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GENERAL INTRODUCTION TO THE

SERIES.

DURING the past few

years the civilised world has begun to realise the
to
scientific research, with the result that an everadvantages accruing
amount
of
time
and thought is being devoted to various
increasing

branches of science.

No
science

study has progressed more rapidly than chemistry. This
may be divided roughly into several branches namely. Organic,
:

It is
Physical, Inorganic, and Analytical Chemistry.
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

comprehensively with
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

each branch of chemistry.

This

less

has

inorganic chemists. One great advantage of this procedure lies in
the fact that our knowledge of the different sections of science does not

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.
progress at the

Some method

of classifying the elements for treatment in this way
clearly essential, and we have adopted the Periodic Classification
with slight alterations, devoting a whole volume to the consideration

is

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

In the original scheme, in addition to a detailed account of the
elements of Group 0, the general principles of Inorganic and Physical
Chemistry were discussed in Volume I. It was later felt, however, that
this arrangement was hardly satisfactory, and an Introduction to these
principles

Volumes

is

I.

now

afforded

by my Text-book

and II (1982-35), whilst

of Physical Chemistry,
Volume I of this

in future editions

Series will deal with the Inert Gases alone.

Hydrogen and the ammonium salts are
along with the elements of Group I. The

Volume II,
of
the
rare earth
position
metals in the Periodic Classification has for many years been a source
of difficulty.

They have

the elements of Group

all

III.,

dealt with in

been included in Volume IV. 9 along with
as this was found to be the most suitable

place for them.

Many alloys and compounds have an equal claim to be considered
two or more volumes of this series, but tMs would entail unnecessary
For example, alloys of copper and tin might be dealt
duplication.
with in. Volumes II and V. respectively. Similarly, certain double
in

such, for example, as ferrous ammonium sulphate might very
logically be included in Volume IL UBder ammonium, and in Volume IX.
salts
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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

under

iron.

As a general

namely, in Volume II. Similarly, ferrous ammonium sulphate
Volume IX. under iron, and not under ammonium in
The ferrocyanides are likewise dealt with in Volume IX.
Volume II.
But even with this arrangement it has not always been found easy
earlier,

discussed in

is

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 radicals and are analogous to sulphur and chlorine
in sulphates and perchlorates ; so that they should be treated in the
volume dealing with the metal acting as base, namely, in the case
of potassium permanganate, under potassium in Volume II. But the
alkali permanganates possess such close analogies with one another
that separate treatment of these salts hardly seems desirable. They
are therefore considered in Volume VIII.
Numerous other little irregularities of a like nature occur, but it is
hoped that, by means of carefully compiled indexes and frequent crossreferencing to the texts of the separate volumes, the student will
experience no difficulty in finding the information he requires.
Particular care has been taken with the sections dealing with the
atomic weights of the elements in question. The figures given are not
necessarily those to be found in the original memoirs, but have been
recalculated, except where otherwise stated, using the following
fundamental values
:

=
=
=
=
=

1-00762.
22-996.
Potassium
39-100.
Silver
107-880.
Carbon
12-003.
=*
14-008.
Nitrogen

Hydrogen
Sodium

By

adopting this method

it is

Oxygen
Sulphur
Fluorine
Chlorine

Bromine
Iodine

=
=
=
=
=
=

16-000.
32-065.
19-015.
35-457.
79-916.
126-920.

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.
Since the original scheme was drawn up in 1912, enormous progress
has been made in all branches of chemistry, and the original intention
of devoting one book only to each Vertical Group in the Periodic Table
has had to be abandoned. In several cases it has been necessary to
devote a whole book to a single element, as, for example, in the cases
of oxygen, nitrogen, phosphorus and arsenic. Further, a separate
volume has been devoted to the Metal- Ammmes and a comprehensive
account of the Organometallic Derivatives is given in Volume XI., which
being issued in four parts.
The Editor would draw attention to the unsatisfactory state of the
nomenclature of organometallic compounds in general. The designations of compounds in Volume XI. are those used in the original memoirs,
since any attempt to alter these in a work of that description would only
is

complicate matters.
Our aim has not been to

make the volumes

absolutely exhaustive,
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would render them unnecessarily bulky and expensive rather
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
as this

has

;

it

prove a useful feature of the series. The more important abbreviations,
which are substantially the same as those adopted by the Chemical
Society, are detailed in the subjoined lists, pp. xvii-xix.
The addition of the Table of Dates of Issue of Journals (pp. xxi-xxviii)
It is believed that
will, it is hoped, enhance the value of this series.
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.
sincere appreIt is at once
duty and
pleasure to express
ciation of the kind and ready manner in which the Authors have
accommodated themselves to this task, which, without their hearty
Finally, I wish to
co-operation, could never have been successful.
Messrs. Charles
the
of
the
publishers,
courtesy
unfailing
acknowledge
Griffin & Co., who have done everything in their power to render the

my

work straightforward and

my

my

easy.
J.

November 1935

NEWTON FRIEND.

PREFACE.
THE present work deals with the organometallic derivatives of phosphorus, antimony and bismuth, and it is the first time these compounds
of phosphorus and bismuth have been reviewed in detail.
Some 2,600
phosphorus derivatives are described in the following pages. The
antimony section deals with about 700 compounds, whilst the bismuth
compounds number just over 100.
The author desires to thank Professor G. T. Morgan, O.B.E., LLJX,
F.R.S., for reprints and permission to use figs. 1, 3, 4, 5; also the Royal
Society for permission to reproduce figs. 1 and 3, and the Chemical
Society figs. 2, 4 and 5; Dr. W. J. Jones for reprints and permission
to use fig. 2; Professor F. Challenger, D.Sc., for reprints; and Dorothy
Goddard, M.Sc., for help with the index.
A. E. GODDARD.
"THAJJLIA,"

GLENFIBLD FRITH DRIVE,
GROBY ROAD,
LEICESTER,
November 1935.
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I.

ALIPHATIC PHOSPHORUS COMPOUNDS.
COMPOUNDS OE THE TYPE

THE primary
indicated

alkyl phosphines

may

RPH

2

.

be prepared by the general method

by the following equations

:

2RI + 2PH4 I + ZnO = 2RPH 2 .HI + ZnI 9
2RI + PH4 I + ZnO = R 2PH.HI + H 2 + ZnI 2
The main product

of the reaction is a primary phosphine, but some
secondary phosphine is obtained as a by-product. The reaction takes
place when the components are heated together in a sealed tube at
about 150 C. ?i-octylphosphine, however, requires a temperature of
160 to 180 C. to complete the reaction. Methylphosphine is a gas,
and the remaining six members of the class which hare been prepared
are transparent liquids. The lower members have extremely obnoxious
odours, the pungency decreasing somewhat with rising molecular
weight. With the exception of the 2*soamyl- and w-octyl-derivatives
There is a tendency towards
C.
all have boiling-points below 100
inflammation in contact with air in the case of the lower members,
and fuming nitric acid may cause inflammation and formation of the
corresponding phosphinic acid. Chlorine and bromine react with
sufficient violence to cause Inflammation in the case of the methyl- and
ethyl- derivatives.
Halogen acids combine with the phosphines, form;

ing salts which have well-defined crystalline forms.

CH 3 .PH 2 may be obtained in several ways
mixture containing one part of zinc oxide, two parts of phosphonium iodide and two parts of methyl iodide is heated for four hours
in a sealed tube at 150 C. 1
The reaction produces both primary and
The reaction
are separated as follows
which
secondary phosphines,
mass is treated with water in an atmosphere of hydrogen, whereby
methylphosphine is liberated from the hydriodide, whilst the residue
contains the zinc iodide double salt of dimethylphosphonium iodide.
Methyiphosphine,

(1)

:

,

A

:

1

Hofmann, Ber. 1871,
t

3

4, 605.
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By the action of methyl iodide on a solution of white phosphorus
sodium hydroxide. 1 The product in this case is contaminated with
secondary and tertiary phosphines. (8) By heating for several hours
at about 250
C., I gram-atom of white phosphorus with 2 grammolecules of methyl alcohol in a sealed tube, the following by-products
also occurring
phosphine, phosphoric acid, phosphmic acids and
2
(4) By heating a mixture of
tetramethylphosphonium hydroxide.
at 100 C. 3
and
chloroform
oxide
zinc
phosphomum iodide,
(2)

in

:

is a colourless, transparent gas, having a vile
C. at 1-75 atmospheres pressure, the
It begins to liquefy at
4
It is
and
colourless
mobile,
B.pt. -14 C. at 758-5 mm.
being

Methylphosphine
odour.

liquid
practically insoluble in water, somewhat soluble in alcohol, and one
C. dissolves 70 volumes of methylphosphme.
volume of ether at
It readily oxidises and forms white fumes in contact with the air, soon
catching fire, particularly on gentle warming. In contact with chlorine
When passed into fuming
or bromine it burns with a brisk flame.
hydrochloric acid or mixed with hydrogen chloride it yields the hydro.HC1 which crystallises in four-sided plates. These
chloride,
3 .PH 2
are volatile in ether vapour ; their solution in concentrated hydroIn a similar way a
chloric acid gives an orange-red platmichlonde.

CH

3

m

may be obtained which crystallises
plates and may be
sublimed in a current of dry hydrogen. When passed into fuming
nitric acid, methylphosphine is converted into methylphosphmic acid.
Ethylphosphine, C 2 5 .PH 2 This is prepared by the following
methods
(1) A mixture of one part of zinc oxide, four parts of phoshydriodide

H

.

:

iodide and four parts of ethyl iodide is digested for six to
5
The reactions
eight hours at a temperature not exceeding 150 C.
as
follows
are
taking place

phomum

:

2C H 5 I +2PH 4 I -f-ZnO = 2C 2 H5 .PH 2 .HI + ZnI 2 + H 2
2C 2 H 5 I +PH 4 I +ZnO = (C 2 H 5 ) 2 .PH.HI +H 2 O +ZnI 2

The

is primary phosphine, which is liberated in a
hydrogenapparatus by slowly heating to boiling in a stream of hydrogen
and pouring the boiling liquid into cold water. The oil which separates
is primary phosphine and is dried over potassium hydroxide.
(2)
Ethylene dibromide, phosphonium iodide and zinc oxide are heated
for six hours at 160 C. 6
(3) One gram- atom of white phosphorus
and 2 gram-molecules of alcohol are heated in a sealed tube for many
hours at about 250 C., the following by-products also occurring
phosphine, phosphinic acids, phosphoric acid and tetraethylphos7
phonium hydroxide.
The phosphine is a colourless, strongly refracting liquid, having a
very objectionable odour. It boils at about 25 C., is lighter than
water and insoluble in it. The vapour attacks cork and rubber, and
in contact with chlorine, bromine or fuming nitric acid the phosphine
It combines with sulphur, yielding a non- crystalline subinflames.
With concentrated halogen acids it forms salts, the hydrostance.

chief product

filled

:

1

2
*

Auger, Compt. rend., 1904, 139, 640, 671.
Berthaud, Compt. rend., 1906, 143, 1166.

Hofmann, Ber 1873,
Hofmann, ibid 1871,
Hofmann, ibid., 1871,
Hofmann, ibid 1873,
,

4

,

5

6

,

7

Bertnaud,

loc. cit.

6, 302.
4, 608.
4,

430;

6,

302.

Hofmann and Mahla,

ibid

,

1892, 25, 2437
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chloride forming a platinichloride which separates in carmine-red needles.
The hydriodide crystallises in white, four-sided plates, subliming in a

hydrogen atmosphere at 100 C. The salt is decomposed by water,
but can be kept unchanged in dry air
it dissolves in alcohol, but
decomposition soon sets in, and it is insoluble in ether, the only solvent
in which it is perfectly stable being concentrated hydnodic acid.
The addition of ether to such a solution causes the precipitation of
the hydriodide in crystals I cm. in length. When an ether solution
of phosphine and cyanogen chloride is heated for several hours at
100 C., rhombic plates are isolated from the reaction mixture
these
melt at 49 to 50 C. and correspond to the formula, CsHg.PHXCN). 1
;

;

n-Propylphosphine, CH 3 .CH 2 .CH 2 .PH 2 This is prepared by
heating a mixture of 21*25 grams of propyl iodide, 20-25 grams of
phosphoniuni iodide and 5*1 grams of zinc oxide in a sealed tube at
160 to 170 C. The reaction product is then decomposed by water
to separate the primary from the secondary phosphine which occurs
as a by-product. 2
The phosphine is a colourless liquid of disagreeable
odour, B.pt. 53 to 53*5 C., inflaming in air.
3
This phosphine is obiso-Propylphosphine, (CH 3 ) 2 .CH.PH 2
tained in the usual manner by heating 2 gram-molecules of ?$opropyl
iodide, 2 gram- molecules of phosphonium iodide and 1 gram-molecule
of zinc oxide in a sealed tube at 100 C., and decomposing the reaction
mass with water. It boils at 41 C., and is lighter than and insoluble
in water.
iso-Butylphosphine, (CH 3 ) 2 CH.CH 2 .PH 2 , occurs when the isopropyl iodide in the preceding preparation is replaced by udbutyl
It is a liquid, B.pt. 62 C.
iodide.
.

.

iso-Amylphosphine, C 5H n .PH 2

,

is

prepared by heating iso&myl

iodide, phosphonium iodide and zinc oxide in a sealed tube at 140 to
150 C. It has also been obtained by heating isoamyl phosphinous

acid at 60 to 135 C., ^oamylphosphinie acid occurring as a by-product. 4
The phosphine occurs also when isos.in.yl iodide reacts with a solution
of white phosphorus in alcoholic sodium ethylate. 5 It is a liquid,
7
6
It is oxidised to isoamylB.pt. 106 to 107 C., 106 to 108 C.
the
mixture
acid
nitric
acid,
by
inflaming.
phosphinic

8
n-Octylphosphine, CH 3 .(CH 2 ) 6 .CH 2 .PH 2
n-Octyl iodide, phosare
in
a sealed tube at 160
heated
and
zinc
oxide
phonium iodide
to 180 C. The phosphine is a transparent, mobile, highly refractive
It boils at 184 to 187 C., and has
liquid, having a pungent odour.
.

*

a density of 0*829 at 17 C. In alcohol, benzene or chloroform it
It is
readily dissolves, but is insoluble in water and mineral acids.
with
unless
diluted
acid
nitric
attacked
by fuming
previously
violently
The phosphine
glacial acetic acid, a spermaceti-like mass resulting.
slowly absorbs oxygen, forming ti-octylphosphinous acid, which gives
a white curdy silver salt. With hydriodic acid the hydriodide results
as a crystalline solid, soluble in ether.
1

2
3

*
5
e
7

8

Darmstadter and Hemuger, Her , 1870, 3, 179.
Partheil and G-ronover, Arch. Pharm , 1903, 241, 411.
Hofmann, Ber., 1873, 6, 294.
Guicliard, Ber. 9 1899, 32, 1572
Auger, Cornet, rend., 1904, 139, 641.

Hofmann,

loc. cit.

Guichard, loc. cit.
Moslmger, Ber., 1876,

9,

1005; Annalen, 1877, 185, 65.
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COMPOUNDS OF THE TYPE

R 2PH.

The preparation of the dialkyl phosphines has already been indicated in connection with the primary phosphines on p. 3. The
lower members are spontaneously inflammable in air and combine
with sulphur, while all combine readily with acids to form salts.
1
This occurs as described under
Dimethylphosphine, (CH^PBL
It
is
a
colourless
4.
liquid, B.pt. 25 C., lighter
methylphosphme, p.
than Vater and insoluble in it. When dissolved in hydrochloric acid
it may be oxidised to dmiethylphosphmic acid by means of fuming
It readily comIt is easily oxidised and inflames in air.
nitric 'acid.
The hydrochloride
bines with acids, all the salts being easily soluble.
The phosphme unites with sulphur
yields a crystalline platinichloride.
and carbon

disulphide.
Dietfayiptiospfaine,

H

PH. 2

This is prepared according to
the equations given under ethylphosphine (p. 4). It is a colourless,
strongly refractive, mobile liquid, B.pt 85 C. It has a penetrating
odour and is lighter than water. Its ether solution reacts with sulphur,
(C 2

5) 2

forming diethyldithiophosphine sulphide, (C 2H 5 ) 2PS.S.S.S.PS(C 2 H 5 ) 2
which is converted by ammonium sulphide into ammonium diethyl,

dithiophosphinate, (C 2

H

5)2

PS.S.NH4

The phosphme

.

dissolves in acids,

but with the exception of the hydriodide, the salts are difficult to
The hydrochloride yields an orange-yellow platinichloride
crystallise.
The salts are stable towards water.
crystallising in prisms.
,

Di-isopropylphosphine, [(CH 3 2 CH] 2 PH, occurs when isopropyl
phosphonium iodide and zinc oxide are heated together at
The phosphme boils at 118 C., is lighter than water and in3

)

iodide,
100 C.

soluble in

it.

Di-isobutylphosphine, [(CH 3 ) 2 .CH.CH 2] 2PH,
153

in a similar

prepared
Di-isoamylpliospliiJie,
C.,

is

manner to the preceding

a liquid, B.pt.
derivative.

H

(C 5 n ) 2 PH.
isoAmyl iodide, phosiodide and zinc oxide yield this phosphme when heated
together at 140 to 150 C. The phosphine is a liquid, B.pt. 210 to

phonium
215 C.

COMPOUNDS OF THE TYPE
The

By

(1)

hahdes

R P.
3

may be prepared in a variety of ways
treating magnesium alkyl halides with phosphorus

trialkyl phosphines

:

tri-

:

3RMgX + PX 3 = R 3 P + 3MgX 2
(2) The double salts formed by the interaction of zinc dialkyls
and phosphorus tnhahdes yield tertiary phosphines on treatment with

potassium hydroxide

:

3ZnR 2 + 2PX 3 = 2R 3 P + 3ZnX 2

By

(3)

heating alloys of sodium and phosphorus with alkyl halides

:

Na 3 P-h3RI=R 3P+3NaI
The action

(4)

alkyl iodide,
1

of heat on a mixture of secondary phosphine and
and treatment of the product with alkali, has produced

Hofmann, Bet
Hofmann, ibid
Hofmann, ibid.,
,

2

,

3

1871, 4, 605.
1871, 4, 433;
1873, 6, 294.

Hofmann and Mahla, *W&,

1892, 25, 2437
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certain trialky! phosphines containing secondary radicals, e.g. tYi-isopropylphosphine. The yields are not good and the products are some-

what impure

;

R PH+RI=R
2

3

P.HI

(5) When phosphonium iodide and an alcohol are digested for a
long period at a high temperature, a mixture of trialkylphosphine
hydriodide and tetra-alkylphosphonium iodide results
:

PH I + 3R.OH = R 3 P.HI + 3H
PH 4 I + 4R.OH = R 4 PI + 4H 2 O
4

"

This method and the following one have only been applied to methyl

and ethyl compounds.
(6) In this case the alcohol in the foregoing method is replaced
ether, the reaction then proceeding at a lower temperature

by

:

2PHJ +3RoO =2R 3 P.HI +3H

"

(7) Trimethylphosphme has been isolated according to the following
equations, tetramethylphosphonium iodide occurring at the same time
:

PH 3 + SRI = R 3P.HI

-f

2HI

PH +4RI-R 4PI+3HI
3

(8)

When phosphonium

iodide and carbon disulphide are heated

together, tnmethylphosphine hydriodide

is

formed

:

3CS 2 +4PH4 I = (CH 8 8PJSI+8H 2 S + 3PSI
)

The mixed

tertiary phosphines are obtained

tetra-alkylphosphomum compounds to dry

by subjecting mixed

distillation

:

(CH,)(C t H 5 ),Pa = (CH 3 )(C 2H 5 ) 2P.HC1 + C 2H 4

mixed aliphatic tertiary phosphines given in the following
an
ethyl
group is removed from the phosphonium compound
pages
used as starting material, although a heavier group may be present in
In

all

cases of

the molecule.
All the tertiary phosphines are highly refractive liquids, lighter
than and insoluble in water. Those of low molecular weight readily
absorb oxygen from the air, yielding oxides ; they also have indeThe compounds combine with sulphur,
scribably unpleasant odours.
selenium and carbon disulphide, forming respectively sulphides, selenides
and compounds of the type

RJP

-

CS

Mercuric chloride and the chlorides of gold, platinum and palladium
form double compounds with some of the phosphines. Combination
of the phosphines with alkyl iodides forms tetra-alkylphosphomum
compounds
R 3P+RI=R4PI
:

Trialkylphosphine Oxides. These compounds result when the
or
trialkyl phosphines are oxidised directly by atmospheric oxygen,

ORGANOMETALLIC COMPOUNDS.
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by nitric acid or mercuric oxide. Decomposition of tetra-alkylphosphonium hydroxides by heat also yields the oxides. A more general
method consists in treating phosphorus oxychlonde with magnesium
alkyl hahdes, the reaction mixture subsequently being decomposed by
with
hydrochloric acid. The oxides form many double compounds
and organic acids.
an ether soluTrialkylphosphine Sulphides and Selenides. When
tion of a trialkylphosphine is treated with flowers of sulphur, the latter
of the residue
gradually disappears, removal of the solvent and boiling
with water then giving the sulphide in crystalline form. ^The ethyl
compound has also been obtained by the interaction of triethylphosare
phine and ethyl mercaptan in the presence of air. The selemdes
on
unstable
are
rather
but
similar
in
a
exposure
manner,
prepared
metallic salts

to the

air.

Trimethylphosphine, (CH 3 ) 3 P, maybe prepared as follows: (1)
dimethylMethyl chloride is passed over a phosphorus- calcium alloy,
1
(2) By the
phosphorus, [(CH 3 ) 2 P] a being formed at the same time.
action of methyl iodide on a phosphorus-sodium alloy, the by-products
2
(3)
being dimethyl/phosphorus and tetramethylphosphomum iodide.
3
This
zinc
and
trichloride
of
the
interaction
dimethyl.
phosphorus
By
reaction is dangerous to carry out and the containing vessels should
be well cooled and kept full of carbon dioxide during the reaction,
which takes place readily and lasts for several hours. Two layers of
liquid are formed, and the lower one is withdrawn and distilled with
potassium hydroxide, which releases the phosphorus base from its
The phosphine passes over in the steam and collects
zinc compound.
m the receiver on the surface of the water, from which it is separated,
and after drying over solid potassium hydroxide it is distilled in a
current of dry hydrogen.
(4) By saturating methyl iodide at -10 C.
with phosphine and heating to 100 C., or treating 1 volume of methyl
iodide with 1 volume of a saturated ether solution of zinc iodide, cool- 10 C. and
saturating the mixture with phosphine.
Shining
ing to
crystals of the zinc iodide double compound are obtained, these being
treated with potassium hydroxide as before. In the first of these two
,

processes the crystals separating out are probably a phosphonmm
4
(5) One part of carbon disulphide and three parts of
compound.
5
phosphonium iodide are heated in a sealed tube at 140 to 150 C.
The
of
is
formed
when phosphonium
(6)
hydriodide
tnmethylphosphine
iodide and dimethyl ether are heated together in a sealed tube for
one to two hours at 120 to 140 C., tetramethylphosphomum iodide
6
occurring as a by-product,
(7) The hydriodide also occurs when one
molecular equivalent of phosphonium iodide and three molecular
equivalents of methyl alcohol are heated in a sealed tube for six to
eight hours at 160 to 180 C., the by-product being tetramethylphos-

phomum
1

iodide. 7

TKenaid, Jahresber., 1847-1848, p. 645, Gompt.

rend., 1847. 25, 892,

Phi Man

,

1848, [3], 32, 153.
2

3

Cahours and Hofmann, Annalen, 1857, 104, 1
Cahours, Trans. Ghem. Soc. 1859,

Hofmann and

t

12, 56;

Cahours and Hofmann,

tit

*
5
6
7

Drecb.se! and Finkelstem, Ber., 1871, 4, 352;
Drechsel, J, prakt Ghem., 1874, [2], 10, 180.
Fireman, Ber., 1897, 30, 1088.
Hofmann, Ber,, 1871, 4, 205.

Hofmann,

ibid.,

1871, 4, 372.

loc.
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a colourless, transparent, very mobile liquid
It boils at 40 to 42 C., is highly
In contact with
refractive, and lighter than and insoluble in water.
the air it fumes and is apt to inflame, oxidation taking place with formation of its oxide.
It combines also with sulphur and selenium, the
operation being conducted in ether solution. It yields the following
platinichlorides
[(CH 3 ) 3P]PtCl 2 crystallising from ether or alcohol
in yellow prisms; 1 Cl[(CH 3 ) 3 P]Pt[(CH 3 ) 3 P]Cl white crystals, insoluble
in ether ; 2(CH 3 ) 3 P.2HCl.PtCl 4 an orange-yellow crystalline precipitate. 2
The phosphine combines with carbon disulphide, yielding a red crystalline compound, (CH 3 ) 3 P
CS. 3 The condensation is brought about

Tnmethylphosphine

is

of exceedingly unpleasant odour.

:

,

5

,

V

simply by mixing the components or using an alcohol solution of the
phosphine. The compound has similar properties to the corresponding ethyl compound, p. 10. Ether solutions of the derivative, when
allowed to stand for twenty-four hours are gradually converted into
trimethylphosphine sulphide. The phosphine forms compounds with
4

methylene iodide, ethylene, propylene and amylene bromides, and ethyl
ethylene, allyl and phenyl thioci/anates.
Trimethylphosphine does not
react with zinc ethyl, 5 which distinguishes it from primary and
secondary phosphmes, which are readily attacked. It combines with
monochloracetic acid to yield a betaine, see p. 44. 6
Triettiylphospfaine, (C 2 5 ) 3 P ? is prepared in a variety of ways
7
(1) By the action of phosphorus-sodium alloy on ethyl iodide.
(2)
A double compound of the phosphine with zinc chloride is produced
9

H

:

when

zinc diethyl reacts with phosphorus trichloride. 8
(3) The phosphine is formed together with its oxide when zinc diethyl reacts with
9
(4) By heating 1 molecular equivalent of
phosphorus oxy chloride.
phosphonium iodide with 3 molecular equivalents of ethyl alcohol for
6 to 8 hours at 160 to 180 C., tetraethylphosphonium iodide occurring
as a by-product.
This process yields the hydriodide of the phosphine. 10
(5) By decomposition with potassium hydroxide of the base formed
when a zinc phosphide, PHZn (prepared by the action of phosphine
on zinc diethyl at a temperature not exceeding -4 C.), is heated with
11
(6) By heating
ethyl iodide in a sealed tube for Ij hours at 150 C.
and
in
a sealed tube for
iodide
ether
diethyl
phosphonium
together
6 hours at 160 C., tetraethylphosphonium iodide being formed as a
12
by-product.
(7) By the decomposition of tetraethylphosphonium
13
acetate, benzoate or oxalate by heat.
(8) When phosphorus, ethyl
1
Werner, Zeitsch. anorg. Chem., 1893, 3, 318; Klason and Wanselin, J. pralt. Chem ,
1903, [2], 67, 41; Blomstrand, Ber , 1871, 4, 51; Cahours and Gal, Compt. rend., 1870,
71, 208, Jahresber., 1870, p. 811.
2
Hofmann, Annalen, 1857, 104, 30.
3
Hofmann, Annalen Suppl , 1861, i, 59; see Hantzsch and Hibbert, Ber., 1907, 40,

1508
4
5

Hofmann, JaJiresber., 1859, p. 372.
Gal, J. Pharm. CJiim 1883, [5], 7, 484; Compt. rend
,

6
7

Meyer, Ber., 1871,

,

1883, 96, 578.

4, 734.

p 290; J.prakL Chem., 1855, 66, 73; Annalen, 1856, 97, 334.
Cahours and Hofmann, Annalen, 1857, 104. 1; Hofmann and Caliours, Quart. J.
Chem 800., 1859, n, 56, Hofmann, Phil Trans ,*1860, 150, 409.
9
Pebal, Annalen, 1861, 120, 198.
Berle, JaJiresber., 1855,

8

10

Hofmann,

11

DrecKsel and Finkelstem, Ber., 1871, 4, 352.
Letts and Collie, Phil. Mag , 1886, [5], 22, 183.

la

Ber., 1871, 4, 205.
12

Fireman, Ber., 1897, 30, 1088.

ORGAISFOMETALLIC COMPOUNDS

10

iodide and zinc are heated together in a sealed tube at 160 C., the
zinc iodide double salt of the hydnodide of the phosphme results,
together with the zinc iodide double salt of tetraethylphosphomum
occurs
iodide. 1
(9) The foregoing double salt of the phosphme also
when ethyl iodide and zinc phosphide are heated together in a sealed
tube at 1*80 C, 2 (10) The best method of preparation is as follows:
To the Grignard solution obtained from 48 6 grams of magnesium and
218 grams of ethyl bromide in 400 to 500 c.c. of ether, 60 grams of
phosphorus tribromide in 75 c.c of ether are added drop wise, the whole
being cooled in ice and salt. When the action has subsided, the mixture
is placed in an oil-bath and distilled in a stream of carbon dioxide,
the phosphine being passed into a mixture of ether and carbon disulphide, when the red double compound, (C 2 5 ) 3 P.CS 2 is precipitated.
Only about 6 per cent, of the phosphine distils with the ether, the
remainder coming over at 160 to 200 C. In this preparation success

H

,

depends upon using a large excess of magnesium ethyl bromide, when
a yield of about 70 per cent, is obtained. 3
Triethylphosphme is a colourless liquid, possessing a stupefying
odour which resembles hyacinths when diluted. It boils at 127-5 C.
5
at 744 mm., and has a density of 0-812 at 15 C., 4 0-80006 at 18-6 C.
nn = l 45799. It is insoluble in water but miscible with alcohol and
ether, and its vapour forms a white cloud in air owing to oxidation.
The heat of combustion at constant pressure is 1,249,700 calories and
the heat of formation 142,100 calories. 6 Strips of paper soaked in
contact with oxygen. 7 Slow oxidation
tnethylphosphme explode
8
yields triethylphosphme oxide, and in the absence of water I molecular proportion of the phosphine absorbs I atomic proportion of
9
Oxidation of the phosphine to the oxide may also be effected
oxygen.
acid
or mercuric oxide. 10
nitric
by
Sulphur and selenium are readily
;

m

dissolved by ether solutions of triethylphosphme, yielding triethylphosphine sulphide and selenide respectively. The phosphine reacts
violently with ethyl iodide, forming tetraethylphosphonitim iodide,
but only unstable compounds are produced with cyanogen bromide
or iodide. 11 Carbon disulphide yields the derivative (C 2 H 5 ) 3 P.CS 2
when the components are brought together
ether or alcohol solution.

m

The constitution

of this

compound

is

probably (C 2

H

5)3

P

-

CS and

the form of the crystals is monoclinic prismatic. 12 The product melts
at 95 C., is insoluble in water, sparingly soluble in ether, more soluble
in carbon disulphide and fairly soluble in warm alcohol.
It forms a
methiodide, M.pt. 96 to 97
C., decomposed by sodium hydroxide.
Heating the base for some days in a sealed tube with water at 100 C,
1

2
3

4

Hofmann, Annalen Suppl

,

1861, I, 4.

Cahours, Annalen, 1862, 122, 331
Hibbert, Ber., 1906, 39, 160

Cahours and Hofmann,

loc. cit

5

Zecchini, Gazmtla, 1893, 23, i, 100.
Lemoult, Compt. rend., 1909, 149, 556.
7
Hofmann, Annalen , 1857, 104, 11.
8
Hofmann, Annalen SuppL, 1861, i, 10.
&
Compare Jorissen, Zeitsch. pJiysikaL Ghent , 1897, 22, 35, Engler
30, 1673; Engler and Weissberg, ibid , 1898, 31, 3055.
10
Hofmann, loc. cit , Hofmann and Mahia, Ber , 1892, 25, 2436
11
Hantzseh and Hibbert, Ber., 1907, 40, 1508.
12
Sella, Annalen Suppl , 1861, i, 28 ; see Groth, Oh. Kr , 3, 43.
6

and Wild, Ber

,

1897,
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gives

triethylphosphme

sulphide,

the

oxide,

11

methyltriethylphos-

phomiim hydroxide, hydrogen sulphide and carbon monoxide. 1

Boil-

ing with silver nitrate or silver oxide in alcohol solution converts the
compound into tnethylphosphine sulphide, and the latter also occurs
when a saturated aqueous solution of hydrogen sulphide is heated with
the carbon disulphide derivative at 100 C. in a sealed tube, a pioduct
C 8 17 S 3P also being formed. 2 Heating with anhydrous fatty acids
decomposes the carbon disulphide compound with formation of carbon

H

oxysulphide, triethylphosphme and derivatives of thio-aeids. Methyl
iodide gives a red compound, M.pt. 96 to 97 C., having the structure
The sulphur derivative, C 7 15 S 2 P, may be conCS. 3
(C 2 5 ) 3 P

H

H

sidered

be the anhydride

to

carboxylic

acid,

H

of hydroxytriethylphosphonium dithiochloride con-

HO.P(C 2H 5 ) 3 CS.SH, dry hydrogen

verting C 7 15 S 2 P into chlorotriethylphosphonium dithiocarboscylic acid,
C1.P(C 2 5 ) 3 CS.SH, a hygroscopic colourless, crystalline mass, stable
in concentrated acid solution, but decomposed by water with evolution
of hydrogen sulphide and deposition of sulphur.
Alkali converts it
into the anhydride, and platinic chloride yields a pale yellow, amorphous
platmichloride, 2[CLP(C 2 5 ) 3 CS.SH].PtCl 4 insoluble in alcohol and

H

H

,

4
undergoing decomposition at the ordinary temperature.
When the anhydride C 7 15 S 2 P is heated with saturated aqueous
This forms
hydrogen sulphide, the product 8 17 S 3P is obtained.
yellow crystals, soluble in hot absolute alcohol but insoluble in ether,
5
The
decomposed by hot water to give a compound, C 7 18 SP(OH).
water
in
C
from
needles,
7
18 SP.I, crystallises
corresponding iodide,
in aqueous solution it is decomposed
sparingly soluble in cold water

ether, soon

H

H

H

H

,*

silver oxide, the precipitate containing silver, silver iodide and
silver sulphide, whilst rnethyltriethylphosphoiiium hydroxide is found

by

The compound formed from phenyl mustard oil and
6
Carbon tetrabromide
tnethylphosphine decomposes on heating.
and tnethylphosphine yield bromomethenyltri-triethylphosphonium
The corresponding chlorine compound
bromide, BrC[P(C 2H 5 ) 3Br] 3
is
hydrolysed by water forming ehloromethyltriethylphosphonium
chloride, tnethylphosphine oxide and hydrochloric acid
in

solution.

.

:

C1C[P(C 2

H

5 ) 3 C1] 3

+2H 2 =CLCH 2 .P(C

2

H

5

)

3 C1

+2(C 2 H 5 ) S PO +2HC1

Triethylphosphme forms a large number of addition compounds
with metallic salts, the constitution of some of the compounds having
to considerable discussion. The derivatives are as follows
auric chloride
(C 2 5 ) 3 P.AuCl or [AuP(C 2 5 ) 3]CL This results
when an alcohol solution of the phosphine is treated with auric chloride
It crystallises in colourless needles or
at the ordinary temperature. 7
in alcohol, ether,
prisms, melting with decomposition at 80 C., soluble
in warm water
soluble
acetic
and
benzene
acid,
chloroform,
sparingly

given

rise

:

1

2
3
4
5

H

H

From

Hofmann, loc. cit. Compare Staudinger and Meyer, Hell. CJnm. Ada, 1919, 2, 612.
Hofmann, Jahresber., 1861, p. 490.
Hantzsch and Hibbert, loc. ciL
Hofmann, Annalen SuppL, 1861, i, 30.
Hofmann, Jahresber 1861, p 490.
Staudinger and Meyer, loc. cit,
Cahours and Gal, OompL rend,, 1870, 70, 1383, Jahiesber., 1870, p 811; Levi,

6
7

Malvano, Atti R. Accad. Lwa&t, 1870,

[5], 17,

i,

852.
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The compound is very soluble in ammonium
or carbon tetrachloride.
dissolves without decomposition in warm
and
or
hydroxide
pyndine
the

If

potassium hydroxide and concentrated hydrochloric acid.
compound in carbon tetrachloride solution be treated with ammonia,
P.AuCl.
it is converted into a derivative having the constitution, (C 2
5)3
2NH 3 or [AuP(C a 5 ) 3 (NH 3 ) 2 ]Cl. This crystallises from alcohol in

H

H

colourless prisms, commencing to decompose at 90
C., yielding a
white sublimate at 125 C., and blackening towards 150 C. It is
P.CuI.
only sparingly soluble in water. From copper iodide 2(C 2 5 ) 3

H

m

This product crystallises from petroleum ether
plates, M.pt. 37 to
The derivative
P.2HI.ZnI
39
C. 1
From zinc iodide
2
2(C 2 5 ) 3
2
2(C 2 5 ) 3 P.
crystallises from water or alcohol. From palladium chloride
PdQ 2 The salt separates from alcohol or ether in yellow prisms,
insoluble in water. 3 From platinic chloride when triethylphosphme
is boiled with an aqueous solution of platinic chloride, two isomeric

H

.

H

.

They
compounds are produced.
separated by treatment with ether, in which the a-foim (yellow)
4
The a-form separates
is soluble, whilst the fi-form (white) is insoluble.
from alcohol or ether in yellow, monoclmic prisms, 5 M.pt. 150 C.,
density 1-50 at 10 C., insoluble in water, sparingly soluble in boiling
ether.
alcohol, readily dissolving
Heating at 100 C. with alcohol
or treating its ether solution with triethylphosphme converts the
a-isomer into the /J- variety. The a-form when boiled with water
and triethylphosphine, yields a compound, 4(C 2 5 ) 3 P.PtCl 2 which
The a-form
readily splits off triethylphosphme, forming the /3-isomer.
can add on 1 molecule of bromine or iodine. The /3-compound is
obtained as described above and separates from boiling alcohol in
It also adds on 1 molecule of
prisms, insoluble in water or ether.
bromine or iodine.
The constitution of the isomers is probably as
bistriethylphosphine dichloroplatinum

may be

m

?

follows

H

,

6
:

(C 2

H

5)3

P

/Gl

(C 2

H

5)3

P

Pt
(C 2

H

5)S

P

Pt

yd
P(C 2H 5

Cl/

\C1

a-Modification

)

3

^-Modification

The complex 4(C 2H 5 3 P.PtCl 2 mentioned above, has the structure
)

,

RC H
L(C H
2

2

when

5

)

3P

P(C 3

H

6)

Pt
5)S

P(C 2HS )J

P

:

3n

C1 2

treated with auric chloride, yields a yellow crystalline
and with platinic Monde a brown
5 ) 3 P.PtCl 2 .AuQ 3
cold
precipitate results, 4(C 2 5 ) 3 P.PtCl 2 .PtCl 4 sparingly soluble
alcohol. 7
platinichloride of the composition 2(C 2 5 ) 3 P.H 2 PtCl 6 is
known ; it is a crystalline product, sparingly soluble in cold water,

This

salt,

compound, 4(C 2

H

,

H

,

H

A

1

m

Arbusoff, J. Muss, Phys. Chem. Soc 1906, 38, 315, Chem Zentr., 1906, 11, 751.
Hofmann, AnnaUn SuppL, 1861, I, 4, Cahours, AnnaUn, 1862, 122, 334.
Cahours and Gal, loc. c,it.
4
Cahours and Gal, Compt. fend., 1870, 70, 899; Jahresber , 1870, p. 809.
5
Des Cloizeaux, CompL rend , 1870, 70, 899, Jahresber., 1870, p. 809; Sella, AnnaUn
SuppL, 1861, I, 28; see Groth, Oh. _S>., 3, 43.
6
Werner, Zeitsch. anorg. Chem., 1893, 3, 318; Klason and Wansehn, J. prakt. Chem. f
1856, [2], 67, 41; Blomstrand, Ber., 1871, 4, 51.
7
Cahours and Gal, loc. cit.
,

2

3
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insoluble in alcohol or ether. 1

If the foregoing /?- modification of bistriethylphosphine dichloroplatinum in dry chloroform solution be treated
with ammonia, an ammino- compound results, (NH 3 ) 2 Pt[P(C 2 5 ) 3 .Cl] 2 2
This is a deliquescent crystalline mass, very soluble in water. It readily
loses ammonia, gives no precipitate with potassium ehloroplatinate, but
Treatment of the
yields a phenyl mercaptide with phenyl mercaptan.
arnmine with 2 equivalents of triethylphosphine in chloroform gives
a white precipitate of the compound [(C 2 5 ) 3 P]oPt(NH 3 Cl) 2
With
2PtCl 4 it forms [(C 2
5 ) 3 P] 2 Pt(NH 3 Cl) 2 .PtCl 29 and" reaction also takes
place in this case with phenyl mercaptan.
Triethylphosphine reacts violently with o-xylylene bromide in
chloroform solution, forming o-%ylene trietkylphosphonium bromide,
C 6 4 [CH 2 .P(C 2 5 ) 3 .Br] 2 3 This crystallises from a mixture of alcohol and
ether and melts at 250 to 250-5 C. it is soluble in chloroform, alcohol or
water, insoluble in ether. The aqueous solution reacts with silver oxide
to give a solution of the free base.
This is readily decomposed, hydriodic
acid yielding an acid iodide, C 6 4 [CH 2 .P(C 2 5 ) 3 .I] 2 .2HI, forming
regular crystals melting indefinitely about 247 C. The chloride is

H

K

H

H

H

H

.

