pre-
pared in a variety of ways :(—

(1) Since phosphenyl chloride is readily obtained from phosphorus
trichloride and benzene, this method has been applied to the corre-
sponding arsenic compound. Arsenic trichloride (1000 c.c.) and 500 c.c.
of benzene are heated together for forty hours and the resulting product
fractionated. The fraction between 240° and 260° C. yields fairly pure
product. The method, however, is not a particularly good one, and
diphenylchloroarsine is formed at the same time.!

(2) Triphenylarsine and arsenious chloride are heated in a sealed
tube at 250° C., or at ordinary pressures, using a high temperature.?

(8) By using mercury diphenyl. Seventy grams of the latter with
800 grams of arsenious chloride (freed from chlorine by shaking with
mercury, and from hydrochloric acid by heating slowly to the boiling-
point) are quickly raised to 254° C. and maintained at that temperature
for about four hours. An 88 gram yield is obtained, but if‘lower
temperatures are used some phenylmercuric chloride is formed:

(C.H;);Hg +2AsCl,=2CH,AsCl,+HgCl,?

(4) Using phenylmercuric chloride. Thirty grams of this compound
and 100 grams of arsenious chloride are heated together on the water-
bath for four to five hours. The product is then filtered off and the
filtrate distilled in vacuo, excess of arsenious chloride being removed
by first distilling at 100° C.4

Phenyldichloroarsine is a colourless, strongly refracting liquid, B.pt.
250° to 255° C., non-fuming in air, possessing a pungent odour when
hot. Treatment with alkaline hydroxides yields unstable derivatives
of the type C¢H;.As(OM),. Chlorine combines with it to produce
phenylarsenic chloride. With sodium ethoxide it gives phenylethozy-
chloroarsine, C¢H.AsCLOEtL, a colourless oil, B.pt. 125° to 126° C. at
12 mm.® With chlorosulphonic acid the dichloroarsine forms benzene-
sulphonyl chloride.®

Phenylarsenic chloride, C,H;.AsCl,? is prepared as described
above. It crystallises in yellow needles, M.pt. 45° C., transformed by
moist air to the oxychloride, C;H;AsOCl,, and finally to phenylarsinic
acid. When the chloride is heated in a sealed tube at 150° C. it is

1 La Coste and Michaelis, Ber., 1878, 11, 1883 ; see La Coste and Michaelis, Annalen,
1880, 201, 184 ; La Coste, Inaug. Dissert., Freiburg, 1879.

2 Michaelis and Reese, Ber., 1882, 15, 2873 ; see British Patent, 142880 (1920); see
Morgan and Vining, Trans. Chem. Soc., 1920, 117, 780 ; Pope and Turner, #bid., 1920,
117, 1450.

8 Michaelis, Ber., 1876, 9, 1566 ; La Coste and Michaelis, 4nnalen, 1880, 201, 184.

4 Roeder and Blasi, Ber., 1914, 47, 2748.

5 M‘Kenzie and Wood, T'rans. Chem. Soc., 1920, 117, 406.

8 Steinkopf, Schubart, and Schmidt, Ber., 1928, 61, [B], 678. . .

7 Michaelis, ibid., 1876, 9, 1566 ; 1877, 10, 622; see La Coste and Michaelis, Annalen,
1880, 201, 184.
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decomposed into arsenious chloride and chlorobenzene. It reacts with
acetic acid according to the equation :

CeH;AsCl, +CH,.COOH =C ;H,AsCl, +CH,Cl.COOH +HCI

Phenylarsenic oxychloride, C;H;AsOCl,, may be prepared by
treating the above tetrachloride with the requisite amount of water,
or in quantitative yield by the action of chlorine on phenylarsenoxide.
It is a white, crystalline substance, melting at about 100° C., fumes
slightly in air, changing to the acid. It is readily soluble in water,
the acid crystallising from the solution. Heated at 120° C. it is decom-
posed into chlorobenzene and arsenious oxychloride. In a similar
manner phenylarsenic oxybromide is produced by the action of bromine
on phenylarsenoxide.

- Phenyldibromoarsine, CgH;.AsBr,, results when concentrated
hydrobromic acid reacts with phenylarsenoxide. It is a transparent,
pale yellow liquid, B.pt. 285° C., having a faint odour, and is unchanged
by water. Its density at 15° C. is 2-0988.

Phenyldi - iodoarsine, CgH;.AsI,! — Phenyldichloroarsine (84
grams), 90 grams of powdered sodium iodide, and 100 c.c. of absolute
aleohol are shaken together for three hours. The filtrate is evaporated
to dryness under reduced pressure and the residue extracted with
chloroform, the extract then being evaporated in a vacuum until free
from chloroform. A brownish-red oil results, which is erystallised from
aleohol, using solid carbon dioxide for cooling. Another method of
preparation is as follows : 2 To an aqueous solution of 10 grams of
phenylarsinic acid and 17 grams of potassium iodide, 8 c.c. of concen-
trated hydrochloric acid are added and sulphur dioxide passed through
the warm solution. Phenyldi-iodoarsine separates, is dried in ether
solution by calcium chloride, and fractionated. The yield is 8-5 grams,
or 42 per cent. The iodide from the first method separates from alcohol
in lemon-yellow clusters of needles, M.pt. 15° C., B.pt. 190° C. at 12 mm.,
with slight decomposition. The boiling-point for the iodide produced
in the second method is given as 205-5° C. at 14 mm.

Phenyldicyanoarsine, C,H;As(CN),2® results when phenyldi-
chloroarsine and silver cyanide interact in benzene or toluene. It melts
" at 78-5° to 79-5° C.

o-Tolyldichloroarsine, C,H,.AsCl,,* is isolated by boiling mercury
di-o-tolyl with arsenious chloride and fractionating the resulting product.
It is a colourless liquid, B.pt. 264° to 265° C., having a faint odour and
distilling unchanged in a carbon dioxide atmosphere. When treated
with chlorine it yields o-tolylarsenic chloride, C,H,.AsCl, a yellow,
viscous liquid, which yields o-tolylarsinic acid and hydrochloric acid
when treated with water. o-Tolyldichloroarsine yields the oxide when
boiled with aqueous sodium carbonate. The chloride is soluble in
benzene, ether, and aleohol.

m-Tolyldichloroarsine ® is obtained in 40 per cent. yield by

1 Burrows and Turner, Trans. Chem. Soc., 1920, 117, 1373 ; see also Steinkopf and
Schwen, Ber., 1921, 54, [B], 1437.

3 Steinkopf and Smie, Ber., 1926, 59, [B], 1461.

8 Grischkievitch-Trochimovski, Mateyak, and Zablotski, Bull. Soc. chim., 1927, [iv.],
41, 1323 ; Rocz. Chem., 1927, 7, 230.

¢ La Coste and Michaelis, loc. cit., also Ber., 1878, 11, 1888.