.

.

;

H

H

The following are also known
aurichloride,
C 6 H4 [CH 2 ,P(C 2H 5 ) 3 .AuCl 4 ] 2 golden-yellow needles, M.pt. 163 C., and
a platimchloride, C 6H 4 [CHa.P(C 2 H 5 ) 3 .Cl] 2 .PtCl 4 darkening at 200 C.
and melting indefinitely at 235 to 236 C. Phenyl azide and triethylphosphine in ether solution form an addition product, C 6H 5N 3

difficult to crystallise.

:

,

,

.

(C 2

H

5)3

P.*

CH 3 (CH 2

P.
12 c.c. of phosphorus
)2
added to the solution obtained from
of w-propyl bromide and 15 grams of magnesium in 800 c.c. of
The yield of purified phosphine is 10 grams, the product boiling

Tri-n-propylptiospMne,

trichloride in 50 c.c. of ether are

50

c.c.

ether.
at 103-5

50 mm. or 187-5 C. at 760 mm. ; density 0-807 at 25 C.
disulphide addition compound melts at 108 C., and the
mercurichloride at 137 C. 5
Tri-isopropylphospliine, [(CH 3 ) 2 CH] 3P. This phosphine is
formed when di-^sopropylphosphme and isopiopjl iodide are heated
6
It yields a crystalline hydnodide, C 9 21P.HI,
together at 120 C.
soluble in water, insoluble in ether.
P.
solution of 42 c.c. of
Tri-n-butylphosphine,
3 (CH 2 ) 3
n-butyl bromide in 100 c.c. of anhydrous ether containing a trace of
iodine is added during three hours to 10 grams of magnesium turnings
and 150 c.c. of ether contained in an apparatus through which hydrogen
The resulting solution is cooled to
is passed during the preparation.
C. and treated with 9 c.c. of phosphorus trichloride in 50 c.c. of
C. at

The carbon

H

A

CH

The whole is then warmed
ether, this mixture being added dropwise.
C. and cautiously
for 30 minutes on the water-bath, cooled below
treated with a solution of 50 grams of ammonium chloride in 250 c.c.

The ether layer is removed, dried over anhydrous sodium
the
ether distilled off in an atmosphere of carbon dioxide
sulphate,
and the residue fractionated. The phosphine is then redistilled under
50 mm. pressure. The yield is about 11 grams. 7
2 Klason and
1
Cahours and Hofmann, AnnaUn, 1857, 104, 13.
Wanselin, loc. cit

of water.

3

*
5
6
7

and Gronover, JBer. 9 1900, 33, 606.
Staudinger and Meyer, Helv Chim. Ada, 1919,
Davies, Pearse and Jones, J. Chem. 8oc., 1929,
Partheil

Hofmann, Ber., 1873, 6, 295.
Davies and Jones, J. Chem. Soc.,

1929, p. 33.

[11],

619.

p. 1262.
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Tn-w-butylphosphme boils at 149-5 C. (corr.) at 50 mm. pressure
and has a density of 0-8118 at 25 C. It is a colourless liquid having
the characteristic phosphine odour. With alcohol, ether and benzene
its molmiscible in all proportions, but immiscible with water
It is less readily oxidised
ecular weight in freezing benzene is normal.
than the lower tertiary phosphines. When boiled in a current of air
It combines with carbon disulphide in
it is converted into the oxide.
cold absolute alcohol solution, the addition product melting at 65-5 C.
This latter product is completely dissociated in hot ether or
(corr.).
mercwic chloride addition compound is known, but
alcohol solution.
The phosphine comit forms only a plastic mass, difficult to purify.
it is

;

A

bines with methyl and ethyl iodides, yielding alkyltri-ra-butylphos-

phonram

iodide.

m

a 12-gram
Tri-isobutylphosphine, [(CH 3 ) 2 CH.CH 2 ] 3 P, occurs
to 94< c.c. of
yield when 14 c.c. of phosphorus trichloride are added
The
zsobutyl bromide and 20 grams of magnesium in ether solution.
phosphine boils at 126 C. at 50 mm. pressure, and it combines with
carbon disulphide to give highly unstable red crystals. The mercuriC. 1
The
chlonde crystallises in plates from alcohol, M.pt. 191*5
hydriodide may be isolated by heating di-fsobutylphosphine and isobutyl iodide together at 100 C., the salt decomposing on treatment
with sodium hydroxide to give the phosphine. 2 Prepared by the latter

method the base boils at 215 C.
Tri-n-amylphosphine, (C 5 H n

is prepared by the interaction
) 3 P,
of phosphorus trichloride and the magnesium n-amyl
bromide made from 78 c.c. of amyl bromide and 15 grams of magnesium. 8
The yield is about 9 grams ; the phosphine boils at 185-5 C. at 50 mm.
The carbon disulphide
pressure and has a density 0-820 at 25 C.
addition product melts at 55 C., but a crystalline mercunchloride or
methiodide has not been obtained.

of

10-5

c.c.

Tri-isoamylphospMne [or Tn^y-w%/^
Phosphorus trichloride (10-5 c.c.) is added to the Grignard reagent
from 78 c.c. of isoamyl bromide and 15 grams of magnesium. The
ether solution of the phosphine is dried and the ether distilled off
in an atmosphere of carbon dioxide
in order to prevent oxidation of
the phosphine, the residue is fractionally distilled in a vacuum, and
all subsequent manipulations with the
phosphine are carried out in an
enclosure filled with carbon dioxide, without bringing the substance
into contact with air. The yield is 9 grams, and the product boils
at 131 C. at 11 mm. 4 It forms red needles with carbon disulphide,
;

M.pt. 79-5

C.

Tri(dl--methylbutyl)phosphine, (C 5 H n ) 3 P.

This phosphine is
obtained only in poor yield when 10-5 c.c. of phosphorus trichloride
are added to the Grignard reagent from 77 c.c. of
dZ-j8-methylbutyl
bromide and 15 grams of magnesium. The product boils at 113 to
117 C. at 10 mm.

Compounds of the Type R 2 R'P.
The hydrochlonde of
Dimethylethylphosphine, C 2 H 5 .P(CH 8 ) 2
this phosphine is formed when
dimethyldiethylphosphomum chloride
.

^

1

2
3

4

Da vies,

Pearse and Jones, /. Chetn Soc., 1929, p. 1262,

Hofmann,

loc

cit.

Davies, Pearse and Jones,

Compare Hofmann,

loc. c^t.

loc, cvt.
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decomposed by heat and the distillate treated with sodium hydroxide.
The phosphme boils at 88 to 85 C. 1
Methyldiethylphosphine, CH 8 .P(C 2 H 5 ) 2 is isolated in the form
of its hydrochlonde when triethylmcthylphosphonium chloride is
2
decomposed above 300 C.
(C 2 H 6 s (CH d )PCI = (CH 8 )(C 2 H 5 ) 2 P.HC1 + C 2 H 4

is

,

:

)

It

is

a liquid, B.pt. 110 to 112

C.

Diethylpropylphosphine, C 3 H 7 .P(C 2H 5 ) 2 is obtained in a similar
manner to the preceding compound by heating triethylpropylphos,

phomum

chloride.

It

is

a liquid, B.pt. 146 to 149

C.

Dietfiylisoamylphosphine, C 5 H 1]L .P(C 2 H 5 ) 2J occurs when triethyKsoamylphosphonium chloride is subjected to dry distillation.
It is a colourless, slightly viscous liquid, B.pt. 185 to 187 C., -which
does not oxidise so readily as triethylphosphme, and has an odour
resembling that of fusel oil. The hijd) ochlonde formed in the foregoing decomposition boils at 270 to 271 C., is very deliquescent, and
with sodium hydroxide yields the free phosphine.

COMPOUNDS OF THE TYPES

R

3

PO,

R

3

PS,

R 3 PSe.

Trimethylphosphine oxide, (CH 3 ) 3 PO, may be obtained by
several

methods

:

Tnmethylphosphine

(I)

is

oxidised in

air,

this

3
(2) It occurs when tetramethylphosphonium
changing it to the oxide.
4
is
(3) Magnesium methyl iodide
hydroxide
decomposed by heat.
in ether solution is treated with phosphorus oxy chloride and the reaction mixture decomposed by hydrochloric acid. 5 It is a deliquescent,
It gives
crystalline mass, M.pt. 137 to 138 C , B.pt. 21-1 to 215 C.
6
rise to the following double compounds
T?imethylpho$phine oxide
:

2(CH 3 3 PO.H4 Fe(CN) 6>

consisting of small
colourless needles, becoming green on exposure to light or moist air,
very soluble in water, insoluble in cold alcohol ; trimethylphosphine
oxide hydrogen cobalticyanide, 2(CH 3 ) 3 PO.H 3 Co(CN) 6 .l'5H 2 O, crystalC.,
lising in glistening needles, becoming light green at about 200
soluble in warm water or alcohol ; trimethylphosphine oxide hydrogen
aurichloride, 2(CH 3 ) 3PO.HAuCl 4 crystallising from water or alcohol in
yellow, flat, hexagonal plates, M.pt. 94-5 C. ; trimethylphosphine oxide
hydrogen dichr ornate, 2(CH 3 ) 3PO.H 2 Cr 2 7 , crystallising from water
or dilute nitric acid in bright red, hard, glistening prisms, darkening
at 200 C. and commencing to fuse at 204 C. ; trimetkylphosphine

hydrogen feirocyanide,

)

,

O

oxide hydrogen bismuthic iodide, 2(CH 3 ) 3 PO.HBiI4 , separating from
dilute hydriodic acid in clusters of bright red, prismatic needles,
decomposing on heating or treating with an excess of water ; ti imethylphosphine oxide hydrogen platinichloride, 4(CH 3 ) 3 PO.H 2 PtCI 6 , crystal-

warm

lising

pyramidal needles, M.pt. 126 C.,
zinc
oxide
iodide,
trimethylphosphine
forming small white prisms, M.pt. 168 C. In addition

from water in

insoluble

in

2(CH 8 8 PO.ZnI 2
)

beautiful, red,

alcohol
,

;

to the foregoing platinum
1

2
3

4

compound a

Ttans. Chem. 8oc., 1888, 53, 720
Collie, ibid., 1888, 53, 719.
Cahours and Hofrnann, Annuhn, 1857, 104, 1.
Cahours and Hofmann, loc cit
CoUie, Tians.

Chem

)

Soc,, 1888, 53, 6S6.

Pickard and Kenyon, Trans Chem Soc. 1900, 89, 262.
Pickard and Kenyon, loc. cit.
t

5

3(CH 3 3PO.

Collie,

,

5

platinichloride,
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2HCLPtQ4 .H a O,

l
is known ;
it crystallises in orange plates and needles.
also forms a number of addition compounds with organic
acids : 2
Camphoric acid yields clear, hard crystals, 2(CH 3 ) 3 PO.
C 8 14 (C0 9 H) 2 M.pt. 91 to 93 C. ; tnchlwacetic acid gives small,

The oxide

H

,

(CH 3 8 P(XCC1 3 C0 2H, M.pt. 67
Trimethylphosphine sulphide, (CH 3 3 PS.

colouriess^crystals,

)

C.

An ether solution
3
after a
of tnmethylphosphine is treated with flowers of sulphur
time the latter disappears, when the solvent is removed and the residue
It
boiled with water, the sulphide separating as the solution cools.
forms four-sided prisms, M.pt. 105 C.
Trimethylphosphine selenide, (CH 3 ) 3 PSe. This is obtained on
replacing the sulphur in the preceding preparation by selenium. The
product forms prisms, M.pt. 84 C., which blacken on exposure to the
)

;

air,

selenium separating out.

Triethylphosphine oxide, (C 2 H 5 ) 3 PO, may be obtained by the
following methods: (1) By the oxidation of triethylphosphme by
4
nitric acid or mercuric oxide.

(2) By the action of potassium
hydroxide on the product resulting from reaction between zinc di ethyl
and the compound C 2 5 OPC1 2 5 (3) One part of white phosphorus
and IS parts of ethyl iodide are heated together for 24 hours at 175 to
180 C., and the reaction mass then boiled with 97 per cent, alcohol
The solution is then distilled
until no more ethyl iodide is formed.
with 4 parts of potassium hydroxide. 8 (4) Magnesium ethyl bromide
is allowed to react with phosphorus oxychloride and the mixture then
7
(5) By heating the
decomposed with dilute hydrochloric acid.
reaction product from zinc diethyl and phosphorus oxychloride with
air,

H

.

8

potassium hydroxide and a little water.
The oxide forms colourless, odourless needles, M.pt. 51-9 C., B.pt.
242*8 to 243 C. It is slightly volatile in steam, and is more soluble
It is precipitated from its aqueous
in water and alcohol than in ether.
9

solution by potassium hydroxide. It is indifferent to oxygen and ozone.
10
it is reduced to
According to Cahours and Hofmann
triethylphosphine
when warmed with sodium, but this is denied by Crafts and Silva. 11
When hydrochloric acid gas is passed into molten triethylphosphine
oxide, a deliquescent mass results, to which the formula (C 2 5 ) 3 PO.
12
The following double compounds are known 13
(C 2 5 ) 3PC1 2 is ascribed.

H

H

:

H

Triethylphosphine oxide hydrogen ferrocyanide, 2(C 2 5 ) 3 PO.H 4 Fe(CN) 6
a macrocrystalline powder, quickly becoming green in moist air triethylphosphine oxide hydrogen cobalticyanide, 2(C 2 5 ) 3 PO.H 3 Co(CN) 6 .4H 2 Q,
C. ;
forming white, prismatic crystals, M.pt, 174
triethylphosphine oxide hydrogen aurichloride, 2(C 2 5 ) 3 PO.HAuCl 4 flat, yellow,
,

;

H

H

1

Colhe,

,

loc. c^t.

2

Pickard and Kenyon, loc cit.
Cahours and Hofmann, loc cit.
Cahours and Hofmann, loc. cit.
5
Wichelhaus, Ber., 1868, i, 77.
6
Crafts and Silva, Trans. Gkem. Soc 1871, 24, 629; JaJiresber 1871, p. 764; see
Oarms, Annahn, 1866, 137, 118, Masson and Kirkland, Trans Chem Soc 1889, 55, 141
7
Pickard and Kenyon, loc. at.
8
Pebal, Annalen, 1861, 118, 22; 120, 198.
9
Engler and Wild, Ber., 1897, 30, 1673.
10
Cahours and Hofmann, loc. cit
3

4

,

,

,

11

12

and
13

and Silva, loc. cit.
Hofmann, Annalen Suppl
Crafts

,

1861,

Silva, Jahresber., 1871,

p 766.

Pickard and Kenyon,

loc. cit.

1,

19, Phil. Trans., 1860, 150, 409.

Compare Crafts
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hexagonal plates, M.pt. 54 to 56 C. ; triethylphosphine oxide hydrogen
dichromate, 2(C 2 5 ) 3 PO.H 2 Cr 2 7 , forming hair-like needles, M.pt. 100
to 102 C. ; triethylphosphine oxide hydrogen bismuthic iodide, 2(C 2 5 ) 3 PO.
HBiI4 separating from dilute hydnodic acid as bright red, prismatic
needles, decomposing above 130 C.
triethylphosphine oxide hydrogen
mercuric iodide, 2(C 2 5 ) 3 PO.HHgI 3 consisting of beautiful yellow needles
sintering at 31 C. and melting at 32 to 33 C.
triethylphosphine
oxide hydrogen platinichloride, 4(C 2 5 ) 3 PO.HJPtCl 6 , M.pt. 150
C. ;
I
3(C 2 5 ) 3 Pp.(C 2 5 ) 3 PCl 2 .PtCi 4 nionoclinic prisms
triethylphosphine
oxide cupric chloride, (C 2 5 ) 3 PO.CuCl 2 2 pale brown prisms from alcohol,

H

H

,

;

H

,

;

H

H

M.pt. 233

H

,

H

;

,

decomposed by water

triethylphosphine oxide copper
3
triethylgreen four-sided prisms
oxide
zinc
PO.ZnI
iodide, 2(C 2 5 ) 3
phospJnne
forming monoclinic,
2
4
With pymvicacid the oxide forms a
prismatic crystals, M.pt. 99 C.
C.,

2(C 2

sulphate,

H

5)3

PO.CuS0 4

,

;

;

H

,

compound (C aH 6 ) 8 PO.2CH 8 COCO 2 H, consisting of
to T7

prismatic needles, M.pt. 75

small,

colourless,

C.

H

Triethylphosphine sulphide, (C 2 5 ) 3 PS, is best prepared from
the phosphine as described for the corresponding methyl compound. 5
It may also be obtained by the interaction of triethylphosphine and
ethyl mercaptan in the presence of air, or by boiling the compound
alcohol with silver oxide or heating it at 100 C. with
(C 2 5 ) 3 P(CS)S
water. The sulphide forms hexagonal prisms, M.pt. 94 C., readily
volatile in steam. 6
It forms a compound with methyl iodide, (C 2 5 ) aPS.
CH 3 I, consisting of colourless crystals, M.pt. 123 C., slowly decomposed
7
The methiodide is normally dissociated in aqueous
by boiling water.
solution and has almost the same conductivity as triethyl sulphonium
iodide.
The methiodide is decomposed by alkalis below
C., the

H

m

H

free base
oxide.

decomposing immediately into mercaptan and triethylphosphine

H

TriethylphospMne selerdde, (C 2 5 ) 3 PSe, occurs when selenium
reacts with triethylphosphine in ether solution. 8 It may be crystallised
from water, but is partially decomposed on contact with air. When
dry the crystals are red and melt at 112 C.
dilute ether
Tri-n-propylphosphine oxide, (C 3 7 ) 3 PO.
solution of magnesium n-propyl bromide is well cooled and very slowly
and with constant shaking mixed with a dry ether solution containing
the calculated quantity of phosphorus oxychlonde. After the vigorous
reaction has subsided, the mass is decomposed with dilute hydrochloric
acid, the ether removed and the residue mixed with a large excess of

H

A

sodium hydroxide. The mixture is then distilled from a copper flask
and the aqueous distillate fractionated, the oxide occurring in the

The freshly distilled
fraction boiling at 260 to 265 C. at 759 mm.
oxide solidifies to colourless, lustrous, silky needles, M.pt. 38 C., which
are odourless and very hygroscopic. 9 The oxide forms the following
1
2

3

4
5

Hofmann, loc cit.; Sella, Annalen SuppL,
Pickard and Kenyon, loc. cit
Pebal,

1861,

i,

17.

Compare Groth, Gk.

Kr., 3, 44.

loc. cit.

Hofmann, loc cit.; Sella, loc. cit.
Cahonrs and Hofmann, Annalen, 1857,

104, 23;

Hofmann, Phil Trans., 1860,

409.

Oh

6

See Sella,

7

Hantzsch and Hibbert, Ber 1907, 40, 1508.
Cahours and Hofmann, loc. cit., Hofmann, loc.
Pickard and Kenyon, loc. cit

loc

cit.,

Groth,

Kr., 3, 44.

,

8
9

YQL. XI,

:

III.

cit.

%

150,
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err
double compounds
Tn-n-propylphosphine oxide hydrogen f ocyanide,
in water
soluble
needles,
colourless
sparingly
2(C
7 )JPO H 4 Fe(CN) 6
oxide hydrogen cobalticyamde,
or alcoholin-n-propylphosphine
cubic crystals from water,
2(C 8 7 ) sPO.H 8 Co(CN) 6 .6H 9 0, pale yellow
oxide hydrogen aunchlonde,
C.
119
tn-n-propylphospUne
Mpt
M.pt. 67 to 69 C.
2(C 3 7 ) 8 PO.H4AuCl4 yellow, flat, hexagonal plates,
PO.H 2 Cr 2 O 7
dichromate,
7)3
3
2(C
oxide
hydrogen
tri-n-propvlpliosphine
C.
164
at
toi-n-propylphosphwe oxide
melting with decomposition
low needles,
7 ) 3 PO.HHgI, forming ye
mercuric
iodide,
3
2(C
hydrogen
oxide
platimMonde,
hydrogen
pt 52 to 54 C. tri-n-propylphosph^ne
in light brown flakes, M.pt. 92 to
6(C 3 7 ) a PO.H 2PtCl 6 separating
:

H

,

H
H

;

;

H

,

,

;

H

M

;

H

,

very soluble in water.
PO. 10 c.c. of phosphorus
Tri-n-butylphosphine oxide, (C 4 9 ) 3
the Grignard reagent from
to
added
are
oxy chloride in 50 c.c. of ether
in 250 c.c. of
42 c.c. of n-butyl bromide and 10 grams of magnesium
ether layer
the
when
added
then
is
and,
Ammonium chloride
ether
over
the
oxide
mm.
760
under
passes
distilled
pressure,
is fractionally
be
also
oxide
The
receiver.
premay
at 300 C. and solidifies in the
in a current of air and oxidising it with
pared by boiling the phosphme
colourless
cent, nitric acid. The product forms hygroscopic,
warm 40
93

C.,

H

per

when the
Tri-isoamylphosphine oxide, (C 5H 11 ) 3 PO, is formed
1
It is a crystalline product, M.pt. 60 to
is oxidised by air.
phosphme
C., soluble in alcohol.

65

QUATERNARY PHOSPHONIUM COMPOUNDS.

A number of methods used for preparing phosphonium compounds
has already been indicated on p. 7. Some tetra-alkylphosphomum
white phosphorus and the
hydroxides may be produced by heating
a
for
C.
250
above
long period. The compound
corresponding alcohol
P 2Hg s reacts with alkyl iodides to form quaternary compounds, and
the latter also occur when trialkylphosphines react with alkyl halides.
There are also special methods of preparation applying only to individual
The iodides are converted into the hydroxides by treatderivatives.
ment with moist silver oxide, and bromides, cyanides, carbonates,
obtained when the apacetates, oxalates and sulphates are similarly
salts also result when the hydroxides
Such
salt is used.
silver
propriate
are treated with the corresponding acids.
The mixed quaternary phosphonium compounds are prepared as
indicated by the following equations
:

R 3P + R'X = R RTX
R 2R'P + R'X = R R 'PX
3

2

RR'R'T + R"'X

_

(X- halogen)

2

RR'R"R"TX

_

when

The phosphorus-nitrogen phosphonium compounds are formed
the phospMnes containing nitrogen directly attached to phosphorus
combine with alkyl iodides, e.g.
[(C 2

1

H

5)2

N] 3P + CH 3 I - [(C 2

H

5)

2

N] 3 P(CH 3 )I

1873, 6, 303.
2 It should be noted that these
N-phosphuies are not organometallic from the point of
view of this volume until they form, phosphonium compounds, for only in the latter case is
the phosphorus directly linked to carbon

Hofmann,

er.,
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form addition products with the iodides
and thallium, and also with bismuth chloride.
Perhahdes, R 4 PLX 2 are formed when halogens react with the iodides,
these products, like the original iodides, having well-defined crystalline
forms
moist silver oxide removes the iodine, giving the corresponding
hydroxides. Like the arsonium chlorides the tetra-alkylphosphonium
iodides

of mercury, bismuth
,

;

chlorides tend to be deliquescent, but they yield crystalline double
salts with the chlorides of gold, mercury, platinum, bismuth and zinc.
When two molecular equivalents of tnethylphosphine react with one
molecular equivalent of methylene chloride, ethylene dichloride or
ethylene dibromide, phosphonium compounds result in which two atoms
of phosphorus are present.

Tetramethylphosphoniom

(CH 3 4 POH.

hydroxide,

)

When

white phosphorus and methyl alcohol in the ratio 1 2 by weight are
heated together in a sealed tube at a temperature not lower than 250 C.
for several hours, the phosphorus disappears. 1
The phosphonium
hydroxide is the main product of the reaction, the by-products consist:

ing of phosphme, methylphosphine, and phosphimc and phosphoric
The hydroxide is also obtained when the corresponding phosacids.
2
It reacts with
phonium iodide is treated with moist silver oxide.
its
and
has
the
value a w = 207. 3
salts,
acids, forming
conductivity
When decomposed by heat the hydroxide yields tnmethylphosphine
oxide and methane 4
j

:

(CH 3 4P.OH
)

H>

(CH 3 ) 3PO

+CH4

Most of the salts obtained from it are hygroscopic, but an exception
found in hydroxytrimethylphosphonium trichloroacetate, M.pt.

is

C. 5

64

be prepared
methyl ether
6
(2) It forms
together in a sealed tube for six hours at 120 to 140 C.
when
chief
iodide
and
the
magnesium methyl
product
phosphorus dilodide, P 2 l4, react in ether solution at the ordinary temperature and
the resulting mass is decomposed by water. 7
(3) The mercuric iodide
addition product of the iodide is formed when the compound P 2Hg 3 is
heated for four hours with two parts of methyl iodide at 140 to 150 C. 8
(4) Tetramethylphosphonium hydroxide is converted to the iodide
by treating it with hydnodic acid. (5) The iodide also occurs when
9
tnmethylphosphine reacts with methyl iodide.
The iodide may be recrystallised from alcohol. It combines with
iodine to yield a periodide, (CH 3 ) 4 PLI 2 a crystalline precipitate of the
colour of chromic acid. 10 The double salt with mercuric iodide, (CH 3 ) 4 PL
2HgI 2 forms yellow prisms, M.pt. 172 C., sparingly soluble in water,

Tetramethylphosphonium

in several

ways

:

(1)

iodide, (CH 3 4 PI, may
By heating phosphonium iodide and
)

,

,

1

Berthaud, GompL rend., 1906, 143, 1166.
Cahours and Hofmann, Annalen, 1857, 104, 31, Hofmann and Cahours, Quart. J.
Chem Soc , 1859, 12, 56.
3
Bredig, Z&itsch. physical. Chem., 1894, 13, 288.
4 Cahours and
Hofmann, loc. cit ; Collie, Trans. Gfiem. Soc., 1888, 53, 636.
5
Fenton and Ingold, J. Chem. Soc., 1929, p. 2342.
2

6

Fireman, Bar., 1897, 30, 1088.

7

Anger and Billy, Compt rend., 1904, 139, 597.
Partheil and van Haaren, Arch. Pharm., 1900, 238, 41.
Cahours and Hofmann, loc. ctf.
Auger and Billy, Compt. rend., 1904, 139, 639.

8
9

10

ORGANOMETALLIC COMPOUNDS.

20

Tetraraethylphosphomum iodide is converted to
the corresponding pier ate when treated with aqueous sodium picrate
2
this crystallises
lemon-yellow needles which are unmelted at 290 C.
results
when
chloride,
PC1,
(CH 3 ) 4
Tetramethyiphosphoniom
3
It is also obtained
the hydroxide is treated with hydrochloric acid.
from
reaction
the
on
magnesium methyl
product
by the action of water
4
It is
iodide and phosphorus trichloride in ether solution at -20 C.
heated
when
a deliquescent salt, which
decomposes into
strongly
5
ethylene and trimethylphosphomum chloride

insoluble in ether.

1

;

m

:

forms a number of double salts
(CH 8 ) 4PCl.AuCl 3
HgCl 25 crystallising from hot water in white needles,

It

:

6
;

(CH 3 4 PC1
)

M pt.

249 C.,
2(CH 3 ) 4 PCl.PtCl 4

in ether 7
sparingly soluble in water, insoluble
insoluble in alcohol or ether. 8
crystallising from water in octahedra,
Tetramethylphospfaoiiium sulphate, [(CH 3 ) 4 P] 2 SO 4 occurs when
9
The product
the corresponding iodide is treated with silver sulphate.
on
which
needles
thick
in
strong heating with
decompose
crystallises
formation of trimethylphosphme oxide and trimethylphosphine sulphide.
Tetramethylpfaosphonium benzoate, (CH 3 ) 4 P.C0 2 C 6 5 is prepared by neutralising the base with benzoic acid. It is a deliquescent
substance, which decomposes above 300 C. into trimethylphosphine
oxide and acetophenone
;

,

,

H

,

:

(CH 3 4 P.C0 2 C 6 H 5 = (CH 3 ) 3 PO+CH 3 .CO.C 6 H 5
)

Tetra

-

ethylphosphonium

hydroxide,

(C 2

H

5 )4

POH, may be

obtained by the following methods
(1) White phosphorus and ethyl
alcohol in the ratio 1 2 by weight are heated together for several hours
The following by-products also
at a temperature not lower than 250 C.
occur: phosphine, ethyl phosphmes, phosphimc acids and phosphoric
acid. 10 (2) By heating a mixture of phosphonmm iodide and diethyl
ether in a sealed tube for six hours at 160 C. 11
(3) The corresponding
iodide is treated with silver oxide in the presence of water and the
12
The base is obtained
filtered solution evaporated over sulphuric acid.
as a deliquescent, crystalline mass, which absorbs carbon dioxide from
the air. The aqueous solution has a bitter taste and is strongly alkaline.
When decomposed by distillation the hydroxide yields tnethylphos13
Acids convert the base into the corresponding
phine oxide and ethane.
:

:

salts.

H

Tetra-ethylphosphonium iodide, (C 2 5 ) 4PI, can be obtained in
several ways
(1) By the combination of triethylphosphme and ethyl
iodide in ether solution. 14 The reaction takes place with violence in
the cold and the whole solidifies to a white crystalline mass. (2) By
:

1
*

4
6

8
10

12

and van Haaren, loc. cit.
Cahours and Hofmann, loc. cit.

2

Partheil

Fenton and Ingold,

loc.

at.

5
Auger and Billy, Compt rend*, 1904, 139, 597
Collie, loc cM.
7
Cahours and Hofmann, loc cit
Parfcheil and van Haaren, loc cil
Cahours and Hofniann, loc. cit
Collie, loc cit.
u Fireman, Ber
Berthaud, Compt rend., 1906, 143, 1166
1897, 30, 1088.
Cahours and Hofmann, Annalen, 1857, 104, 15, Letts and Collie, Phil. Man
1886,
J
,

,

[5], 22, 183
13

Hofmann and

14

Cahours and Hofniann,

loc, cit.

Cahours, Quart. J,
loc

cit

,

Chem Soc 1859, 12, 56, Letts and Collie, loc. cit.
Hofmann and Cahours, loc, cit. Letts and Collie,
,

;
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heating one equivalent of phosphonmm iodide with three equivalents
of methyl alcohol for six to eight hours at 160 to 180 C.
Triethyl1
(3) Ethyl iodide and
phosphomum iodide occurs as a by-product.
phosphorus in the ratio TC 2 5 I to 2P are heated together in a sealed
tube at 180 C. for about twenty-four hours. 2 When cold the product
is black and is either a tarry liquid or a senu-sohd crystalline mass of
A little gas escapes when the tube is opened and excess of
periodide.
ethyl iodide is removed by distillation. The residue is mixed with water
and treated with hydrogen sulphide, the clear solution being decanted
from the precipitated sulphur and treated with silver oxide in excess

H

to give the tetra-ethylphosphonium hydroxide.
Instead of carrying
out the last-mentioned stage of the process, the solution containing the
hydrogen sulphide may be subjected to the action of a current of carbon
dioxide to remove the former gas, then saturated with potassium
the phosphonium iodide separates out and
hydroxide and warmed
floats as an oily layer upon the potassium hydroxide solution.
The
reaction taking place in this preparation is represented as follows
;

:

7C 2 H 5 I + 2P = (C a H 6 ) 4PI 8 + (C 2

The decomposition
as follows

of these polyiodides

H

5 ) 3PI 4

by the hydrogen sulphide occurs

3
:

(C 2

H

(C 2
5

)

3

H PI +H
+H S +H
5 )4

PI 4

3

2

2

2

S

= (C 2H 5 4PI +2HI +S
= (C 2 H 5 3 PO +4HI + S
)

)

(4) The iodide occurs as its double salt with zinc iodide when phos4
phorus, ethyl iodide and zinc are heated together at 160 C., or on
5
heating ethyl iodide with a phosphorus-zinc alloy at 180 C.
(5) The
double salt with mercuric iodide, (C 2 5 ) 4PI.2HgI 2 is formed when the
compound P 2 Hg 3 is heated for four to five hours with about two parts
of ethyl iodide at about 160 C. 6
(6) Heating zinc phosphide and ethyl
iodide together in a sealed tube at 170 to 180 C. for twenty-four hours
and treating the reaction mixture with potassium hydroxide gives the

H

,

iodide. 7

The iodide crystallises from a mixture of alcohol and ether in trigonal
scalenohedral crystals, 8 readily soluble in water, sparingly soluble in
Its refractive index has been determined
alcohol, insoluble in ether.
9
by Zecchim.
Aqueous potassium hydroxide does not affect the
When treated with chlorine at about 70 C. the dry iodide
iodide.
this slowly loses chlorine in dry air,
yields a compound, (C 2 5 ) 4PI.C1 4
and chlorine is evolved when the compound is treated with water or
alcohol.
Evaporation of the alcoholic solution gives an iododichloride
having the composition, (C 2 5 ) 4PI.C1 2 which can be isolated in the
form of yellow crystals. 10 When tetra-ethylphosphonium iodide is
treated with bromine, much heat is developed, and if the free bromine
be removed by evaporation and washing the residue with ether, a bright

H

;

H

1

2
3
*
5
6
7

8
9

10

,

Hofmann, Ber., 1871, 4, 205.
Masson and Kirkland, Trans Ghem. Soc., 1889, 55, 138.
Compare Carius, Annalen, 1866, 137, 117; Crafts and Silva,
Hofmann, Annalen SuppL, 1861, I, 4.
Cahours, Annalen, 1862, 122, 331
PartKeil and van Haaren, Arch. Pkarm > 1900, 238, 35.
Cahours, Annalen, 1862, 122, 320.
Groth, Oh. Kr, y i, 197.
Zecchim, Oazzetta, 1893, 23, i, 101.
Masson and Kirkland, Trans. Chem. Soc., 1889, 55, 126.

Jakresber., 1871, p. 764.
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This is dissolved m warm alcohol, when
results.

evapora-

tion of the solution gives orange-red crystals having the composition
This iododibromide is converted by ammonium
(C 2 5 ) 4PLBr a
into a black explosive substance to which the formula

H

.

hydroxide

H

In air the ammonia is slowly given
is assigned.
a
red powder. When two atomic
as
iododibromide
the
off, leaving
solution are added to a warm solution
alcohol
in
iodine
of
equivalents
of the phosphonium iodide in the same solvent, brown glistening plates
The product is a periodide, (C 2 5 ) 4 PI.I 2 M.pt. 66 to
are deposited.
[(C 2

5

)

4

PLBr 2 ].2NH 3

H

,

67 C., readily soluble in alcohol, less soluble in ether and insoluble in
carbon disulphide. 1 Its brown solution is decolorised by reducing
salts when treated with mercury
agents and gives easily soluble double
The iodide also forms double salts with bismuth hahdes
halides.
.

PL2BiCl 3 golden-yellow crystals 3(C 2 H 5 ) 4PLBiI 3 brick-red
With mercuric iodide it yields 2(C 2 H 5 4 PI.HgI 2 colourless
crystals.
202 C.
(C 2 H 5 4 PI.2HgI 2 yellow needles
plates from hot alcohol, M.pt.
from acetone-alcohol, M.pt. 117 C. 2 With thallic iodide, (C 2 H 6 ) 4 PL
T1I 8 scarlet needles, is formed, insoluble in water and sparingly soluble
3
in cold alcohol.
Tetra-ethylphosphonmm iodide and sodium tri3(C 2

H

5)4

;

,

,

,

)

;

,

)

,

to give triphenylmethane, triphenylmethyl react in ether solution
4
ethylphosphine and sodium iodide.
Tetra-ethylphosphonium chloride, 5 (C 2 6 ) 4 PC1, can only be
It decomposes quantitaisolated as a deliquescent, crystalline mass.
into
C.
300
above
chloride, (C 2 H 5 ) 8 PHC1,
triethylphosphomum
tively
and ethylene. The dry chloride absorbs chlorine at 105 to 110 C.
and turns yellow, finally liquefying; the liquid on cooling deposits
6
a yellow, deliquescent
crystals of the trichloride, (C 2 H 5 ) 4 PCLC1 2
substance, insoluble in ether, but decomposed by water or alcohol
forming the chloride. For this preparation the chloride is prepared
by shaking a solution of the phosphonium iodide with freshly precipitated
The followsilver chloride and drying the resulting product at 110 C.
PCl.AuCl
obtained
been
have
salts
double
)
4
(C 2 5
3 golden, glistening
7
2(C 2 H 6 ) 4 PCLZnCl 2 readily
ing needles from water, M.pt. 179 C.
8
soluble in water
(C 2 6 ) 4 PC1.2HgCl 2 white needles, M.pt. 130 C.,
9
readily dissolving in hot water or hot alcohol, but insoluble in ether
10
H
PCLPtCl
PCL2BiCl
2(C 2 5 ) 4
3 pale yellow crystals
4 crystal3(C 2 5 ) 4
in alcohol or ether. n
lising from water in octahedra, insoluble
Tetra-ethylphosphonium bromide, (C 2H 5 ) 4PBr, is prepared
from the iodide by shaking its aqueous solution with silver bromide. 12
The dry salt absorbs bromine vapour at 110 C. to form a dark red
liquid which at ordinary temperatures yields a scarlet, crystalline
This is not stable in air, and solution in alcohol
solid, (C 2 5 ) 4PBr.Br 6
The phosphonium
converts it into the tribromide, (C 2 5 ) 4 PBr.Br 2

H

,

H

:

H

;

,

;

,

,

;

H

,

H

,

;

.

H

.

1

Jorgensen, J. praJst. Chem.> 1871, [2], 3, 355.
2 Partheil and van
Haaren, Arch Pkarm , 1900, 238, 35
a
Jorgensen, J. prafct. Chem., 1872, [2] ,6, 87.
4
Coffman and Marvel, /. Amer. Chem Soc., 1929, 51, 3496.
5
Letts and Collie,
Mag., 1886, [5], 22, 201.

PM

6
7

8

9

10

Masson and Eorkland, loc cit.
Cahours and Hofmann, Annalen,
Pebal, Annalen, 1861, 120, 198.
Partheil and van Haaren, loc. cit.

Jorgensen,

loc cvt.

11

Cahours and Hofmann,

12

Masson and Kirkland,

ciL
c^L

loc.

loc.

1857, 104, 18; Partlieil

and van Haaren,

loc. c^t.
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bromide yields a bright yellow double salt with bismuth bromide,
3(C 2 5 ) 4 PBr.BiBr 3 which is comparable with the corresponding
ammonium compound, 8(C 2H 5 4 NBr.BiBr 3 1
Tetra-ethylphosphoniiim sulphate, [(C 2 H 5 ) 4 P] 2 S0 4 occurs when

H

,

.

)

,

the iodide is treated with silver sulphate. Dry distillation of the
sulphate causes decomposition with formation of tnethylphosphine
oxide and sulphide. 2 Bromine vapour reacts with the dry sulphate at
110 C. yielding a red mass corresponding to [(C 2 5 ) 4 P] 2 SO 4 .Br 12 3
Chlorine is absorbed less readily by the sulphate even at 130 C.,
yielding [(C 2 5 ) 4 P] 2 S0 4 .C1 4J a yellow solid which dissolves in water
with effervescence due to the evolution of chlorine ; the compound
deliquesces on exposure to the air and slowly loses chlorine in a current

H

.

H

of dry

air.

Tetra-ethylphosphonium

nitrite,

sulphate is treated with barium nitrite.
4
product.

(

2

H PNO

It is

Tetra-ethyiphosphonium cyanide,

when the
2 occurs
a pale yellow deliquescent

5 )4

(C 2

H

5 )4

,

PCN,

formed by

is

the action of silver cyanide upon the phosphonmni iodide. 5 When it
is heated with w ater it is decomposed,
forming triethylphosphme oxide,
hydrocyanic acid and ethane.
r

H

ethylphosphonium carbonate, [(C 2 5 ) 4P] 2 C0 3 forms
highly deliquescent, needle-shaped crystals. These at 240 to 250 C.
are decomposed with formation of triethylphosphme, tnethylphosphine
oxide, diethyl ketone, carbon dioxide and a gaseous hydrocarbon
Tetra

(C 4

H

10 ?).

-

An

acid carbonate
heat.

is

known, and

this gives

w hen decomposed by
r

,

a similar result

H

ethyiphosphotiium acetate, (C 2 5 ) 4P.OCOCH 3 crystalneedles which are highly deliquescent, and on heating is decomposed into triethylphosphme, triethylphosphme oxide, methyl ethyl
ketone, methane, ethylene and carbon dioxide

Tetra

,

lises in

:

(C 2
(C 2

H
H

5)

5)

= (C 2 H 5 3 PO + C 2H 5 COCH 3
4 P.OCOCH 3
=
P.OCOCH
4
3
(C 2 H 5 3 P + C0 2 + C 2 H4 + CH 4
)

)

H

Tetra-ethylphosphonium oxalate, [(C 2 5 ) 4P] 2 C 2 O 4 This salt
separates as fine crystals which decompose at 200 to 230 C. into
tnethylphosphine oxide, tnethylphosphine, diethyl ketone, ethylene,
carbon dioxide and carbon monoxide.
,

H

H

Tetra-ethylphosphonium benzoate, (C 2 5 ) 4P.OCOC 6 5 is isolated as radiating, deliquescent crystals, M.pt. 160 C., decomposed by
heat into triethylphosphine, tnethylphosphine oxide, phenyl ethyl
ketone, ethyl benzoate, benzene, ethylene and carbon dioxide.

Tetra-n-propylphosphonium bromide,

(C 3

H

7 )4

PBr,

,

crystallises

and decomposes at 200 C. 6
7
Tetra-isopropylphosphoniom iodide, [(CH 3 ) 2 CH] 4PI, may be
of
and
the
interaction
tri-wopropylphosphme
isopropyl
prepared by
best from alcohol,

iodide at 100

C.

It crystallises in cubes or octahedra.

Tetra-isobutylphosphonium iodide, [(CH 3 2 .CH.CH 2] 4PL
)

1
2

3

loc

ctt.

Jorgensen,
Letts and Collie, loc. c^t
Masson and Kirkland, loc

4 C.

Ray and

cit.

N. Bay, J. Indian Ghem. Soc., 1928,

5, 733.

5

Letts

6

Davies, Pearse and Jones, /. Chem. Soc., 1929, p. 1262.
Hofmann, Ber., 1873, 6, 295.

7

and

Collie, loc. at.

This
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the pure state. It is crystalline and
product has not been obtained in
are heated
when
is formed
tri-isobutylphosphme and wobutyl iodide
C.
at
120
hours
several
for
together
Tetra-isoamylphosphonium iodide, (C 6 H U ) 4 PI, is a crystalline
of tn-^oamylphosphine and
product resulting from the interaction

woamyl

iodide.

Mixed Quaternary Phosphonium Compounds.
Trimethylethylphosphonium iodide, (CH 3 3 P(C 2 H 5 )I, may be
)

iodide. 1
treating trimethylphosphme with ethyl
iodide. 2
and
of
interaction
the
methyl
dimethylethylphosphme
(2) By
alcohol.
It separates in shining crystals from boiling
Trlmethyletfaylphosphonium chloride, (CH 3 ) 3 P(C 2 5 )C1 obtained in the usual manner from the iodide, is a deliquescent substance.

isolated:

(I)

By

H

When

heated above 300 C.

it

J

decomposes without melting with forma-

tion of ethylene and trimethylphosphonium chloride or dimethylethylphosphonium chloride
:

(CH 3 3 P(C 2 H 5 )C1 = (CH 3 ) 3 PHC1 + C 2 H4
2(CH 3 3 P(C 2 H5 )C1=2(CH 3 ) 2 P(C 2 H5 )HC1+C 2 H 4
)

)

The

chloride yields a platinichloride,
in octahedra.

2C 5 H 14PCl.PtCl 4 which
,

crystallises

from water

Trimethyl-/5-bromoethylphosphonium bromide, CH 2 Br.CH 2
3
occurs when trimethylphosphme and an excess of ethylene
3 Br,
.

P(CH 3

)

dibromide are heated together in absolute alcohol at 50 to 60 C.
The crystals are rhombic-bipyramidal. 4 It forms a platimchloride,
2C 5 13 Br.P.CLPtCl 4 orange-yellow needles.
Trimethyl-/3-hydroxyethylphosphonium chloride, CH 2 OH.
CH 2 .P(CH 3 ) 3 C1. This chloride is formed when a solution of tnmethyljS-bromoethylphosphonium chloride is treated with silver oxide and
the filtered solution acidified with hydrochloric acid. The platini-

H

,

2C 5 H 14 OPCLPtCl 4

chloride,

,

crystallises in octahedra,

readily soluble

in water.
phosphonium chloride, (CH 3 ) 3
This is formed by the condensation of tri5
It is a deliquescent,
methylphosphine and monochloracetic acid.
an
orange-yellow, crystalline platimchloride,
crystalline mass, yielding
2C 5 12 2PCl.PtCl 45 readily soluble
The phosphonium
boiling water.
iodide, C 5 12 2PI, forms plates, easily soluble in water.

Trlmethyl

-

carboxymethyl

P(CH 2 .CO 2 H)CL

H

m

H

Trimethylisoamylphosphonium iodide, C 5 H 11 .P(CH 3 ) 3 I, results
when trimethylphosphine reacts with ^oamyl iodide in ether solution. 6
It crystallises from alcohol in needles.
The corresponding chloride
yields a platinichloride, 2C 5 H 11P(CH 3 ) 3 CLPtCl 4 consisting of orange,

yellow needles, readily soluble in water.
Triethylmethylphosphonium iodide, (C a 5 ) 8 P(CH 8 )L Tnethylphosphine and methyl iodide react with explosive violence, so
that it is necessary to use ether as a solvent in preparing the
phosphonium iodide. The methyl iodide may be replaced by methylene

H

1
2
3

and Hofmann, Annalen, 1857, 104, 33
Ttans. Chem. Soc., 1888, 53, 720.
Hofmann, Annalen Suppl 1861, I, 282; Phil Trans., 1860, 150, 497.
Sella, Annahn Suppl , 1861, i, 288, compare Groth. Oh. Kr., I 194
Caliours
Collie,

,

4
5

Meyer, Ber., 1871, 4, 736.

6

CaKours and Hofmann,

loc. cit.
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iodide, using a large volume of ether at 100 C., but by-products result
in this reaction. 1
The iodide is crystalline and yields the corresponding
2
hydroxide when treated with moist silver oxide.

H

Triethylmethylphosphonium chloride, (C 2 6 ) 3 P(CH 3 )CL The
foregoing hydroxide yields the chloride when mixed with hydrochloric
acid.
The chloride gives a platinichlonde, 2(C 2 5 ) 3 P(CH 3 )CLPtCl 4
consisting of shining octahedral crystals, insoluble in alcohol or ether,
but crystallisable from boiling water. 3 Distillation of the chloride

H

gives ethylene and a crystalline distillate which
4
hydroxide into methyldiethylphospliine.

Triethyl-j3chloroethylphosphonium
5
P(C 2 H5 ) 3 C1, occurs when tnethylphosphine

is

,

converted by sodium

chloride,

CH 2 C1.CH

2.

reacts with a large excess
of ethylene dichloride in the cold.
It crystallises in needles and forms
a platinichlonde, 2CH 2 Cl.CH 2 .P(C a 5 ) 3 CLPtCI 4 , separating in orangeyellow needles. It is converted to the f$-hydi oxyethyl compound by
moist silver oxide.

H

Triethyl-j8-bromoethylphosphonium bromide, CH 2Br.CH 2
P(C 2 H 5 ) 3 Br. The preparation of this compound is similar to that
of the preceding chloride, the ethylene dichloride being replaced by
.

ethylene dibronude. It crystallises from absolute alcohol-ether in
cubic crystals, decomposing at about 235 C. 6 Silver chloride converts
it into triethyl- p-bromoethylphosphonium chloride, and in a similar manner
the sulphate and nitrate are obtained. Moist silver oxide replaces the
bromine by hydroxyl groups, and heating with silver acetate and water
at 100 C. transforms the bromide into triethylvinylphosphonium acetate.
Alcoholic potassium hydroxide decomposes the bromide, and zinc and
On heatsulphuric acid reduce it to tetraethylphosphonium bromide.
ing at 100 C. for thirty minutes with alcoholic ammonia, the hyd^obromide of triethyl- f$-aminoethylphosphonmm bromide is formed, whilst
trimethylphosphine and triethyla? sine give the following compounds
respectively:

CH 2 .As(C H
2

BrP(CH 3 3 .CH 2 .CHo.P(C 2H 5 8 Br and BrP(C 9 H 5 ) 3 .CH 2
)

)

5 ) 3 Br.

Triethyl- jS-bromoethylphosphoniutn
P(C 2 H 5 ) 3 I, forms scales, sparingly soluble
corresponding sulphate crystallises

Iodide,

CH 2Br.CH 2

.

.

in cold water, whilst the
in needles, very soluble in water

or alcohol.

Triethyl- /i-bromoethylphosphonium chloride, CH 2Br.CH 2
It forms a double salt
is obtained as already described.
with auric chloride, C 8 19BrPCl.AuCl 3 crystallising in pale yellow
.

P(C 2 H 5 ) 3 C1,

H

,

water.
The platini chloride^
7
orange-yellow, monoclinic prisms,
readily soluble in hot water but sparingly soluble in cold water.
needles,

soluble
consists

sparingly

2C 8H 19 BrPCl.PtCl 4

,

in.

cold

of

Triethyl -/J-hydroxyetfaylptiosphonium hydroxide, CH 2 OH.
is prepared by treating triethyl- j8-bromoethylphos5)
8
It is a
phonium bromide with silver oxide in the presence of water.

CH 2 .P(C 2H 3 OH,
1

Hofmann, Jahresbei 1860, p 342.
Cahours and Hofmann, loc. ciL; Hofmann and Cahours,
,

2

J Chem

Soc,, 1859,

1861, I, 276, P7wZ. Trans , 1860, 150, 497.
i, 156; compare Grroth, <7A. Kr. 9 i, 197;

Hofmann,

Quart.

12, 56.

Kr

3

See Groth, Ch.

4

Colhe, loc

5

Hofmann, AnnaUn SuppL,

6

,

i,

479.

cti

Annalen Suppl , 1861,
AnnaUn SuppL, 1861, I, 155.
7

8

Sella,

Sella, loc. cit.

Hofmann, AnnaUn Suppl.,

1861,

I,

164, 165.
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white, hygroscopic mass, which has a strongly alkaline reaction.
decomposes on heating into triethylphosphine oxide and ethylene.

It

Triethyl- /3-hydroxyethylphosphonium chloride, CH 2 OH.CH 2
Molecular quantities of ethylene chlorhydnn and triethylphosphine condense to give this chloride when heated together for
two hours at 150 C. in a sealed tube filled with carbon dioxide. 1 The
product is a white, very hygroscopic crystalline mass, combining with
awic chloride to form C 8 20 OPCLAuCl 3 which crystallises from hot
water. It melts at 171 to 172 C., and liquefies when heated under
water. Mercuric chloride forms the double salt C 8 20 OPCl.HgCl 2 M.pt.
164 C. when crystallised from water. The platinichloride, 2C 8 H 20 OPC1.
PtCl 4 forms orange-yellow octahedra from water, M.pt. 221 to 222 C
2
Triethyl- fi-hydroxyethylphosphonium
belonging to the regular system.
iodide crystallises in needles, very soluble in water or alcohol. 3
.

P(C 2 H 5 ) 3 CL

H

,

H

,

,

,

Triethyl-carboxymethyl-phosphoniumchloride,(C 2 H 5 3 P(CH 2
formed when tnethyl-carbethoxymethyl-phosphonium
is
chloride is treated with silver oxide and the anhydnde thus produced,
.

)

CO 2 H)C1,
(C 2

H

is

5 ) 3 P<^

\

platinichlonde,

//CO,
2C H 18
8

mixed with hydrochloric

acid. 4

It yields a

2 PCl.PtCl 4 .

Triethyl-carbethoxymethyl-phosphonium chloride, (C 2 H 5 3
P(CH 2 .C0 2 C 2 H 5 )C1, is the condensation product of monochloracetic
)

and triethylphosphine.

ester

It

has only been isolated as a viscous

mass.

-aminoethylphosphonium bromide, BrP(C 2 H 5 3
.CH 2 NH 2 The bromine of the corresponding /3-bromoethyl compound is replaced by the ammo-group by heating with alcoholic am-

CH

Triethyl-

)

.

.

2

monia at 100 C. for thirty minutes. 5 Treatment with moist silver
oxide gives the free base as an oil, which is transformed into
triethylvinylphosphonium hydroxide when heated.
Triethyl /? aminoethylphosphonium chloride, C1P(C 2 5 ) 3
CH 2 .CH 2 .NH 2 is prepared by the usual methods. It forms a compound

H

.

,

H

chloride, C 8 21 NPCl.HC1.2AuCl 3
golden-yellow needles,
sparingly soluble in water, and with platinic chloride, C 8 21 NPC1.HCL
6
PtCl 4 yellow rhombic crystals, sparingly soluble
boiling water.

with auric

,

m

,

BrP(C 2

5)

-

/?
methylaminoethylphosphonium
bromide,
.CH
.CH
occurs as the hydrobromide when tri3
2
2 .NHCH 3

Triethyl

H

H

,

ethyl-j3-bromoethylphosphonmm bromide

is

heated with methylamine

as described already for the
/^ammo-compound. The bromide is converted into the hydroxide by silver oxide in the
presence of water,
and the base with hydrochloric acid yields the chloride. The latter

H 23NPCLHCl.PtCl4 crystallising in needles
and sparingly soluble in water.
Ethylene -trimethylammonium
hydroxide
triethylphosphonium hydroxide, HO.P(C 2H 5 ) 3 .CH 2 .CH 2 .N(CH 3 ) 3 OH, is formed
as bromide hydrobromide when the
methylamine in the preceding preparation is replaced by triethylamine. The base may be isolated in
forms a platinichloride, C 9

1

2
3

4
5

Partheil

,

and Gronover, Arch. Pharm., 1903,

Hofmann, loc ctt.
Hofmann, Jahresber., 1862, p 334.
Hofmann, Annahn Suppl 1861, i, 290; Phil
,

9

241, 409.

Sella, loc. cit.

See Groth, Ch. Kr., 3, 59.

Trans., 1860, 150 497.
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The chlonde

yields a platinkhlonde,
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C^H

crystallising in needles.
bromide,
ethylaminoethylphosphonium
ft
.CH
.CH
.NHC 2 H 5 This is produced when ethylamine
3
2
?
the foregoing condensation. The solution of the base yields

Triethyl

BrP(C 2

H

.

5)

used in
the chlonde with hydrochloric acid, and the chloride forms a platinichloride, C 10 25 NPCl.HCl.PtCl 4 which crystallises from water in orangeis

H

,

yellow crystals.
bromide,
diethylaminoethylphosphoniuxn
/3
.CH
.CH
H 5 ) 2 is isolated by using diethylamine m
5)3
2
2 .N(C 2

Triethyi

BrP(C 2

H

,

the foregoing condensation. It forms a base, the chloride of which gives
a platinichlmide, C 12 29 NPCLHCl.PtCl 4 crystallising in plates.

H

,

Triethylhydroxymethyipfaosphonium

iodide,

(C 2

H

5)3

the product of the interaction of methylene iodide
and tnethylphosphine, the reaction being carried out at 100 C. in ether
The base may be isolated in the usual manner.
solution. 1

P(CH 2 OH)I,

is

chloride,

Triethylchloromethylphosphonium

(C 2

H

5)3

Equnnolecular quantities of methylene chloride and tri2
The chlonde also
ethylphosphine are heated together at 100 (I
occurs when chloromethenyl-inVtnethylphosphomurn chloride (see
3
It yields a platinibelow) is partially decomposed in aqueous solution.

P(CH 3 C1)C1.

chlonde,

2C 7 H 17 ClPCl.PtCl 4

,

crystallising

m

needles, sparingly soluble

in water.

H

Triethyliodomethylphosphonium iodide, (C 2 5 ) 8 P(CH 2 I)L
In the preparation of this compound the methylene chloride in the
foregoing is replaced by methylene iodide. The iodide crystallises from
alcohol,

and

is

4
readily soluble in water, insoluble in ether.

The

base,

obtained by the action of moist silver oxide, is converted to the chlonde
by hydrochloric acid. The chloride gives a platinickloride, 2C 7 17 IPC1.
PtCl4 separating from boiling water as sparingly soluble needles.
Metheny! - tris - triethylphosptionium iodide, [ (C 2 5 ) 8 PI] 3 CH,
5
It is
is the condensation product of iodoform and triethylphosphme.
decomposed by moist silver oxide, forming tnethylphosphine oxide and

H

,

H

methyltnethylphosphonium hydroxide. It crystallises from alcohol, in
which it is sparingly soluble, is readily soluble in water, insoluble in
A zinc iodide double salt is known, 2[(C 2H 5 ) 3PI] 3 CH.ZnI 2 a
ether.
,

The chloride forms a
crystalline solid, sparingly soluble in water.
platinichloride, 2[(C 2 5 ) 3PCl] 3 CILPtCl 4 , yellow monoclinic prisms from
hot hydrochloric acid, sparingly soluble in water. 6
chloride,
Chloromethenyl - tris - triethylphosphonium

H

H

Tnethylphosphine and tetrachloromethane react
[(C 2 6 ) 3PC1] 3 CC1.
7
in ether solution to give this chloride as a very hygroscopic mass.
Its aqueous solution partially decomposes with formation of triethylIt
forms a platinichloride,
chloromethylphosphonium chloride.
of
tetrachloromethane
CC1.3PtCl
by tetraReplacement
4
2[(C 2 5 ) 3 PCl] 3
bromomethane yields bromomethenyl-tris-triethylphosphonium bromide.

H

.

Triethyl-n-propylphosphonium chloride, C 3H 7 .P(C 2H 5 ) 3 C1,
1

Hofmann, Jahresber 1860, p. 342.
Hofmann, ibid 1861, p. 487.
Hantzsck and Hibbert, Ber 1907, 40, 1516.
Hofmann, Jahresber 1860, p. 341.
Hofmann, ibid 1859, 377.
Compare Groth, CJi Kr., 3, 44.
Hantzsch and Hibbert, loc. cit.
,

2

,

3

,

4

,

5

,

6
7

is
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chloride by heating them
prepared from triethylphosphine and propyl
1
It
is decomposed by heat into ethylene and diethyl130
C.
at
together
propylphosphme. It forms a platinichloride, 2C 9 22 PCl.PtCl 4
Triethylisoamylphosphonium iodide, C 5 2 11 .P(C 2 5 ) 3 I, is preThe reaction takes
pared from its components in the usual manner.
several days to complete in the cold and the iodide separates from the
The corresponding chlonde is formed
ether solution in shining crystals.
at
by heating an excess of isoamyl chloride with triethylphosphine
3
heat decomposes
it is deliquescent and difficult to crystallise
130 C.
The chloride forms a
it into ethylene and diethyKsoamylphosphme.
in prisms, someCl.PtCl
2C
crystallising
)
4
6 8
11 .P(C 2
5
platinichloride,
what soluble in water but sparingly soluble in alcohol.

H
H

.

H

;

;

H

H

,

H

Triettiylvinylpliosphoniuiii bromide, CH 2 :CH.P(C 2 6 ) 3 Br.
This compound is obtained when triethyl-j8-bromoethylphosphonmm
bromide is heated at 200 C. 4 The corresponding hydt oxide occurs
when a concentrated solution of triethyl-j8-hydroxyethylphosphonmm
it
may also be prepared
hydroxide is evaporated over a naked flame
by heating ethylene-ftis-triethylphosphomum hydroxide at 200 C. or
;

The chlotide
platinichloride, 2C 8 18PCl.PtCI 4 crystallising in octahedra.
An acetate may be isolated by heating triethyl- j8-bromoethylphosphoiiium bromide with silver acetate and water at 100 C.

by heating triethyl- /3-aminoethylphosphonium hydroxide.
yields

H

a

,

H

Triethylallylpfaosptionium iodide, CH a :CH.CH a .P(C 2 5 ) 8 I,
the condensation product of allyl iodide and triethylphosphine.
crystallises

is

It

from alcohol in needles. 5

Tri-n-propylmethylphosphonium iodide,

(C 3

H

7)8

(CH 3 )PI,

pre-

6
pared from tn-w-propylphosphine and methyl iodide, melts at 212-5 C.
Tri-n-butylmethylphosphonium iodide, (C 4 9 ) 3 (CH 3 )PI, owing
to the violence of the direct action between methyl iodide and the

H

is most conveniently prepared by mixing
dilute ether
solutions of the reactants ; the white crystalline precipitate, M.pt.
133*5 C*, is purified by washing with ether. 7
Tri-n-butyletfayiphosphonium iodide, (C 4 9 ) 3 (C 9 6 )PI, melts
at 153 C.

phosphine,

H

H

Tri-isoamylmethylphosphonium iodide,

(C 5

H

11 ) 3

(CH 3 )PI

J

is

which solidifies on keeping. 8
CH 3 ) 2 P ( C 2 H 5 ) 2 I, is
Dimethyl diethylphospfaoniiim iodide
(
obtained by treating methyldiethylphosphine with methyl iodide. 9
The corresponding chloride decomposes when heated into ethylene and
a distillate which yields dimethylethylphosphine when treated with
sodium hydroxide. The chloride forms a platinichloride, 2C 6 16 PCL

precipitated as an

oil

,

H

PtCl 4

CH

MethylethylisopropylisobutylphosphoMum iodide, (CH 8 ) 2 CH.
.P(CH 3 )(C 2H 5 )[CH(CH 3 ) 2 ]I is a crystalline compound, isolated

2

1
2

Chem
3

4

.

5

Trans Chem. Soc., 1888, 53, 720.
Cahours and Hofmann, Annahn, 1857, 104, 27, Hofmann and Cahours, Quart J
Collie,

Soc., 1859, 12, 56.
Collie, loc. cit.

Hofmann, Annahn SuppL,

1861,

i,

174;

Jahresber., I860,

1860, 150, 449.
5
6

Hofmann, AnnaUn SuppL, 1861, i, 52.
Bavies, Pearse and Jones, J. Chem. /Soc 1929, p
Davies and Jones, J. Chem Soc., 1929, p. 33.
Davies, Pearse and Jones, loc. c^L
,

7

8

8

Collie, loc. c^L

1262.

p

338:

PJiiL Trans,
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of ethyh'sopixDpyfeobutylphosphine with

methyl

iodide. 1

Metfayltri-isobutylphospfaoniiim Iodide, [(CH S ) 2 CH.CH 2 ] 3
is the condensation
product of trhsobutylphosphme and
methyl iodide it may be recrystallised from water.

P(CH 3 )I,

;

Nitrogen-Phosphorus Phosphonium Compounds.

Triethylamine-N-methylphosphonium

P(CH 3 )I,

is

a colourless

oil,
-

iodide,

2

[(C 2
soluble in water, insoluble in ether.

H

5)2

NJ 3

Diethyiamine - N
iodide,
ettioxymethylphosptionium,
H B ) 2N] 2P(OC 2H 5 )(CH 8 )I, is an oil, boiling at 145 to 148 C. at

[(C 2

22

mm.
Tri

n

-

-

H

[(C 3 7 ) 2 N] 3 P(CH 3 )I,
soluble in water or alcohol.
Tri - isop ropy la mine

[(C 3

H

7)2

N

iodide,
methylphospiioiiiiim
forms white needles, M.pt. 83 to 84 C readily

propylamine

N] 3P(CH 3 )I,

,

-

N

-

iodide,

methylphospiioiiiiim

yields white needles, M.pt. 138

C.

Di - sec - propylamine - N -ethoxy metfaylphospfaotiiiim
iodide
H 7 2 N] 2 P(OC 2H S )(CH 8 )I, is readily soluble in water and may be
.

[(C 3

,

)

converted into the dipi opylamide of methylphosphinic
PO[N(C 3 7 ) 2 ] 2 boiling at 176 to 180 C. at 25 mm.

H

Di

-

acid,

CH 3

.

,

isobutylamine - dipiperidine - N - methylphosphoniiim
H 9 2N] 2P(C 6H MN) 2 (CH 3 )I is an oil.

iodide, [(C 4

9

)

Di-isobutylamine-N-phenoxymethylphosphonium iodide,
C.,
[(C 4 H 9 2 N] 2 P(OC 6 H 5 )(CH 3 )I, crystallises in needles, M.pt. 132
)

soluble in alcohol, insoluble in ether.

Phosphonium Compounds containing Two Atoms of Phosphorus.
Metfayiene-bis-triethylphosphoniiim chloride or Methylene-

H

H

faexaetfayldiphospfaonium dichloride, C1(C 2 5 ) 3 P.CH 2 .P(C 2 5 ) 3 C1,
occurs when two molecular proportions of triethylphosphme react with
one molecular proportion of methylene chloride. The product is a
crystalline mass, decomposed by water with formation of methyltri3

ethylphosphoniuni chloride, triethylphosphine oxide and hydrochloric

.'",*.'

acid.

"

>

Ethylene-bis-tiimethylphosphonium bromide, ""BrJ tCH 3 )3.
CH 2 .CH 2 .P(CH 3 ) 3 Br. To produce ;ttds fcfomide, ethylene dibromide
4
Its crystals are
is heated with an excess of trimetliylprios'phme.
5
monoclinic-pnsmatic and are very deliquescent. The corresponding
chloride gives a platinichloride, C 8 H 22P 2 Cl 2 .PtCl 4 golden yellow plates
from boiling hydrochloric acid, insoluble in water. The iodide forms
,

sparingly soluble needles.
Ethylene-trimetfaylphosphonium hydroxide trietfaylphos
base
H
OH.~This
.CH
.CH
2
2 .P(C 2
5) 3
phonium hydroxide, HO.P(CH 3 ) 3
is obtained by treating the corresponding dibromide with silver oxide
The dibromide is the product of the interin the presence of water.
action of trimethylphosphine and tnethyl-jS-bromoethylphosphonium
1

2
3

4
5

Hofmann, Ber., 1873, 6, 301.
Michaelis and Mottek, Annalen, 1903, 326, 163.
Hofmann, Jahresber., 1861, p. 487.
Hofmann, Annalen Suppl , 1861, i, 287; Jahresber , 1860, p 340.
Sella, Annalen Suppl , 1861, i, 288, see Groth, Ch. Kr , 3, 58,
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bromide.

The

dichloride forms

a platinichloride,

C n H 28 P 2 Ci 2 .PtCl 4}

scales.
crystallising from boiling water in pale yellow
Ethylene-bis-triethylphosphonium bromide, BrP(C 2 H 6 3 .CH 2
CH 2 .P(C 2H 5 ) 3 Br, is obtained by the interaction of two molecular
of
equivalents of triethylphosphine and one molecular equivalent
.

)

It crystallises in needles, readily
ethylene dibromide in ether solution
1
An aqueous solution of
soluble in absolute alcohol, insoluble in ether.
the base is formed by treating the bromide in water with silver oxide
carbon dioxide from the
evaporation yields a thick syrup which absorbs
When decomposed by heat above 160 C. the base yields triethylair.
bromide forms
phosphine, triethylphosphine oxide and ethylene. The
an addition product with silver bromide.
Ethylene -bis -triethylphosphonium chloride, C1P(C 2 5 ) 3 .CH 2
and ethylene di5 ) 8 C1, is isolated when triethylphosphine
2 .P(C 2
It forms highly deliquescent
chloride are heated together at 120 C.
It yields the following double salts
plates, soluble in water or alcohol.
C 14 34 P2Cl 2 .2AuCl 3J yellow needles, readily soluble in boiling water,
2C 14 34 P 2 Cl 2 .3HgCl 2 needles or plates,
sparingly in cold water;
C 14 34 P 2 Cl 2 .PtCl 4 orange-red
or
alcohol
water
in
soluble
sparingly
2
rnonoclmic crystals from hydrochloric acid, insoluble in boiling water.
;

H

.

H

CH

:

H

H

;

H

,

,

Ethylene-bis-triethylphosphonium iodide, IP(C 2 H 5 3 .CH 2 .CH 2
P(C 2H 5 ) 3 I, crystallises from boiling water in needles, M.pt. 231 C.,
readily soluble in hot water, sparingly soluble in alcohol and insoluble
.

)

in ether

;

100 parts of water at 100 C. dissolve 458-3 parts of the iodide

C. only 3-08 parts of the salt dissolve.
iodide, C 14 34 2 I 2 .ZnI 2 , crystallises from hot

at 12

H

P

The double

salt

;

with zinc

water in long needles.

COMPOUNDS DERIVED FROM THE ACTION OF HYDROGEN
PHOSPHIDE ON FORMALDEHYDE.
3
Tetrahydroxytetramethylphosphonium chloride, (CH 2 OH) 4
PCI, is formed when hydrogen phosphide is passed into a warm

aqueous solution of formaldehyde acidified with hydrochloric acid.
It melts at 151
C., and with alkali hydroxides or carbonates reaction takes place in two stages, hydrogen (1 mol.) and formaldehyde
Sodium hydroxide or carbonate
(1 mol.) being liberated at each stage.
below 80 C. and barium carbonate at 100 C. give trihydroxytrimethylpkosphine oxide, the tribenzoate of which melts at 110 C.

Dihydroxydimethylphosphinic

acid,

4

(CH 2 OH) 2 PO(OH),

is

isolated in the form of its barium salt when the foregoing phosphonium
chloride is boiled with aqueous barium hydroxide solution until evolution
of hydrogen ceases. The salt forms well-developed crystals, moderately
soluble in water, insoluble in alcohol.

Tetrachlorotetramethylphosphonium chloride, (CH 2 C1) 4PCL
Tetrahydroxytetramethylphosphonium chloride and phosphorus pentachloride react when boiled together for four hours in carbon tetrachloride solution to give the tetrachlorocompound. It consists of
white crystals, M.pt. 192 to 193 C., readily soluble in water, but not
hygroscopic. In alcohol it is readily soluble, sparingly soluble in ethyl
acetate, chloroform and carbon tetrachloride.
The dry compound is
1
2

Hofmann, Annalen Suppl , 1861, i, 177; Phil Trans., 1860, 150, 449.
See Sella, Annalen Suppl. 1861, I, 197
Hoffman, /. Amer. Chem. Soc 1921, 43, 1684.
t

3

,

4

Hoffman,

ibid

,

1930, 52, 2995.
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odourless, but the aqueous solution has a distinct odour due to hydrolysis
and breaking up of the phosphonium hydroxide into the phosphme."
Trichlorotrimethylphosphine, (CH 2 C1) 3 P, occurs when the

preceding
carbonate.

compound

is

hydrolysed by alkalis or sodium hydrogen
C. at 7 mm., density 1-414 at 20 C.
It is

It boils at 100

stable in air but

is oxidised by nitric acid
(density 1-2) to trichlorotrimethi/lphosphine oxide, (CH 2 C1),PO, M.pt. 78 C., a hydrate containing
0-5 mol. of water melting at 88 to 89 C.
This oxide with sodium
benzoate at 200 C. gives tnbenzoyloxytnmethylphosphine oxide.

COMPOUNDS OF THE TYPE RPC1 2

.

These compounds are best obtained by heating a mixture of mercury
dialkyl and phosphorus trichloride in a sealed tube for six hours at 250 C.
The compounds are clear mobile liquids of sharp, unpleasant odour,
1
decomposed by water and coloured yellow in the presence of moisture.
The reaction takes the following course, but if a higher temperature than
that stated above is used, the alkylmercuric hahdes formed in the reaction
are

decomposed

:

R Hg + PC1 3 = RHgCl + RPC1
2

2

The following derivatives have been isolated Ethyldichlorophosphine,
to 117
C., density 1-2952 at 19
C.';
B.pt. 114
n-propyMichlorophosphine, B.pt. 140 to 143 C., density 1-1771 at 19 C.
isopropylC. ;
C., density 1-2181 at 23
dichlorophosphine, B.pt. 135 to 138
to 157
C., density 1-1236 at
isobutyldichlorophosphine, B.pt. 155
23 C.; isoamyldtchlorophosphine, B.pt. 180 to 183 C., density 1-1024
at 23 C.
When the foregoing compounds are treated with chlorine, they
These are yellowish-white
yield tetrachlorides of the type RPC1 4
:

;

.

substances resembling phosphorus pentachloride in appearance and
rapidly changing to oxychlorophosphines in the air. They form double
compounds with inorganic halides, e.g. SbCl 5 gives RPCl 4 .SbCl 5 Bromine
2 Br 2
vapour yields white hygroscopic solids of the type
Sulphur
dioxide converts the tetrachlorides into oxychlorides of the type
RPOC1 2 and these derivatives are dealt with in the section on phosphinic acids. The alkyldichlorophosphines, when heated in a sealed
tube for two to three hours with sulphur at 120 to 125 C. yield transparent, yellow liquids of pungent odour, which are stable in the presence
the following comof water and have the general formula RPSC1 2
ethylthiodichlorophosphine, B.pt. 80 to 82 C. at
pounds are known
50 mm., density 1-3606 at 70 C.
n-propylthiodichloropho$phine, fe.pt.
95 to 98 C. at 50 mm., density 1-2854 at 20 C.
isobutylthiodichlorophosphine, B.pt. 110 to 113 C. at 50 mm., density 1-2515 at 20 C.
isoamylthiodichlorophosphine, B.pt. 130 to 132 C. at 50 mm., density
1-1771 at 20 mm.
.

RPQ

.

,

;

;

;

;

;

COMPOUNDS OF THE TYPE RP(OH) 2
The following alkylphosphinous acids of the general formula
RP(OH) 2 are obtained by the action of water on the corresponding
alkyldichlorophosphines. They are colourless syrups, solidifying below
They are monobasic and are someC., moderately soluble in water.
.

1

Guichard, Ber., 1899, 32, 1572, compare Michaelis, Ber

,

1880, 13, 2174.
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times given the alternative structure 0=PH(R)OH.
of the known acids are as follows
ethylphosphinous
at 13 C.
]9 C.
n-propylphosphinvus acid, 1*1418
C.
at
19
isobutylphosphinous
phinous acid, 1-1801
at 23 C.
28 C.
isoamylphosphinous acid, 1-0613
of the acids readily dissolve in water, but the alkaline

1

:

;

;

;

The

densities

acid, 1-2952 at

isopropylphos1-0740 at

acid,

The

alkali salts

;

earth, lead

and

decomposed by heat into
C. the
at 60 to 135
and
ethylphosphme and ethylphosphimc acid,
acid.
The
and
^oamylphosphinic
fWmyl-acid yields wamylphosphine

The

iron salts are insoluble.

ethyl-acid

is

ammonium salt of the isoamyl-acid crystallises in fine needles, readily
the iron salt is a white precipitate.
soluble in water or alcohol
;

COMPOUNDS OF THE TYPE RPO(OH) 2

may be obtained in several ways
Pure primary phosphines are oxidised directly by fuming

These acids
(1)
acid.
(2)
acid.

.

:

The corresponding alkylphosphinous

acids are oxidised

by

nitric
nitric

compounds RPC14 and RPGC1 2 with water.
The last two methods are the most general ones, but several specialised methods have been devised for specific cases.
The acids are solids, the lower members being deliquescent. They
readily form salts, and treatment with phosphorus pentachlonde yields
(3)

By

treating the

the oxychlorides, RPQC1 2 which are also formed when the tetrachlondes
RPC1 4 are allowed to react with sulphur dioxide.
Metfaylphosphinic acid, CH 3 .PO(OH) 2 may be prepared
is passed
several ways
(1) A slow stream of pure methylphosphine
2
the gas must contain no free phosphme or
into fuming nitric acid
the waterexplosion occurs. The liquid is evaporated several times on
bath to remove nitric acid and the residue is then boiled with lead oxide
The lead salts are treated with acetic acid,
to remove phosphoric acid.
when the phosphmate dissolves, leaving the phosphate as a residue.
The acetic acid solution is treated with hydrogen sulphide, which removes the lead as sulphide, and the filtrate on evaporation on the water,

m

,

:

;

oil which solidifies on cooling.
(2) Diphenyl phosphite
1 molecular equivalent of methyl iodide are heated together on the
water-bath for forty-eight hours. The resulting product is shaken with
dilute sodium hydroxide solution, when diphenyl methylphosphinate
This ester is then saponified by means of alcoholic potassium
results.
3
(3)
heating tri ethyl phosphite
hydroxide or fuming nitric acid.

bath gives an

and

By

the chief by-products being ethyl iodide
and ethylene, and small quantities of phosphorous and phosphoric acids.
The crystals of the acid are hygroscopic, M.pt. 105 C., readily
soluble in water or alcohol, less soluble in ether, unaffected by fuming

with methyl iodide at 220

C.,

CH

The silver salt,
nitric acid.
is a white, amorphous
3 .PO(OAg) 2
a white
3 .P0 3 Pb, is
precipitate, insoluble in water ; the lead salt,
amorphous powder, insoluble in water or acetic acid ; the barium salt,
,

CH

CH 3 .PO 3Ba,

forms microscopic needles from dilute alcohol, readily
The dieihyl ester of the acid, CH 3 .PO(OC 2 5 ) 2 is

H

soluble in water.