® Michaelis, Annalen, 1902, 320, 326 ; Eisenlohr, [naug. Dissert., Rostock, 1893,
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heating tri-m-tolylarsine and arsenious chloride in a sealed tube at
800° C. It is a highly refractive liquid, B.pt. 270° C., and vields a
crystalline fefrachloride, M.pt. 88° C., when chlorinated.

p-Tolyldichloroarsine, prepared by the usual methods, erystallises
in colourless plates, M.pt. 81° C., B.pt. 267° C., unchanged in a current
of carbon dioxide. It yields p-tolylarsenic chloride with chlorine, and
possesses a similar solubility and similar properties to the ortho-com-
pound.

p-Tolylarsenic oxychloride, C,H,.AsOCl,, results when the oxide
is treated with dry chlorine. It is a bright yellow compound.

Benzyldichloroarsine, C¢H;.CH,.AsCl,, is a liquid, B.pt. 175° C.
at 50 mm., decomposed by water yielding benzaldehyde, and by chlorine
giving benzyl chloride. This chloride is far less stable than the other
compounds mentioned in this section.

p-Cumyldichloroarsine,?

CH
°>0H-©-As01,
CH,

Ten grams of tricumylarsine and 40 grams of arsenious chloride are

heated for forty-eight hours at 170° C., the yield of chloride being about

6 grams. It distils at 170° C. at 80 mm. and does not solidify.
p-Anisyldichloroarsine,?

CHSO—O—AsCI,

obtained from tri-p-anisylarsine and arsenious chloride, is a colourless

produet, M.pt. 48° C., B.pt. 160° C. at 80 mm., 280° C. at 117 mm.

p-Anisylarsenic chloride, CH30.CgH ,.AsCl,, is a viscous, yellow liquid.
p-Phenetyldichloroarsine,

c,HEOO-Asol,,

is a colourless liquid, B.pt. 198° C. at 28 mm., yielding a solid fefra-
chloride when chlorinated.
o-Phenoxyphenyldichloroarsine,*

— 0
CLAs-

The corresponding arsinic acid (p. 164), suspended in hydrochloric acid,
is saturated with sulphur dioxide in the presence of a little iodine. The
chloride separates as an orange-red oil, which is isolated by the aid of
carbon tetrachloride. Attempts to distil the product at 10 mm. pressure
transform it completely into 6-chlorophenoxyarsine. Combination of the
chloride in alkaline solution with methyl iodide yields o-phenozyphenyl-
methyliodoarsine, which may be converted into the ozide, and then into
the chloride. The latter is a brownish-yellow, viscous 0il.?

1 See La Coste and Michaelis, Annalen, 1880, 201, 184.

2 Michaelis, 4bid., 1902, 320, 339.

3 Michaelis, ¢bid., p. 298 ; Michaelis and Weitz, Ber., 1887, 20, 51.
¢ Turner and Sheppard, Trans. Chem. Soc., 1925, 127, 546.

5 Roberts and Turner, J. Chem. Soc., 1926, p. 1209.
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2-0-Chlorophenoxyphenyldichloroarsine,!

a
0
CLAs

The corresponding arsinic acid is reduced in warm concentrated hydro-
chloric acid suspension by sulphur dioxide in the presence of a little
potassium iodide. The crude chloride is then dissolved in alcoholic
sodium hydroxide containing sodium sulphite and the whole poured into
dilute sulphuric acid, whereby the chloride is converted into the oxide.
The oxide, when warmed with concentrated hydrochloric acid, gives
the pure chloride in almost theoretical yield. The chloride is a pale
yellow oil, boiling with partial decomposition at 217° C. at 18 mm. In
a similar manner 2-m-chlorophenoxyphenyldichloroarsine

Cl~ Y~— 0
ClAs

and the 2-p-chloro- compound

0
- ClAs

are prepared, the former a pale yellow oil, boiling with decomposition
at about 220° C. at 10 mm., and the latter forming pale yellow, pris-
matic needles, M.pt. 67° to 68° C., and boiling with partial decomposition
at about 220° C. at 10 mm. 4-Chloro-2-phenozyphenyldichloroarsine

— 0 —( \-Cl
ClAs-

crystallises in yellow cubes or octahedra, M.pt. 91° to 92° C.
o-Phenylthiolphenyldichloroarsine, prepared in the usual way,
is a pale, yellowish-brown, viscous oil.
m -Xylyldichloroarsine,?

CH, AsCl,
CH,

This has been prepared in three ways: (1) Fifty grams of mercury
di-m-xylyl are added in small portions, with frequent shaking, to 500
grams of arsenious chloride, and after twenty hours’ standing the mer-
curic chloride is removed and the filtrate fractionated. (2) Ten grams
of tri-m-xylylarsine and 40 grams of arsenious chloride are heated
together in a sealed tube at 240° C., and the resulting product frac-
tionated. (8) By the interaction of tri-m-xylylarsine and thallic
chloride.®? The chloride crystallises in long, colourless ncedles, M.pt.
42° to 48° C., B.pt. 278° C. at 760 mm., or 215° C. at 320 mm. The
1 Roberts and Turner, Trans. Chem. Soc., 1925, 127, 2009.

2 Michaelis, Annalen, 1902, 320, 330 ; Seeman, [naug. Dissert., Rostock, 1891.
8 Goddard, T'rans. Chem, Soc., 1923, 123, 1170.
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crystals tend to pass into the oxide when exposed to air. m-Xylyl-
arsenic chloride, (CH;),CgH3.AsCly, is a white, crystalline mass, gradually
changing to the ozychloride, (CH,),C¢H,.AsOCl,, then to the acid,
(CH3),CeH 3. AsO(OH),.

p-Xylyldichloroarsine,

1
-
CH,

crystallises in tufts of white needles, M.pt. 638° C., B.pt. 285° C. The
corresponding iodide forms a yellow, crystalline mass, M.pt. 45° C. An
oxychloride has been prepared, which crystallises from dilute alcohol in
long needles, M.pt. 178° C.

Pseudocumyldichloroarsine,

CH,

CHaQASCln
CH,

Tri-pseudocumylarsine (5 grams) and 20 grams of arsenious chloride are
heated for forty-eight hours at 200° C. in a sealed tube, and the resulting
product fractionated at 80 mm., the chloride distilling over at 190° C.
It crystallises in small, white needles, M.pt. 82-5° C.
Tert.-butylphenyldichloroarsine,

CATCp S

is a colourless liquid, B.pt. 175° to 180° C. at 20 mm,
a-Naphthyldichloroarsine,?
AsCl,

This chloride may be prepared either from mercury di-a-naphthyl and
arsenious chloride, or by heating one part of tri-a-naphthylarsine with
20 parts of arsenious chloride at 270° C. for forty hours. The excess of
arsenious chloride is removed under reduced pressure and the residue
extracted with ether, a grey mass being left when the solvent is distilled
off. This, when recrystallised from alcohol or petroleum ether, yields
a pure white product, M.pt. 68° C. A more recent investigation gives
M.pt. 68° C., and B.pt. 180° C. at 5 mm.?

a-Naphthyldicyanoarsine, C,,H, As(CN),, is obtained by the
interaction of silver cyanide and a-naphthyldichloroarsine.? It melts
at 159-5° to 160-5° C.