1

2
3

Ouichard, Ber., 1899, 32, 1572
Hofmann, Ber., 1872, 5, 104
Michaelis and Kahne, B&r., 1898, 31, 1050,

,
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obtained by the interaction of methyl iodide and
room temperature; 1 it is a liquid of pleasant

triethyl phosphite at
odour, B.pt. 192 to
194 C. at 763
C., 1*0508 at 23
C., and is
density 1 0726 at
readily soluble in water. Methylphosphmic acid reacts with two
molecular equivalents of phosphorus pentachlonde to yield an acid
Monde, CH 3 .POC1 2 a crystalline compound, M.pt. 82 C., B.pt.
163 C ; 2 it is decomposed by water into methylphosphinic and
hydrochloric acids, and with alcohol it yields methylphosphinic acid

mm

,

,

The diethylamide of methylphosphinic acid, CH 3
formed by decomposing diethylamine-N-ethoxyIt is a colourless,
phosphine methiodide, [(C 2 H 5 ) 2 N] 2 P(CH 3 I)OC 2 5
and ethyl

chloride.

PO[N(C 2 H 5
aromatic
alcohol

.

is

2] 2,

)

H

B.pt. 145 to 148 C. at 22 mm.
ether, sparingly soluble in water.

.

3

oil,

or

9

dissolving easily in

The dipropylamide,

CH 3 .PO[N(CH 2 .CH 2 .CH 3 )2]2 1S the decomposition product of dipropylamme-N-ethoxyphosphme methiodide it boils at 176 to 180 C.
at 25 mm. and is soluble in ether.
Ethylphosphinic acid, C 2H 5 JPO(OH) 2 is prepared as follows
5

;

:

,

the oxidation of ethylphosphine with nitric acid. 4 (2) By
treating ethyldichlorophosphine with water and evaporating the re5
(3) The oxidation of ethyl
sulting mixture with fuming nitric acid.
6
the
acid.
acid
nitric
acid
The
by
(4)
yields
phosphinic
phosphmous
compounds C 2 5 .PC1 4 and C 2 5 .POC1 2 are converted into ethylphosphmic acid when treated with water.
.,
Ethylphosphinic acid yields hygroscopic crystals, M.pt. 44
it can be distilled without decomposition. 7
very soluble in water
Its silver salt, C 2 5 .PO(OAg) 2 is a yellow, amorphous powder, insoluble

By

(1)

H

H

;

H

,

The

in water or alcohol.

diethyl phosphite with

diethyl ester is
8
ethyl iodide, or

C 2 H 5 .POC1 2 with sodium

formed by warming sodium
treating the oxy chloride,

by

The ester is a transparent liquid,
ethylate.
B.pt. 90 to 95 C. at 20 mm. or 198 C. at 760 mm., density 1*025 at
21 C.
it has an odour resembling that of apples, and its aqueous
The oxychloride, C 2 5
solution does not reduce mercuric chloride.
POC1 2 is obtained by the action of water on the tetrachloride, C 2 5
PC14, 9 or by treating the tetrachloride with sulphur dioxide. 10 It
boils normally at 175 C. or at 75 to 78 C. at 50 mm., and has a density
Water converts it into ethylphosphmie acid, and
of 1*1883 at 20 C.
sodium ethyiate yields the diethyl ester of ethylphosphinic acid.
occurs when
n-Propylphosphinic acid,
3 .CH 2 .CH 2 .PO(OH) 2
the corresponding phosphinous acid is oxidised by nitric acid or the
tetrachloride decomposed by water. 11 It is isolated in the form of
hygroscopic scales, soluble in water and melting at 66 C. The diethyl
ester is the product of the interaction of propyl bromide and triethyl
at about 160 C. ; 12 it is a liquid, B.pt. 86 to 88 C. at 8-5 mm.,
,

;

H
H

,

CH

,

phosphite
1

Arbusoff,

J Buss Phys Ckem.

8oc., 1906, 38, 687;

2

Hofmann,

3

Michaelis and Mottek, Annalen, 1903, 326, 164.
Hofmann, Ber., 1872, 5, 110
Michaelis, Bar., 1880, 13, 2175.
Guichard, Ber , 1899, 32, 1572.

4

5
6
7

Hofmann, loc. cit.
and Becker,

8

Michaelis

9

Michaelis, loc

10
11

12

Guichard,
Guichard,
Arbusoff,

VOL. XT.

:

Ghem.

Zentr., 1906, u, 1640.

B&r., 1873, 6, 306

Bet., 1897, 30, 1003.

cit.

loc. cit.

;

Michaelis and Becker, loc

cit.

loc. cit.

loc. cit.

III.

3

.

.
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H

The oxychloride, C 3 7 .POC1 2
C. or 1-0291 at 19 C.
density 1-0467 at
is treated with sulphur
.PC1
C
4
7
3
results when the tetrachloride,
has a density of 1-3088
and
at
50
C.
mm.,
90
to
88
at
it
boils
dioxide ;
at ^0 C
.-This acid may
2
Iso-Propylphosphinic acid, (CH 3 ) 2 CH.PO(OH)
the normal acid
for
described
be obtained by the two methods just
acid solution
in
of
hydrochloric
or by the oxidation
wopropylphosphine
L
71
mass
1
M.pt.
It is a white, paraffin-like
with nitric acid.
a
white,
precipitate.
amorphous
C
2
forming a silver salt, 3 7 .PO(OAg)
.POQ boils at 82 to 84 C. at 50 mm., and has

H

H

The

C 3H 7

oxychloride,

,

,

,

2,

a density of 1-3018 at 20 C.
is prepared
iso-Butylpfcosphinic acid, (CH 3 ) 2 .CH.CH 2 .PO(OH) 2
It crystallises
the
to
compounds.
methods
preceding
by similar
salt as a white precipitate.
scales
pt 124 C., and yields a silver
to
is a liquid, B.pt. 104
.POC1
C
2
The corresponding oxychtoide, 4 9
of
108 C at 50 mm., density 1-2333 at 20 C. The phenyl hydrawde
C
128
leaflets
white
forms
C
M.pt.
the Aio-acid, C 4 9 .PS(N 2 2 6 5 ) 2
acid, C H n .PO(OH) 2 can be prepared by
.

,

M

H

H

H

iso-Amylphosphinic

H

m

,

,

,

5

acid
the general methods, and also occurs when isoamylphosphmous
a byto 135 C., wamylphosphine being formed as
is heated at 60
in plates, M.pt. 160 C.,* 166 C./ sparingly
product. It crystallises
hot water or alcohol. It gives
soluble in cold water, readily soluble
An anhydride of the
constitution.
normal
of
an amorphous silver salt
C 5 Z1
acid C 5 nP0 2 may be prepared by boiling the oxychloride,
the
product
resulting
POC1 2 with the acid in dry light petroleum
in benzene.
consists of small, hard crystals, M.pt. 122 C. readily soluble
55
at
C.
125
to
122
mm.,
density
The oxychloride is a liquid, B.pt.
1-1883 at 20 C. The phenyl ester of woamylphosphinic acid^is a heavy
and the phenyl hydrazide, C 5 n
liquid undecomposed by water,
white
a
is
C
powder, M.pt. 134 to 135 C., readily
light,
PO(N 2 2 6 5 ) 2
not been
soluble in alcohol or ether.
Isoamylthiophosphinic acid has

m

^

H

H

.

,

;

,

5

H

H

H

,

but its diethyl ester is known, C 5 H n ,PS(OC 2 H 5 ) 2
formed by the action of alcoholic sodium ethylate on the thio-

isolated in the pure state,

This

is

.

C 5H n .PSCl 2

.

5

It is a pale yellow liquid of peculiar odour, B.pt.
density 0-9848 at 20 C.
This acid
n-Heptyipfaosphinic acid, CH 8 .(CH a ) 5 .CH ? .PO(OH) a
with 10 parts
is formed by heating a-hydroxy-n-heptylphosphimc acid
6
It melts at 106 C., and with a
of fuming hydriodic acid at 200 C.
It is soluble in alcohol,
little water swells up into a gelatinous mass.

chloride

250 to 255

.

C.,

ether and petroleum ether.

Hydroxyalkylphosphinic Acids.
The following is a general method of preparation for hydroxyphos7
Phosphorus trichloride (at least a 10 per cent, excess)
phinic acids:
35 C.
is added to the carbonyl compound (aldehyde or ketone) below
sometimes cooling is necessary. The mixture is protected from moisture
;

1

Hofmonn, Ber.

2

G-uieliard, loc.

3

Hofmann,

9

1873, 6, 303

cit.

loc. c^t.,

compare Auger, Compt, rend

,

1904, 139, 639, Fossek,

1886, 7, 20
*

Guiehard,

5

Guiciiard, loc

loc. tit.
ctt.

6

Fossek,

7

Conant, MacDonald and Kinney, /. Amer. Chem. Soc

loc. cit,
,

1921, 43, 1928.

Monatsh

,
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A

and allowed to stand for two to three hours.
slight excess of glacial
acetic acid is then added, the temperature being maintained at 20 to
30 C. After twelve hours the mixture is poured into 300 c.c. of icewater and the whole vigorously shaken. The solution is then evaporated
and the gum allowed to crystallise, which may take from one to fourteen
days. The mass is then dried on a plate and finally in a vacuum
desiccator over sodium hydroxide.
In cases where no crystallisation
takes place, the lead salt is prepared as follows
The gum is dissolved
in about 200 c.c. of water, making strongly alkaline with ammonium
hydroxide, and magnesium nitrate added. After standing overnight
the precipitated magnesium ammonium phosphate is removed, the
solution diluted to 500 c.c. made faintly acid with acetic acid and
heating to boiling. A solution of lead acetate or nitrate is then added
in excess and the whole boiled for five to ten minutes, then filtered.
The lead salt is washed with boiling water and dried, the product thus
obtained being free from phosphate and practically free from chloride.
Hydroxymethylphosphinic acid, HO.CH a .PO(OH) 2 This acid
is said to result from the interaction of trioxymethylene and
phosphorus
:

s

.

trichloride. 1

It crystallises in white, rectangular plates,

very hygro-

and deliquescent, and it is a dibasic acid. The following salts are
known
barium salt, pearly plates
silver salt, white amorphous
powder pyiidinium salt, HO.CH 2 .PO(OH) 2 .C 5 H 5 N, glistening needles,
calcium, lead and zinc salts., white, amorphous powders
M.pt. 105 C.
calcium and barium
copper salt, pale blue ferric salt, pale yellow
scopic

:

;

;

;

;

;

hydrogen

;

cannot be obtained in solid form.

salts

a-Hydroxyisopropylphospliimc acid,

(CH 3 ) 2 C(OH).PO(OH) 2

,

be isolated as follows
(I) By the general method already given,
the yield being about 91 per cent. 2 (2) It occurs in small quantities
in the interaction of acetone and crystallised hypophosphorous acid,
the main product of the reaction being hydroxyzsopropylhypophosphorous acid. (8) Hydroxyisopropylhypophosphorous acid may be

may

:

m

oxidised to the phosphinic acid
the following manner 3 The lead salt
dissolved in water and the lead removed by passing in hydrogen
sulphide and filtering off the lead sulphide. Dissolved hydrogen
sulphide is driven off by heating the solution, and two molecular
equivalents of mercuric chloride added. The excess of the latter is
removed by hydrogen sulphide, the filtrate evaporated to dryness and
the residue recrystallised from acetic acid. White, air-stable crystals
4
result, melting with decomposition at 175 C.
water and aqueous acetone, is less soluble in
The acid dissolves
alcohol and ethyl acetate, sparingly soluble in anhydrous acetone, and
It is
insoluble in ether, chloroform, carbon disulphide and ligroin.
monobasic towards methyl orange, dibasic towards phenolphthalem.
The aqueous solution on prolonged boiling with dilute acid is decomnumber of salts is known
posed, but it is stable towards alkali.
sodium salt, NaC 3 8 4P.6H 2 0, decomposed above 210 C. with evolution of phospmne ; 5 sodium salt, NaC 3 8 O 4P.4H 2 O, efflorescent, and
:

is

m

A

H

1

2
3

:

H

Page, Trans. Ohem. Soc. 9 1912, 101, 423.
Conant, MacDonald and Kinney, loc. c/it.

Mane, Compt

[8], 3,
4

re?id

,

1901, 133, 121, ibid., 1902, 134, 847,

Ann. Ghim. Phys., 1904,

347, 371.

Conant, MacDonald and Kinney give the melting-point as 167
Fossek, Monatsh 1886, 7, 20.
5
Mane, CompL rend., 1902, 134, 994; Ann. Chm. Phys , 1904,

to 169

C

;

compare

,

[8], 3,

376, 380.
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unlike the preceding salt not precipitated from its aqueous solution by
C. and evolves
alcohol
it loses its water of crystallisation at 100
copper salt, Cu(C 8 8 4 P) a .2C 2 5 OH, pale
phosphine above 220 C.
blue plates, efflorescing in air and losing its alcohol at 100 C , the colour
changing to white copper salt, CuC 3 7 4P.H 2 0, greenish-blue needles,
silver
becoming green and anhydrous at 150 C., insoluble in water
soluble in
salt, Ag 2 C 3
7
4 P, a white, crystalline precipitate, readily
lead salt, plates, soluble in about 3000 parts of hot or 1000
nitric acid
The dimethyl ester
parts of cold water, very soluble in dilute nitric acid.
1
is prepared by treating the silver salt of the acid with methyl iodide.
It forms colourless crystals, M.pt. 76 C., losing acetone when distilled
The diethyl ester melts at 14 to 15 C., and boils at 145 C.
in vacuo.
it behaves in a similar manner
at 20 mm. with slight decomposition
The diphenyl ester may
to the dimethyl ester when heated in vacuo.
10 grams of diphenoxychlorobe obtained in the following manner
phosphine are treated with 2-5 grams of acetone. Heat is evolved
during the process and 6 c c. of glacial acetic acid are added and the
whole allowed to stand for twelve hours. The mixture is then poured
into water, the ester dissolved in ether, and the ether evaporated off.
The resulting pasty mass, after drying on a porous plate, is recrystallised
from petroleum ether, 4-5 grams of the compound, M.pt. 113 to 114 C.,
2
The acetyl derivative of the diphenyl ester melts at
being isolated.
72 to 72-5 C.
;

H

H

;

H

;

;

H

;

;

:

a - Hy droxy - a - methylpr opylphosphinic

acid

or

H

fl

Hydr oxy -

isobutylphosphinic acid, (CH 3 )(C 2 5 )C(OH).PO(OH) 2 is best obtained by the general method of preparation. It also occurs along with
hydroxybutylhypophosphorous acid when methyl ethyl ketone reacts
with hypophosphorous acid or when hydroxybutylhypophosphorous
It crystallises from methyl alcohol or
acid is oxidised by bromine. 3
acetone in plates, M.pt. 158 to 159 C., 4 readily soluble in water, alcohol
or hot acetic acid, sparingly soluble in chloroform or acetone, insoluble
,

H

a benzoyl derivative. The lead salt, C 2 5
insoluble in water, moderately soluble in concentrated nitric acid. The diphenyl ester is obtained by the interaction
of 3 grams of methyl ethyl ketone, 10 grams of
drphenoxychlorophosphine and 3 c.c. of glacial acetic acid. The reaction is complete in
about two days at room temperature, 5 about 5 grams of ester being
obtained, M.pt. 128-5 C.
in

ether.

It

yields

C(P0 3Pb)OH.CH 3s

.

is

a-Hydroxy-a-methylbutylphosphinic acid, (CH 8 )(C S H 7 )C(OH).
is formed by the oxidation of the
corresponding hypophos-

PO(OH) 2

,

6
It separates from acetone as a colourless,
phorous acid with bromine.
the usual organic
crystalline mass, M.pt. 139 to 140 C., soluble
solvents with the exception of ether.

m

a-Hydroxy-a-ethylbutylphosphinic acid, (C 2 H 5 )(C 3 H 7 )C(OH).
is isolated in the form of its lead salt when
ethyl propyl

PO(OH) 2
ketone
acids. 7
1

2
3

4
5
6
7

is

,

used in the general process for preparing
hydroxyphosphimc

Mane, Compt.

rend., 1902, 135, 106,

Ann. CMm. P%$., 1904,

Conant, Walkngford and Gandheker, J.

[8], 3, 383,
1923, 45, 762.
Chim. Phys,, 1904, [8], 3, 391

Amer Ohem.

Mane, Gompt rend., 1903, 136, 234; Ann.
Compare Fossek, Monatsh., 1884* 5, 627
Conant, Wallmgiord and Gandheker, loc. c^t
Marie, Compt. rend., 1903, 136, 509, Ann. CMm
Conant, MacDonald and Kmney, loc. cit.

Soc

,

Phys., 1904,

[8], 3,

395.
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(CH 8 2 CH.CH 2 .CH(OH).

acid,

)

be prepared in three ways
(I) Phosphorus trichloride
(1 gram-molecule) is carefully added to four molecular equivalents of
isovaleraldehyde and the unstable oil which results is decomposed with
twenty times its weight of water. Two layers are obtained, the upper
one containing two-thirds of the aldehyde employed, the lower one
l
containing a solution of the hydroxyphosphinie acid
(2) By heating
with
and
acid
isovaleraldehyde
hypophosphorous
oxidising the reaction
2
product with bromine.
(3) By heating foovaleraldehyde with phos-

PO(OH) 2 may

:

,

phorous acid.

The acid crystallises in hexagonal plates when its alcohol solution
the crystals sinter at 183 to 184 C. and melt
slowly evaporated
at 191
C.
Dry distillation of the product yields zsovaleraldehyde,

is

;

phosphine and phosphoric acid.

The acid is incompletely decomposed
aqua regia, and is not attacked when boiled with
aqueous alkalis. Potassium permanganate converts it into zsovaleraldehyde and phosphoric acid, and hydnodic acid reduces it to j'soamylphosphime acid. Phosphorus pentachloride reacts to form a trichloride,
(CH 3 ) 2 CH.CH 2 .CHCLPOC1 2S a syrupy liquid, B.pt. 106 to 109 C. at
12 mm. Water converts this chloride into chloi oisoamylphosphinic acid,
(CH 3 ) 2 CH.CH 2 .CHC1.PO(OH) S a white precipitate, insoluble in water.
This chloro-acid on solution in alcohol and subsequent evaporation
The following salts of a-hydroxyyields a diethyl ester as a yellowish oil.
woamylphosphinic acid are known: acid banurn salt* (C 5 H 12 4 P)2Ba,
stellate groups from water; normal barium salt, C 5 H u O 4 PBa.2H 2 Q,
white crystalline powder, more soluble in cold than in hot water
the
calcium salts are similar to those of barium
silver salt, C 6 H 11 4 PAg 2
white caseous precipitate lead salt, C 5 H u 4 PPb, resembling silver salt.
a - Hydroxy - n - heptylphosphinic acid, CH 8 [CH 2 ] 5 CH(OH).
PO(OH) 2 is the result of the interaction of phosphorus trichloride and
cenanthoL 3 It separates from water in monoclinic crystals, 4 sintering
at 165 C. and melting at 185 C. 5
It is insoluble in hot water and
The calcium salt, C 7 H 15 4 PCa, is
sparingly soluble in cold water.
a white precipitate. Reduction by hydriodic acid converts the hydroxynitric acid or

by

,

;

;

,

;

,

acid to ti-heptylphosphmic acid.

a - Hydroxy - a - methyl
(CH s ) 8 C.C[PO(OH) a ]OH.CH 3

dimettiylpropylphosphinic acid,
only known in the form of its lead
The latter is very hygroscopic and is produced by the general
salt.
6
method, pinacolin being the carbonyl compound employed.
a-Hydroxy-a-methyl-/J-chloroethylphosphinic acid occurs in
the form of its diphenijl ester, CH 2 CLC(CH 3 )(OH)PO(OC 6 5 )2, when
5 grams of chloroacetone, 14 grams of diphenox)r chlorophosphine and
6*5 grams of benzoic acid are mixed and allowed to stand for two days.
The ester separates in the form of white, cubic crystals (1 gram), melting
at 119 C.
,

-

j8

is

H

1

Eossek, Monatsh., 1884,

5, 121,

627.

Compare Page, Trans. Chem.

Soc. y 1912, 101,

423.
2

3

4
5

6

Mane, Gompt.

rend., 1003, 136, 48,
7, 20.

Ann Chim.

PJiys

,

1904,

[8], 3,

408.

Possek, Monatsh., 1886,

Zepharovich, tbid., 1886, 7, 28
Conant, MacDonald and Kinney (loc. ctt.) give the melting-point as 165 to 173 C.
Conant, MacBonald and Kmney, loc. ciL
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COMPOUNDS or THE TYPE

R PO.OH.
2

Our present knowledge of this class of acids is confined to the methyl
and ethyl compounds, both of which may be isolated by dissolving
the corresponding secondary phosphme in hydrochloric acid, adding
The silver salts are definite
fuming nitric acid and boiling the mixture.
free diethylphosphinic acid has not been
crystalline compounds, but
obtained in the solid state.
solution of diacid, (CH 3 ) 2 PO.OH.

A
Dimethylphospfiinic
is mixed with fuming nitric acid
acid
in
hydrochloric
methylphosphine
and heated to boiling. 1 The solution is then evaporated several times
with hydrochloric acid to remove the nitric acid, the hydrochloric acid
removed by adding silver nitrate, and the nitrate from the silver
chloride treated with hydrogen sulphide, then evaporated on the

water-bath. Colourless crystals separate, but these become pale
in contact with the air.
They are very soluble in water, alcohol
or ether, melt at about 76 C. and at high temperatures are volatile

brown

?

without decomposition. The silver salt, (CH 3 ) 2PO(OAg), crystallises
as fine white needles, having an extraordinary solubility in water,
but only slightly soluble in alcohol or ether, A barium and a lead salt
have been described, but not analysed. The acid is converted by one
into the
acid chloride,
equivalent of phosphorus pentachlonde
is a crystalline product, M.pt. 66
which
C.,
POC1,
B.pt. 204 C.,
(CH 8 ) 2
2
reconverted to the acid by water or alcohol.

Dlethyiphosphinic acid, (C a H 5 ) 2 PO.OH.

This acid

is

prepared

It cannot be
in a similar manner to the preceding dimethyl acid.
obtained in the solid state, being liquid even at -25 C. Its silver
in fine, matted needles.
salt, (C 2
5 ) 2 PO(OAg), crystallises

H

H

DietfaylditfaiophospMnic acid, (C 2 5 ) 2 PS.SH, When 1 grammolecule of diethylphosphine is mixed with 2 equivalents of sulphur
in ether solution, the sulphur gradually dissolves and crystals separate
The mother liquor from these crystals is boiled with a
(see below).
3

slight excess of

ammonium

and removed whilst the

hydroxide,

liquid

is

hot.

when more crystals are formed
The solution as it cools deposits
removed and the cold solution

triethylphosphine sulphide, which is
concentrated.
Crystals of ammonium diethyldithiophosphinate
separate, melting at 193 C., decomposing a little above this temperature,
but subliming on rapid heating. The salt is readily soluble in water
and alcohol, the aqueous solution giving amorphous precipitates with
With hydrochloric acid the ammonium
silver, copper and lead salts.
salt is converted into the free acid, an oil readily dissolving in alcohol
or ether, insoluble in and heavier than water.
The acid is not volatile

then

H

steam and is a strong acid. The silver salt, (C 2 5 ) 2PS.SAg, forms
white needles, insoluble in cold alcohol and stable at 100 C. The
benzyl derivative, (C 2 5 ) 2 PS.SC 7 7 melts at 54 C., is insoluble in
water, but dissolves in the usual organic solvents.
DietfiyldithiophospMnic acid persulphide, (C 2 5 ) 2 PS.S.S.S.
the preparaPS(C 2 5 ) 2 This compound is formed as a by-product
tion of the preceding acid.
It separates out in crystalline form, as
mentioned already, at the commencement of the reaction. The formula
in

H

H

H

,

H
m

.

1

Hofmann, Ber 1872, 5, 104.
Hofmann, ibid 1873, 6, 307.
Hofmann and Mahla, Ber 1892,
,

2

,

3

,

25, 2436.
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assigned to the crystals is that of a persulphide, as shown. It separates
from carbon disulphide in hard, white, hexagonal prisms, M.pt. 105 C.
Freshly prepared ammonium sulphide converts it on warming into
ammonium diethyldithiophosphinate, with liberation of free sulphur.
By oxidation of the corresponding phosphines the following acids
are said to be derived, all of which are described as water-insoluble
oils

1

dipropylphosphinic
isoami/lphosphinic acid.
:

acid,

di-isobuti/lphosphinic

acid,

and

di-

PHOSPHORUS COMPOUNDS DERIVED FROM ALDEHYDES
KETOXES.

--

Diacetone chlorophosphine, 2
(CH 3 ) 2 C
|

CH

3

.CO.CH

or
I

(CH 3 3 C x
>POC1
CHs.CO.CH/
)

1

PCI

To a mixture

of 500 grams of phosphorus trichloride and 2 to 2-5
volumes of acetone (free from methyl alcohol), 80 grams of anhydrous
aluminium chloride are added. A brisk reaction occurs, hydrogen
After the gas
chloride is evolved and the mixture requires cooling.
evolution has ceased, hgroin is added and the product filtered. The
filtrate is heated on the water-bath, and after a time the solvent is
removed and the residue fractionated in vacua. The main product
distils at 15-1 C. at 100 mm., and on cooling crystallises.
The crystals
are colourless, strongly refractive, and melt at 35 to 36 C., B.pt.
154 C. at 100 mm. or 235 C. at 745 mm., density 1*209 at 17-5 C.

Water converts the compound into diacetone phosphinic acid, and alcohol
The chlorophosphine is soluble without
yields the corresponding ester.
decomposition in ether and light petroleum, and is not completely
decomposed by nitric acid. It combines directly with chlorine and
bromine (2 atoms), and bromine water converts the whole of the phosphorus to phosphoric acid.

Diacetone phosphorus trichloride,
ECU"
(CH 3 ) -9 C
(?)

|

CH 3 .CO.CHC1

This product is formed when a ligroin solution of the foregoing chlorophosphine is treated with dry chlorine. It is soluble in light petroleum
and ether, but less soluble than the chlorobromide (see below), and is
more slowly attacked by water. It melts at 115 C. Silver nitrate
the
precipitates two-thirds of the chlorine from aqueous solution,
the solution
remainder being removed only by continued boiling
remaining contains phosphoric acid and mesityl oxide.
;

Diacetone phosphorus chlorobromide,
PClBr
(CH 3 ) a C
i

(?)

CH 3 .CO.CHBr
The foregoing chlorophosphine in ligroin solution is treated drop wise
with a solution of bromine in the same solvent. The precipitated
1

Hofmann,

2

Michaelis, Ber. f 1884, 17, 1273;

loc. cit.

1885, 18, 898.
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washed with ligrom, then with a little ether.
crystalline mass, fuming slightly in contact with

product
less,

a colourmelting at

It is

is

air,

in ether.
It is
sparingly soluble in ligrom, readily soluble
and
into
water
acids,
hydrobromic
hydrochloric
slowly decomposed by
mesityl oxide and phosphoric acid.
Diacetone phosphinic acid or 2-Methylpentanone-(4)-phos1
phinic actcHS),
(CH 8 ) a CH.CH(CO.CH 8 ).PO(OH) a This acid is
formed when diacetone chlorophosphine is decomposed by water. It
of solvent,
crystallises from water in fine needles containing 1 molecule

142

C.,

.

It is very easily
to 64 C., 100 to 110 C. when anhydrous.
The
soluble in water or alcohol, soluble with difficulty in ether.
phosphorus is removed by heating with bromine water, and the oxidaThe potassium
tion product with fuming nitric acid is described below.
salt, CgHnOPOgHK, is a resinous mass, dissolving in water and alcohol.
It results when an alcohol solution of potassium hydroxide is added to
an alcohol solution of the acid ; if an excess of the acid be used, an acid
HK.C 6 11 OP0 3 a consisting of
11
8
potassium salt is formed, C
The
needles, readily soluble in water, sparingly soluble in alcohol.
but
in
is
soluble
ammonium salt, C 6 11 OP0 3
water,
practically
4 ),
if alcoholic ammonia is used in the preparation
insoluble in alcohol
of the salt, a white, crystalline precipitate is produced, which correO.
4 ).2H 2
sponds to the formula, C 6 11 OPO 3 (NH4 ) 2 .C 6 11 OPO

M.pt. 63

fl

H

H

H

H OPO

,

H(NH

;

H

H

|

H(NH

The silver salt, C 6 H n OPO 3Ag 29 is a white precipitate, and the magnesium
salt, C 6 H 11 OP0 3 Mg.6H 2 O. crystallises in plates, sparingly soluble in
hot and cold water. The normal barium salt, C 6Hi 1 OP0 3 Ba.6H 2 0,
)

2

crystallises in colourless leaflets, described as rhombic-bipyrarmdal ;
sparingly soluble in cold water, somewhat soluble in hot water.

it is

This latter salt is formed from barium hydroxide, but if barium
carbonate replaces the latter, the salt obtained has the constitution

H
H

(C 6 12 4 P) 2 Ba.2H 2 O ; this form separates in fine needles, very easily
soluble in water, sparingly soluble in alcohol.
hydrate of constitution
C e 1]L
O
lead
is
also
known.
The
salt, 2C 6
11 OP0 8 Pb.
2

A

H

pPO8Ba.4,-5H

PbO, is a white powder.
The presence of the carbonyl group in the phosphinic acid is shown
by the fact that the acid forms an oxime moreover, only one oxime
is produced, and therefore only one
carbonyl grouping exists in the
molecule.
The oxime, (CH 3 ) 2 CH.CH[C(CH 3 ) NOH]PO(OH) 2 is produced by boiling an aqueous solution of the acid with 1 molecular
equivalent of hydroxylarmne hydrochlonde and 0-5 of an equivalent
of sodium carbonate for six hours
it separates from water in colourless
;

:

,

;

crystals, M.pt. 169 to 170 C. with decomposition ; it is a strong dibasic
acid, fairly soluble in water and alcohol, less soluble in ether.

isoPropylphosphino-carboxylic acid or Propane- /3-carboxylic
acid a-phosphinic acid, HOOC.CH(CH 3 ).CH 2 PO(OH) 2 3 This acid
results when diacetone phosphinic acid is warmed with fuming nitric
acid.
The mixture is treated with barium hydroxide and the barium
salt extracted from the precipitate by cold water.
The barium salt,
(C 4 6 5 P) 2 Ba 3 is more soluble in cold than hot water, and crystallises
in shining plates.
The free acid forms a colourless mass, readily soluble
in water, alcohol or ether.
The silver salt, C 4 6 O 5 PAg 3 is a white,
.

H

,

H

crystalline precipitate, soluble in nitric acid or
1
1

Michaelis,
Michaelis,

loc. cit.
loc. at.

2

,

ammonium

Arzruni, Ber., 1885, 18, 904

;

hydroxide.

see Groth, Oh. Kr. 3, 452,
t

ALIPHATIC PHOSPHORUS COMPOUNDS.

41

CONDENSATION PRODUCTS OF HYPOPHOSPHOROUS ACID.
acid,
a-Hydroxyisopropylliypophosplioroiis
(CH 3 ) 2 C(OH).
A solution of 250 grams of crystallised hypophosphorous
acid in 400 c.e, of acetone is "boiled for several days.
The filtrate on
cooling deposits 5^-a-hydroxy^opropylhypophosphorous acid, which is
removed. The acetone is removed from the mother liquor, the residue
diluted with water, neutralised with lead carbonate and the insoluble
lead salt of the a-hydroxy&0propylphosphinic acid filtered off. The
filtrate is evaporated to dryness, the residue taken up in 95 per cent.
alcohol containing a few c.c. of water, when on cooling crystalline crusts
These are dissolved
water and treated with hydrogen
separate.
sulphide, the filtrate from this reaction being evaporated in the absence
of air. 1 The acid is purified by treating it m the molten state with dry
2
ether, until no further rise in the melting-point is noted.
The acid is extremely hygroscopic and melts at 52 C. It is soluble
in alcohols, acetone and ethyl acetate, but insoluble in benzene, ether
and petroleum ether. It is monobasic and decomposes carbonates.
Heating at 110 to 120 C. or prolonged boiling of its aqueous solution
in the presence of concentrated acid decomposes it into acetone and
hypophosphorous acid. It is readily oxidised to a-hydroxyisopropylphosphmic acid, and prolonged boiling with acetone gives Jzs-a-hydroxyisopropylphosphinous acid. Aldehydes condense to form hydioxyalkyl3
The folio wing salts of the
a-hydroxys0propylhypophosphorous acids.
acid have been obtained: copper salt, (C 3 H 8 O 3 P) 2 Cu.H 2 O a pale blue
mass, stable at ordinary temperatures, decomposed when heated in a
carbon dioxide atmosphere at 100 C. or when its concentrated aqueous
solution is heated above 60 C. 4 The decomposition takes place accord-

PHO.OH.

m

?

ing to the equation

[(CH 3 ) 2 C(OH).PHO.O],Cu.H 2

= (CH8 2 C(OH)PHO.OH
+ (CH 3 2C(OH).PO(GH) 2 + Cu
)

)

H

The silver salt, C 3 8 3 PAg, forms colourless crystals, decomposing
with explosion at 90 C., and yielding a very unstable aqueous solution
which decomposes in a similar manner to the copper salt. The lead
soluble
salt, (C 3
8 O 3P) 2 Pb, separates as a starry mass of crystals, very
The cobalt
in water or aqueous alcohol, insoluble in absolute alcohol.
salt, (C 3
8 O 3 P) 2 Co.4H 2 0, forms rose-coloured, bushy crystals, becoming
blue and anhydrous at 100 C., and the nickel salt, (C 3 8 3 P) 2M.4H 2 0,
C.,
separates as a pale green precipitate, losing its water at 100
changing to yellow it is not decomposed below 200 C. The methyl
ester of the acid is obtained by treating the silver salt with methyl iodide.
It is a fairly mobile liquid, completely decomposed when distilled in
vacuo. Its density at 16*5 C. is 1-212 and the refractive index at 16 C.

H

H

H

;

The physical constants for the ethyl ester are as follows
1*462.
density 1-122 at 22-5 C., WD 1-452 at 18-5 C. The condensation
product with acetaldehyde, namely, hydroxyethyl-hydroxyisopropylhypophosphorous acid, [(CH 3 ) 2 C(OH)][CH 3 .CH(OH)]PO.OH, crystallises

is

:

1
2

Mane, Compt. rend., 1901,
Marie, Compt rend 1902,
Mane, Compt. rend 1904,
Marie, Compt rend 1902,
,

3

,

4

,

133, 220;
134, 286.

Ann. Ohm. Phys. 1904,
y

[8], 3,

347, 363.

138, 1708, Ann. OMm. PJiys , 1904, [8], 3, 419.
134, 287; Ann. Chim. Phys., 1904, [8], 3, 366.
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at 132 C.
1
in ether, chloroform or benzene.

from acetone and melts

;

it is

soluble in alcohols, insoluble
f </rm\

Bis-a-hydroxylsopropylhypophospliorous acid, (CH 3 2 t(UJ).
a solution of 250 grams of
PO(OH).C(OH)(CH 3 ) a is prepared by boiling
2
The
of acetone for many days.
400
in
acid
grams
hypophosphorotis
alcohol
from
and
boiling
recrystaJlisation
product separates on cooling,
185 C., soluble in water, alcohol, acetone and
)

,

yields crystals, M.pt.
chloroform, insoluble in ether or carbon disulphide.

monobasic

acid,

It is a strong
It readily yields

and readily decomposes carbonates.

alkali/
acetone when heated at 150 C., or when boiled with acid or
When heated with mercuric chloride, the acid is slowly oxidised to
salts are

known

a-hydroxywopropylphosphimc acid. The following
sodium salt, C 6H 14 O 4PNa.3H 2 0, colourless, efflorescent crystals soluble
silver salt,
C.
in alcohol, and losing water of crystallisation at 100
C 6 14O 4 PAg, colourless needles, very susceptible to light, sparingly
lanthanum salt, (C 6 14 O 4 P) 3 La, a crystalline subsoluble in alcohol
lead salt, (C 6 14 O 4P) 2 Pb.
in hot or cold water
soluble
stance sparingly
At 22 C. 100 grams
efflorescent crystals, losing water at 100 C.
2H
is insoluble
which
lead
the
of
salt,
27-6
dissolve
of water
grams
,

;

H

H

;

H

;

A

m

obtained in the usual way from the silver
it is readily soluble in the usual
at 92 C.
melts
salt and methyl iodide,
with formation
solvents, and distillation in vacua causes decomposition,
of
ester
of the methyl
hydroxyisopropylhypophosphorous acid, acetone,
the methyl ester of phosphorous acid and phosphine. The ethyl ester
melts at 95 C. The diacetate is prepared by warming the acid with
it separates from alcohol
crystals, M.pt. 171 C.
acetic anhydride
alcohol.

The methyl

ester,

;

m

H
a-Hydroxyisobutylhypophosphorous acid, (CH 3 )(C 2 5 )C(OH).
of hypophosphorous
the
is
boiling
prolonged
by
PHO.OH,
prepared
;

acid with an excess of methyl ethyl ketone, the hydroxybutylphosa by-product. 4 It is isolated by means of its
phinic acid occurring as
lead salt, and is obtained as a colourless hygroscopic syrup, which does
not solidify at - 20 C. It dissolves in alcohol or acetone, and is oxidised
salts are
by bromine to hydroxybutylphosphmic acid. The following
soluble
blue
Cu.4H
0,
crystals,
known
2
P)
2
copper salt, (C 4 10 3

H

:

H
H

m

silver salt, C 4
10
3 PAg,
water and alcohol, decomposing above 70 C.
lead
C.
100
above
with
salt, (C 4
10
3 P) 2Pb,
explosion
decomposing
a crystalline mass, sintering at 95 C., readily soluble in water.
;

;

a-Hydroxymethylbutyihypophosphorous acid,
C(OH).PH(XOH, occurs when hypophosphorous acid
5

(CH 3 )(C 3H 7 )

is

heated for

It is a coloursoluble in
3 P) 2 Pb,

some days with an excess of methyl propyl ketone.
less syrup, yielding

alcohol.

a crystalline lead

Bromine readily

oxidises

salt,

the

(C 5
acid

H

12

to the corresponding

phosphinic acid.

a-Hydroxyisoamylfaypophosphorous

acid,

(CH 3 2 CH.CH 2
)

.

CH(OH).PHO.OH. 20 grams of wovaleraldehyde are heated with
61-3 grams of hypophosphorous acid in 166 c.c, of water in a carbon
dioxide stream at 85 to 90 C. for two days. The solution is then
saturated with barium hydroxide, treated with carbon dioxide and
1

2

Mane, Compt. rend,
Mane, Compt. rend
Mane, Compt rend.,

1904,
1901,
1901,
Marie, Compt. rend., 1903,
,

3

4
6

Mane, Ann. Ch^m. Phys.

t

138, 1709, Ann. Chim. Phys., 1904, [8], 3, 425.
133, 219, Ann Chim Phys., 1904, [8], 3, 347, 349.
133, 818; Ann. Chim. Phys , 1904, [8], 3, 350
136, 234; Ann Chim. Phys., 1904, [8], 3, 389.
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evaporated to dryness on the water-bath, and
the residue, which contains the barium salt of the acid, is extracted with
methyl alcohol and the free acid liberated by sulphuric acid. 1 It is
a thick syrup, decomposing above 170 C., phosphme and isovaleTfiltered.

filtrate is

aldehyde being amongst the resulting products. The acid reduces
and gives a banum salt, Ba(C 5 12 O 3 P) 2 .4H 2 O, crystallising

H

silver nitrate
i

n needles.
Bis-a-hydroxyisoamylhypoptiospiioroiis acid, [(CH 3 ) 2 CH.CH 2

.

CH(OH)] 2PO.OH.

This acid occurs as a by-product in the preceding
preparation, but may be better prepared by heating 20 grams of iso21 c.c. of
valeraldehyde with 7-7 grams of hypophosphorous acid
needles which commence to decompose at
It crystallises
water.
160 C. and melt at 230 C, It dissolves easily in alcohol, is sparingly
soluble in water, insoluble in ether, chloroform and benzene.
It

m

m

dissolves in dilute hydrochloric acid, but with dilute sulphuric acid at
135 C. it yields the aldehyde and hypophosphorous acid. Boiling

with potassium hydroxide does not cause decomposition.

The

potas-

sium salt, C 10 H 22 O 4 PK.3H 2
the
separates from alcohol in plates
barium salt, (C 10 H 22 O 4 P) 2 Ba.H 2 O, forms needles or crusts, very
9

;

soluble in water, sparingly soluble in alcohol. Acetyl chloride reacts
with the acid forming the diacetate, a syrup, very soluble in alcohol,
ether, carbon disulphide and chloroform, insoluble in water.

Hydroxy - n - heptylhypophosphoroiis acid, CH 3 [CH 2 5
CH(OH).PHO.OH. A mixture containing 20 grams of cenanthol,
-

a

]

grams of hypophosphorous acid, 126 c.c. of water and 40 c.c. of
90 per cent, alcohol is heated at 85 to 90 C. in a stream of carbon
dioxide for two days.
The alcohol is then removed by warming
the mixture and treating it with carbon dioxide. Water is added
(15 to 20 parts), followed by lead acetate, and the precipitate decomposed by hydrogen sulphide. The aqueous solution is then extracted
with ether, the ether solution yielding plates, M.pt. 55 to 57 C., very
soluble in water, alcohol or ether, sparingly soluble in chloroform.
The acid decomposes above 120 C., giving phosphine and oenanthol
amongst other products. It reduces ammoniacal silver solutions, but
The barium
is not affected by boiling with potassium hydroxide.
46-5

H

(C 7 16 O 3 P) 2Ba, gives microscopic needles, very sparingly soluble
The acetyl derivative is a viscous liquid.
in water, insoluble in alcohol.
salt,

hydroxy - n - heptylhypophosphorous acid, CH 3 [CH 2] 5
CH(OH).PO(OH).CH(OH)[CH 2] 5 CH 3 occurs when 30 grains of oenanthol
Bis

-

a

-

,

with 9 grams of hypophosphorous acid in 25 c.c. of
water and 30 c.c. of alcohol at 95 C. in a stream of carbon dioxide
An equal volume of water is then added and the alcohol
"for two days.
removed by carbon dioxide at 100 C. The product is precipitated by
adding 10 to 15 parts of water, washed with water and purified by
repeated solution in dilute potassium hydroxide and precipitation with
are heated

2
The acid separates from alcohol in plates, inhydrochloric acid.
soluble in ether, chloroform and carbon disulphide, very sparingly

It decomposes
easily soluble in boiling alcohol.
phosphine and oenanthol being identified amongst
the products, and decomposition by dilute sulphuric acid at 135 C.
The potassium salt*
gives oenanthol and hypophosphorous acid.
C 14 30 O 4PK.4H 2 O, separates from alcohol in plates, the barium salt,

soluble in water,

towards 160

C.,

H

1

Ville,

Ann. Cfam. Phys., 1891,

[7], 23,

330.

s

Ville, tfaZ., p. 312.
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H O P)

(C 14

H

lead salt, (C 14 30 O 4 P) 2 Pb.
granular crystals, very sparingly soluble in water and alcohol.
diacetate separates from alcohol in microscopic needles, M.pt.
C., insoluble in water, readily soluble in alcohol, ether, carbon
30

4

2

Ba.3H 2 O, forms

needles,

and the

3H 2 O,
The
94

disulphide and chloroform.

a-Hydroxyisopropy!

-

-

a

hydroxy - n - heptylhypophosphorous

acid, (CH 3 ) 2 C(OH).PO(OH).CH(OH)[CH 2 ] 5 CH 3? is obtained by the
interaction of oenanthol and a-hydroxywpropylhypophosphorous acid,
1
It crystallises in plates, M.pt. 131 C., insoluble in cold water
p. 41.
and ether, soluble in alcohol or acetone.
a- Hydroxy -sec. -butyl-a-hydroxy - n - heptylhypophosphorous
acid, (CH 3 )(C 2 5 )C(OH).PO.OH.CH(OH)[CH 2 ] 5 CH 3 is the condensa-

H

,

product of oenanthol and a-hydroxy-^c.-butylhypophosphorous
acid. It melts at 147 C., and has a similar solubility to the preceding

tion

compound.

ALKYL BETAINES CONTAINING PHOSPHORUS.
2

Trimethylphosphobetaine,

,CH 2 .COOH

(CH 8 ),P.

\)H

When

equi molecular proportions of trimethylphosphine and monochloracetic acid are heated together in a sealed tube for five to six hours
at 100 C., the
product of the reaction is a betaine, a small quantity
The betame
of the hydrochlonde of trimethylphosphine also resulting.
is thus isolated in the form of its chloride, solution in water and addition
of platinum chloride precipitating an orange-yellow platinickloride,
[(CH 3 ) 3 P(Cl)(CH 2 .COOH)] 2 PtCl 4 This salt is soluble in boiling water
and separates in rhombic crystals on cooling. It is decomposed by
hydrogen sulphide, giving the chlotide, which is isolated as a deliquescent
mass when the solution is concentrated. The chloride also forms an
aurichloride, soluble in water and crystallising in long, yellow needles.
The base is prepared by treating the chloride with sulphuric acid,
removing the sulphate ion by means of barium hydroxide, and excess of
the latter by passing carbon dioxide through the solution. The resulting
product does not react with litmus, but yields salts with hydrochloric,
nitric and hydriodic acids.
The iodide separates from water in shining

mam

.

plates.

Triethylphosphobetaine hydrochloride,
vCH..COOH
"

(C 2

H 3 P<
X31
5)

I

_^(C H
2

/CH COOH
2

5 )3

P<(

\)H
II

3

>OH a v

-~~^(C 2 H 5 ) 3 P<

\

/>CO

III

This chloride, I, is prepared by slowly adding triethylphosphine to
monochloracetic acid and shaking the mixture. Owing to the rise of
temperature it is necessary to cool the reaction mixture, a dense oily
layer separating out. After about an hour the oil solidifies and is
The
purified by solution in alcohol and precipitation with ether.
1

rend., 1904, 138, 1708; Ann Ohim. Phys., 1904, [8], 3, 420
1871, 4, 734.
Hofmann, Jahresber., 1862, p. 334; Letts, Proc Roy.Soc Edin., 1881, u, 40: Trans.
Roy. Soc Edin., 1881, 30, 285.
2

s

Mane, Gompt
Meyer,

er.,
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chloride has a sour taste, an acid reaction,

The

deliquescent.

and is not perceptibly
forms
platinichloride
orange crystals which contain

a molecule of water of crystallisation. The chloride is decomposed by
heat into methyltriethylchiorophosphine and carbon dioxide
:

= (C 2 H 5 3 (CH 3 )PC1 + CO 2
(C 2 H 5 ) 3 P(C1)(CH 2 .COOH)
)

Potassium hydroxide decomposes the chloride according to the equation
(C 2 5 ) 3 P(C1)(CH 2 .COOH) -f 2KOH = (C 2H 5 ) 3 PO + KC1 CH 3 .COOK + H 2 O

H

-I-

Silver oxide transforms

an aqueous solution of the hydroehloride to

tnethylphosphobetaine (II). Concentration of the solution then yields
very deliquescent crystals, which lose water after keeping for several
months in vacuo over sulphuric acid, giving the arihydiide (III). When
an aqueous solution of the free base is concentrated by boiling, a solid
mass remains which has a faint acid reaction and effervesces with acids
it appears to be tnethylmethylphosphonmm acid carbonate, a compound
isomeric with the base itself
;

:

(C 2

H

5)

- (C 2H 5 3P(CH 3 )O.COOH
3 P(OH)CH 2 .COOH
)

Potassium hydroxide decomposes the base in a similar manner to its
action on the foregoing hydroehloride.
Triethylphosphobetaine
hydrobromide,
(C 2 5 ) 3 P(Br)CH 2
COOH, is best prepared by adding hydrobromic acid to a solution of
the hydroxide. It forms thin quadratic plates, somewhat deliquescent,
but otherwise resembling the hydroehloride. It should be noted that
the hydrobromide is not prepared by treating tnethylphosphine with
bromacetic acid. In the latter case the products of reaction appear
to be dependent upon the temperature. At low temperatures about
equal proportions of tnethylphosphobetaine hydrobromide and triethylphosphine acetobromide or a mixture of the latter with tnethylphosphine
bromacetate is obtained. At intermediate temperatures very little
hydrobromide is formed and the product consists of acetobromide and
bromacetate, whilst at higher temperatures the acetobromide is almost

H

the sole product.

.

H

Triethylphosphobetaine hydriodide, (C 2 5 ) 3 P(I)CH 2 .COOH, is
prepared in a similar manner to the hydrobromide and yields small
granular crystals.
Triethylphosphobetaine sulphate, [(C 2 5 ) 3 P.CH 2 .COOH] 2 S0 4 ,
occurs when the hydroehloride is treated with silver sulphate and the
A solid crystalline mass
resulting solution evaporated in a vacuum.
is obtained, which decomposes in a similar manner to the hydroehloride

H

when

heated.

Triethylphosphobetaine hydrochloride ethyl ester,
(C 2

H

/CH 2 .COOC 2H
5)3

5

P<(

\C1

is isolated by the interaction of ethyl monochloracetate and tnethylcolourless syrup is formed, which rapidly solidifies, but
phosphine.
cannot be recrystallised owing to its deliquescent nature. The platiniMoist silver oxide reacts
chloride crystallises in light orange plates.

A

according to the following equations
1

*
:

Compare Hofmann, Proc, Roy. Soc

,

1860,

n,

550.
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pTT
(C 2 H

(C 2

5)

H5

)

= C 2 H 5 OH + AgCl + (C 2 H 5 3 P</
3 P(Cl)CH 2 .COOC 2 H 5 + AgOH
)

3

P(C1)CH 2

The hydrochloride
(C a

H

6)8

COOC2 H5 + AgOH = AgCl + (C 2 H 5 3 PO + CH3 COOC 2 H 5
)

is

decomposed by potassium hydroxide

P(Cl)CH 8 .COOC a H 6

Heat causes decomposition
carbon dioxide
(C 2

A

H

5

as follows

:

+KOH = KC1 + (C H PO + CH COOC H
2

5)3

3

to take place with evolution of ethylene

2

5

and

:

)3P(C1)CH 2 .COOC 2 H 5

= (C 2 H 5 3 (CH 3 )PC1 + C0 2 + C 2 H 4
)

hydrobromide and a hydnodide corresponding to the foregoing hydro-

chloride have also been isolated.

CHAPTER

II.

AROMATIC PHOSPH1NES AND PHOSPHONIUM
COMPOUNDS.
COMPOUNDS OF THE TYPES

RPH

2

AND RJPH.

THE primary aryl phosphines are obtained by reducing the corresponding acids. They are ail liquids with the exception of the mesityl-,
diphenylmethane- and dibenzyl-compounds, which are low-melting
In air they rapidly undergo oxidation, yielding oxides and
solids.
When solutions of the phosphines in hydrochloric acid
finally acids.
are treated with platmic chloride, crystalline platinichlorides result,
(RPH 2 .HCl) 2 PtCl4 or (RPH 2 ) 2 .H 2PtCl 6 Solution in hydriodic acid
converts the phosphines into their hydriodides, RPH 2 .HI yellow
Only two derivatives of the type R 2 PH are
crystalline compounds.
known, namely, diphenyl- and dibenzyl-phosphines. The former is the
reduction product of diphenylchlorophosphine and the latter is a byproduct in the preparation of benzylphosphine.
.

5

Phenylphosphine,
best prepared as follows 1 Phosphorus-free phenyldishaken with an excess of alcohol and the solution
The solvent is then distilled off in an atmosphere of carbon
filtered.
dioxide, the receiver changed and distillation in the inert gas continued,
when phenylphosphine is obtained together with small amounts of

This substance

is

chlorophosphine

.

is

benzene and diphenyl. The yield is about 60 per cent. The phosphine
also results 2 from the following process
Dry hydrogen iodide is passed
:

into phenyldichlorophosphine, the following reaction occurring

:

C 6H 5 .PC1 2 + SHI = C 6H 5 .PI 2 JHI + 2HC1
distils above 360 C., but when cooled and treated
dropwise with alcohol, a yellow liquid results, which yields phenylphosphine when fractionated in an atmosphere of hydrogen.
Phenylphosphine is a colourless, strongly refractive liquid, B.pt.
160 to 161 C., density 1*001 at 15 C. It possesses a vile odour. It
readily oxidises in the air, yielding phenylphosphenoxide, but in contact
with oxygen it inflames unless cooled. In water or concentrated acids
it is only sparingly soluble, but explosion takes place on warming it
with concentrated nitric acid. Dry hydrogen iodide yields phenylphosphomum iodide, and sulphur combines to form a sulphide, C 6 5 .PH 2S.
Phenylphosphine in concentrated hydrochloric acid yields a platinichloride on addition of platinic chloride, (C 6 5 .PH 2 .HCl) 2 PtCl 45 a

The double compound

H

H

1

Kohler and Michaelis, Ber., 1877,

2

Michaelis, Ber., 1874, 7, 6

47

10, 807.
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yellow crystalline substance, insoluble in water. The phosphme and
carbon disulphide combine when heated together in a sealed tube at
1
150 C., forming the product (C 6 5 .PHCS) 2 S and hydrogen sulphide;
this sulpho-compound is readily soluble in carbon disulphide, sparingly
soluble in alcohol and insoluble in water.
Prolonged boiling with
alcohol does not cause decomposition, but on heating the substance
The
alone, hydrogen sulphide is evolved and a dark resin remains.

H

compound dissolves in alkalis, from which it is precipitated unchanged
by acids. With chlorine it reacts according to the following equation
=
(C 6 H 5 .PHCS) 2 S + 6C1 2 C 6 H 5 .PC1 4 + C 6 H 5 .PSC1 2 + 2CSC1 2 + 2HC1
:

p-Chiorophenyipfaosphine,

2

obtained by dry distillation of the corresponding phosphimc acid,
C1C 6 4 .PO(OH) 2 in a current of dry carbon dioxide. It forms a white
crystalline mass, M.pt. 17 C., B.pt. 198 to 200 C., which oxidises in
air and is converted by potassium hydroxide to the phosphmous acid

is

H

salt

,

:

C1C 6

H

4

.PH 2

+KOH +H

2

=C1C 6 H4 .P0 2 HK + 2H 2

emulsion of the phosphine in hydrochloric acid when treated with
.PH 2 .HCl) 2 PtCl 4 a
platinic chloride yields a platinichloride, (ClC 6 4
yellow crystalline powder, stable in air, and unmelted at 270 C.

An

H

,

p-Bromopfaenyiphosphine,
Br-/

\-PH 2

a colourless, crystalline product, M.pt. 40 C., B.pt. 195 to 196 C.
It possesses an intolerable odour, and rapidly oxidises in the air to the
3
corresponding acid.

is

p -Tolylphosphine,

4

CH 3

-

is prepared in a similar manner to the
phenyl compound
similar
It melts at 4 C. and boils
properties to the latter.
possesses
Its hydriodide, C 7
at 178 C.
7
2 .HI, is a yellow powder crystallising from fuming hydnodic acid in glistening needles which may be

This phosphine

and

H PH

sublimed. The product is deliquescent and decomposed by water.
The phosphme forms a yellow platinichloride, (C 7H 7 .PH 2 .HCl) 2 PtCl 4
5
p -Ethylphenylphosphine,
.

obtained by the reduction of the corresponding phosphmic acid by
It is a transparent, highly refractive liquid,
B.pt. 200 C.,
possessing an intense objectionable odour and oxidised to the phos-

is

alcohol.

phinous acid on warming in
1
2

3

4
5

air.

The

platinichloride,

Michaelis and Dittler, Ber., 1879, 12, 338
Michaelis, Annalen, 1896, 293, 234
Michaelis, loc. cit., p. 245.
Michaelis and Paneck, Annalen, 1882, 212, 233.
Michaelis, loc cit.

(C 2

H .C H
5

6

4

.
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.HCl) 2 PtCl 4

methiodide,

,

is

49

a golden-yellow powder, insoluble in water, and the

C 2 H 5 .C 6H 4 .PH 2 .CH SI, melts at 118

Benzylpfaospfaine,

C.

1

Benzyl chloride (2 molecular equivalents), phosphonium iodide (2 equiand zinc oxide (1 equivalent) are heated together at 160 C.,
and the reaction mixture then distilled in steam, an oil heavier than
water distilling over. After drying the crude product over potassium

valents)

hydroxide, the oil is fractionated in hydrogen, the phosphine distilling
at 180 to 190 C., further distillation giving a product of B.pt. 180 C.
The residue left after the distillation contains dibenzylphosphine.

2C 6H 5 .CH 2 C1

+2PH 4 I + ZnO =2C H .CH 2 .PH 2 .HI + ZnCl 2 +H O
6

Pseudocmmylpliospliine,

2

5

2

To obtain this, the corresponding dichlorophosphine is decomposed by
water, the resulting acid treated with alcohol and the product distilled
in a stream of carbon dioxide.
It is a transparent liquid. B.pt. 214 to
218 C., rapidly oxidised in air. It is sparingly soluble in hydrochloric
acid, the solution giving a yellow platimchlonde, (C 9 1]L .PH 2 ) 2 .H 2 PtCl6,

H

on treatment with platinic
Mesitylphosphine,

chloride.

CH3

-

^

CH3
obtained by the dry distillation of the corresponding phosphinous
It forms
acid in a carbon dioxide atmosphere at 25 mm. pressure.
stout, colourless needles, M.pt. 40 C., B.pt. 125 C. at 25 mm., having
a penetrating, unpleasant odour, and rapidly oxidising in air. Its

is

H

platinichlonde, (C 9 11 .PH 2 ) 2 .H 2PtCl 6 separates from
hydrochloric acid solution in shining orange crystals.
,

Diphenylmethanephosphine

concentrated

,

a solid, M.pt. 46 C., B.pt. 184 C. at 20 mm., prepared in the usual
manner. Its odour is less pungent than is the case with the foregoing
compounds. It separates in the form of the hydriodide from hydriodic
acid solution, this consisting of fine needles, M.pt. 134 C., decomposed

is

by

water.

Dibenzylphosphine,

/
melts at 75 C. and
methiodide.
1

Hofmann,

VOL, XI.

HI,

fyoils

\>-CH 3 .CH 2-</
at 190

Ber., 1872, 5, 100.

^>~PH 2
45

C. at

2

mm.

It

forms a crystalline

Michaelis, Annalen, 1897, 294, 32.

^
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DiphenylpfaospMne,

1

[o-lr
m

may be isolated two ways (1) By treating diphenylchlorophosphme
with an excess of sodium carbonate in an atmosphere of hydrogen
:

:

4(CH

5)2

PC1 + 3Na 2 C0 3

+H O =2(C H PH H-2(C H 2 P0 Na + 3C0
6

2

6

5)2

2

5)

T"

4? IN

2

aLxi

with zinc in a sealed tube at
heating diphenylchlorophosphme
mixture with water. It is a
the
resulting
then
230
decomposing
280
C., density 1-07 at 16 C.,
colourless, viscous, pungent liquid, B.pt.
acid causing it to oxidise. It
nitric
with
it
or
air
to
heating
exposure
It combines
water.
acts as a weak base, its salts being decomposed by
and
iodide
dry
hydrogen
chloride,
hydrogen
with methyl iodide, acetyl
the compound formed in the latter case is not stable in air,
chloride
is a yellow
but it yields a platinichloride, [(C 6 6 ) 2PH] 2 .H 2 PtCl 6 which
with diphenylchlorophosphme the phosphine
reaction
On
powder.
P = P'(^6^5) 2
gives tetraphenyldiphosphine, (C 6 5 ) 2
(2)

By
C

-

H

.

H

Dibenzylphospfaine,

is

,

'

.

2

obtained as a by-product in the preparation of benzylphosphme
in white, starry or bushy needles, M.pt. 205 C.,
It

(p. 49).

crystallises

which are odourless, tasteless, and readily soluble in boiling alcohol,
but insoluble in water or acids. It does not exhibit the power shown
with acids.
by the secondary amines of combining

COMPOUNDS OP THE TYPE

R

3 P.

m

the
Five types of tertiary aromatic phosphines are described
AlkAr 2 P, Alk 2 ArP, AlkArAr'P.
pages: Ar 3 P, ArAr 2 'P,
the case of the corresponding arsenical compounds the principal
As
methods of preparing the type Ar 3 P are by application of the Fittig
following

m

and Gngnard

reactions.

Type Ar s P.
(1)
(2

3RX+PX
2RX+RPX

3
2

+ 6Na=R 3 P+6NaX

-f4Na=R 3 P+4NaX

3MgRX + PX 3 =R 3P+3MgX

(8)

2

of (1), the phosphorus trihalide being
Equation (2) is really a variation
an
aryldichlorophosphine.
replaced by
The method of preparation of mixed tertiary phosphines is indicated

by the following equations

:

Type ArAr/P.
(1)
(2)

Equation

(2) is

RPX + 2R'X-f4Na = RR 'P+4NaX
RPX 2 + 2R'X + 2Zn =RR 2 'P.ZnX 2 + ZnX 2
2

2

only applicable to phenyldibenzylphosphine.

1

Michaelis and Gieichmann,

2

gofmann,

Ber.

t

1872,

,

JBer.,

100,

1882, 15, 801; Dorken, Ber

,

1888 ? 2I 1505,
?
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Type AlkAr a P.
2 Ar JPX + Zn Alk a = 2Ar AlkP + ZnX 2
H
(C 2 5 ) 2 (CX.CH 2 ) 2 PC1 = (C 2 H 5 )(C 6 H 5 .CH 2 ) 2 RHC1 + C 2 H 4

Equation (2) shows a special case in which the decomposition is brought
about by heat. A similar case is given in equation (2) below.

Type Alk 2ArP.
(1

(3

9

)

(2)
)

ArPX 2 + ZnAlk* = Alk ArP + ZnX.

(C 2

.CH 2 )PC1 = (C 2 H 5 2 (C 6H 5 .CH
ArPX a + 2AlkMgX = Alk 2ArP 4- 2MgX 2

H

1

5 ) 3 (C 6

I

H

5

)

Type AlkArAr'P.
AlkMgX + ArArTX = AlkArAr'P 4- MgX
2ArAr'PX + ZnAlk 3 = SAlkArAr'P + ZnX 3

)

(2 )

All the compounds of the types Ar 3 P and ArAr a 'P may be isolated
Some of them yield mercurichlondes and platiniin the solid state.
chlorides, but in no cases are compounds formed with carbon disulphide,

a fact which distinguishes aliphatic and aromatic tertiary phosphines.
In centra-distinction to the corresponding arsenical compounds they
do not yield stable dihalides of the type R 3
The halogen probably
2
forms a wr eak linkage with the phosphorus, since the greenish syrup
obtained by chlorinating tnphenylphosphine yields a dihydroxide,
(C 6 5 ) 3 P(OH) 2 on treatment with sodium hydroxide, whilst heating
alone causes it to decompose into chlorobenzene and diphenylchlorophosphme. The compounds do not combine with alkyl iodides so
readily as the tertiary aromatic arsmes, and phenyldibenzylphosphme
does not combine at all with alkyl iodides or benzyl chloride. The

PX

H

.

,

products containing both aliphatic and aromatic radicals show some
properties reminiscent of the purely aliphatic phosphines. The compounds AlkAr 2P are all oils of pungent odour which undergo oxidation
Increase in the aliphatic radicals, as in
to the corresponding oxides.
type Alk 2 ArP, again introduces the properties of combination with
carbon disulphide, ready addition of alkyl iodides, and the formation of
The compounds Alk 2ArP are all
platinichlorid.es and mercunchlorides.
of
the
those
likewise
AlkArAr'P,
type
many of them having
liquids,
intolerable odours.

Compounds of

the

Type Ar 3 P.

TriphenylphospMne,

may be obtained in several ways : (1) Chlorobenzene, 200 grams, or
the corresponding amount of bromobenzene, is treated with 90 grams
of phosphorus trichloride in 5 parts of dry ether, 50 grams of finely
sliced sodium are added and the whole heated under reflux on the waterbath for 24 hours. A further 100 grams of sodium are then added
and the heating continued for a further period of 24 hours. After
solvent is removed
filtering and washing the residue with ether, the
from the filtrate, the residual oil solidifying on trituration with alcohol.

OEGAKOMETALLIC

52

Purification

may

COMPOUJSTDS.

be effected by recrystallisation from ether-alcohol,

the product melting at 79 C. The yield is about 80 per cent. Various
by-products are produced in this preparation, the use of larger quantities
of phosphorus trichloride appearing to increase the quantity of by1
trichloride as in the fore(2) Instead of using phosphorus
product.
be
it
may
replaced by phenyldichlorophosphme, the
going method,
reaction requiring 6 to 10 days for completion at the ordinary tempera2
ture and taking place according to the equation

C 6 H 5 .PC1 2 + 2C 6 H 5 Br + 4Na = (C 6H 5 ) 3P + 2NaCl + 2NaBr
solution of magnesium phenyl bromide (from 5-2 grams of
magnesium, 34-1 grams of bromobenzene and 108 c.c. of absolute ether,
prepared in an atmosphere of hydrogen) is added slowly, during fifteen
to twenty minutes, with good cooling and shaking, a solution of 6 grams
of phosphorus trichloride in 35 c.c. of absolute ether, the operation
being conducted in a hydrogen atmosphere. The reaction product is
decomposed with 80 c.c. of water and 11 c.c. of concentrated hydroThe ether layer is removed and distilled, when 0*7 gram
chloric acid.
of diphenyl is obtained and the residue not distillable at 285 C. is crude
3
Two crystallisations from alcohol give 8-7 grams
triphenylphosphme.
4
(76 per cent.) of snow-white needles, M.pt. 79-5 C.
in
large transparent prisms or
Triphenylphosphme crystallises
tablets belonging to the monosymmetric system, readily soluble in
most organic solvents, with the exception of alcohol. The following
refractive
density, 1-194
physical constants have been determined
5
heat of formation, 882,200 calories
index, WD, 156-75 at 4-8 to 6-9 C.
heat of combustion at constant pressure, 2,480,700 calories. 6 In an
(3)

To a

:

;

;

;

It only possesses
inert gas stream it distils unchanged above 360 C.
In concentrated sulphuric acid it forms a clear
feeble basic properties.

but with the fuming acid a sulphonic acid is obtained. The
fuming hydrochloric acid yields the phosphine unchanged
on treatment with water. Hydriodic acid (density 1*56) reacts with
the phosphine, forming triphenylphosphonium iodide, which is insoluble
in cold hydriodic acid, but decomposed by water.
Dry chlorine reacts
violently with triphenylphosphine, forming a greenish-yellow syrup,
transformed by sodium hydroxide into triphenylphosphine dihydroxide.
The syrup, when heated, is decomposed into chlorobenzene and diphenylchlorophosphnie. It is noticeable that no dichloride is formed
by treatment with chlorine, and a similar result is noted when the
phosphine is heated with phosphorus trichloride at 290 to 310 C.
The products obtained by the action of bromine or iodine are also
The phosphine does not react when heated with cold
easily oxidised.
carbon disulphide, this forming a distinction between aromatic and
solution,

solution in

1

Michaeks and Soden, Annalen, 1885, 229, 295, Ber

and Reese,

,

1884, 17, 921,

compare Michaehs

Ber., 1882, 15, 1610.

2

Michaehs and Gleichmann, Ber 1882, 15, 801.
The products of reaction between magnesium phenyl bromide and phosphorus pentachlonde
ether are diphenyl, triphenylphosphine, triphenylphosphme dihydroxide,
tetraphenylphosphonium bromide, (C 6 H 5 ) 4 PBr.2H 2 0, M.pt. 286 to 288 C., and a
crystalline complex, C 6 H 5 MgBr.MgBr2 .MgCl 2 .4(C 2 5 ) 2 0.
*
Dodonov and Medox, Ber., 1928, 61, [B], 907; compare Pfeiffer, Ber 1904, 37,
4620
5
Zecchmi, Gazzetta, 1894, 24, i, 34.
6
Lemoult, Compt. rend,, 1909, 149, 554.
,

3

m

H

,
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aliphatic tertiary phosphmes.
Sulphur in carbon disulphide solution
The triphenylphosphonium iodide
gives tnphenylphosphine sulphide.
already mentioned crystallises in needles, M.pt. 215 C., and methyl
iodide, methylene iodide and ethylene bromide when treated with the

phosphine yield respectively tnphenylmethylphosphomum iodide,
methylene hexaphenylphosphonium iodide and ethylene hexaphenylphosphonium bromide. Mercuric chloride and the phosphine form a
double compound, crystallising in needles, M.pt. above 300 C., 1 and
platimc chloride gives a pale yellow, amorphous platinichlonde. Triphenylphosphine forms additive compounds with antimony, arsenic and
bismuth trichlorides, which melt at 96 C., 100 C. and 100 to 105 C.
2
respectively.
Phosphorus trichloride under similar conditions does
not give a double compound. Under a constant pressure of 60 atmospheres of hydrogen, tnphenylphosphine decomposes at 850 C., but
under similar conditions separation of phosphorus does not take place
in

an atmosphere of nitrogen. 3
4
Tri-p-toiylphospMne,

produced in a similar manner to the phenyl compound. It separates
from alcohol in white prisms, M.pt. 146 C. Thesis form compounds of

is

resembling those given by triphenylphosphine. Nitration with
types
u
mixed acid " gives a trinitro-derwative, consisting of fine yellow
needles, M.pt. 153 C., the corresponding triami no-compound melting
It crystallises with one molecule of alcohol and forms an
at 235 C.

orange platinichloride*

Tri-m-xyiylphospfaine,

forms white, glistening needles, M.pt. 154 C., soluble in the usual
organic solvents. It yields a mercurichloride, M.pt. 270 C.

Tri-p-xylylphospMne,
r-

CH-

CH3
crystallises from hot acetic acid in white needles, M.pt. 155
yields a mercurichloride, M.pt. 256 C.

C.

it

TripseudocumylphospMne,

1

The double compound of tnphenylphosphine and mercuric chloride has the composiH 5 ) 3P]>.HgCl 2 not (C6 H 5 ) 3P HgCl2 (Kolitowska, Rocz. Chem., 1928, 8, 568).
Challenger and Pritchard, (Trans. Chem 8oc* 1924, 125, 864.
Ipatiev and Razubaiev, Bar., 1930, 63, [B], 1110.
Michaehs, AnnaUn, 1901, 315, 78; Ohm, Inaug. Dissert. Rostock, 1891.

tion [(C 6
2

,

9

3

4
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This is obtained in the usual manner from bromopseudocumol, but the
reaction is slow.
The product crystallises from petroleum etherchloroform mixture in glistening, delicate needles, M.pt. 216 to 217 C.

Trimesitylphosphine,
OH,

is

a white, crystalline powder, M.pt. 205 to 206

C., difficult

to prepare

and obtained only in poor yield.
1
Tri-biphenylphosphine,

prepared by the interaction of 4-chlorodiphenyl, phosphorus trichloride and sodium
dry benzene solution, using a crystal of antimony
It crystallises from benzene in slender needles,
trichloride as a catalyst.
M.pt. 172 C., readily soluble in chloroform or hot glacial acetic acid.

is

m

Compounds of the Type ArAr 2 T.
2
Phenyldi-p-tolylpfaospMne,

occurs when phenyldichlorophosphme and p-bromotoluene in ether
The phosphme separates in
solution react in the presence of sodium.
small, colourless crystals, M.pt. 57 C., readily soluble in ether, sparingly
soluble in alcohol.

PhenyldibenzylphospMne,

3

Two parts of benzyl chloride and one part of phenyldichlorophosphme
The
are heated under reflux with granulated zinc for a short time.
reaction is violent and hydrogen chloride is evolved. When the reaction
subsides the mass is mixed with ether and treated with sodium hydroxide.
The zinc chloride additive compound separates out, is filtered off, washed
with water and dissolved in alcohol. Addition of water to the solution
flocks, which, on crystallisation from 50 per cent,
acetic acid, give white needles, M.pt. 169 to 170 C., subliming at
170 to 171 C. This phosphme does not combine with alkyl iodides,
and heating with benzyl chloride for 15 hours at 200 C. produces no
change. It is only slowly attacked by feeble oxidising agents, but
potassium dichromate converts it into benzoic and phosphoric acids ;
nascent hydrogen, or heating with soda lime, gives benzene, toluene
and phosphoric acid.

then precipitates white

1

Worrall, J. Amer. Ohem. Soc., 1930, 52, 2933
&r., 1888, 21, 1505.
3
Michaelis and G-leichmann, Ber , 1882, 15, 1961
Tub%ngen, 1882.
2

Dorken,

;

Gleichmann, Inaug

Dissert.
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1

p-CWorophenyldi-p-tolylptiosphlne,

results In 37 per cent, yield when
p-chlorophenyldichlorophosphine,
p-bromotoluene and sodium react in benzene solution. It forms colourless,

strongly refractive crystals, M.pt. 115

Diphenyl-p-tolyiphosphine,

results

the usual
undergoes the customary

C., easily soluble in

solvents, sparingly soluble in cold water.
reactions of a triarylphosphine.

It

2

when diphenylchlorophosphine, p-bromotoluene and sodium

react in ether solution.
It crystallises in small., colourless prisms,
M.pt. 68 C., readily soluble in ether. It is a weak base, dissolving
in concentrated hydrochloric acid, from which solution it may be
reprecipitated by the addition of water.

Di-p -toiylbenzyiphospliine,

forms colourless needles, M.pt. 187

C.

Diphenoxypseudocumyipiiospliine,

3

CH 3

VC H

>_/

3

a thick, colourless, pungent oil, B.pt. 283 C, at 40 mm., density 1*144
at 15 C., HD 1-5085 at 15 C.
When kept for a long period it slowly
forms colourless plates, M.pt. 59 C,, and when boiled with water yields

is

phenol and pseudocumylphosphinous acid.

Compounds of
MethyldiphenylphospMne,

ike

Type AlkAr 2P.

H

CH S (C 6 5 ) 2P, occurs when zinc
4
It is
with
interact
to
allowed
diphenylchlorophosphine.
dimethyl
at
15 C. It
a colourless, refractive oil, B.pt. 284 C., density 1-0784
has a pungent odour, and is miscible with alcohol or benzene, but inOxidation converts it into the corresponding oxide.
soluble in ether.
Methylditolylphosphine, CH a (C 7 7 ) 2P, is a colourless liquid,
is

H

B.pt. 345

C.

Ethyldiphenylphosphme, C 2H 5 (C 6H 5 ) 2P,

is obtained as a coloura pungent odour,
203
refractive
C.,
oil,
having
B.pt.
strongly
and readily undergoing oxidation with formation of ethyldiphenylphosphine oxide.

less,

EthyldibenzylphospMne, C 2H 5 (C 6H 5 .CH 2 ) 2P.

obtained in the form of
1

its

hydrochloride

when

This phosphine

Michaelis, Annal&n, 1901, 315, 93.

2

Dorken,

8

Michaebs, Annalen, 1897, 294, 34.
Michaehs and Link, Annalen, 1881, 207, 193.

4

loc

is

diethyldibenzylphos-

cit.
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It boils at 320 to 330
decomposed by heat.
and
m
air
possessing a pungent odour.
liquid, fuming

phomum

chloride

and

oily

is

an

1

is

C.,

Compounds of the Type Alk 2 ArP.
2
One molecular proDimethylphenylphosphine, (CH 3 ) 2 C 6 H 5 .P.
is treated with
benzene
of
volume
a
in
of
zinc
dimethyl
large
portion
one molecular proportion of phosphenyl chloride in the same solvent,
the mixture being cooled in ice and the air in the apparatus being retakes place smoothly and two
placed by carbon dioxide. The reaction
one
lower
the
containing the double compound of the
layers separate,
base with zinc chloride. This layer is separated, the benzene removed,
and the residue treated with sodium carbonate, then with solid potassium

hydroxide several times.

The phosphme is a colourless, strongly refractive liquid, B.pt. 192 C.
at 11 mm., density 0-9768, possessing a pungent fishy odour. Exposure
The base unites with dry
to the air causes oxidation to the oxide.
hydrogen
chlotide.

chloride, giving a solid monohydi o chloride and a liquid dihydioThe platinichloride crystallises
orange plates. When

m

added dropwise to dimethylphenylphosphine,
heat is evolved and a solid obtained which appears to be phenyldichlorophosphme. Dimethylphenylphosphine and carbon disulphide react in
ether solution to form an addition compound, (CH 3 ) 2 C 6 H 5 .P.CS 2 which
in an open tube at 97 C. with dissociacrystallises in red scales, melting
tion, and in a closed tube at 101 C.
dry hydrogen chloride or methyl
iodide causes elimination of the carbon disulphide and the formation
of phosphomnm compounds, whilst water tends to cause slow decomThe double compound has basic
position at ordinary temperatures.
a
and
pale
yields
yellow,
amorphous platimchloride,
properties
[(CH 3 ) 2 C 6H 5 .P.CS 2 .HCl] 2PtCl 4 which slowly loses carbon disulphide
on exposure to the air. Combination between dimethylphenylphosphine and benzol chloride gives a deliquescent compound which forms
a pale yellow platinichloride, M.pt. 50 C., having the composition
[HO.CH.C 6H 5 (CH 3 ) 2P(C 6H 5 )Cl] 2 PtCl 4 The same substance also occurs
if the benzal chloride is replaced by benzaldehyde and the mixture
heated to 100 C. in the presence of aluminium chloride. The course
phosphenyl chloride

is

,

;

,

.

of the reaction
C 6 H 5 .CHO

4-

is

represented as follows

(CH a 2 C 6 H 5 .P
)

>

C6 H S

CH

:

/C 6 H 5

P/

-rr

C1

Jrl* C 6 H6 CH(OH)

Dimethyl-p-tolylphosphine, (CH 3 ) 2 C 7 H 7 .P,

manner to the foregoing phosphme,

/C

P/

H

5

01

isolated in a similar

a colourless, pungent liquid,
B.pt. 210 C., which is not oxidised in air, but yields dirnethyl-p-tolylphosphine oxide on treatment with mercuric oxide. It reacts violently
with methyl iodide to form the corresponding phosphomum compound.
Benzyl chloride forms a non- crystalline product with the phosphine,
this substance forming a platinichloride, M.pt. 226 C.
The phosphme
gives a carbon disulphide compound, yielding clear red plates, M.pt.
110 C, in an open tube, 116 C. in a closed tube.
is

1

Collie, Trans. Chem. J3oc. 1888, 53, 714, 720
Michaehs and AnanoS, Ber 1875, 8, 493, Michaehs, Annalen, 1876, 181, 265,
Kohler and Michaelis, er., 1877, 10, 807, Czimatis, ^b^d. 1882, 15, 2014; Holle, ^b^d
}

2

,

)

1892, 25, 1518.