1 Michaelis, Annalen, 1902, 320, 342; Biischler, Jnaug. Dissert., Rostock, 1893 ;
Michaelis and Schulte, Ber., 1882, 15, 1954.

3 Steinkopf and Mieg, Ber., 1920, 53, [B], 1015.

3 (rischkievitch-Trochimovski, Matoyak, and Zablotski, Rocz. Chem., 1927, 7, 230;
Bull. Soc. chim., 1927, [iv.], 41, 1323.
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B-Naphthyldichloroarsine,!

@Asma

is obtained by the mercury diaryl method as indicated before, and not
from tri-B-naphthylarsine, as the latter is difficult to obtain. The
chloride erystallises in fine, warty groups of needles, M.pt. 69° C., readily
soluble in alcohol, ether, and benzene, sparingly soluble in petroleum
ether. It is slowly decomposed by water, forming the oxide.

Cyclohexyldichloroarsine, C.Hj;;.AsCl,.2— When dicyclohexyl-
chloroarsine in petroleum ether is chlorinated, a crystalline #richloride
results. This decomposes at 80° to 90° C., yielding the dichloroarsine,
a transparent liquid, B.pt. 122° to 125° C. at 15 mm.

Halogenated Arsines containing Hydrozyl Groups.
5-Amino-2-hydroxyphenyldichloroarsine hydrochloride,?

A solution of 20 grams of 5-amino-2-hydroxyphenylarsinic acid in 60
c.c. of water and 200 c.c. of hydrochloric acid is treated with sulphur
dioxide for ninety minutes. The precipitated dichloroarsine hydro-
chloride is purified by solution in 80 c.c. of water and reprecipitation by
160 c.c. of hiydrochloric acid, when 15-5 grams of anhydrous white prisms
result. These are soluble in four parts of water, which transforms them
to the arsenoxide hydrochloride.
5-Amino-2-hydroxyphenyldi-iodoarsine hydriodide, obtained
from the arsenoxide, forms yellow prisms, soluble in water, giving a
yellow solution. This solution gradually deposits the arsenoxide
hydriodide. .
5-Acetamido-2-hydroxyphenyldichloroarsine,

NH.Ac
-AsCl,
H

results when the corresponding arsenoxide is triturated with an excess
of alcoholic hydrogen chloride and the liquid allowed to evaporate
spontaneously. The residue, dissolved in alcohol and precipitated by
cther, forms white or pale yellow needles, soluble in cold alcohol or cold
water, the latter causing slow hydrolysis to the corresponding arsenoxide.

dii -Amino-5-acetamido-2-hydroxyphenyldi-iodoarsine hydri-
odide,

NHAe
~Asly
H,.HI H
1 Michaelis, loc. cit. 2 Steinkopf, Dudek, and Schmidt, Ber., 1928, 61, [B‘],—iéﬁ.

3 Newbery and Phillips, J. Chem. Soc., 1928, p. 2375.
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forms yellow, boat-shaped crystals, giving a yellow aqueous solution,
which slowly deposits erystals of the arsenoxide hydriodide.
3 : 5-Diacetamido-2-hydroxyphenyldichloroarsine,

NHAe
AsCl,

I&HAC 6E

crystallises in clusters of needles, soluble in and slowly hydrolysed by
water.
5-Acetamido-2-hydroxyphenylmethoxychloroarsine,

l:THAc

QAs(OCH,)cl

OH

The corresponding arsenoxide in methyl alcohol is treated with methyl

alcoholic hydrogen chloride, and after thirty minutes the solution is

concentrated under reduced pressure. Yield, about 70 per cent.
3-Amino-4-hydroxyphenyldichloroarsine,

HOOAsm,
NH,

is obtained as the monohydrate by the general methods. Hydrolysis of
its hydrochloride by water (8 grams in 10 c.c.) yields the arsenoxide,
and the filtrate contains approximately two-thirds of the total chlorine
introduced.?

3-Amino-4-hydroxyphenyldi-iodoarsine hydriodide, isolated
from the preceding compound by treating its aqueous solution with an
excess of concentrated hydriodic acid, or by general methods, forms
yellow prisms, giving yellow aqueous solutions. When treated with hot
8N nitric acid, only one-third of the total iodine is removed.

3-Acetamido-4-hydroxyphenyldichloroarsine is formed in the
same way as the 5-acetamido-2-hydroxy derivative, having a similar
crystalline form and similar physical properties.

3 - Amino - 5 -~ acetamido - 4 - hydroxyphenyldichloroarsine
hydrochloride, NEA

(]

HO AsCl,
H, HCl

is obtained in 60 per cent. yield by the sulphurous acid reduction of the
arsinic acid in hydrochloric acid at room temperature in the presence of
a little potassium iodide. It crystallises in white prisms, soluble in
dilute alkali hydroxide.
3-Amino-5-acetamido-4-hydroxyphenyldi-iodoarsine hydri-
odide may be prepared either from the arsenoxide, or by reduction of
the arsinic acid with sulphurous acid, using either an acidified solution
1 For the proparation of 3-amino-4-hydroxyphenyldichloroarsine by treating the amino-

aryldichloroarsine hydrochloride with a limited quantity of piperazine or ethylamine, see
British Patent, 260382 (1925).
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of potassium iodide or hydriodic acid. It crystallises in prisms, in
which the acetyl group is remarkably stable towards hot mineral acids,
and its yellow aqueous solutions deposit crystals of the arsenoxide.
3 : 5 ~ Diamino - 4 - hydroxyphenyldichloroarsine dihydro-
chloride,
NH,HCl

HO AsCl,
NH,.HC1

is the hydrolysis product of the foregoing dichloroarsine, using 5N hydro-
chloric acid. The yield is about 50 per cent.; it forms white plates,
readily soluble in water.

3 : 5-Diamino-4-hydroxyphenyldi-iodoarsine dihydriodide.—
The preceding compound in aqueous solution is treated with hydriodic
acid (density 1-7), and the dihydriodide obtained in yellow, water-
soluble prisms.

3 : 5-Diacetamido-4-hydroxyphenyldichloroarsine crystallises
in clusters of needles, readily soluble in water, by which they are slowly
hydrolysed.