,
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H

(CH 3 ) 2 C 8 9 .P. This compound
described as a colourless liquid, B.pt. 230 C. 1 Further in2
It is difficult to know
vestigation produced a liquid of B.pt. 283 C.
whether the latter product was pure, since the starting material was
w-xylyldichlorophosphine, M.pt. 256 C., isolated from a mixture of
the 1:3:4- and 1:3: 5-isomers. The phosphine forms a double
compound with carbon disulphide which crystallises in red needles or
plates, M.pt. 11*5 C., and also a meihwdide capable of existing in two
isomenc forms.
Dimethyl-m-xylylphosphine,

was

first

H

Diethylphenyipfaosphine, (C 2 5 ) 2 C 6 H 5 .P, is prepared in a similar
to the corresponding dimethyl compound. 3 It Is a colourless
C.
density
liquid, having a pungent odour and boiling at 221-9
0-9571 at 13 C. It is not readily oxidised in air, but detonates when
warmed in pure oxygen, carbon separating out. It inflames in contact
with chlorine, but if the latter is diluted with air the normal dichlonde
is formed.
Dry hydrogen chloride reacts to form a dihydrochlot ide,
which on distillation decomposes to the free base and probably a mono-

manner

;

The latter is deliquescent in air and insoluble in ether ;
hydrochloride.
its aqueous solution with platinic chloride gives a yellow crystalline
C. to a
platinichloride, [(C 2 5 ) 2 C 6 5 .P.HCl] 2 PtCl 4 melting at 100

H

H

,

Combination between the phosphine and methyl
resinous mass.
iodide takes place with explosive violence, but reaction with carbon
no compound is isolated
disulphide is slow, a red product resulting
4
In the undiluted state the phosphine
by the action of benzaldehyde.
reacts explosively with phenyl azide, but in ether solution a crystalline
5
The base will dissolve sulphur when added in small
compound results.
mixture gently warmed, the sulphide, (C 2 5 ) 2 C 6 5 .PS,
and
the
quantities
;

H

H

probably being formed.
the form
Diethylbenzylphospfaine, (C 2 5 ) 2 (C 6 H5 CH 2 )P, occurs
of its hydrochloride when triethylbenzylphosphonium chloride is heated
above 300 C. The hydrochlonde boils at 325 to 330 C., and is converted into the free phosphine by sodium hydroxide. The base boils
Nitric acid
at 250 to 255 C., 6 fumes in air, and is easily oxidised.

H

converts

it

m

into the oxide.

H

Diethyl-o-tolylphosphine, (C 2 H 5 ) 2 C 7 7 .P, is a colourless liquid,
7
B.pt. 263 C., and possessing an unpleasant odour.
H
C
boils
at 240 C.
Diethyl-p-tolylphosptiine, (C 2 5 ) 2 7 7 .P,
Diethyl(ethylphenyi)phosphine, (C 2H 5 ) 9 (C 6 4 .C 9 5 )P is a colourless liquid, B.pt. 268 to 270 C., density 0-929 at 17 "C.
Diethylanisylphosphine, (C 2 5 ) 2 (C 6 4 .OCH 3 )P, is isolated as a
It boils at
colourless liquid, possessing an intensely pungent odour.
266 to 267 C., and has a density of 0-9978 at 18 C. The platinichloride separates in pale yellow columns, M.pt. 103 C.
at
boils
(C 2 H 5 ) 2 (C 6 4 .OC 2 5 )P,
Diethylphenetylphosphine,
275 C.
Diethylchlorophenylphosphine, (C 2 5 ) 2 (C 6 4 C1)P, is a colourless
It boils at 255 to 257 C., and has
liquid which soon becomes yellow.
an unpleasant odour.

H

H

H

H

3
4
5

6
7

Czimatis,
Michaelis

2

loc. cit.

and Ananoff,

loc. ctt.;

Michaelis,

H

H

Conen, B&r., 1898, 31, 2919.

AnnaUn,

Holle, loc. cit.
Staudinger and Meyer, Helv. CMm. Acta, 1919,
Collie, Trans CJiem. Soc., 1881, 53, 714, 720.
Michaelis, Annalen, 1896, 293, 235.

Czimatis,

5

H

H

1

H

1876, 181, 345.

loc. cit.;

[ii],

619.

58

ORGANOMETALLIC COMPOUNDS.

.

DIethylbromophenylphosphine,
liquid boiling at 265

C.

It has

a

(C 2

H

5

)

2 (C 6

vile odour,

H4Br)P,is

platinichloride.
is

DiethylxylylphospMne, (CaH^JgCgHg-P,
B.pt. 260

a colourless
yields a pale yellow

and

a colourless

liquid,

C.

C H
Diethylpseudocumylphosphine, (C 2 H 5 2 9 n .P,
)

27^ to 275
liquid, boiling at
1
separates as red crystals.

C.,

not oxidised in

air.

Its

a pungent

is

platimchlonde

(CaHsOJaCoHn.r,

Diethoxypseudocumylphosphine,

boils

at

232 to 233 C. at 100 mm., density 1-048 at 15 C., ni> 1-505.
a clear liquid,
is
.P
Diethylmesitylphosphine, (C 2 5 ) 2 C 9 1]L 5
oxidised in air.
not
and
odour,
B pt 170 C. having an unpleasant

H

H

H )A H

H

from

crystallises
2 PtC1 e>
ii- p
(C 2 5
alcohol as shining orange-yellow crystals.
boils at 260 to 270 C.
Diethylcymylphosphine, (C 2 5 ) 2 C 10 13 .P,
is obtained by
C
Diethyl-a-naphthyiphosphine, (C 2 5 ) 2 10 7 .P,
the interaction of a-naphthyldichlorophosphme and zinc diethyl, the
in cooled benzene and the reaction comoperation being conducted
2
C. with
is a pungent, yellow oil, B.pt. 360
It
pleted by boiling.
It behaves towards hydrogen chloride, oxygen
decomposition.
partial
and sulphur in a similar manner to the corresponding phenyl compound,
but the reactions are less vigorous.
when 19 c.c.
Di-n-propylphenylphosphine, (C 3 7 ) 2 C 6 5 .P, occurs
of phenyldichlorophosphine are added to the magnesium n-propyl
bromide obtained from 36 c.c. of n-propyl bromide and 10 grams of
The product boils at 159 C. at
magnesium. The yield is 17 grams.
25 C. 3 The mercurichloride
at
0-925
of
a
has
50 mm., and
density
192-5 C.
separates from alcohol as needles, M.pt.
C. at
boils at 174
Di-n-propyltolylphosphine, (C 3 7 ) 2 C 7 7 .P,
The mercurichloride crystallises
its density is 0-921 at 25 C.
50 mm.
acetic acid as prisms, M.pt. 129-5 C.
from
Its

platinichloride,

-

H
H

H

dilute

H

H

H

H

H

;

glacial

H

H

H

H

H

H

H

H

(C 4 9 ) 2 C 6 5 .P, is a colourless
50
to 185-5
mm., density 0-9115 at 25 C, Its
liquid, B.pt. 184*5
4
mercurichloride separates from alcohol in fine needles, M.pt. 160-5 C.
in
the
C
.P,
prepared
Di-n-butyl-p-tolylphosphine, (C 4 9 ) 2 7 7
usual manner, boils at 197 C. at 50 mm., density 0-9076. The mercurichloride is isolated from alcohol as prisms, M.pt. 112 C.
Di-isobutylphenylphosphme, (C 4 9 ) 2 C 6 5 .P. Phenyldichloroto the Grignard reagent from 47 c.c. of
phosphine, 11 c.c., is added
10
and
bromide
grams of magnesium, the yield of phosphine
wobutyl
3
It boils at 168 C. at 50 mm., and has a density of
being 10 grams.
The mercurichloride yields white needles, melting at
0-910 at 25 C.
158-5 C. to a cloudy liquid.
in a
Di-isobutyl-p-tolylpliosphine, (C 4 9 ) 2 C 7 7 .P, prepared
similar manner to the previous phosphine, boils at 182-5 to 184-5 C.
The yield of mercurichloride is small,
at 50 mm., density 0-915 at 25 C.
cubic crystals does
and the product which crystallises from alcohol
be
not appear to
pure.
PhenyldichloroDi-n-amylphenylpJiosphine,

Di-n-butylphenylphosphine,
C. at

m

(C^^^C^P.

i

3
*
5

Micliaehs, Annalen, 1897, 294, 34
Davies, Pearse and Jones, J. Ohem. Soc , 1929,
Davies and Jones, J Chem. Soc , 1929, p. 33.

Davies, Pearse and Jones,

loc. cit.

*

Kelbe,

p 1262

JBer.,

1878, 11, 1499.
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phosphine (11-5 c.c.) is added to the Grignard solution from 42 c.e. of
w-amyl bromide and 8 grams of magnesium. The yield is 10 grams,
the product boiling at 210 C. at 50 mm., and having "a density of 0-902
at 25 C.
The phosphme is only partially nnscible with absolute ethyl
alcohol at 15 C.
The mercunchloride crystallises well
and melts at 108 C.

Di-n-amyl-p-tolylphosphine, (C 5 H n ) 2 C 7 H 7 .P,
mm., and has a density of 0-898 at 25 C. It is

at 50

from alcohol

boils at
still less

220

C.

miscible

with absolute ethyl alcohol than the corresponding phenylphosphine.
The mercurichloride crystallises well from glacial acetic acid and melts
at 112 C.
Di-isoamylphenylphosphme, (C 5 11 ) 2 C 6 5 .P prepared in the
usual manner, boils at 198-5 C. at 50 mm., and has a density of 0*900
at 25 C.
The mercurichloride crystallises in needles which melt to a
cloudy liquid at 152 C.
Di-isoamyl-p-tolylphosphine, (C 5 n ) 2 C 7 7 .P, boils at 210 C.
at 50 mm., density
894 at 25 C. It is only partially miscible with
It forms a mercut ichlo? ide which separates
ethyl alcohol at 15 C.
from glacial acetic acid in prisms, M.pt. 107 C.

H

H

H

?

H

Di(dl-j8-methylbutyl)phenylphosphine, (CH 3 .C 4

H

8)2

C 6 H 5 .P,

is

obtained by adding 14 c.c. of phenyldichlorophosphine to the magnesium
dl- /3-methylbutyl bromide from 51 c.c. of the bromide and 10 grams of
magnesium. The yield is 8 grams, and the product boils at 198 C. at
50 mm., density 0-906 at 25 C. The mercurichloride melts at 120 C.

H

H

(CH 3 .C 4 8 ) 2 C 7 7 .P,
Di(dl methylbutyl)p-tolylphosphine
210 to 211 C. at 50 mm., and has a density of 0-902 at 25 C.
The mercurichloride prepared in the usual manner, melts at 99 C.
Di(8 - methylamyl)phenylpliospMne or Di-isohexylphenylphospMne, (C 6 18 ) 2 C 6 5 .P. A solution of 13 c.c. of phenyldichlorophosphine in 100 c.c. of ether is introduced into the Grignard reagent
prepared from 60 c.c. of S-methylamyl bromide, 10 grams of magnesium
and 350 c.c. of ether. The yield is 7 grams, and the product boils at
219 C. at 50 mm.
Di(8-methy!amyl)p-tolylphospMne, (C 6 13 ) 2 C 7 7 .P, boils at
234 to 235 C. at 50 mm., has a density of 0-888 at "25 C., and gives a
mercurichloride, M.pt. 110-5 C., which crystallises from glacial acetic
f

boils at

9

H

H

H

H

acid in prisms.

H

H

(C 3 7 ) 2 (C 6 4 .OCH 3 )P, boils
17 mm. density 0-9738 at 25 C. ; ny 1-5477 at 25 C,,
[E L> 73*08; n B 1-5352 at 25 C., [E L] D 71-69; n 1-5301 at 25 C.,
[BLJO 71-12. Its ether solution yields a dibromide in the form of a
viscous oil, and the mercurichloride, C 13 21 OP.HgCl 2 separates from
glacial acetic acid in prismatic crystals, M.pt. 134 C.

Di-n-propyl-p-anisylphospMne,

at 165

C. at

1

;

H

,

H

H

9 ) 2 (C 6
4 .OCH 3 )P, boils at
density 0-9600 at 25 C. ; n? 1-5389 at 25 C.,
n D 1*5274 at 25 C., [EL] D 80-82; n G 1-5226 at 25 C.,

Di-n-butyl-p-anisylphosphine, (C 4
190

C. at 16

[EL]F 82*28;

mm.

;

[JZ L]o 80-20.

202

Di-n-amyl-p-anisylphosphine, (C 5H 11 ) 2 (C 6H4 .OCH 3 )P, boils at
n F 1-5289 at 25 C.,
C. at 18 mm.
density 0-9382 at 25 C.
;

;

1-5178 at 25 C., [L]D 90-48; n 1-5132 at 25 C.,
mercurichloride forms elongated plates, M.pt. 114
89-80.
The
L
[E ]o
C., and the dibromide melts at about 85 C.
1
Jackson, Davies and Jones, J. Chem. Soc. 1930, p. 2298.

[JKL]F

92-10;

nD

9
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H

157

C. at

[E L]F 75*86

;

[RL]G 73-94.

Di

n

-

-

25
25

[E LJF

C.,
-

n

-

1

;

m

ethylphenyl)phosphine, (C 4 H 9 ) 2 (C 6 H 4 .C 2 H 5 )P,
mm. density 9042 at 25 C. np 1-5319 at
85*74; n D 1-5208 at 25 C., [ L ]D 84-24; n G 1-5162 at
-

C. at 15

amyl(p

;

;

The dibromide

C., [JBiJo 83-61.

Di

H

;

;

butyi(p

boils at 176

H

(C 3 7 ) 2 (C 6 4 .C 2 5 )P,
21 mm.
n? 1-5370 at 25 C.,
density 0-9147 at 25 C.
n D 1-5255 at 25 C., [R L]v 74-50 n G I 5208 at 25 C.,
ether solution gives an oily dibromide.
Bromine

Di-n-propyl(p~ethyIpheHyl)phospMne,
boils at

-

is

a viscous liquid.
(C 5

ettiylphenyl)pfiospfai:tie,

Hn

201 C. at 18 mm.; density 0-9022 at 25
chloride forms elongated prisms, M.pt. 95 C.

boils at

)

2 (C 6

C.

H

4 .C 2

Its

H

5

)P,

metcuri-

Compounds of the Type AlkArAr'P.
Methylphenyl-p-tolylphosphine, (CH 3 )(C 6 H 5 )(C 7 H 7 )P, occurs
when phenyl-jp-tolylchlorophosphine reacts with magnesium methyl
iodide, the best proportions being four molecular proportions of Grignard
2
reagent to one of secondary phosphine.
Ethyiphenyl-p-tolylphosphine, (C 2 5 )(C 6 5 )(C 7 7 )P, may be
isolated by treating phenyl-p-tolylchlorophosphine with zinc diethyl
or magnesium ethyl bromide. 3 It has an intolerable odour, boils at
340 C. 5 and is readily soluble in concentrated hydrochloric acid. It
yields a platinichlonde which crystallises in pale yellow needles.

H

H

H

Ethylphenylpseudocumylphospfaine, (C 2 H 5 )(C 6 H 5 )(C 9 H 11 )P,

is

a pale yellow viscous oil of unpleasant odour. 4 It boils normally at
352 C. or at 225 to 230 C. at 10 mm. It forms a mercurichloride
and a platinichloride.

COMPOUNDS OF THE TYPE
The following

R 4 PX

(PHOSPHONIUM COMPOUNDS).

compounds are included under the
Ar 4 PX, AlkAr 8 PX, Alk 2 Ar 2 PX, AlkAlk'Ar 2 PX,
Alk 3 ArPX, Alk 2 Alk'ArPX, AlkAlk ArAr PX (ArO) 3 AlkPX, and compounds represented by such formulae as C 6 H 5 .P(NC 5 H 10 ) 2 (CH 3 )I and
It should be noted that the phosphmes corre(C 9 H 10 N) 3 P(CH 3 )L
the
last
three
formulae would not be considered to be organoto
sponding
metallic from the point of view of this volume since they contain
phosphorus directly linked to oxygen or nitrogen, but when the phosphoras becomes pentavalent, with the formation of a phosphonmrn
compound, a link is made with a carbon atom, necessitating inclusion
general formula

eight types of

R 4 PX:

/

/

3

in this book.

The general equation

for the preparation of

pounds of the type Alk 2 Ar 2PX
All the

yield

phosphonium com-

is

AlkArJP + AlkX=Alk 2Ar 2 PX
compounds Alk 2 Ar 2 PX are solids of high melting-point and

platinichlorides,

yellowish-red

crystalline substances.

Similar

remarks apply to the type AlkAlk'Ar 2 PX.
The trialkyl compounds, Alk 3 ArPX, are obtained from dialkylarylphosphines and alkyl halides
Alk 2 ArP + AlkX = Alk 3 ArPX
:

1

2
3

4

Jackson, Davies and Jones, loc. c^t.
and Brmdley, Chemistry and Industry, 1923, 42, 64.

Radcliffe

Michaelis,
Michaelis,

Annahn,
loc. cit.

1901, 315, 60;

Wedekmd,

JSer

,

1912, 45, 2933.
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They usually crystallise in needles and yield platinichlorides. Silver
oxide reacts with aqueous solutions of the iodides giving deliquescent
hydroxides.

Mixed

trialkyl derivatives,

Alk 2Alk'ArPX, are formed by treating

dialkylarylphosphmes with alkyl halides containing a different radical
to the phosphme
:

Alk 2ArP + Alk'X = AlkjjAlk'ArPX
All

are well-defined

products, the

crystalline

platinichlorides

being

known in some cases.
The compounds AlkAlk'ArAr'PX

occur when the type AlkArAr'P
used as the starting-point and treated with an alkyl halide.
The preparation of the aryloxy- derivatives and the N-phosphoniuni
compounds consists in direct addition of the alkyl halides to the phos-

is

phines.

Compounds of the Type Ar 4PX.
Tetraphenylphosphonium bromide, (C 6 H 5 ) 4 PBr. 1

Four grams

of tnphenylphosphine in 8 c.c. of absolute ether are added to the
Gngnard solution from 1-48 grams of magnesium and 9-56 grams of
bromobenzene in 60 c.c. of absolute ether, the reaction being carried
out in an atmosphere of hydrogen. The whole is then cooled in ice
and a stream of dry oxygen passed in for ninety minutes, the mixture
being well shaken. Hydrobromic acid (9-5 c.c. of 48 per cent acid
and 20-5 c.c. of water) is then gradually added to the cooled solution,
which is continually agitated, two layers separating in the reaction
flask.

The aqueous bottom layer yields a copious

crystalline precipitate

;

separated and extracted three times with more
ether.
The crystals dissolve on warming
the aqueous mother liquors
and separate on cooling as pale yellow needles. The yield is 4-65 grams
or 72-7 per cent.
Purification is effected by solution in alcohol and
The
recrystallisation.
product melts at 281 to 284 C. Crystallisation
from water gives colourless needles, (C 6 5 ) 4PBr.2H 2O the water
being eliminated in vacua and the water-free compound melting at
287 C. The compound is very soluble in alcohol or chloroform, readily
soluble in hot water but sparingly in cold water, insoluble in benzene
or ether.
The above reaction is regarded as taking place in five stages,

the upper ether layer

is

m

H

as follows
(C 6

?

:

H

5)3

P + (C2H 5
(C 2

H

)2

5 )2

/C 6 H

H

5)3

H

5 )2

(C 6

5

Mg(
\Br

(C 2

(C 6
(0 6

HS ),P

(C2

H

+0

P

>

-

/OA +(C H

Mg(NBr

5)3

+

Mgv
&
(C 2

1

Dodonov and Medox,

C 6H 5

H PX
N <>

Br

5 )2

H

5)2

Ber., 1928, 61, [B], 907.

2

\\Br

5)2
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+ HOH
(C 6

H PV
X

0(C 2 H 5 ) 2

5)4

OH

Mg
0(C 2 H 5

(C 6

H

5)4

P

/OH

OH + Mg<

)

>

(C 6

>

(C 6

H POH + Mg<
\Br
5)4

+2(C 2 H 5

)

2

2

+ 2HBr

H

5)4

PBr 4- MgBr 2 + 2H

\Br

The bromide also occurs amongst other products when phenyl
1
magnesium bromide reacts with phosphorus pentachlonde.

When the bromide in aqueous solution is digested for several hours
with freshly precipitated silver oxide it yields a strongly alkaline solution
ol tetraphenylphosphonium hydroxide, which readily loses benzene when
concentrated even in a vacuum, yielding a residue of tnphenylphosphine
oxide, M.pt. 154-5 to 155 C., and tetraphenylphosphonium carbonate.
Treatment of an aqueous solution of the hydroxide with hydrochloric
acid gives tetraphenylphosphonium chloride, separating from water in
large glistening needles containing five molecules of water of crystalthe water-free salt melts at 265 C. In a similar manner a
lisation
normal sulphate is obtained which has eighteen molecules of water, the
;

anhydrous

having no definite melting-point. The corresponding
with decomposition at 284 C., and the iodide melts at 333 C.

salt

nitrate melts

Tetrabenzylpfaosphonium Iodide,

(C 6

H

5

.CH 2

)4

PI, occurs

when

one part of phosphonium iodide and two parts of benzyl alcohol are
heated together for six to eight hours in a sealed tube at 100 C. 2 It
forms white crystals, M.pt. 191 C., readily soluble in chloroform, ether
This
or alcohol, becoming slightly yellow on exposure to the air.
iodide may be transformed in the usual manner into the chloride, bromide,
Double
sulphate or nitrate, all of which form white, shining crystals.
salts are obtained with platinic chloride, and auric, mercuric and stannic
chlorides.

A pierate is

known.

Compounds of

the

Type AlkAr 3PX.

H

iodide,
(CH 3 )(C 6 B ) 8PL Tnphenylphosphine combines violently with methyl iodide to yield the
phosphonium iodide, which consists of shining plates, M.pt. 165 to
166 C. The corresponding chloride crystallises with one molecule of
water, which is eliminated at 100 to 110 C., the anhydrous compound
its platinichloride forms orange needles,
melting at 212 to 213 C.
M.pt. 237 to 238 C.
Ethyltriphenylptiosphonium iodide forms broad, colourless
The n-propylphosphonium iodide melts at
plates, M.pt. 164 to 165 C.
201-5 C. ; the isopropylphosphonium iodide yields prisms, M.pt. 191 C.
the isohutylphosphonium iodide separates in plates or needles, M.pt.
176 to 177 C.
and the isoamylphosphonium iodide crystallises in
colourless prisms, M.pt. 147 C.

Methyltriphenylphosphonmm

3

;

;

;

H

iodide,
Methyl tri-p-tolylphosphomum
(CH S )(C 7 7 ) S PI,
separates from water in needles and from alcohol in columns, M.pt.
108 C. The chloride forms long plates containing two molecules of
1
2
Kolitowska, Rocz. Chem 1928, 8, 568.
Ledermann, Ber 1888, 21, 405.
3
Michaehs and Gleichmann, Ber. 1882, 15, 801.
,

,

t
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water, M.pt. 80 C. ; it yields a platinichloride, red needles, M.pt. 245 C.
The ethyl-, n-propyl- and isopropyl-phosfthonium iodides all crystallise
needles, and melt at 185 C., 182 C. and 18-4 C. respectively."

m

Methyiene-hexaphenylphosphonium iodide, CH 2 [(C 6 H 5 3PI] 29
when methylene iodide combines with tnphenylphosphine.
)

occurs

It separates as glistening needles, becoming yellow at 190 C. and melting
with decomposition at 280 to 231 C. "Ethylene dibromide forms
ethylene-hexaphenylphosphomwn bromide, C 2 H 4 [(C 6 H 5 ) 3 PBr] 2 a colourless crystalline powder melting above 360 C.
,

H

H

Ethyltribenzylphosphoniom chloride, (C 2 5 )(C 6 5 .CH 2 ) 3 PC1,
obtained by heating ethyldibenzylphosphlne with an excess of benzyl
chloride.
It is purified by crystallisation from water and the crystals
contain a molecule of water of crystallisation. 1 Its decomposition on
heating is not definite, but may take place according to the equations
is

H 6 )(C H
2(C 2 H 5 )(C H

.CH a ) 8 PCl = (C 6H 6 .CH 2 8 P + C SH 4 + HC1
H 12
e
6 .CH a ) 8 PCl=2(C a H 6 )(C e H 6 .CH 2 a PHCl + C 14
platinichloride, [(C 2 H 5 )(C 6 H 5 .CH 2 3 P] 2 PtCl 6 when treated

(C a

6

It gives a

5

)

)

,

)

with platinic chloride.

m

more soluble

This product
alcohol and hot water.

is

insoluble in cold water, but

Reaction between Alkali Metal Alkyls and Phosphonium Halides*
reacts in ether solution with methyltnphenylphosphoniurn iodide giving the basic carbonate of methyldiphenylphos-

Sodium tnphenylmethyl
phine

oxide.,

H

3 C\

O.CO.O

HO/

^

which melts with gas evolution at 109 to 111 C.
Lithium w-butyl and ethyltriphenylphosphomum iodide yield
diphenylphosphine oxide,
(C 6

H

5 )8

P.C i H B +Ia.04 H 9

-

H

> (C 6

5 )3

P = CH CH3 + Lil + C 4H10

i

(C 6

H P=CH.CH
5 )3

3

-fH 2

--> (C H
6

ethyl-

P.C 2 H 5

5 )3

-

> (C 6

H5

)2

P.C2

H

5

+ C 6H 6

11
i

OH
The reaction between ^opropyltriphenylphosphonium bromide and
sodium triphenylmethyl gives a coloured solution, which in moist air
becomes colourless and furnishes isopropyldiphenylphosphine oxide,
to 143

M.pt. 142
follows

C.,

the course of the reaction probably being as

:

CH3
(C 6

H

i

5)3

P CH + NaC(C6 H5
1

-

> (C 6

H

/CH3

5 )3

P = C<

XCH

i

Br

CH3
/CH3

(C 6

)3

H P=C<
5)3

+H

2

4-

NaBr + CH(C 6H6

CH3

CH3

-

* (C 6

H

--CH

I

|

5 )3

P

'

XJH,

|

|

OH CH3

ii

i

CH3

"
x

Colhe, Trans. Chem 8oc. 1888, 53, 714, 720.
Cotman and Marvel, J. Amer, Chem. Soc., 1929,
9

2

)3

3

51, 3496.
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Lithium n-butyl and triphenyldiphenylmethylphosphomum bromide
yield triphenylphosphine-diphenylmethylene, and the same product
results when sodium triphenylmethyl replaces the lithium n-butyl.

Metfayltri-m-xylylpfaosphonium iodide, (CH 3 )(C 8 H 9 ) 3 PI, melts
The ethwdide melts at 225 C., and the platimchlonde at
C.

at 230-5

252
at

C.

Methyltri-p-xylylphosphonium iodide, (CH 3 )(C 8 H 9 ) 3 PI, melts
169 C., and the corresponding ethiodide at 220 C.
Methyltripseudocumylphosphonium iodide, (CH 3 )(C 9 H 3L1 3PI
5

)

melts at 291

C.

Methyltrimesitylphosphonium iodide, (CH 3 )(C 9 H 11 ) 3PI,
yellow powder, M.pt. 269

C.,

is

a

readily soluble in water or alcohol.

Methylchlorophenyldi - p - tolylpfaosphonium iodide, (CH 3 )
H4 )(CH 3 .C 6 4 )2PI 1 crystallises in needles, M.pt. 135 C. The

H

(C1C 6

3

corresponding chloride contains four molecules of water and melts
it gives a platinichloride melting with decomposition at
at 72 C.
235
C.
The ethylphosphonium and benzylphosphonium compounds
melt at 176-5 C. and 257 C., respectively, the latter containing two
molecules of water.
Benzyltriphenylphosphonium chloride, (C 6 8 .CH 2 )(C 6 6 ) 8 PC1,
obtained from triphenylphosphine and benzyl chloride, crystallises
from water with one molecule of solvent. The crystals are small, white
rhombs, which slake in air, melt at 287 to 288 C., and are soluble in
Treatment with concentrated potassium
alcohol but insoluble in ether.
bromide yields the corresponding phosphonium bromide, small prisms,
the iodide, M.pt. 253 C., is obtained in a similar
M.pt. 274 to 275 C.
;

H

H

;

manner.

known

The

following benzyltriphenylphosphonium salts

are

also

prisms melting with decomposition at 203 C.
dichromate, red needles
picrate, golden-yellow needles, M.pt. 148 C.
and thwcyanate, prisms, M.pt. 189 C.
decomposing at 172 to 174 C.
2
Methyltri-biphenylphosphonium iodide, (CH 3 )(C 6 5 .C 6 4 ) 3PI,
It
is obtained in quantitative yield when the components are mixed.
from
as
alcohol
with
decomposition
separates
sparkling plates melting
at 135 to 136 C.
:

nitrate, glistening

;

;

;

H

H

H

H

H

Allyltri-biphenylphosphonium bromide, (C 3 5 )(C 6 5 .C 6 4 ) 3PBr,
forms narrow plates, M.pt. 195
to 196
C.
The corresponding
benzylphosphonium compound crystallises in plates, softening above
269 C, and melting at 277 C.
The phosphonium compound from
tri-biphenylphosphine and ethyl chloroacetate yields square plates, M.pt.
164 to 165 C.

Compounds of

the

Type Alk 2 Ar 2 PX.

Dimethyldiphenylphosphonium iodide, (CH 3 ) 2 (C 6 H 5
when methyl iodide reacts with methyldiphenylphosphine.

)

2 PI,

occurs

It crystal-

H

in needles, M.pt. 241 C., and the platinichloride, [(CH 3 ) 2 (C 6 5 ) 2 P] 2
PtCl 6 as yellowish-red needles, M.pt. 218 C. 3
Diethyldiphetiylphosphonium iodide, (C 2 5 ) 2 (C 6 5 ) 2PI, obtained from ethyldiphenylphosphine and ethyl iodide, forms colourless
lises

,

H

1
2
3

Michaelis, Annalen, 1901, 315, 93
Worrall, J Amer. Ghem. Soc., 1930, 52, 2933.
Michaelis and Link, Annalen, 1881, 207, 193.

H
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C soluble in hot water but insoluble In ether.
crystals, M.pt. 204
When heated in an atmosphere of carbon dioxide, ethyl iodide is not
removed. The platinichloride, t(C a 5 ) 2 (C 6 5 ) aP] 2 PtCl e crystallises in
yellowish-red needles, M.pt. 218
Diettiyldibenzyipfaosplioniiim chloride, (C 2 5 ) 2 (C 6 5 .CH 2 ) 2 PC1,
Its platimchloi ide forms "slender needles.
crystallises from water.
1
Decomposition by heat takes place as follows
,

C

H

H

",

H

H

:

(

2

H

5 ) 2 (C 6

H

5

.CH 2 2PC1 = (C 2 H 5 )(C 6 H 5 .CH 2
)

Compounds of

the

)

2

PHC1+C 2 H4

Type AlkAlk'Ar 2 PX.

H

2

iodide,
Mettiyletliyldiplienylpliosplionium
(CH 3 )(C 2 5 )
This iodide is prepared by the Interaction of methyl5)2
diphenylphosphine and ethyl iodide. It forms rhombic crystals, M.pt.
181 C." A platmichlonde, [(CH s )(C 2 5 )(C 6 5 ) 2 P] 8 PtCl 6 M.pt. 220 C.,
and a picrate, yellow needles, M.pt. 86 C., exploding when strongly
heated, may be isolated from the iodide.
(C 6

H PL

H

H

,

Compounds of the Type Alk 3ArPX.
Trimetfaylpfaenylphosphonium iodide, (CH 3 3 C 6 H 5 .PI, is isolated by the interaction of dimethylphenylphosphine and methyl
)

iodide

;

C. 3

separates as snow-white crystals, M.pt. 205

it

Trimethyi-p-tolylphosphonium

iodide,

(CH 3 3 C 7 H 7 .PL
)

Dimethyl-^-tolylphosphme reacts violently with methyl iodide, forming
the
255

This consists of colourless needles, M.pt.
readily soluble in cold water, reacting with silver oxide to
give a deliquescent basic mass which forms an orange-yellow platinichlonde crystallising in plates, M.pt. 230 C. The iodide combines with
iodine to form a periodide, (CH 3 ) 3 C 7 7 .PI 3 , crystallising from alcohol
in steel-blue rhomboids, sparingly soluble in benzene or ether.

phosphomum compound.
C.,

H

H

Trimethyl-m-xylylphosphonium iodide, (CH 8 ) 8 C 8 9 .PL The
iodide obtained by treating dimethyl-m-xylylphosphine with methyl
two isomeric forms, 4 The a-iodide
iodide is capable of existing
crystallises in scales or feathery needles, M.pt. 265 C., fairly soluble
The ^-iodide forms bushy
in water or alcohol and insoluble in ether.
It is possible that these compounds have the following
needles.
formulae

m

:

(OH,).

;~cs3
(CH 3 ),=P-I
a-Iodide

^-Iodide

This would mean that the dimethyl-m-xylylphosphine used as starting
material is not pure, but a mixture of two isomers. The a-iodide forms
a hydroxide, from which a chloride crystallising in white needles, M.pt.
110 C., may be isolated. A platinichloride, [(CH 3 ) 3 C 8 9 .P] 2PtCl e
.P.AuCl 4
C
yellow bushy needles from water, and a gold salt, (CH 3 ) a 8

H
H

,

,

ft

long yellow needles, have also been described*
1
3

Tians. Chem. Soc. 9 1888, 53, 714.
Michaelis, Annalen, 1876, 181, 359.

Collie,

VOL. XI.

:

III.

and Link,

2

Michaelis

4

Conen, Ber

,

loc

;

<sd.

1898, 31, 2919.

^
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Triethylphenylphosphonium iodide, (C 2H 5 8 C 6 H 5 .PL Diethylphenylphosphme and ethyl iodide yield this phosphomum compound
)

which cannot be distilled without
decomposed by potassium hydroxide
hy dioxide and a platinichloride are known, the chloride

in fans of needles, M.pt. 115
decomposition, but are not
solution. 1

A

melting below 100

C.,

C.

H

H

Triethylbromophenylphosphonium iodide,
2

(C 2 5 ) 3 (C 6 4 Br)PI,
a white crystalline compound, M.pt. 165 C.
Triethyl-o-tolylpfaosphonium iodide, (C 2 5 ) 3 C 7 7 .PI, crystallises in colourless needles, M.pt. 162 C.
Triethylbenzylphosphonium chloride, (C 2 5 ) 3 (C 6 5 .CH 2 )PCL
This derivative is prepared by warming a large excess of benzyl
3
It crystallises from water in needles,
chloride with triethylphosphine.
and yields a platinichloride, M.pt. 78 C. When heated above 300 C.
decomposition occurs according to the equation
is

H

H

H

H

(C 7

H

7

H

)(C 2

6)

3PC1

= (C 7 H 7 )(C 2H 5 2PHC1 + C 2H4
)

Other phosphomum salts which may be obtained from the chloride
in the usual manner are as follows, the compounds in brackets being
the decomposition products formed when the salts are heated to a high
bromide (almost totally decomposed
only resembles
4
the chloride to a slight extent)
hydroxide (triethylphosphine oxide,
carbonate and acid carbonate (triethylphosphine oxide,
toluene) ;
toluene, carbon dioxide)
sulphate (2 rnols. triethylphosphine oxide,
stilbene, carbon dioxide) ; acetate (triethylphosphine oxide and methyl
tolyl ketone, and to a smaller extent triethylphosphine and the methyl
oxalate (triethylphosphine oxide, toluene, carbon
ester of toluic acid)

temperature

:

;

;

;

;

monoxide, carbon dioxide).

H

H

(C 2 6 ) 8 (C 6 4 .pCH 8 )PI,
Triethylanisyiphosphonium iodide,
occurs as long colourless needles, M.pt. 65 C. ; the platinichloride
melts at 148 C.
Triethyl-m-xylyiphosphonium iodide, (C 2 5 ) 3 C 8 9 .PI, is a
white crystalline powder, M.pt. 136 C.

H

Tri-n-propylphenylphosphonium bromide,

(C 3

H

H

7)3

C 6 H 5 .PBr,

C. 5

melts at 131-5

Tri-n-propyi-p-tolylphosphonium bromide, (C 3H 7 ) 3 C 7 H 7 .PBr,

obtained only with difficulty when p-tolyldi-n-propylphosphine is
refluxed with n-propyl bromide in ether solution. It forms wellis

developed, hygroscopic needles, M.pt. 125*5

C.

Compounds of the Type Alk 2Alk'ArPX.
iodide,
Dimethylethylphenylphosphonium
(CH 3 ) 2 (C 2 H 5 )
(C 6 H 5 )PI, is obtained from dimethylphenylphosphine and ethyl
iodide. 6 It separates from ether solution as white crystals, M.pt. 137 C.
7
Dimethylbromethylphenylpliosphonium bromide, (CH 3 ) 2
(C 2

H Br)(C H

1

3
3

1861,
*

4

6

5

)PBr,

is

when

produced

dimethylphenylphosphine

Michaelis and Ananoff, Ber., 1875, 8, 493; Michaelis, Annalen, 1876, 181, 345.
Michaelis, Annalen, 1896, 293, 235
Collie, Tians. Ghem Soc., 1888, 53, 714, 720, compare Hofmann, Annalen SuppL,
i,

323

Collie,

PUl. Mag., 1887,

[5],

24, 27.

Davies, Pearse and Jones, /. Ghem Soc 1929, p 1262
6
Michaelis and Ananoff, loc. cit, 3 Michaelis, Annalen, 1876, 181, 265, Kohler and
7
Gleichmann, Ber 1882, 15, 198.
Michaelis, Bcr., 1877, IP, 807.
5

,

,
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It crystallises in
(I mol.) and ethylene dibromide (1 mol.) interact.
colourless tablets, M.pt. 173 C. readily soluble in hot water or alcohol.
Silver nitrate precipitates half the bromine as silver bromide, whilst
silver oxide removes the whole of the halogen.
With platinic chloi ide
9

an orange crystalline
v
powder is produced which has the composition
[(CH 3 2 (C 6 H 5 )(C 2 H 4Br)PBr] 2 PtCl 4 bromine forms an addition product,
(CH 3 ) 2 (C e H 6 )(C 2 H 4 Br)PBr.2Br a which loses its bromine when warmed
in air.
On heating a concentrated alcoholic solution of the bromide
)

;

,

with a further quantity of dimethylphenylphosphine, a crystalline
precipitate of ethylenetetramethyldiphenylphosphonium bromide is obtained.
This melts above 300
., and gives a deep red platimchloride.
All the bromine is removed from it by silver nitrate.
Apparently it
can add on five molecules of bromine, forming a red powder, soluble in
glacial acetic acid with loss of bromine, a yellow bromine addition
product separating out in needles, M.pt. 171 C., of the constitution
C 2 4 [(CH 3 ) 2 (C 6 6 )PBr] 2 Br 2
iodide, (C 2 H 5 ) 2 (CH 3 )
Diethylmetfaylplienylpliosplioiiiiim
C 6 5 )PI. 1 Diethylphenylphosphme combines with methyl iodide
(
with explosive violence, so that the latter must be added "dropwise.
The iodide melts at 95 C. and gives a hydroxide and platinichloride.
DiethylmethylcMorophenylpliosphoniiim iodide, (C 2 H 6 ) 2 (CH 3 )
(C 6 4 C1)PI, is isolated as a snow-white crystalline powder,
pt. 97
to 98 C. 2 It is derived from diethylchlorophenylphosphine and methyl

H
H

H

.