3-Nitro-5-amino-4-hydroxyphenyldi-iodoarsine hydriodide,

NH,.HI
HO -AsI,
NO,

prepared from the corresponding arsinic acid, consists of yellow prisms,

giving a yellow solution in water and a red solution in alkali carbonate

or hydroxide.
3-Acetamido-4-hydroxyphenylmethoxychloroarsine,

HopAs(OCH,)cn
HAc

isisolated under similar conditions to those for the 5-acetamido-2-hydroxy
compound. It forms white prisms, converted by warm water to the
corresponding arsenoxide.

Compounps oF THE TyrE R,AsX.

This type of arsenical came into great prominence during the war,
owing to the extensive use of diphenylchloro- and diphenyleyano-arsines
for military purposes. The following are the principal mcthods of pre-
paration for the type R,AsX, where X =halogen :—

(1) The most successful method for preparing diphenylchloroarsine
consists in heating triphenylarsine and arsenious chloride in a rotating
autoclave, 98 per cent. of the resulting mixture being the desired pro-
duct (see p. 115):

2R As+AsX ;=38R ,AsX

The by-product in this reaction is phenyldichloroarsine. A modifica-
tion of the process consists in replacing the arsenious chloride by phenyl-

dichloroarsine :
R As+RAsX,=2R,AsX
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An excellent method has also been devised which uses the same materials
as shown in the first equation, but carries out the operation without
the use of an autoclave (see p. 115).

(2) The oldest method, and one which gives good results, consists
in heating together mercury diaryls and arsenious chloride or aryldi-
chloroarsines. The latter derivatives are useful when mixed aryl-
arsines are desired :

i R,Hg+AsX;=R,AsX+HgX,
Ar Hg+42Ar'AsX,,=2ArAr'AsX +HgX,

(8) Tertiary arsine dichlorides, when distilled under reduced pressure,
split off aryl chloride. The method is not a very good one :

R AsX,=R,AsX+RX

(4) An obvious method of obtaining these halides is to treat the
corresponding oxides with halogen acids :

(RyAs),0 +2HX =2R,AsX +H,0

(5) The addition of magnesium aryl halide to arsenious chloride has
been used in the preparation of di-a-naphthylchloroarsine :

2RMgX +AsX ;=R ,AsX +2MgX,
(6) Secondary arsines, when treated with iodine, exchange hydrogen
for iodine :
R,AsH+1,=R,AsI+HI

(7) The iodides may also be obtained from diarylchloroarsines by
the action of sodium iodide in dry acetone :

R,AsCl4+Nal=R,AsI+NaCl

(8) Tetra-aryldiarsines are decomposed by halogen with formation of
diarylhalidearsines :
R,As.AsR,+X,=2R,AsX

The following methods have been used for the isolation of aliphatic-
aromatic halogenated arsines :—
(1) Aryldialkylarsine dihalides, when heated to about 180° C., split

off alkyl halide :
. ArAlk,AsX,=ArAlkAsX 4 AlkX

(2) Method (7) above may be used.

(8) Arylalkyliodoarsines are converted by sodium hydroxide to the
oxide, which is then treated with hydrochloric acid to convert it to the
chloride.

(4) Aryldichloroarsines are methylated by dissolving in alcohol,
adding sodium hydroxide and methyl iodide, then neutralising the
mixture with hydrochloric acid and allowing it to stand for at least
twenty-four hours. Removal of sodium chloride and alcohol yields
crude arylalkyliodoarsine.

Cyanoarsines, originally prepared by treating diarylarsenoxides with
anhydrous hydrogen cyanide, are better isolated as follows :— g

VOL. XI. : II.
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(1) By the interaction of tetra-aryldiarsines or diarylarsenious sul-
phides and mercuric cyanide :

R,As.AsR,+Hg(CN),=2R,As.CN+Hg
R,As.S.AsR,+Hg(CN),=2R,As.CN+HgS

In the latter reaction silver eyanide may replace mercury cyanide.
(2) By treating diarylehloroarsines with silver cyanide in a rotating
autoclave :
R,AsCl+AgCN=R,As.CN+4AgCl

(8) The halogen atom in diarylchloroarsines may be replaced by
the grouping —OEt by the action of sodium ethoxide, and the product
thus obtained transformed to the cyanide by the action of hydrogen
cyanide.

(4) Phenyldimethylarsine cyanobromide, or the corresponding ethyl
compound, is decomposed by heat, yielding phenylmethyleyanoarsine :

RAIk,As.CNBr=RAlkAs.CN +AlkBr

The halogenated aromatic arsines combine additively with dry
chlorine or bromine, yielding diarylarsine trihalides :

R,ASX +X,=R,AsX,

These trihalides also result when tetra-aryldiarsines are treated with
chlorine, or diarylarsines with an excess of halogen :

R,As.AsR,+3Cl,=2R,AsCl,
R,AsH +2Cl,=R,AsCl,+HCI

The trihalides are decomposed by water, yielding diarylarsinic acids
and halogen acids, and, when distilled, are degraded to aryldihalogen-
arsines :
R,AsX;+2H,0=R,As0.0H4-3HX
R,AsX,;=RAsX,+RX

All compounds of the type (CsH;),AsX, where X =halogen, cyano- or
thiocyano-grouping, react with methyl iodide to give diphenyldimethyl-
arsine tri-iodide. Sodium hydrosulphide transforms diarylchloroarsine
to the corresponding sulphide. Thionyl chloride forms an interesting
addition product with diphenylchloroarsine, (CoH;),AsCl.SOCI,, from
which diphenylarsinic acid or phenyldichloroarsine may be produced,
the final product depending upon the conditions.

The cyanoarsines are not so stable as the halogen derivatives, and
tend to decompose in moist air with evolution of hydrogen cyanide.
They are converted by aqueous or aleoholic alkali to the corresponding
oxides, and by oxidising agents to arsinic acids. Chlorine forms an
addition product, Ry,AsCN.Cl,, which with water yields R,AsO.OH. It
is interesting to note that the CN group may be hydrolysed to COOH
by the usual methods, giving the compound R,As.COOH.

Diphenylchloroarsine, (C¢Hj),AsCl.—This compound, which
played an important part as a material for chemical warfare, has been
the subject of several detailed researches. It was initially obtained by
the interaction of mereury diphenyl and arsenious chloride in the follow-
ing way : 50 grams of mercury diphenyl and 280 grams of arsenious
chloride arc hecated under reflux for several hours at 270° C. The
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resulting product consists of a mixture of diphenylchloroarsine, phenyl-
dichloroarsine, and mercuric chloride, and after decantation of the
liquor to remove the latter product, the other constituents are separated
by fractionation. In order to avoid the formation of triphenylarsine,
the mixture should be rapidly heated above 254° C.1 A second method
of preparation consists in distilling triphenylarsine dichloride at 18 to
14 mm. pressure, when the following reaction occurs : 2

(CoHy)3ASCl, = (CoH) ;ASClL+C (H,Cl

By this process 8 grams of triphenylarsine can be transformed into
2.5 grams of pure diphenylchloroarsine.

In preparing the compound on a large scale, triphenylarsine and
arsenious chloride are heated together and the resulting product frac-
tionated. The more modern methods of preparation are as follows :—

1. Under atmospheric pressure.’>—25-5 c.c. of arsenious chloride are
very slowly added, dropwise, to 80-6 grams of triphenylarsine at 850° C.,
any arsenious chloride which distils over being returned to the reaction
vessel. This portion of the experiment occupies about seven hours.
The resulting mixture is then fractionated under 12 to 15 mm. pressure,
the following fractions being obtained : (a) 120° to 160° C., 12 grams
of moderately pure phenyldichloroarsine; (b) 160° to 205° C., 81-5
grams of practically pure diphenylchloroarsine; (c¢) a residue of 7-2
grams of impure triphenylarsine. In another experiment, 15-8 grams
of triphenylarsine and 11-2 grams of phenyldichloroarsine, heated for
four hours at 800° C. in an open flask, gave a product which yielded
20 grams of diphenylchloroarsine on fractionation. The reactions oceur-
ring in these experiments may be represented as follows :

(CoH)5As-+2A5Cl,=3C HAsCl,
2(C¢Hy)sAs+AsCl,=8(CH;),AsCl
CoH ASCl,+ (CoH; ) sAs=2(C,H, ) ,AsCl

2. Under increased pressure.—250 grams of triphenylarsine and 75
grams of arsenious chloride are heated for three hours at 250° to 280° C.
in a rotating autoclave, the pressure attained being about 4-2 to 7 kilos.
per sq. em. The resulting mass is then fractionated in a carbon dioxide
atmosphere and the following fractions collected : (a) 150° to 190° C.,
68 grams of phenyldichloroarsine with 82 per cent.-of diphenylchloro-
arsine ; (b) 190° to 220° C., 180 grams of diphenylchloroarsine, 98 per
cent.; (¢) 220° to 250° C., 7 grams of triphenylarsine with 80 per
cent. of diphenylchloroarsine; (d) a residue which, when extracted
with chloroform, gives 27 grams of unchanged trif)henylarsine. Using
the rotatory autoclave, triphenylarsine and phenyldichloroarsine, when
heated for three hours at 250° to 280° C., give a 60 per cent. yield of
diphenylchloroarsine.

Diphenylchloroarsine is a pale yellow oil, having a faint odour, and
does not fume in air. It boils at 888° C. without decomposition if
distilled in a current of carbon dioxide, and has a density of 1-42281

1 Michaelis, Ber., 1876, 9, 1566 ; La Coste and Michaelis, 1b4d., 1878, 11,1883 ; Michaelis
and Link, 4nnalen, 1881, 207, 195.

2 Michaelis, Annalen, 1902, 321, 141.

3 British Patent, 142880 (1918); Pope and Turner, Trans. Chem. Soc., 1920, 117,
1450.
¢ Morgan and Vining, #bid., 1920, 117, 780.
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at 15° C. It is insoluble in water, but dissolves in absolute alcohol,
ether, or benzene. It reacts with methyl iodide at 100° C., yielding
diphenyldimethylarsonium tri-iodide, together with diphenyliodoarsine.l

Sodium hydrosulphide (NaSH) transforms the chloride to diphenyl-
arsenious sulphide.? The interaction of diphenylchloroarsine and
thionyl chloride yields a definite crystalline, colourless addition compound
of composition, (C¢Hj),AsCL.SOCl,.2 Under diminished pressure this
compound melts at 188° to 192° C., and begins to decompose at 195° C.,
the distillate having the odour of chlorobenzene ; phenyldichloroarsine
has also been proved to be present in the distillate. In some cases
sulphur chloride, S,Cl,, has been identified in the distillate. Decom-
position of the thionyl chloride addition product at 200° to 215° C. at
25 to 80 mm. yields diphenylarsinic acid, but experimental conditions
may be so modified that no diphenylarsinic acid is isolated. In the
latter case the arsenic appears in the form of phenyldichloroarsine.
These changes are represented by the following equations :

(CH,),AsCl+SOCI,=(C¢H,),AsCLSOCI,
3(C¢H;),AsCLSOCI,=2C ;H;AsCl, +C ;H;AsO +8CH,Cl+S0,4S,Cl,
(CoH;),ASCLSOC], = SCl, + (CoHy ) ASOC1 = C gH,C1-+ C (H,AsO

Plfenyldichloroarsine and chlorosulphonic acid react violently, yielding
two products: % (a) a compound, 2[(C¢H;),AsO(OH)].HC], crystallising
from acetone-ethyl acetate mixture (1:1) in colourless prisms, M.pt.
114° C.; (b) a substance, (C¢H;),AsO(OH).HCl, melting indefinitely at
110° to 180° C. If fluorosulphonic acid is used in this reaction, benzene-
sulphonyl fluoride and diphenylarsinic acid sulphate, 2[(CH;),AsO(OH)].
H,S0,, M.pt. 117° C., are isolated.

Diphenylarsenic chloride, (C;H;),AsCl;.5—This substance results
when diphenylchloroarsine is treated with dry chlorine. It crystallises
from dry benzene in colourless plates, M.pt. 174° C., and is decomposed
by water, forming hydrochloric and diphenylarsinic acids. When
heated in a sealed tube at about 200° C. it decomposes according to the

equation :

Diphenylarsenic chlorobromide, (CH;),AsClLBr,, results when
dry bromine (1 mol.) is added to cooled diphenylchloroarsine (1 mol.).
It is a solid, fumes slightly in air, and is soluble with partial decom-
position in benzene or ether on prolonged boiling.

Diphenylarsenic oxychloride, [(CsH,),AsCl,],0,% is prepared by
treating the arsenoxide with dry chlorine. It is a white powder, M.pt.
117° C.

Diphenylbromoarsine, (CgH;),AsBr.”—This may be obtained
by two methods: (1) Diphenylarsenoxide and hydrobromic acid are
heated together in a sealed tube at 100° C., and on cooling, the bromide

1 Steinkopf and Schwen, Ber., 1921, 54, [B], 1437.

2 M‘Kenzie and Wood, Trans. Chem. Soc., 1920, 117, 408.

3 Gibson and Johnson, J. Chem. Soc., 1928, p. 92.

¢ Steinkopf, Schubart, and Schmidt, Ber., 1928, 61, [B], 678,

& Michaclis, ibid., 1876, 9, 1566 ; Lu Coste and Michaclis, 4bid., 1878, 11, 1883 ; Annalen,
1880, 201, 184. b .

8 La Coste and Michaclis, Ber., 1878, 11, 1883,

? Pope and Turner, Trans. Chem. Soc., 1920, 117, 1451 ; sce La Coste and Michaelis,
Ber., 1878, 11, 1883.
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separates as a colourless, crystalline mass. (2) Triphenylarsine, 80-6
grams, and 15-8 grams of arsenious bromide are heated together for
three hours at 300° to 850° C., and the resulting product distilled under
14 mm. pressure. The fraction distilling at 170° to 205° C. contains
26 grams of crude diphenylbromoarsine, and a residue of 15 grams
remains, which consists of the bromide and triphenylarsine.