H

M

iodide.

Diethylmethylbromophenyiphosphonium iodide,

H Br)PI,

(C 2

H

5) 2

(CH 3

)

white needles, M.pt. 135 C.
(C 2 5 ) 2 (CH 3 )
Dietliyimethyi-o-toiylpfaospiioiiram iodide,
The starting-point for the preparation of this compound
(C 7 7 )PI.
It
colourless needles,
is
yields
M.pt.
diethyl-o-tolylphosphine.
98 C.
(C 6

4

crystallises in shining

H

H

Diethylmetfayl-p-tolylphosphonram

H

iodide,

(C 2

H

5)g

(CH 3

)

obtained in colourless needles, M.pt. 137 C., and yields a
(C 7 7 )PI,
platinichloride wiiich crystallises in transparent yellow plates.
is

Diethylmethyl(ethylphenyl)phosphonium iodide, (C 2H 5 2
(CH 8 )(C 6 H 4 .C 2H 5 )PI, separates in needles, M.pt. 135 C. The phenylN.NH.C 6 H 5 melts at 139 C. The hydroxide is
hijdrazone, C 8 H 9 P
the platinichlojide forms yellow needles,
only known in solution
)

,

;

M.pt. 195

C. 3

H

4

H

iodide,
(C 2 5 ) a (CH 3 )
C., and
crystallises in colourless needles, M.pt. 91
M.pt. 142 C., which crystallises in brownish

Diethylmethylanisylphosphonium
4 .OCH 3 )PI,

(C 6
yields a platinichloride,
prisms.

Diethylmethylphenetylphosphonium iodide, (C 2 H 5 2 (CH 3 )
is more soluble in water than the previous compound.
5 )PI
2
melts at 60 C. and the platinichloride crystallises in needles, M.pt.
)

(C 6
It

H4 .OC H

5

208 C.

Diethylmethyl-m-xylylphosphomom iodide,

H

(C 2

H

5)2

(CH 3

)

a white crystalline powder, M.pt. 90 C. The platinichloride derived from it forms cadmium-yellow plates, M.pt. 202 C.
(C 8

1

2
3
4

9 )PI,

is

Michaelis and Ananoff, Ber., 1875, 8, 493; Michaelis, Annalen, 1876, 181,
Michaelis, Annalen, 1896, 293, 235.
Jackson, DaTies and Jones, J. Chem. Soc., 1930, p. 2298.
,

Michaelis,

loc* cit.
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Diethylmethylpseiidocumylphosphonium iodide,

(C 2

H

5

)

2

(CH 3 )

rhombic plates, M.pt. 160 C. 1
Diethylmethylmesitylphosplioniiim. iodide, (C 2 H 5 ) 2 (CH 3 )
C. with
(C 9 11 )PI, forms colourless, glistening needles, M.pt. 125
decomposition, quickly becoming brown in air.
isolated as white,

is

(CgHj-JPI,

H

Dietfaylmethylcymylpfaosphonium
(C 10

H 13 )PI,

is

iodide,

(C 2

H

5)2

(CH 3 )

a non-crystalline product.

Diethylmethyl-a-naphthylphosphoniursi iodide, (C 2 H 5 2 (CH 3 )
H 7 )PI, crystallises from water in colourless plates, M.pt. 209 C.,
which are affected by sunlight, soon becoming yellow.
)

(C 10

Di-n-propylmethylphenylphosphonium iodide, (C H (CH
H
may be recrystalhsed from water and melts at 137 C.
Di-n-propylmethyl-p-tolylpfaosphoniiim iodide, (C H (CH
H )PI, melts at 81-5 C. and can be crystallised from alcohol.
Di-n~biityimethylphenylphosphonium iodide, (C H (CH
H )PI, crystallises from aqueous solution as well-defined rods,
3

7

)

3

2

)

2

(C 6

5

(C 7

7

(C 6

)PI,,

3

7)2

3)

4

9)2

3

)

5

3
The corresponding eihiodide melts at 147 C. and is
M.pt. 168 C.
best recrystalhsed from alcohol- ether.
iodide, (C 4 9 ) 2 (CH 3 )
Din-butylraethy!tolylphospfaonium
(C 7 7 )PI, melts at 130-5 C.
Di-isobutylmethylphenylphosphonium iodide, (C 4 9 ) 2 (CH 3 )
4
(C 6 5 )PI, crystallises from water as pearly leaflets, M.pt. 166-5 C.
iodide,
Di-isobutylmethyl-p-tolylpfaosphonium
(C 4 9 ) 2 (CH 3 )
(C 7 7 )PI, separates as an oil which crystallises only on long preservation.
Di-n-amylmethylphenylphosplioninm iodide, (C 5 11 ) 2 (CH 3 )

H

H

H
H
H

H

H

H

(C 6 5 )PI, is prepared from phenyldi-n-amylphosphme
It forms leaflets from water, M.pt. 90-5 C.
iodide.

and methyl

Di-n-amylmetliyl(pethy!p1ienyl)pliosphonium chloroplatin[(CH 3 )(C 8 H 9 )(C 5 H 11 ) 2 P] 2PtCl 6 forms yellow crystals of indefinite

ate,

,

5

melting-point.
6
Di~n-amylmethyl-p-tolylphosphonium iodide,

H

(C 5

H

11

)

2

(CH 3

)

on long standing.
Di-isoamylmethylpheiiyiphosphonium iodide, (C 5 H 11 ) 2 (CH 3 )
(C 6 H 5 )PI, forms soft pearly flakes from water, M.pt. 181-5 C.
Di-isoamylmethyl-p-toiylphosphonium iodide, (C 5 H n ) 2 (CH 3
(C 7 H 7 )PI, separates from water as hard prisms.
iodide,
Di(dl- j8-methylbutyl)methylphenylphosphonium
(C 5 H 11 ) 2 (CH 3 )(C 6 H 5 )PI, prepared from phenyldi(^-methylbutyl)phosphme and methyl iodide, crystallises from water in glistening
(C 7

7 )PI, is

an

oil

which

crystallises only

)

plates, M.pt. 150

C.

iodide,
Di(dl-/3-methylbutyl)metliyl-ptolylpliosplioniuin
(C 5 n ) 2 (CH 3 )(C 7 7 )PI, separates from water in rods, M.pt, 131 C.

H

H

H

Di(S-nietliylaiiiyl)inetliylphenylpliosphoiiiiini iodide, (C 6 13 ) 2
(CH 3 )(C 6 5 )PI, melts at 146 C., and the corresponding ethyl compound
crystallises as glistening flakes from water, M.pt. 115*5 C.

H

Di(S-methylamyl)methyl-p-tolyipliosphoniiiin iodide, (C 6 H 13 ) 2
is known, but it is difficult to crystallise.

(CH 3 )(C 7 H 7 )PI,
1

2

Michaelis, Annalen, 1897, 294, 34
Davies, Pearse and Jones, loc. c^t

3

md.

4 Ibid.
5
6

Jackson, Davies and Jones, / Chem. Soc., 1930, p. 2298
Davies, Pearse and Jones, loc c^t.
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iodide,
Di-n-propylmethyl-p-methoxyphenylphosphonium
i
melts at 60 C.
2 (CH 3 )(C 6 H 4 .OCH 3 )PI
?
chloroDi-n-butylmethyl-p-methoxyphenylphosphonium
forms fine yellow
platinate, [(C 4 H 9 2 (CH s )(C 6 H 1 .OCH 3 )P] 2 PtCl 6
(C 8

H

)

9

)

,

needles, and, after crystallisation

from alcohol, melts at 196

C.

Iodide,
Di-n-butylmethyl-p-methoxyphenylphosphonium
D
(C 4 H9) 2 (CH 8 )(C G H 4 .OCH 3 )PI, melts at 86 C.
Di-n-atnylmethyl-p-tnethoxyphenylphosphonium iodide,
(C 5 H n 2 (CH 3 )(C 6 H 4 .OCH 3 )PI, is a liquid which cannot be crystal)

lised.

cfaloroDi-n-amylmethyl-p-methoxyphenylphosphonium
platinate, [(C B 11 ) 2 (CH 3 )(C 6 4 .OCH 3 )P] 2 PtCl separates from alcohol
in yellowish-brown hexagonal plates, M.pt. 158 C.

H

H

Compounds of

the

fl ,

Type AlkAlk'ArAr'PX.

H

Methylethylphenyl-p-tolylphosphonium iodide, (CH 3 )(C a 5 )
(C 6 5 )(C 7 7 )PI melts at 150 C., and is obtained by treating ethyl2
Treatment of the iodide
phenyl-jp-tolylphosphine with methyl iodide.
with silver d-camphor sulphonate in dilute alcohol gives metkyletkylphenyl-p-tolylphosphonium d-camphor sulphonate, which
separates
from ethyl acetate as colourless needles, M.pt. 128 C. This product
in dilute alcohol gives the value P/]B = -fl01-6, and in absolute
alcohol [M]D = + 103-85, these values giving for the phosphomum
The molecular rotation diminishes from
ion [1TJD = +52-15.
[M]D= +103*85 to [1/]D= +59-89 when 10 c.c. of the solution are
diluted with 25 c.c. of water and filtered.

H

H

S

Metliylethylphenylpseudocumylpfaosphonium

H

H

H

)(C 9 11 )PI, is
platinichloride of M.pt. 186

(C 2

5 )(C 6

5

a yellow

C/

oil

iodide,

(CH 3

)

which yields a crystalline

Ethylphenyl-p-tolylbenzylphosphonium iodide, (C 2H 5 )(C 6H 5 )
(C 7 H 7 )(C 6 H 5 .CH 2 )PI melts at 192 C., and when converted to the
(i-camphor sulphonate gives an amorphous glassy mass which cannot
be crystallised. The corresponding bromide deposits colourless needles
from alcohol, M.pt. 215-5 C.
Metliylallylphenyl-p-tolylphosphonium iodide, (C 3H 5 )(CH 3 )
22 grams of phenyl-p-tolylmethylphosphine, preH
(C 6 5 )(C 6 H 4 .CH 3 )PI.
pared from phenyl-p-tolylchlorophosphine and zinc dimethyl, are treated
with 20 grams of allyl iodide in dry ether solution. The whole is placed in
a freezing mixture and crystals soon separate, Recrystallisation from
alcohol containing a little water, and finally from alcohol-ether mixture,
yields colourless, glistening needles, commencing to decompose at
170 C. and melting at 175 to 177 C. 4 The iodide is soluble in water
or alcohol, less soluble in acetone, insoluble in ether, benzene and light
petroleum. Treatment with the silver salts of d-camphor- jB-sulphonic
?

acid, d-a-bromocamphor-TT-sulphonic acid or <i-a-bromocaniphor~/Jsulphonic acid only yields uncrystallisable products. Attempts to
1

Jackson, Bavies and Jones, J. Chem. Soc., 1930, p. 2208.
Wedekmd, Ber., 1912, 45, 2933; Hichaelis (Annal&nt 1901, 315, 60) gave the meltingpoint as 138 C.
2

3

4

Michaelis,

loc. cit.

Pope and Gibson, Trans. Chem. Soc.,
Chemistry and Industry, 1923, 42, 64.

1912, 101, 735;

compare Radciiffe and Brindley,
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prepare ethyl-n-butylphenyl-jp-tolylphosphonium iodide and the npropyl iodide from jp-tolylphenylethylphosphine and the alkyl iodide
1
only yield non-cry stallis able oils.

bromide,
(CH 8 )
"Methylphenyl-p-tolylbenzylphosphonium
H B )(C 6H 4 .CH 8 )(C 6 H 5 .CH ? )PB^ is the condensation
product of
2
The mixture
phenyl-_p-tolylmethylphosphine and benzyl bromide.
from a
are
the
and
recrystallised
crystals
deposited
requires cooling,
mixture of acetone and ether, thin, colourless plates, M.pt. 211 to
212 C., separating out. The bromide is readily soluble in acetone,
(C 6

insoluble in ether or benzene
dl -Methylptienyl -p -tolylbenzyiphospfaonium

phor

- TT

-

sulphonate,

(CH 8 )(C 6

H

5 )(C 6

H

d - a -bromocam H 6 .CH a )P.O.SO a
.CH
8 )(C 6
4

.

C 10 H 14 OBr. The foregoing bromide is treated with the corresponding
amount of the silver salt of the optically active acid in hot alcohol soluA gum is produced,
tion, the liquid filtered and the filtrate evaporated.
which gradually crystallises when kept in a desiccator. Several reat
crystallisations from boiling benzene give colourless needles, sintering
122 C. on rapid heating and melting at 129 to 131 C, Fractional
fractions having
crystallisation from ethyl acetate-acetone yields three
the following specific rotations for mercury green light
= +53*9, -4-53-4 and +53-9 in 1 per cent, aqueous solution.
[a]
:

The rotation constants of the salt in aqueous solution (0-2658 gram
examined in a 4 dm. tube at 15 C., are

in 30 e.c. of water),

The rotatory

:

dispersions are as follows

= 1 "232
HgGreen/Nayellow

Ammonium

and

:

HgYellow/Na Yellow

= 1 *048

d-a~bromocamphor-7T-sulphonate in an aqiieous solution
c.c. of water) in a

of equivalent concentration (0*1464 gram in 30
4 dm. tube at 15 C., shows the following results
:

1

2

and Brmdley, loc.
Pope and Gibson, loc cit.
Radcliffe

cvt.
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:

= 1-238

and

respective fractions of the

Te^w

phosphoumm

'Nay.iiu*
salt,

= 1-046

\\hen treated in

aqueous solution with potassium iodide, yield an optically inactive
iodide
hence the asymmetric phosphomum compound has not been
;

resolved.

The d-camphor- fi-sulphonate is prepared in a similar manner to the
preceding compound. It forms colourless needles, M.pt. 184 to 137 C.,
readily soluble in alcohol or acetone, sparingly soluble in ethyl acetate.
The following constants are obtained after fractional crystallisation
from ethyl acetate-alcohol mixture, using 0*3175 gram of the salt in
30 c.c. of water in a 4 dm. tube at 15 C.
:

The rotatory

dispersions are

Hgckeen/Nareiiow

The following

The rotatory

:

= 1 '333

and

are the values for

dispersions are
ow

= 1 '325

Hgrei

ammonium

rf-camphor-/J-sulphonate

:

and

a Yellow

= 1 -075

phosphomum salt has not been effected, since potassium
iodide only yields iodides, from the various fractions, which are optically
inactive.

Resolution of the

Methylphenyl-p-tolylbenzylphosplioiiiiim iodide, (CH 3 )(C 6 H 5 )
occurs when potassium iodide is added to
5 .CH 2 )PL,
3 )(C 6
(C 6
any of the three foregoing salts in aqueous solution. It separates from

H4 ,CH

H

alcohol in colourless, glistening plates, M.pt. 215 to 216*5 C., soluble
hot ethyl alcohol and practically
in methyl alcohol, less soluble
insoluble in ether, benzene or light petroleum.

m

Methylphenyl - p - tolylbenzylphosphonium platinichloride,
[(CH 3 )(C 6H 5 )(C 6H,.CH 3 )(C 6H 5 .CH 2 )P] 2PtCl 6> is a yellow powder,
acid is added to
M.pt. 214 to 215 C., formed when chloroplatinic
aqueous solutions of the foregoing
the usual solvents.

salts.

It

is

practically insoluble in

ORGANOMETALLIG COMPOUNDS

72

1

Phosphonium Compounds containing Aryloxy-Gtoupings.
Triphenoxymethylpfaosphonium i o d i d e, (C 6 H 5 O) 3 P(CH 3 )I,
occurs when triphenoxyphosphme and methyl iodide are allowed to
interact.
The product melts at 70 to 75 C., and is a deliquescent mass,
a brown oil in air, this becoming colourless on adding
to
changing
sodium hydroxide. The oil, when extracted with ether, dried and distilled, comes over at 190 to 195 C. at II mm. as a colourless liquid
this, on prolonged standing in the cold, crystallises, the meltingpoint being 36 to 37 C. When saponified by alcoholic potassium
hydroxide and poured into fuming nitric acid the iodide yields methylphosphinic acid and dimtrophenol. This points to the saponification
compound being the phenol ester of methylphosphimc acid, formed as
;

follows

:

(C 6

H 0)
5

3

P(CH 3 )I +H 2 = (C 6 H 5 0) 2P

+C 6 H 5 OH + HI

Triphenoxyphosphme, when heated with ethyl iodide at 200 C., gives
an oil which is insoluble in ether and with sodium hydroxide forms the
phenol ester of ethylphosphinic acid.

Triphenoxybenzyiphosphoiiium chloride, (C 6 H 5 0) 3 P(C 7 H 7 )C1,
when the components are heated together at 175 C. A
syrup results, which, after treating with sodium hydroxide and decom-

is

obtained

posing as above, yields the phenol ester of benzylphosphinic acid,
phenol and hydrogen chloride. The benzylphosphinic acid phenyl
forms small, white crystals, M.pt. 60 C.,
ester, C 7
7 .PO(OC 6
5)2
readily soluble in alcohol, ether or benzene.
iodide,
Tri-p-tolyioxymethylphosphonium
(CH 3 .C 6 4 O) 3
P(CH 3 )L Tritolyloxyphosphine is obtained as an oil, B.pt. 250 to
255 C. at 10 mm., 2 by the action of 1 molecular equivalent of phosphorus trichloride on 3 equivalents of p-cresol, and the phosphonium
The iodide is isolated
iodide is obtained from it in the usual manner.
only as a syrup, which is converted by alkali to j?-cresol, hydrogen
iodide and the p-cresyl ester of methylphosphinic acid, (CH 3 .C 6 4 O) 9
PO.CH 3 a liquid, B.pt. 220 to 225 C. at 12 mm.
Tri toiyloxymethylphosphonium iodide, (CH 3 .C 6 4 0) 3
P(CH 3 )I. Phosphorus trichloride and m-cresol yield a phosphme,
3
The phosB.pt. 235 to 238 C. at 7 mm. or 240 to 243 C. at 10 mm.
is
a
iodide
colourless, crystalline, hygroscopic powder, which
phonium
yields the m-cresyl ester of methylphosphinic acid, (CH 3 .C 6 4 0) 2 PO.CH 3
as a colourless liquid, B.pt. 200 to 205 C. at 7 mm.

H

H

,

H

H

,

m

H

H

,

iodide, [(CH 3 3
Tripseudocumenolmethylphosphoniiim
C 6 H 2 0] 3 P(CH 3 )I, is obtained from the pseudocumenol phosphme,

.

)

which boils at 270 to 274
forms the pseudocumenol

it

PO[OC 6 H 2 (CH 3
to 90

)

3] 2,

C.
ester

at 16 mm.
In the usual
of methylphosphinic acid,

way

CH

3.

consisting of shining crystals from ether, M.pt. 79

C.

Tri-p-chlorophenoxymethylphosphonium iodide, (C1C 6 H4 O) 3
P(CH 3 )I. The trichlorophenoxyphosphine, from phosphorus trichloride
1
2
8

Michaehs and Kaehne, Ber

Compare Broeker,
See Broeker,

J.

loc. cit.

,

1898, 31, 104-8.
1928, [u], 118, 287.

praM CJiem

,
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at 150 C, melts at 49 C. and boils at 290
297 C. at 15 mm. The phosphonmm iodide melts at 70 C. and may
be transformed in the usual manner into the p-chlon ophenol estei of
methijlphosphlnic acid, CH 3 .PO(OC 6 4 C1) 3 a liquid, B.pt. about 245 C.
at 20 mm.

to

H

,

N-P/z osph oniu m

1

Compo u nds.
C 6H 5
iodide,
Phenyldipiperidinemethylphosphomum
P(NC 5 H 10 ) 2 .CH 3 .L This is produced by the interaction of phenyl.

dipiperidine-N-phosphme and methyl iodide. It crystallises in
shining tablets, M.pt. 167 C., very stable, readily soluble in alcohol,
sparingly soluble in water, insoluble in ether. The corresponding
the Mot ide forms short, white needles,
hydt oxide is a syrup
M.pt. 130 C., readily soluble in water, and forms a platmichloride,
[C 6 6 P(NC 6 10 ) a .CH3] 2PtCl 6 which crystallises from hot water in
yellowish-red tablets, M.pt. 178 C. The bromide crystallises in fine
white needles. The hydroxide, when heated, splits off piperidine and
;

H

H

,

yields phenylmethylphosphinic acid

:

Phenyldipiperidine-ethylphosphonium

P(NC 6 H 10

H

iodide,

C 6H 5

.

prepared in a similar manner to the precedIt
forms
slender white needles, M.pt. 174 C., and is
ing compound.
more soluble in water than the methyl compound.
)

2 .C 2

5 .I,

is

chloride, C 6H 5
Phenyidipiperidinebenzylphospfaonium
.C 7 H 7 .C1, obtained by heating together its components,
) 2

.

P(NC 5 H 10

forms yellowish-red plates, M.pt. 204 C.
Tri - tetrafiydroquinoline - metfaylphosphoniiim
iodide,
(C 9 10 N) 8 P.CH 8 .L
Tetrahydroquinoline combines energetically with

H

trichloride to "yield tri-tetiaJiydroquinoline-N-phosphine,
(C 9 10 N) 3 P, white, rhombic plates, M.pt. 202 to 204 C. ^This combines with methyl iodide to give the phosphonium iodide, which crystallises in small rhombic needles, M.pt. 188 C., fairly soluble in alcohol,
solution
sparingly soluble in water and insoluble in ether. Its aqueous
with silver oxide yields an alkaline solution of the hydroxide, and this
with hydrochloric acid is converted to the chloride. Evaporation gives
a solid, M.pt. 148 to 150 C., fairly soluble in alcohol and water. The
redplatinichloride, [(C 9 10N) 3 P.CH 3 ] 2 PtCl 6 forms small, glistening,
C.
230
at
with
dish-yellow crystals, melting
partial decomposition

phosphorus

H

H

,

Iodide,
Phenyldi-tetrahydroquinoline-methylpliosphonium
C 6 H 5 .P(NC 9 H 10 ) 2 .CH 3 .I, prepared from phenyldi-tetrahydroquinolme-

N-phosphine and methyl iodide, forms glistening
needles, M.pt. 136

p

-

Tolyldipiperidine

H

silver

voluminous

C.
-

methylphosphonium

iodide,

C 7H 7

.

P(NC 5 10 ) 2 .CH 3 .I obtained in the usual way, melts at 186 C. The
ethyl derivative melts at 191 C., and the isobutyl and benzyl compounds
at 204 and 125 C., respectively. All these products crystallise well,
most of them

3

in needles.

Tripiperidine-methylphosphomum hydroxide, (C 5Hi N) sP.
2
This compound is obtained from the corresponding iodide
CHg.OH.
The
it is
alkaline and absorbs carbon dioxide.
;

crystalline, strongly
1

Michaelis, Ber., 1898, 31, 1037.
and Luxembourg, Ber., 1895, 28, 2205.

2 Michaelis
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bromide and chloride are colourless and readily soluble. The latter
forms a platinichlonde, large red crystals, M.pt. 175 C. The iodide
is obtained from the
phosphine, (C 5 H 10 N) 3 P, isolated as a crystalline
87
to 38 C., when phosphorus trichloride interacts
compound, M.pt.
with piperidine in ether at
C.
it forms thick, colourless, cubical
251
to
The
mother liquors from the iodide
255
C.
crystals, M.pt.
deposit a substance richer in iodine, which may have the constitution
;

H

The corresponding ethylphosphonium iodide re(C 5 10 N) 3 P.3CH 3 L
the isosembles the methyl compound and melts at 178 to 179 C.
the
C.
buti/l compound is a white crystalline substance, M.pt. 172
benzylphosphomum chloride forms a thick mass of hygroscopic crystals.
,

;

ARYL PHOSPHORUS BETAINES AND KETOBETAINES.
The formation of these derivatives is similar to that of the
arsenibetaines.
Tnarylphosphines
chloracetic acid to form derivatives of Type I

combine

sponding

2

*COOH

with

corre-

mono-

:

/CH 2\

>

<CH
Cl

R P<
\ O />CO
3

II

I

These derivatives under the influence of sodium hydroxide or carbonate
Similar compounds
are transformed to the free betames, Type II.
alkaline
be
also
the
oxidation
obtained
potassium perby
may
by
manganate of aryltrialkylphosphonium chlorides (in which the aryi

group contains a substituted methyl group). If the chloracetic acid
the foregoing condensation be replaced by an aliphatic or mixed
ketone, a ketonic group is introduced as in I, and the derivatives are
known as ketobetames

m

.CH 2 .CO.R'
l

^OH

II

I

Alkali transforms I to II.
platinichlorides

/

\

Cl

All the

compounds

are solids

and yield

.

Triphenylphosphorbetaine hydrochloride,

1

/CH 2 .COOH

(C H
P<\C1
6

5)3

When tnphenylphosphine and ethyl monochloracetate are heated
together for a long time at 70 to 75 C., the ethyl ester of the foregoing
hydrochloride results. This forms a crystalline powder, M.pt. 90 C.,
Its platinireadily soluble in alcohol, chloroform, acetic acid or water.
The betaine ester
chloride crystallises from alcohol in small plates.
decomposes at 172 C., but prolonged heating at 90 to 100 C. produces
methyltriphenylchlorophosphine

/Cl

(C 6

H P<
\CH
5)3

1

2 .COOC 2 H 5

:

= (C 6H 5

)

3

/Cl
P<(
X

4-

C0 2 + C 2H 4

CH 3

Michaehs and Gimborn, Ber, 1894, 27, 272.
9
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The hydrobromide

147

(ll.pt.

C.)

75

and the hydnodide

166 C.) are isolated when the hydrochloride
bromide or iodide respectively.
Tripheeylpfaospfaorbetalne

is

to
(ll.pt. 165
treated with potasshim

,

(C 6

H

C'H 2X
5)8

/&

P<

The foregoing hydrochloride when treated with silver or barium
hydroxide only yields tnphenylphosphme dihydroxide, (C 6 H 5 3 P(OH) 2
)

but

,

concentrated aqueous sodium hydroxide or carbonate be used,
the free betaine is isolated. It separates from alcohol in tabular
crystals, M.pt. 124 to 126 C., which readily dissolve in chloroform
or acetic acid, and when heated with water give the dihydroxide.
It
forms a platinichloride, consisting of long, golden-yellow needles. The
decompositions mentioned above are indicated by the following
if

equations

2(C 6

:

H P//a
5)S

CH 2 .COOC H
2

(C 6

H P/
5

)

3

+Ag 2 +3EUO = 2(C 6H 5 3P(OH) 2
)

+ 2AgC] + 2CHgC poC 2 H 5

5

2

\ O

\CO + 2H
/

= (C 6H5 ) 3P(OH)> -r CH.COOH

S

Triphenylphosphorcholine hydrochloride,
(C 6

H

5) 3

P

VE .CH OH
a

a

obtained by the condensation of triphenylphosphine and ethylene
It crystallises in glistening white needles, M.pt. 129 to
chlorhydrin.
130 C., readily soluble in water or alcohol, insoluble in ether. Its

is

from dilute alcohol in golden-yellow needles
melting with decomposition at 222 to 224 C. Moist silver oxide
transforms the hydrochloride to the free base, a viscous liquid which
is strongly alkaline and absorbs carbon dioxide from the atmosphere.
The hydrobromide forms yellowish-white crystals, M.pt. 114 C., and
the hydriodide melts at 185 to 186 C.
The condensation of triphenylphosphine and trimethylene bromide
gives a product represented as follows

platinichloride crystallises

:

(C 6

H

5 ) 3 P<^

^CH 2 .CH 2 .CH 2Br

This crystallises in white needles, M.pt. 226 to 228 C,, dissolving in
water, but less readily in alcohol. It forms a platinichloride which is
non-crystalline and readily decomposed.

Trimethylphosphorbenzobetame hydrochloride,

/COOH

/CH ^3

/
p
Jbl 4<
L 6 TT

.

>

\P(CH 3 ) 3 C1
Michaelis

TT /
p
C0X1A

\P(CH 3

)

II

I
1

1

and Czimatis,

B&r., 1882, 15, 2018.

3 C1
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formed when p-tolyltnmethylphosphonium chloride (I) is oxidised
by alkaline potassium permanganate at 55 C. It has the constitution
II and forms short, thick, brilliant, transparent prisms, soluble in
water or hot alcohol. The crystals have no melting-point but decompose,
giving an odour of phosphine. The platinichloride forms a light yellow
precipitate.
Thefiee betaine,

is

/ C0 \
>0.3H
\P(CH )/

C 6 H 4<

2

3

It does not yield
crystallises in rhombohedra and is efflorescent.
The acetate forms fine, pearly
salts with bases, but does so with acids.

and
the nitoate crystallises in needles
an acid sulphate which separates in needles

needles
gives

;

;

dilute sulphuric acid

:

X COOH

C6

H/

\P(CH 3

)

3

O.S0 2 .OH

The hydrochloride decomposes
hydroxide

when heated with potassium

as follows

:

C 6H 4 (COOH)P(CH 3 ) 3 C1

+KOH =C H COOH + (CH PO +KC1
6

3) 3

5

By the action of alkaline potassium permanganate on the addition
product from ethylene bromide and dimethyl-p-tolylphosphine, a
compound having the structure C 6 4 (COOH)P(CH 3 ) 2 is obtained.
This forms colourless prisms, M.pt. 243 C., having an acid taste and
subliming on heating. It is very stable on heating with potassium

H

hydroxide.
Tri -p -tolylphosphorbetaine hydrochloride, 1

(c 7

H p</a
\CH
7

)

3

2

.COOH

formed in the usual manner and isolated as the ethyl ester, a white
somewhat soluble in water, and yielding tu-ptolylphosphorbetaine on treatment with sodium hydroxide or carbonate.
The free betaine separates from ether in small white crystals, M.pt. 145 C.
Dimethyl -p -tolylphosphorbetaine hydrochloride
is

crystalline powder,

,

(C 7

The

H

XI
7

)(CH 3

)

2

P/
\CH 2 .COOH

a white, hygroscopic, crystalline
very soluble in alcohol. The platinichloride
The hydrocrystallises in fine, reddish-yellow needles, M.pt. 200 C.
chloride ester is converted by sodium carbonate to the free betaine,
a stellate mass, M.pt. 206 C.
ethyl ester of this derivative is

powder, M.pt. 153

C.,

:

1

Michaehs and Gimborn,

loc

cit.
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2(CH 8 ) 2 (C 7

H

7

)P(Cl)CH 2 .COOC 2 H 6 + Xa 2 C0 8

= 2(CH 3

)

(C 7

H

/
7

2

)P-(

+H

77

8

\CO -t-2XaCl-t-2C,H OH + CO,

\ O /

5

The free hydrochloride melts with decomposition at 172 C., and its
The
platinichloride crystallises in flesh-coloured needles, M.pt. 220 C.
corresponding diethyltolylbetaine is hygroscopic
at 96 C., and the platinichlonde at 157 C.

;

its

hydrochlonde melts

a-Trimethylphosphortolubetaine tiydrocfiloride, 1

,COOH

CH

3 .C 6

H

3

<^

7 grams of 1 3-xylyl-4-tnmethylphosphomum chloride in 1000 c.c. of
water are treated with a little potassium hydroxide and the calculated
amount of potassium permanganate added, the mixture being maintained at 55 C. for eight days. After filtering and evaporating to
dryness, the residue is treated with alcohol, when woolly needles,
The platinichloride is orange-yellow
insoluble in ether, are obtained.
and the aurichloride golden-yellow. The free betaine,
:

CH

/

3

.C 6

H/

C0

\

>0

\P(CH 3 )/

a hygroscopic mass. It yields a pier ate, consisting of golden-yellow,
bushy, stellate needles, M.pt. 220 C. A nitrate, M.pt. 226 C., a
Oxidation of the hydrochloride
sulphate and an acetate are known.

is

yields

a-trimethylphosphortolubetaine

(COOH) 2 C 6 H 3 .P(CH 3 3 CL

hydrochloride

carboocylic

acid,

This product is readily soluble in water,
yields a platinichloride, M.pt. 258 C., and a sparingly soluble auriWhen the hydrochloride is treated with the requisite amount
chloride.
of silver oxide, a-trimethylphosphortolubetaine carboxylic acid is formed
)

:

(3)

\
COOH.C 6H 3</
>0
\P(CH 3 )/
(1)

(4)

This yields glistening crystals, M.pt. 160 C., air-stable and easily
soluble in water. Its copper salt forms blue needles, and the silver and
barium salts may be crystallised from water. When the jS-form of
trimethylxylylphosphonium iodide is similarly oxidised, a fi-trimethylphosphortolubetaine carboxylic acid

is isolated,

(3)
(1)

/ CO

.

COOH.C 6H 3<

>0
\P(CH,)/

(5)

1

Conen, Ber., 1898, 31, 2919.
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This separates from concentrated aqueous solution in fine, matted
needles, M.pt. 115 C., forms a copper salt., consisting of blue needles,
and a very hygroscopic hydrochloride.

Tri-biphenylptiosphorbetaine,
(C 6

H

5

.C 6

1

H P
4)3

CO

formed by the interaction of ethyl chloroacetate and tri-biphenylbrilliant diamondC.
It separates from alcohol
phosphine at
shaped plates, M.pt. 109 to 110 C. with preliminary softening. On
standing at room temperature it is converted into tn-biphenylphosphine oxide.
Triphenyiraethylpliospliorketobetaiiie hydrochloride or Triis

m

2
phenylacetonylphospfaonium chloride,

CH.CO,CH 3

occurs when molecular proportions of triphenylphosphme and monochloracetone are heated together under reflux for forty-five minutes
on the water-bath. It separates from alcohol as fine needles, melting
with decomposition at 237 C., and sparingly soluble in hot benzene,
insoluble in ether.
The platinichlonde is a flesh-coloured product
melting with decomposition at 198 C. The free betaine,

(c 6

H

/CH 2X
5)3

\

p<(

/OH

;
o /

isolated by the action of sodium hydroxide or carbonate on the
hydrochloride. It separates as shining needles, M.pt. 201 C., is neutral
to litmus, insoluble in water, but dissolves in alcohol, benzene or ether.
Treatment with the requisite acids gives the hydrobromide, M.pt. 226 C.,
and the picrate, citron-yellow crystals, M.pt. 166 C.
hydrobromide or Tri Tetraphenylphosphorketobetaine
is

phenylphenacylphosphonram bromide,
(C 6

H

/CH 2 .CO.C H 5
6

5)3

P<Q

when triphenylphosphme is condensed with bromacetophenone.
forms colourless crystals, M.pt. 273 to 274 C., soluble in alcohol
The free betaine,
or a large bulk of hot water, insoluble in ether.
obtained in the usual manner, forms colourless crystals, M.pt. 183 to
184 C., soluble in alcohol or ether, insoluble in water. It forms the
C.
hydrochloride, fine needles, M.pt. 254 to 255
following salts
hydriodide, pale yellow needles, melting with decomposition at 256 to
257 C.
nitrate, colourless needles, M.pt. 184 to 185
C., soluble in
water
or
benzene.
boiling
boiling
results
It

:

;

;

1

2

Worrall, J Amer. OJiem. #oc,, 1930, 52, 2933.
Michaelis and Kohler, Ber , 1899, 32, 1566.
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Triphenyl-p-tolylpiaosphorketobetaine faydrocfaloride,
(C 6

H P//CH

a

.CO.C 6

H CH 3
4

5)3

\C1
prepared by the interaction of tnphenylphosphine and chloro-j>tolylmethyl ketone. It crystallises in colourless needles, M.pt. 231 C.,
and is more soluble
water than the preceding
tetraphenyl-compound.
Thefiee betaine forms silky needles, M.pt. 181 C., the platinichloride,
yellowish-red needles, decomposing at 211 C., the hydrohomide melts
at 261 C., the hydnodide melts at 265
C., and the nitrate gives slender,
transparent needles, M.pt. 188 to 184 C.
is

m

Tri-p-tolylmethylpfiospfiorketobetaine hydrocfaloride,
(C 7

H

.CHo.CO.CHo
"
7

)aP<
\C1

This compound is not so readily formed as the
phenyl derivative and
the reaction is only carried to completion when the"
components are
heated together for five hours in a sealed tube at 80 C. The
product
crystallises
bushy needles, melting with decomposition at 245 C.,
is readily soluble in water or alcohol,
sparingly soluble in benzene and
insoluble
ether.
The platinichloride melts at 220 C., and the aunchloride at 164 C.
The free betaine separates from alcohol in needles,
M.pt. 117 C., insoluble in water but dissolving in the usual organic
It yields a hydrobromide
solvents.
melting with decomposition at
210 C., and a Jiydriodide consisting of fine needles, M.pt. 189 C.

m

m

Phenyltri-p-tolylphospliorketobetaiEe hydrochloride or Tri-

p-tolylphenacyiphosphonmm chloride,

xCH 2 .CO.C 6 H5

(C 7

H P<
\C1
7 )3

m

5

a sealed tube at 88 C. of molecular
requires eight hours heating
quantities of tri-p-tolylphosphme and monochloracetophenone to
complete its preparation. It melts at 236 C. 3 yields a platinichloride^
M.pt. 240 C., and an aunchloride, M.pt. 156 C. The free betaine
crystallises in bushy needles, M.pt. 177
C., its hydrotromide and
C. and 236 C. respectively.
Tolylmethyldietliylphosphorketobetaine faydrocfaioride,

hydriodide melting at 248

(C 7

H

/CH..CO.CH3

7 )(C 2

H P/
5)2

\C1

a platinichloride consisting of reddish-yellow crystals, M.pt.
and a pier ate forming citron-yellow needles, M.pt. 127 C.,
whilst the free betaine is a very hygroscopic solid, M.pt. 75 C.
yields

178

C.,

COMPOUNDS OF THE TYPE
The

may

first

RPX

2.

member of this series, namely phenyldichlorophosphine,
by passing the vapours from a mixture of benzene and

be isolated
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phosphorus trichloride through a red-hot porcelain tube, a slow stream
of carbon dioxide being circulated through the apparatus. This
method does not seem to have been applied to any other compound
of this class.

mercury

diaryls

A

more general method consists of heating together
and phosphorus trihalides

R Hg + PX
2

= RPX 2 + RHgX

3

Although this equation is given in the literature,
that the reaction takes place in stages as follows

it is

very probable

R Hg + 2PX = 2RPX
R Hg + RPX = R PX + RHgX
2

2

3

2

2

2

A

higher temperature appears to facilitate the second reaction. The
primary product by this reaction are very poor in some cases,
and the same starting materials may be used for the type 2PX. The
Friedel- Crafts reaction has also been used for these preparations

yields of

R

:

C 6 H 5 .CH 3 +PC1 3 + [A1C1 3 ]

=CH

3 .C 6

H

4 .PC1 2

+ HC1 + [A1C1 8 ]

resulting product is contaminated with secondary products.
All the aryldichlorophosphines are liquids which combine with the
halogens forming tetrahalides, these being crystalline products decomposed by moisture into oxychlorides, RPOC1 2 and finally acids,
R.PO(OH) 2 The tetrachlondes are produced also by the action of
chlorinating agents, such as iodine monochlonde, titanium tetraThe
chloride or antimony pentachloride, on aryldichlorophosphines.
latter combine with oxygen to form oxychlondes, but these are best
obtained by the action of sulphur dioxide or acetic acid on the tetra-

The

,

.