This bromide forms colourless plates, M.pt. 55° to 56° C.1 It reacts
with methyliodide in the usual way, yielding diphenyldimethylarsonium
tri-iodide.

Diphenyliodoarsine, (C¢H;),AsI, is obtained by the two methods
used for the bromide, the hydrobromic acid and arsenious bromide
being replaced by the corresponding iodine derivatives. Isolated by
these methods, it crystallises from benzene in yellow, crystalline scales,
M.pt. 45° to 46° C.2 When prepared by the interaction of iodine and
diphenylarsine it is a reddish-brown oil.> It may also be isolated as
follows : 12-5 grams of diphenylchloroarsine are added to a solution of
14-2 grams of sodium iodide in 100 c.c. of dry acetone, and after twenty-
four hours the sodium chloride is filtered off and the acetone evaporated
away. The residueis extracted with ether, from which yellow, hexagonal
crystals of the iodide are obtained, M.pt. 40-5° C.# The iodide is in-
soluble in water, sparingly soluble in cold alcohol, readily soluble in
hot alcohol, very easily soluble in ether, acetone, benzene, carbon
disulphide, and carbon tetrachloride. It combines with methyl iodide
at 100° C., forming diphenyldimethylarsonium tri-iodide.

Di-p-chlorophenylchloroarsine, (CL.CgH,),AsCl, is a pale yellow
solid, M.pt. 51° C.

Diphenylcyanoarsine, (C¢H;),AsCN.>—This was originally pre-
pared by treating the corresponding oxide with anhydrous hydrogen
cyanide, but the following methods have more recently been devised for
eliminating the use of the objectionable hydrogen cyanide : ¢

(1) Tetraphenyldiarsine and mercuric cyanide when heated at
250° C. in a rotating autoclave give a 94 per cent. yield of diphenyl-
cyanoarsine, the proportions used being in accordance with the
equation :

(CoH5)2As.As(CeHy), +Hg(CN),=2(CoH;),As.CN +Hg

Silver cyanide does not give such satisfactory results in this reaction as
mercuric cyanide. .

(2) Diphenylarsenious sulphide and mercuric cyanide when heated
together as above for two hours at 160° to 200° C. give a 71 per cent.
yield of the cyanide :

(CoHy)5As.S.As(CoHj) s +Hg(CN),=2(CH;),As.CN +HgS

Replacing mercuric cyanide by silver cyanide in this reaction only
decreases the yield by.2 per cent.

(8) Diphenylchloroarsine and 10 per cent.' excess of dry silver
cyanide are heated together in a glass-lined, rotating autoclave for three

1 See Steinkopf and Schwen, loc. cit.

2 Pope and Turner, loc. cit,

3 Dehn and Wilcox, Amer. Ohem. J., 1906, 35, 48.

4 Steinkopf and Schwen, loc. cit.

5 Sturniolo and Bellinzoni, Boll. Chim. Farm., 1919, 58, 409 ; Gazzetia, 1919, 49, ii. 326.
¢ Morgan and Vining, T'rans. Chem. Soc., 1920, 117, 782,
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hours at 150° to 160° C. After cooling to 40° C., the mixture is filtered
through a hot filter, and the silver chloride, after draining, is extracted
with warm dry benzene. Distillation of the solution gives a 92 per cent.
yield of the cyanide.

(4) Diphenylmethylarsine cyanobromide is decomposed by heat into
methyl bromide and diphenyleyanoarsine,* and a similar decomposition
obtains with diphenylethylarsine cyanobromide.?

(5) Diphenylchloroarsine is treated with sodium ethoxide and the
resulting ethowy-compound, (CgHjs),As.OC,H;, acted on by hydrogen
cyanide.?

Diphenyleyanoarsine melts at 28° to 80° C.,* 85° C.,° 81:5° C.,° B.pt.
191° C. at 11 mm., and crystallises in colourless, monoclinic plates,
these having an odour of garlic and bitter almonds. Moist air liberates
hydrogen cyanide from the compound, whilst aqueous or alcoholic
alkali hydroxides convert it into the oxide. Concentrated nitric acid,
2 per cent. hydrogen peroxide or bromine water in the cold, transforms
it into diphenylarsinic acid.

When diphenyleyanoarsine is subjected to hydrolysis by the usual
methods used for the preparation of carboxylic acids from nitriles,
diphenylarsinecarbozylic acid, (CgHy)yAs.CO,H, is obtained. Hydrogen
peroxide, or substances yielding hydrogen peroxide, give diphenylarsino-
Jormamide, (CgHj;),As.CO.NH,. Nitrous acid decomposes this com-
pound, giving nitrogen and the foregoing carboxylic acid.” The cyanide
is converted by methyl iodide into diphenyldimethylarsonium tri-iodide.®
With chlorine, diphenyleyanoarsine dichloride, (CgH;),As(CN)Cl, is
obtained, which melts at 180° to 188° C., and is converted into diphenyl-
arsinic acid on boiling with water.®

Diphenylthiocyanoarsine, (CgH;),As.CNS.**—To a solution of
40 grams of diphenylchloroarsine in 40 c.c. of acetone, a solution of
12-8 grams of sodium’ thiocyanate in 60 c.c. of the same solvent is
added. The thiocyanate is collected after thirty minutes, the yield
being 22 grams. It is a pale, brownish oil, B.pt. 280° to 233° C. at
22 to 28 mm., miscible with benzene and acetone in all proportions, but
decomposed by water. With methyl iodide at 100° C. it is converted
into diphenyldimethylarsonium tri-iodide.*

Di-p-tolylchloroarsine, (CH;.CgH,),AsCL 2 may beisolated by the
methods enumerated under the corresponding phenyl compound. It
forms colourless crystals, M.pt. 45 ° C., B.pt. 840° to 845° C., unaffected
by aqueous sodium carbonate, but decomposed by boiling alcoholic
potassium hydroxide. When treated with dry chlorine it gives di-p-
tolylarsenic chloride, (C,H,),AsCly, which readily decomposes on addition
of water, eventually giving di-p-tolylarsinic acid.

Di-p-anisylchloroarsine, (CH;0.CgH,),AsCL* is obtained by the

1 Steinkopf and Schwen, Ber., 1921, 54, [B],-2799.

2 Steinkopf, Donat, and Jaeger, ibid., 1922, 55, [B], 2579.

3 M‘Kenzie and Wood, T'rans. Chem. Soc., 1920, 117, 406.

4 Morgan and Vining, loc. cit. 5 Sturniolo and Bellinzoni, loc. cit.
¢ Steinkopf and Schwen, loc. cit.

7 French Patents, 521119, 521469 ; from Chem. Zentr., 1921, iv. 870.

8 Steinkopf and Schwen, Ber., 1921, 54, [B], 1437.

9 M‘Kenzie and Wood, loc. cit. 10 Steinkopf and Mieg, Ber., 1920, 53, [B], 1013.
1 Steinkopf and Schwen, loc. cit.
13 g, Coste, Annalen, 1881, 208, 18 ; Michaelis, tbid., 1902, 321, 160.
13 Michaelis and Weitz, Ber., 1887, 20, 50.
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interaction of the corresponding oxide with concentrated hydrochloric
acidé It crystallises from ether in pale yellow needles, .\f.pt. 79° to
80° C.

Di-a-naphthylchloroarsine, (C,oH,),AsCl, is prepared by adding
magnesium a-naphthyl bromide to arsenious chloride. It melts at
166° to 167° C.!  'With chlorine it yields di-a-naphthylarsenic chloride,?
(CyoH7),AsCl,,

Di-a-naphthylcyanoarsine, (C;oH;),As.CN,? is derived by heating
di-a-naphthylarsenoxide with anhydrous hydrogen cyanide in a sealed
tube at 100° C. It melts at 191-5° to 192-5° C.

Dicyclohexylchloroarsine, (C4H,,),AsCl.¢ — Tricyclohexylarsine,
when chlorinated in carbon tetrachloride solution, yields a crystalline
dichloride, which decomposes at about 200° C. in vacuo, yielding the
chloroarsine. The latter boils at 168° to 171° C. at 10 mm., the yield
being about 70 per cent.

Phenyl-p-tolylchloroarsine, C H;(C,H,)AsCl.>—Thirty grams of
mercury di-p-tolyl and 180 grams of phenyldichloroarsine are mixed,
and after a time boiled for five hours. The liquor is decanted off and
mixed with light petroleum, when a dark oil separates and solidifies.
This latter is p-tolylmercuric chloride. It is filtered off, distillation of
the filtrate giving phenyl-p-tolylchloroarsine as a colourless oil, B.pt.
215° to 287° C. at 29 mm., which readily yields a #richloride when treated
with chlorine.

Phenylcyclohexylchloroarsine, (CH)(C4II;;)AsCL.8—A solution
of 80 grams of dicyclohexylphenylarsine in 600 c.c. of petroleum ether is
treated with chlorine. Removal of the solvent yields the #ichloride,
which decomposes at 167° C., and from the decomposition products
50 grams (78 per cent.) of the chloroarsine are isolated on fractionation.
It boils at 188° to 184° C. at 15 mm.

Phenylcyclohexylcyanoarsine, (CoH;)(C¢H;; )AsCN.—This deriva-
tive may be obtained in two ways: (1) Phenyleyclohexylmethylarsine
yields a cyanobromide when treated with cyanogen bromide. This
decomposes at 70° to 80° C., and the resultant product by distillation in
a stream of carbon dioxide gives the cyanoarsine. It boils at 156-5° C.
at about 2 mm., and is a very irritant liquid. (2) Phenyleyclohexyl-
chloroarsine is transformed to the cyanoarsine when shaken with aqueous
potassium cyanide at 60° C. Obtained by this method the product boils
at 190° to 192° C. at 14 mm.

p-Tolylmethyliodoarsine, (C,H,)(CH,)AsL?— p-Tolylarsenoxide
(50 grams) is dissolved in a solution containing 27-7 grams of sodium
hydroxide, 55 c.c. of water, and 220 c.c. of spirt, the whole being kept
cool. The solution is treated in a reflux apparatus with 28 c.c. of methyl
iodide, and after twenty-four hours the alcohol is distilled off, the residue
acidified with hydrochloric acid, 50 grams of potassium iodide added,
and the mixture saturated with sulphur dioxide. The iodide separates

1 Matsumiya, Mem. Coll. Sci. Kydto, 1920, 4, 217; J. T'okyo Chem. Soc., 1920, 41,
868.
2 Matsumiya and Nakal, Mem. Uoll. Sci. Kyoto, 1925, 8, 307.

3 Grischkievitch-Trochimovski, Mateyak, and Zablotski, Bull. Soc. chim., 1927, [iv.],
41, 1323 ; Rocz. Chem., 1927, 7, 230.

4 Steinkopf, Dudek, and Schmidt, Ber., 1928, 61, [B], 1911.

5 Michaelis, dnnalen, 1902, 321, 165 ; Predari, Inaug. Dissert., Rostock, 1894.

¢ Steinkopf, Dudek, and Schmidt, loc. cit.

7 Mills and Raper, Trans. Chem. Soc., 1925, 127, 2479.
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as an oil, which is extracted with chloroform, dried and distilled. It
is a golden-yellow oil, B.pt. 168° to 165° C. at 12 mm., solidifying on
standing to canary-yellow needles, M.pt. 29° C.

Halogen, Hydroxy, Nitro and Amino Nuclear-Substituted Compounds
. of the Types RAsX, and R,AsX.

p-Chlorophenyldichloroarsine,! Cl.C;H,.AsCl,, is a colourless,
highly refractive liquid, B.pt. 277° C., or 160° C. at 23 mm.

o-Bromophenyldichloroarsine, Br.C;H,.AsCl,.—o-Bromophenyl-
arsinic acid in fuming hydrochloric acid is reduced by sulphur dioxide
in the presence of potassium iodide at water-bath temperature. The
yield is about 78 per cent.? It may also be obtained by the reduction
of 2-bromo-6'-aminodiphenylarsinic acid, 2-bromo-6-methylamino- or
2-bromo-6’-dimethylaminodiphenylarsinic acid.® It crystallises from
petroleum ether in plates, M.pt. 65° to 66° C., readily soluble in in-
different solvents.

p - Bromophenyldichloroarsine ¢ results when p - bromophenyl-
arsinic acid is reduced with hydrochloric-hydriodic-sulphurous acids. It
is a heavy, orange-coloured liquid, B.pt. 168° C. at 18 mm., and when
treated with methyl iodide in alcoholic alkali solution for twelve hours,
and subsequently with concentrated hydrochloric acid, and reduced by
sulphur dioxide in the presence of a little potassium iodide, it yields
p-bromophenylmethyliodoarsine. This boils at 178° to 180° C. at 23 mm.,
and forms pale yellow needles, M.pt. 86-5° C.

p-Iodophenyldi-iodoarsine, I1.C,H,.AsI,,5 may be prepared by
the action of concentrated hydriodic acid on p-iodophenylarsinic acid,
or together with the latter acid when diazotised atoxyl is treated with
potassium iodide, copper sulphate, and sodium thiosulphate in hydro-
chloric acid solution. It crystallises in golden yellow needles or scales,
M.pt. 80° C.

o - Hydroxyphenyldichloroarsine, HO.C.H,.AsCl,.—o-Hydroxy-
phenylarsenoxide anhydride (p. 188) is suspended in a large volume
of petroleum ether and dry hydrogen chloride passed in with shaking,
together with some sulphur dioxide. The product obtained melts at
81° to 82° C., and after standing for six days over soda-lime, the melt-
ing-point is 74° to 80° C. The yield is about 78 per cent., and the
product is readily soluble in ether, benzene, and carbon disulphide,
sparingly soluble in petroleum ether. It is readily hydrolysed by water
into hydrogen chloride and the anhydride.®

o-Nitrophenyldichloroarsine, NO,.C.H,.AsCl,."—o-Nitrophenyl-
arsinic acid, dissolved in concentrated hydrochloric acid, is heated on
the water-bath, and saturated for several hours with hydrogen chloride
and sulphur dioxide, when an oil separates out. This solidifies, and
when recrystallised gives bright yellow prisms, M.pt. 49° to 50° C.,
readily soluble in alcohol, ether, and benzene, sparingly soluble in petro-
leum ether. It is easily hydrolysed by water and alkali, the resulting

L Hunt and Turner, Trans. Chem. Soc., 1925, 127, 2671.
2 Kalb, Annalen, 1921, 423, 39.

3 Burton and Gibson, J. Chem. Soc., 1926, p. 459.

4 Hunt and Turner, Trans. Ckem. Soc., 1925, 127, 2667.
5 Mameli and Patta, Boll. Soc. Med.-Chirug. Pavig, 1909.
¢ Kalb, loc. ctt.

7 Kalb, loc. cit. ; see Karrer, Ber., 1914, 47, 1783.
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oxide being inscluble in sodium carbonate and ammonium hvdroxide,
but giving a yellow solution in sodium hydroxide. )

m-Nitrophenyldichloroarsine, NO,.C ;H,.AsCl,.»—Dinitroarsenc-
benzene in chloroform is treated with chlorine, when m-nitrophenyl-
arsenic chloride is produced. This may be isclated, if required, by
evaporation of the solvent, long needles being deposited. If the chloro-
form solution is treated with excess of dinitroarsencbenzene and the
solvent removed, an oil remains, which soon solidifies. The reaction
may be represented as follows :

(NO,.C¢H,.A8),+2NO,.CoH,.AsCl, =4NO,.C,H,.AsCl,

When the chlorine is replaced by bromine, and .the solution filtered and

concentrated under diminished pressure, m-nitrophenyldibromoarsine is

obtained as a white, crystalline solid.
3-Nitro-4-tolyldibromoarsine,

CH3-<3—A5;]31'sl

NO,

obtained from 8 :8’-dinitroarseno-p-toluene suspended in chloroform
and bromine, crystallises in brownish-white plates from chloroform;
M.pt. 260° C. with decomposition, readily soluble in alcohol, ether, or
aqueous alkali.

Di-3-nitrodiphenylchloroarsine,?

[ m

NO,

results when chlorine is passed into a suspension of tetranitrotetra-
phenyldiarsine, the diarsine being kept in slight excess. It crystallises
in golden needles, M.pt. 112° C,, readily soluble in benzene and chloro-
form, sparingly soluble in ether. The corresponding dromide crystallises
in colourless plates, M.pt. 93° C.

p-Dimethylaminophenyldichloroarsine hydrochloride, HCI.
(CH,4),N.CH,.AsCl,2—When p-dimethylaminophenylarsenoxide is dis-
solved in dilute hydrochloric acid, and the solution treated with con-
centrated hydrochloric acid, the required hydrochloride is precipitated.
It forms fine, white needles, melting at 116° C. to a bright yellow liquid.
In dilute acids and water it dissolves readily, but is sparingly soluble
in concentrated acids. The Aydrobromide is prepared in a similar
manner. When potassium iodide is added to an aqueous or alcoholic
solution of the hydrochloride, the hydriodide is precipitated, AsI,.
C.H,N(CH,),.Hl. This is also obtained by solution of the oxide in
hydriodic acid, and is a yellow precipitate, becoming deep red on dry-
ing and undergoing decomposition.

p - Diethylaminophenyldichloroarsine hydrochloride, HCL
(C.H;),N.C,H,.AsCl,, forms snow-white needles, M.pt. 189° C,, ex-
tremely soluble in water, sparingly soluble in hydrochlorie acid.

1 Michaelis and Loesner, Ber., 1894, 27, 269.

2 Michaelis, Annalen, 1902, 321, 141.

3 Michaelis and Rabinerson, ibid., 1892, 270, 139 : Rabinerson, Inaug. Dissert., Rostock,
1891. :
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Mixed Halogenated Arsines of the Type ArAlkAsX.

Phenylmethylchloroarsine, (C¢H;)(CH;)AsCl.! — Phenylmethyl-
iodoarsine is treated with the calculated amount of sodium hydroxide,
the resulting oily oxide being washed with water, then shaken repeatedly
with small quantities of concentrated hydrochloric acid. The oil, after
drying over calcium chloride, distils at 118-5° C. at 14 mm. It may
also be obtained by heating phenyldimethylarsine dichloride in an oil-
bath at 180° C. for thirty minutes. The product thus isolated boils
at 229° to 282° C.2 It combines with methyl iodide at 100° C., form-
ing phenyltrimethylarsonium tri-iodide.® The chloroarsine behaves
towards thionyl chloride in a similar way to phenylmethylarsinic acid
(p. 182).

Phenylmethylbromoarsine, (C¢H;)(CH;)AsBr,® results when
phenyldimethylarsine dibromide is heated at 180° C. It is a colourless
liquid, B.pt. 250° C. Phenylethylbromoarsine, (C¢H;)(C,Hj;)AsBr,
obtained in a similar manner, is a colourless liquid, decomposing when
distilled under reduced pressure, and the corresponding chloride boils
with some decomposition at 249° C.

Phenylmethyliodoarsine, (C,H;)(CH;)AsI, may be obtained by
two methods : (1) A solution containing 865 grams of phenyldichloro-
arsine, 1200 c.c. of alcohol, 280 grams of sodium hydroxide, and 260
grams of methyl iodide, is neutralised with hydrochloric acid after
standing for one day. The sodium chloride and alcohol are removed,
the phenylmethyliodoarsine which separates is redissolved by adding
water, and the solution, after addition of hydrochloric acid, saturated
with suthur dioxide. A yield of 485 grams of the iodide is obtained
as a yellow oil, B.pt. 188° to 140° C. at 12 mm.®* (2) Sodium iodide
in dry acetone is slowly treated with phenylmethylchloroarsine. A
90 per cent. yield of iodide is obtained, B.pt. 143° to 144° C. at 17 to
18 mm.® It combines with methyl iodide at 100° C., forming phenyl-
trimethylarsonium tri-iodide