Similarly sulphur and aryldichlorophosphines give sulphoRPSC1 2 a quantitative yield occurring if the ice-cold phoswith sulphur chloride. Hydrogen sulphide reacts only
treated
be
phine
to form the normal sulphide, RPS. The chlorine may be removed
from phenyldichlorophosphine by silver cyanide or thiocyanate, a
dicyanide or a dithiocyanate resulting. Condensation takes place
halides.

chlondes,

,

between aryldichlorophosphines and aryl hydrazines, pipendme and
tetrahydroquinolme, whilst the oxychlorides (RPOC1 2 ) combine with
The products are dealt with on
aniline, hydrazines and ammonia.
pp. 86-89.

Phenyldichlorophosphine or Phosphenyl chloride, C 6 H 5 .PC1 25
be prepared in several ways
(1) A mixture of benzene and phosphorus trichloride is distilled and the vapours passed through a red-hot
1
The yield is greatly increased if a slow stream of
porcelain tube.

may

:

carbon dioxide is passed through the apparatus during the distillation,
a litre of the mixture giving 140 grams of pure product per nine hours. 2

A variation of this method consists in passing phosphorus trichloride
and benzene vapours over a quartz tube sealed in a glass vessel and
heated internally by a nichrome winding. 3 (2) By passing carbonyl
chloride into phenylphosphine. 4
(3) When mercury diphenyl and pure
1
MicJaaelis, Annalen, 1876, 181, 265, Ber , 1873, 6, 601, 876; Kohler, Be?
1623; Arbusoff, J. Huss. Phys. Chem. Soc., 1910, 42, 395.
2
Pope and Gibson, J. Chem. Soc., 1912, roi, 735,
3
Bowles and James, J. Amer. Chem Soc., 1929, 51, 1406
4 Michaehs and
Dittler, Ber. 1879, 12, 338.
f

,

1880, 13,
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trichloride are heated together in a sealed tube for several

hours at 180

C.

9

the following reaction takes place

(C 6

H

:

= C 6 H 5 .PC1 2 - C 6 H 5 .HgCl
5 ) 2 Hg + PCI,

The

yields obtained by this method are not good, SO grams of mercury
1
diphenyl giving only about 5 grams of pure product.
The phosphine is a colourless, strongly refractive liquid, fuming in
air and possessing a pungent odour resembling that of
phenylphosIt boils at 222
C., becoming slightly brown unless distilled
phine.
in an inert atmosphere
its density is 1-319 at 20 C. and from measurements of the refractive index, the atomic refraction of phosphorus in
the compound is 17-47. 2 The phosphme is soluble in benzene, chloroform or carbon disulphide, but is decomposed by water, yielding the
;

9

phosphmous acid. Phosphorus readily dissolves in phenyldichloroin sunlight
phosphine and is difficult to remove by distillation
amorphous phosphorus soon separates from the solution in flocks. The
phosphme combines with the halogens, oxygen and sulphur to yield
3
tetrahahdes, the oxy chloride and a sulphochlonde, respectively, and
silver cyanide and thiocyanate form a dicyamde and a dithiocyanate,
4
When the phosphine is cooled in ice and treated with
respectively.
sulphur chloride, a quantitative yield of the sulphochloride, C 6 H 5
PSC1 2 results, 5 but hydrogen sulphide, if passed into the hot dichloro;

.

,

H

6
If phosphine (PH 3 )
phosphine, gives the normal sulphide, C 6 5 .PS.
be passed for several days through phenyldichlorophosphine, diphospho7
benzol, C 6 5 .P=POH, is formed;
replacement of the phosphine by
phenylphosphine and slow addition of the dichlorophosphine yields
phosphobenzene, C 6 5 .P=P.C 6 5 if the reaction be carried out in an
atmosphere of hydrogen. Warm alcohol converts the dichlorophos8
phine to phenylphosphinous acid, and heating with mercury diphenyl
in a sealed tube at 220 to 230 C. gives phenylmercunc chloride and
9
the latter compound also results when the
diphenylchlorophosphine
alone for a prolonged period in a sealed
is
heated
dichlorophosphine
tube at 280 C. 10 A solution of phosphenyl chloride (1 mol. ) and phenyl
hydrazine (3 mols.) in five volumes of cooled ether reacts to give
1X
piperidme under
phosphenyl phenylhydrazone, C 6 5 .NELN =P.C 6 5
similar conditions yields phenyldipiperidme - N - phosphine, C 6 5
12 whilst zine
diethyl reacts in the usual manner giving
P(NC 5 10 ) 2
13
diethylphenylphosphine.
Iodine mono chloride, titanium chloride and antimony pentachloride
14
react with phosphenyl chloride according to the following equations

H

H

H

,

;

H

H

H

;

H

.

>

:

C 6 H 5 .PC1 2 + 2IC1 =C 6 H 5 .PC14 +I a
C 6 H 5 .PC1 +2TiCl 4 =C 6H 5 .PC1 4 +Ti 2 Cl 6
C 6 H 6 .PCla 4-2SbCl 5 = C 6 H 5 .PCl4 .SbCl 5 + SbCl 3
1

3
4
6

a
Zecchim, Gazzetta, 1894, 24, i, 34.
Michaehs, Ber., 1876, 9, 1053.
5
Kohler, Ber., 1880, 13, 463.
Michaehs, Annalen, 1896, 293, 212.
Kohler and Michaelis, Ber 1877, 10, 815.
Michaelis, Ber., 1875, 8, 499; Kohler and Michaelis, loc. cit.

Michaelis,
Michaelis,

loc. cit.
loc.

ciL,

KoHer and
,

7
R

Kohler and Michaelis.

loc. cit.

1881, 207, 193; Michaelis, Ber., 1877, 10, 627.
Broglie, Ber., 1877, 10, 628
Michaelis and Oster, Annalen, 1892, 270, 123.
1S Michaelis and Ananoff, Ber , 1874,
12
7, 1688,
Michaehs, Ber., 1898, 31, 1037.
Kohler, Ber., 1880, 13, 1626.
9

10
11

"

Michaelis

and Link, Annalen,
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The

prepared according to the preceding equations, is a
crystalline compound, M.pt. 73 C., at which temperature it partly
1
It is
sublimes; it partially decomposes if the temperature is raised.
the
of
the
latter
molecule
one
water,
giving
oxychlonde,
decomposed by
C 6 5 .POC1 2 but three molecules producing phenylphosphimc acid,
C 6 5 .PO(OH) 2 The tetrachlonde on heating at 180 C. in a sealed
tube decomposes into chlorobenzene and phosphorus chloride. If
sulphur dioxide or acetic acid reacts with the tetrachloride the oxyThis oxychloride 3 also occurs when oxygen combines
chloride results. 2
with phosphenyl chloride, but the operation is dangerous, especially
The best method of preparation is the one
if the chloride is pure.
as
dioxide,
already mentioned. The oxychloride is a
using sulphur
viscous liquid, B.pt. 258 C., having a faint odour, density 1-375 at
20 C. It decomposes with water according to the equation

H
H

tetrachloride,

,

.

= C 6 H 5 .PO(OH) 2 + 2HC1

C 6 H 5 .POC1 2 + 2H 2

Anilides may be formed by treating the oxychloride with amines, and
twelve parts of oxychloride when heated under reflux with seven parts
of phenylphosphimc acid until evolution of hydrogen chloride ceases,
4
It is interesting to note that the difference
yield an oxide, C 6 5 .P0 2
between the boiling-points of phenyldichlorophosphine and the oxychloride is 36
C., whilst that between phosphorus trichloride and

H

.

5

phosphorus oxychloride is 32 C.
When one molecular proportion of bromine and a similar proportion
of phenyldichlorophosphine are allowed to react, a dibromide is proThis product sublimes at 130 C., forming
duced, C 6 5 .PCl 2 Br 2
rosettes of yellowish-red, monoclmic crystals, M.pt. 208 C.
Sulphur
dioxide converts it into oxychloride, and when heated alone in a sealed
tube at 150 C. it decomposes as follows

H

.

:

2C 6 H 5 .PCl 2 Br 2 = C 6 H 5 ,PC1 2 +PBrCl 2 + C 6 H4Br 2 +HBr
3PBrCl 2 = 2PC1 3 + PBr 3
6
compound, C 6 H 5 .PCl 2 .Br4 has also been described as a red mass
decomposed by water into phenylphosphinous acid, hydrogen chloride,
hydrogen bromide and free bromine.
Phenyldibromophosphine or Phosphenyl bromide, C 6 H 5 .PBr 2
may be obtained by passing dry hydrogen bromide into phosphenyl
chloride, and in poor yield by the interaction of phosphorus tribromide
and mercury diphenyl. 7 It is a colourless liquid, becoming yellow in
sunlight and a red product separating out. Addition of bromine in

A

,

,

ether solution gives the tetrabromide, consisting of stellate groups of
yellowish-red needles, M.pt. 207 C., fuming in air and decomposing
with a hissing sound in contact with water.
hetcabromide, dark red
needles subliming at 110 C., has also been described.

A

H

When phenyldichloroPhenyldicyanophospfaitie, C 6 5 .P(CN) 2
phosphine reacts with silver cyanide the dicyanide is obtained as a
viscous, colourless oil, B.pt. 144 to 145 C. at 20 mm., very stable
1
2

.

Annalen, 1876, 181, 294, Ber 1873,
Michaebs and Kammerer, Ber 1875, 8, 1306.
Michaelis, Annalen, 1876, 181, 302, Ber 1873,
Michaelis and Kothe, Ber 1892, 25, 1747
Michaelis, Ber 1873, 6, 816.
Michaelis, Annalen, 1876, 181, 294
Micliaelis,

,

6, 816.

,

6,

,

3

4

,

5

,

6

7

Michaelis and Kohler, Ber. ? 1876,

9,

519,

816.
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towards water.

It

is

readily

1
cyanide and phosphimc acid.

decomposed by

dilute alkali to the metal

Phenyldithiocyanophosphine, C 6 H 5 .P(SCX)<>,
B.pt. 205

to 207

C. at 20

mm.

83

is

a viscous yellow

It is sparingly soluble

m

cold
energetically decomposed when the solution is heated.
violent reaction takes place with chlorine with formation of the tetrachloride, C 6 5 .PC1 4 sulphur and cyanogen chloride. 2
oil,

water and

A

is

H

,

Phenylphosphorus sulphide, C 6 H-.PS, 3

occurs

when hydrogen

passed into phenyldichlorophosphme or when the" hydrosulphide, C 6 5 .PSH 2 (a pale yellow liquid obtained from phenylphosphme and sulphur), is heated for a prolonged period. It has a

sulphide

is

H

odour and

is an oily
nitric acid.

product yielding diphenylphosphinic acid when
In the first method of preparation a second
This is a white crystalline solid,
sulphide, (C 6 5 ) 4P 2 S S5 is formed.
M.pt. 190 to 193 C., unaffected by water but yielding diphenylphosphinic acid when treated with nitric acid.

vile

oxidised

by

H

H

Phenyldichlorosulphophosphine, C 6 6 PSC1 2
Phenyldichlorophosphine dissolves sulphur forming the sulphochloride, but "the latter
is obtained in quantitative yield by the interaction of
phenyldichloro4
It fumes feebly in air, and" prolonged
phosphme and sulphur chloride.
boiling with water gives phenylphosphmic acid, hydrogen chloride
and hydrogen sulphide. The reaction with potassium hydroxide is
violent, and if the solution be evaporated to dryness and the residue
these have the composition,
taken up in alcohol, needles separate
C 6 5 .PS(OK) 2 and when the alcohol solution is diluted with water,
the free acid, C 6 5 .PS(OH) 2 is obtained. A very dilute alcohol solution
of lead acetate gives lead sulphide when boiled with a similar solution
of the sulphochloride. The sulphochloride is soluble in alcohol, water
and phenol giving C 6 5
precipitating an oil, C 6 5 .PS(OCoH 5 )
.

;

H

H

,

H

PS(OC 6

H

5

)

H

,

.

2.

a
C1C 6 H 4 .PC1 2
From
p-Chlorophenyldichlorophosphine,
mixture containing 150 grams of chlorobenzene, 200 grams of phosphorus trichloride and 30 parts of anhydrous aluminium chloride,
a 25 per cent, yield of the phosphine, calculated on the weight of
5

.

It boils at 253
to 255 C., has
chlorobenzene used, is obtained.
In
fumes
air.
The
and
17
at
1*425
C.,
slightly
position of the
density
chlorine atoms is determined by heating the product in a sealed tube
for two hours at 150 C. with bromine, when the phosphorus is replaced
by bromine. The corresponding tetrachloride is a crystalline, deliquescent compound, and the chlorobromide a fuming solid, M.pt.
216 C. The oxychloride, prepared from the tetrachloride by the
action of sulphur dioxide, is a faintly yellow liquid, B.pt. 284 to
285 C., density 1-4892 at 20 C.

p-BromophenyldicMorophosphine, BrC 6H4 .PCI 2

refractive liquid, B.pt.

,

Heated with bromine and
benzene. The tetrachloride is a yellow mass, M.pt, 55
291 C.
oxychloride a liquid, B.pt. 290 to
1

3
4
5
6

is

a viscous,

to 272 C., density 1-6895 at 15 C. 6
water in a sealed tube it gives p-dibromo-

271

C.,

and the

a
Michaelis, Annalen, 1896, 293, 213.
Michaelis, loc. cit.
Michaelis and Kohler, loc. cit.
Kohler and Michaelis, Ber. 9 1876, 9, 1053, Kohler, Bar., 1880, 13, 463,
Michaelis, Annal&n, 1896, 293, 223; Maecker, Inaug. Dissert. Rostock, 1893
Michaelis, loc. cit.; Gundermann, Inaug. Dissert. Rostock, 1894.
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o-Tolyldichlorophosphine, CH 3 .C 6 H 4 .PC1 2 occurs when mercury
of phosphorus
di-o-tolyl is heated with ten to fifteen times its weight
trichloride in a sealed tube at 180 to 190 C. for forty-eight hours.
The yield is 78 per cent. 1 It is a colourless, highly refractive liquid,
The tetrachlonde forms a
B.pt. 244 C., density 1-3067 at 18-5 C.
to 66 C., and the oxy68
yellowish-white, crystalline mass, M.pt.
,

density 1-3877 at 18-5 C.
is a transto 266 C., density 1-373
265
refractive
B.pt.
liquid,
highly
parent,
at 22 C.
The corresponding tetrachloride crystallises from benzene
as pale yellow needles, and with sulphur dioxide yields the oxy chloride,
2
M.pt. 36 C., B.pt. 290 to 291 C.
m-Tolyldichlorophosphine, CH 3 .C 6 4 .PC1 2 obtained from mercury di-ra-tolyl and phosphorus trichloride, boils at 235 C. and has
a density of 1-282 at 22 C. The tetrachloride is a viscous yellow
C., and the oxychloride is a transparent
oil, solidifying at about
3
275
C.,
density 1-3533 at 18 C.
liquid, B.pt.
.PC1
.C
2
may be obtained
p-Tolyldichlorophosphine, CH 3 6 4
from mercury di-p-tolyl and phosphorus trichloride or directly from
toluene by the action of phosphorus trichloride in the presence of
aluminium chloride. 4 It crystallises in needles or leaflets, M.pt. 25 C.,
The tetrachloride forms small columns from benzene,
B.pt. 245 C.
M.pt. 42 C., deliquescing in the air and forming the oxychloride. The
latter is also isolated by treating the tetrachloride with sulphur dioxide
to 285 C., water converting it into
it forms a viscous oil, B.pt. 284
the phosphinic acid. More recent work on the tetrachloride 5 gives
the melting-point as 69 to 91 C., and shows that when heated at
98 C. in a current of dry air it evolves hydrogen chloride, whilst
chlorination of the methyl group occurs. The chlorobromide, C 7 7
PCl 2Br 2 melts at 128 to 130 C. in a sealed tube with elimination of
bromine. Reduction of the dibromide with sulphur dioxide gives the
5 to 8 C.
substance
3 .C 6
4 .POClBr(?), M.pt.
chloride

is

a colourless liquid, B.pt. 273

C.,

o-CUorotolyldichlorophosphine, (CH 3 )C1C 6 H 3 .PC1 2

H

,

H

,

,

;

H

.

,

CH

H

H

p-Tolyldibromophosphine gives a tetrabromide, C 7 7 .PBr 4 M.pt.
160 to 161 C. with elimination of bromine
hydrogen bromide is
evolved when the compound is kept at 160 C.
,

;

Cymyldichlorophosphine, (C 3H 7 )CH 3 .C 6 H 3 .PC1 2

6

occurs when
15 grams of cymene, 20 grams of phosphorus trichloride and 3 grams
of aluminium chloride are heated together for twenty hours.
The
The product is a transparent, highly refractive
yield is about 2 grams.
to 278 C., possessing a characteristic odour.
It
liquid, B.pt. 275
readily reacts with chlorine and bromine, the tetrachloride being a
viscous, non-crystallisable liquid.

p-Anisyldichlorophosphine,

CH 3 O.C H 4 .PC1 2

strongly refractive liquid, B.pt. 150
1

6

C. at 18

mm.

,

,

is

a

or 245

colourless,

to 253

C.

Michaelis and Paneck, Annalen, 1882, 212, 213, Michaelis, Annalen, 1896, 293, 292,
Schmidt, Inaug. Dissert Eostock, 1895
2
Melchiker, Ber., 1898, 31, 2915; Ghem Zentr., 1899, i, 129.
3
Michaelis, Annalen, 1896, 293, 302, Berghegger, Inaug. Dissert. Rostock, 1894.
4
Michaelis and Lange, Ber 1875, 8, 1313, Michaelis, Ber,, 1879, 12, 1009, Michaelis
and Paneck, Ber., 1880, 13, 653; Annalen, 1882, 12, 206; Michaelis, AnnaJen, 1896, 293,
261; Wedekmd, B&r., 1912, 45, 2933; Radcliife and Brindley, Chemistry and Industry,
,

1923, 42, 64.
5
6

Lindner, Monatsh , 1923, 53 and 54, 263.
Michaelis, Annalen, 1897, 294, 54.

AROMATIC PHOSPHIDES AXD PHOSPHONIO1 COMPOUNDS.
at 760

mm., density 1-331 at 25

c

C.

1

The

tetrackloride

2
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yields colour-

C
groups of needles, M.pt. 35 to 40 C., deliquescent in air,
forming the oscychlonde, a yellowish liquid boiling above 360 C. with
partial decomposition, but "boiling unchanged at about ITS C. at 12

less, stellate

to 15

mm. 3

C 2 H 5 O.C 6 H 4 .PC1 2
a
forms
p-Phenetyldichlorophosphine,
unpleasant, fuming liquid, boiling at 266 C. with slight
,

colourless,

decomposition.

p-Ethylphenyldichlorophosphine, C<>H 5 .C 6H 4 .PC1 29 boils at 250
The tetrachloride forms
C., and has a density of 1-227 at 17 C.
white crystals, M.pt. 51 C., and the oxychloride is a colourless liquid,

s

to 252

B.pt. 294

density 1-29 at 16

C.,

C. 4

o-Xylyldichlorophosphine^CHgiaCeHa-PCla,
the corresponding oxychlmide melts at 145

boils at

278

C.,

and

C. 5

H

is
a faintly
m-Xylyldichlorophosphine, (CH 3 ) 2 C 6 3 .PC1 2
fuming, strongly refractive liquid, the boiling-point being given, as
256 to 258 C. when prepared from mercury di-m-xylyl, and 265 C,
w hen prepared from m-xylene. Its density is 1-24 at 18 C. 6
p-Xylyldichlorophosphine, (CH 3 ) 2 C 6 3 .PC1 2 boils at 255 to
254 C. and crystallises at -30 C. to colourless needles, density 1-25
The tetrachlonde is a pale yellow crystalline mass, M.pt.
at 18 C.
60 C., and the oxychloride a viscous liquid, B.pt. 280 to 281 C.,
7
density 1-31 at 18 C.
,

r

H

,

H

PseudocumyldicMorophospblne, (CH 3 ) 3 C 6 2 .PC1 2 is isolated as
a colourless liquid, B.pt. 280 C., density 1-2356 at 20 C. ; the tetrathe oxychloride
chlotide is a pale green crystalline mass, M.pt. 75 C.
melts at 63 C. and boils at 307 to 308 C. 8
,

;

MesityldidilorophospMne, (CH 3 ) 3 C 6Ho.PCl

,

crystallises in trans-

parent plates, M.pt. 35 to 37 C., B.pt. 273* to 275 C., density 1-205
the tetrachlonde is a yellowish crystalline mass, M.pt. 70 C.,
at 15 C.
and the oxychloride forms large transparent tablets, M.pt. 92 to 93 C.,
9
B.pt. above 360 C.
Cumyldichlorophosphine, (CH 3 ) 2 CH.C 6 4 .PC1 2 is a colourless
hquid, B.pt. 268 to 270 C., density 1-190 at 12 C. The tetrachloride
forms a white crystalline mass, M.pt. 53 to 55 C., and the oscychloride
boils at 183 C. at 35 mm. or 295 to 300 C. at 760 mm. with de;

H

composition.

,

10

C 6H 5 .CH 2 .C 6H4 .PC1 2
Diphenylmethanedichlorophosphine,
This compound is prepared by the interaction of 40 grams of diphenylmethane, 65 grams of phosphorus trichloride and 5 grams of aluminium
chloride, the yield being 10 to 15 per cent, on the weight of hydrocarbon used. It is a colourless, viscous liquid, B.pt. 221 C. at 20 mm,,
.

density 1*182 at 17
1

C.,

yielding a yellow,

Jackson, Davies and Jones, J.

Chem

crystalline tetrachloride,

Soc., 1930, p. 2298.

2

Michaelis, loc. cit.
Michaelis, Annalen, 1896, 293, 248.
Michaelis, Annalen, 1896, 293, 315; Lewschinski, Inaug. Dissert. JKostock, 1893.
5 Mictiaelis and
Paneck, Annalen, 1882, 212, 237; Michaelis, loc. cit.; Weller, Inattg.
Dusert Eostock, 1888.
6
Weller, JBer., 1887, 20, 1718.
7
Weller, Ber., 1888, 21, 1492.
8
1892.
Michaelis, AnnaUn, 1897, 294, 2; Eothe, Iwiug. Dissert. Rostock,
9
Michaelis, loc c^L ; Hecker, Inaug. Dissert Hostock, 1893.
3

4

10

Michaelis,

HostocJc, 1896.

loc,

cit.;

Meyer, Inaug. Dusert. Rostock, 1893;

Uster, Inaug. Dissert.
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M.pt. 80

C.,

and an

C. at 20

oxychloride, B.pt. 261

mm., density

1-207. 1

H

H

Dibenzyldicfaioropfaospfaine, C 6 5 .CH 2 .CH 2 .C 6 4 .PC1 2 is a pale
yellow liquid, B.pt. 250 C. at 60 mm., crystallising on cooling to 2 C,
The tehachloride melts at 65 C., and the oxy chloride at 75 C.
DiphenyldichiorophospMne, C 6 5 .C 6 4 .PC1 2 is a viscous liquid
Its density is
C.
C. and melts at 5
which slowly crystallises at
1-3098 at 14 C.
2
a-Naphtfayldichloropfaospfaine, C 10 7 .PC1 2 is obtained from

H

H

,

H

mercury di-a-naphthyl

,

,

:

2PCl s + (C 10 H 7 ) 2Hg=HgCl 2 +2C 10 H 7 .PCl 2
2C 10H 7 .PC1 2 + (C 10 H 7 ) a Hg = HgCl 2 + 2(C 10H 7 ) 3PC1
It should be noted that arsenic and antimony trichlorides behave in
more recent method of preparation uses the
a similar manner.
Friedel- Crafts reaction, when naphthalene and phosphorus trichloride
3
Chlonnagive a 15 per cent, yield of a-naphthyldichlorophosphme.
tion yields a tetrachlonde, and bromine forms a dibromide melting at
114 to 116 C. Hydrolysis of the tetrachloride gives a-naphthyl-

A

phosphinic acid.
Condensation Products obtained from Compounds of the Types

RPC1 2 RPC1 4 and RPOC1 2
,

.

C 6 H 5 .P N.NBLC 6 H 5
Phenylphosphenphenylhydrazone,
and
mol.)
phenylhydrazine (3 mols.)
Phenyldichlorophosphme (I
:

4
.

are

allowed to react in five volumes of cooled ether, the reaction being
complete when a test portion of the filtered liquid is free from chlorine,
The product is
this stage being reached in about thirty minutes.
filtered, the residue washed with ether and the filtrate allowed to stand
for several hours,
follows

when

fine

needles separate.

The reaction

is

as

:

C 6H 6 .PC1 2 + 3C 6H 5 .NH.NH 2 = C 6H 5 .P N.NH.C 8 H B + 2C 6 H 5 .NH.NH 2 .HC1
:

from ethyl acetate as small, hard plates,
soluble in chloroform, less soluble in alcohol or
It reduces Fehling's solution on heating, is stable towards
ether.
alkali, but with acids yields phenylhydrazme and phenylphosphmous
acid ; when boiled for a long period with water a complex of the two

The product

M.pt. 152

latter

crystallises

C., easily

compounds

separates.

When the starting materials in the foregoing preparation are brought
together in ether and the phenylhydrazine hydrochloride filtered off,
the addition of water to the dry mass gives a white powder. This
may be crystallised from chloroform, and is the dihydrazide,

C 6 H5 .P(NH.NH.C 6H 5 ) 2

.

Phenylphosphentoiylhydrazoiie, C 6 H 5 .P N.NH.C 6 H4 .CH 3
formed when tolylhydrazine is used in the foregoing preparation.
forms small, colourless prisms, M.pt. 162 C. and it is split into
components when boiled with water.
:

?

1
2
3
4

Michaelis, Annalen, 1901, 315, 43;
Kelbe, Ber. 9 1878, u, 1499.

Gusewell, Inaug Dissert. Rostoclc, 1895.

Lindner and Strecker, Monatsh., 1929, 53 and 54, 274.
Michaelis and Oster, AnnaUn, 1892, 270, 129

,

is

It
its
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Phenylphosphenbenzylhydrazone,
in colouiless needles, M.pt.
preceding compounds in its properties.
crystallises

C 6 H 5 .P
141

:

87

X.XH.CH 2 .C 6H 5

,

and resembles the

C.,

C1C 6 H 4 .P X.XH.
Chlorophenylphosphenphenylhydrazone,
C 6 H 5 yields white, silky plates, melting with decomposition at 161 C. 1
Mesitylphosphenphenylhydrazone, C 9 H n .P X.XH.C' 6 H 5 forms
:

,

:

small, silky needles, M.pt. 185

,

C.

H

H

2
C 8 5 .P(XC 6 10 ) 2
occurs
Pfaenyidipiperldine-N-phosptiitie,
reacts with pipendme in ether solution,
the operation being completed by warming the mixture for two hours
on the water-bath. The product separates as white plates, M.pt.
78 C., having a faint odour of piperidme. It readily dissolves in
It combines with
ether, benzene or alcohol, but is insoluble in water.
carbon disulpmde forming two compounds, (a) C 6 5 .P(XC 5 10 .2CS>,
a yellowish-white powder, M.pt. 144 C., and (b) C 6 S J>(XC 5 10 2 .CS^
yellow needles, M.pt. 137 C.; the latter may be extracted from the
former by repeated crystallisation from benzene and ether. When
the phosphine is treated with dry chlorine gas in ether solution, a
,

when phenyldichlorophosphme

H
H

H
H

)

')

deliquescent in air and is decomposed
The
of an oxide, C 6 5 .PO(XC 5 10 ) 2
latter is best obtained, however, by treating the oxy chloride (C $ 5
it is a white,
POC1 2 ) with pipendine (4 mols.) in ether solution
Q
crystalline, hygroscopic mass, M.pt. 68 C., soluble in alcohol or ether,
insoluble in water or dilute hydrochloric acid, but decomposed by

dichlonde

is

produced, which

is

H

H

by water with the formation

.

H

.

;

concentrated hydrochloric acid.

Phenylditetrahydroquinoline-N-phosphine, C 6H 5 .P(NC 9H 10 ) 2

,

obtained from phenyldichlorophosphme and tetrahydroquinolme,
forms warty crystals, M.pt. 150 C., readily soluble
benzene, sparingly
It is stable towards water, but decomposed
soluble in ether or alcohol.

m

C 6 H 5 .PO(NC 9H 10 ) 2 crystallises as short,
and is very stable.
S
This compound
Phenylphosphinic diamide, C 6H5 .PO(XH 2 ) 2
is produced when the oxychloride (C 6 H 5 .POC1 2 ) is treated with concentrated ammonium hydroxide. It separates from alcohol as white,
the
glistening scales, M.pt. 189 C., and when boiled with water yields

by

The

dilute acid.

oxide,

white needles, M.pt. 216

,

C.,

.

ammonium

salt of

phenylphosphinic acid.

Phenylphosphinic dianilide, C 6 H 6 JPO(NH.C 6H 6 ) 2

the

ammonium

aniline.

hydroxide in the preceding preparation
It forms white needles, M.pt. 211 C.

PhenylphospMnic

anilide, C 6

H

5

results

,

is

when
by

replaced

.PG(NH.C 6H 5 )OH, occurs when

It is a white,
aniline hydrochloride is used in the foregoing preparation.
its chloride is formed as a byand
125
C.,
crystalline powder, M.pt.
product in the reaction. The phenijl ester, C e 5 .PO(NH.C 6 6 )OC 6 6 ,
on a mixture of the chloride
the action of
is obtained

H

H

H

by

pure phenol
forms small, yellowish- white crystals, M.pt. 83 C.,
is eliminated on boiling
B.pt. 285 C. at 25 mm., from which aniline
with concentrated alkali.
PhenylphospMnic piienylfaydrazlde, C 6 5 .PO(NH.NH.C 6 5 ) 2
is isolated when four molecular equivalents of phenylhydrazine react
of the \J^,
UUL V OUACIXU V/JL
with one molecular CU
(C 6 5 .POC1 2 ). It
oxychloride
J V^iiAV*
equivalent

and the

anilide

;

it

H

H

fell

L/AJLV^

1

Michaehs, Annakn, 1896, 293, 236.

2

Michaelis, Jfer., 1898, 31, 1037.
Michaelis, Annalen, 1896, 293, 213.

s

J.

H

,
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crystallises in white, silky needles, M.pt. 175
but decomposed by acids.

p-Tolylphosphinic diamide,

stable towards alkali

C.,

CH 3 .C H 4 PO(NH 2
6

)

crystallises

:,

The diamhde forms small,
as white, glistening plates, M.pt. 176 C.
pearly needles, M.pt. 209 C. The latter, when treated with bromine,
yields mono- and dibromo-amlmes and jp-tolylphosphmic acid, and
with alkaline potassium permanganate j>carboxyphenylphosphmic acid
is

formed.

H

H

p-Tolylphosphitiic anilide, CH 3 .C 6 4 .PO(NH.C 6 5 )OH, is obtained in a similar manner to the corresponding phenyl compound. It
melts at 150 C., and shows decomposition when crystallised from alcohol
The copper salt is a light blue powder, and the phenyl
or acetic acid.
ester a viscous, highly refractive oil, B.pt. 283 C. at 48 mm., solidifying
after long standing to a crystalline mass, M.pt. 59 C.

H

H

CH 3 .C 6 4 .PO(NH.C 6 4
di-p-toluidide,
the correforms snow-white glistening needles, M.pt. 237 C.
.CH
H
is a white powder,
.C
CH
add,
)OH,
.PO(NH.C
3
4
4
6
3
6
sponding
M.pt. 208 C., the phenyl ester of which melts at 48 C. and boils
at 280 C. at 32 mm.
p-Tolylphosphinic

CH 3

)

.

;

2,

H

p-Tolylphosphinic diphenylhydrazide, CH 3 .C 6 H 4 .PO(NH.NH.
C 6H 5 2 crystallises as fine, matted needles, M.pt. 171 C., readily
decomposed by acids, but not so easily by alkalis.
)

,

H

H

H

H

p-Tolyldipiperidine-N-phosphine, CH 3 .C 6 4 .P(NC 5 10 ) 2 obtained in a similar manner to the corresponding phenyl compound,
1
With
crystallises from ether as large, monochnic crystals, M.pt. 80 C.
carbon disulphide it gives an addition product, C 7 7 .P(NC 5 10 ) 2 .2CS 2
pale yellow crystals, M.pt. 139 C.
p-Tolylditetrahydroquinoline

H 10

-

N

-

phosphine,

,

,

CH 3 .C 6 H 4

*

forms white needles, M.pt. 140 C., sparingly soluble in
P(NC 9
) 2
The corresponding oxide gives long, white
ether, alcohol or benzene.
,

needles, M.pt. 181

C.

NH

p-CarboxyphenylphospMnic amide,

When

)-carboxyphenylphosphinic
3 parts of phosphorus pentachloride,

acid

(I

2

.CO.C 6

part)

H4 .PO(OH)

2
2.

treated with

is

an acid chloride is produced,
The latter in benzene solution, treated with
C1CO.C 6 H4 .POC1 2
ammonium carbonate or dry ammonia, gives the required amide.
The amide is best isolated in the form of its silver salt. Treatment
.

of the foregoing acid chloride with aniline gives p-carboocyphenylphosphinic anilide, C 6 5 .NH.CO.C 6 4 .PO(NH.C 6 5 ) 2? a white, crystalline
product, M.pt. 242 C., only slowly affected by boiling acid or alkali.
Pseudocumylphosphinic dianilide, C 9 11 .PO(NH.C 6 6 ) 2 forms
small, white, silky needles, M.pt. 197
C., very stable towards hot
dilute acids and alkali.
The oxychloride, C 9 1]L .POC1 2 when heated
with aniline salts in xylene solution, yields a phosphazo-derivative,

H

H

H

H

H

H

C 9 H 1]L .PO

,

,

N.C 6 H 5
Pseudocumylphosphinic diphenylhydrazide, C 9 H 11 .PO(NH.NH.
:

.

C 6 H>5) 2 separates as white, glistening needles, M.pt. 208 C., and reduces
Fehling's solution on warming.
Phenyltrianilidophosphonmm chloride, (C 6 6 .NH) 3 C 6 5 ,PC1, 3
is formed when the tetrachloride, C 6
5 .PC1 4 is heated for a long time
,

H

1

2
3

H

,

Michaelis, Ber., 1898, 31, 1046.
Michaelis, Annakn, 1896, 293, 280
Michaelis and Kuhlmann,
er., 1895, 28, 2212.

H
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with aniline hydrochlonde at about 200 C. It gives blue-tinted
The corresponding bromide melts at 235 C.,
needles, M.pt. 250 C.
the iodide at 165 C., the nittate at 160 C., and the hydi oxide at 216 C.
Chlorophenyldichlorophosphme and pipendine condense to form a
product of M.pt. 05 C. The corresponding anisyldichloro-derrcative
melts at 69 C. and the phenetijl compound at 84 C. These form
1
phosphonium iodides and combine with carbon disulphide.

H

H

p-ToIyltrianiiidophosphonlum. chloride, (C 6 5 .XH) 3 C 7 7 .PCL
forms colourless, slender needles, M.pt. 245 C., and the platinichlot ide
Sodium hydroxide converts the
crystallises in golden-yellow plates.
chloride into the hydroxide, a colourless glistening powder, M.pt.
2-40 C., from which a nitrate, M.pt. 180 C., a bromide, M.pt. 288
C.,
and an iodide, M.pt. 235 C., have been obtained.
Pseudocumyltrianilidophosphonium chloride,
(C 6 H 5 .NH) 3
C 9 n .PCl, is a white, crystalline powder, M.pt. 247 C., from which
the following derivatives may be isolated
bromide, a white crystalline powder, M.pt. 259 C.
iodide, M.pt. 220 C.
nitrate, M.pt/ 224
to 225 C.
C.,
hydroxide, stellate groups of needles, M.pt. 203-5

H

:

;

;

;

indifferent to litmus.

p-Tolylphosphinic

phenyl

CH 3 .C 6H4 .PO(OC H 5

ester,

6

H

2

is

) 2,

obtained from one molecular proportion of the oxychloride, C 7 7 .POC1 2
and two molecular proportions of phenol at 120 to 130 C. It is a
viscous liquid having a bluish fluorescence and boiling above 360 C.
,

Water decomposes it into phenol and _p-tolylphosphinic acid. When
only one proportion of phenol is used in the preparation, an ester chloride
this is a white, crystalline mass,
results, CH 3 .C 6 4 .POC1(OC 6 5 )
M.pt. 55 C., B.pt. above 360 C. The free acid is unknown, but a
silver salt has been isolated, together with the following derivatives
a
an amide, CH 8 .C 6 4 .PO(NH 2 )(OC 6 B ), M.pt. 115 to 116 C.
phenylhydrazide, CH 3 .C 6 4 .PO(OC 6 5 )(NH.NH.C 6 5 ) > small white
a piperidide, CH 3 .C 6 4 .PO(OC 6 6 )
needles, M.pt. 173 to 174 C.
(NC 5 10 ), a viscous yellow oil a p-cresyl ester, CH 3 .C 6 4 .PO(QC 7 7 ) 2
a viscous liquid, B.pt. above 360 C., yielding an ester chloride, M.pt.
a pyrocatechol ester, M.pt. 81 C., B.pt. above 360 C., its ester
60 C.
chloride being a thick, colourless liquid, B.pt. above 360 C.

H

H

;

:

H

H
H

H

H

;

H

;

;

H
H

H
H

,

;

Pseudociimylpfeosphinic diphenyl ester, C 9 H 11 .PO(OC 6 H 5 ) 2
is produced either by the action of sodium phenolate on the oxychloride (CgHjj.POClg) or from phenol and the tetrachloride (C 9 1]t
PC1 4 ). It is a viscous, colourless liquid, B.pt. above 360 C., density
1-172 at 15 C. After standing for some months it becomes solid,
M.pt. 62-5 C., and is stable to dilute alkali but saponified by alcoholic
3

,

H

.

alkali.

COMPOUNDS OF THE TYPES

R PX
2

AND BH'PX.

be obtained by the interaction of

These types of phosphines may
aryldichlorophosphines and mercury diaryls or arylmercuric halides

RPC1 2 + R 2Hg =R 2PC1 + RHgCl
RPC1 2 + RHgCl = R 2PC1 + HgCl 2
1

2
3

Michaelis, Ber., 1898, 31, 1037, Rocher, Inaug. Dissert. Rostock, 1896.
Michaelis, Annalen, 1896, 293, 213.
Michaelis, t&Z., 1897, 294, 8.

:
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In the case of dipseudocumylchlorophosphme, it occurs during the
Ail the compounds are highpreparation of the primary phosphine.
be oxidised to the corresponding
boiling, viscous liquids, which may
Treatment with chlorine converts
acids, RJPO(OH).

phosphimc

them

into

trichlorides,

R

water yielding phosphimc
known.

A

number

2

PC1 3

,

"acids.

which are readily decomposed by
In several cases oxychlondes are

may

of interesting condensation products

be isolated

from diarylchlorophosphmes, of which the following is an example
ethoxide react to form ethyl
Diphenylchlorophosphme and sodium
:

H

H

m

this reaction
the by-product
diphenylphosphinite, (C 6 5 ) 2 P.OC 2 5
the cataUnder
PO.OC
2
5
being ethyl diphenyiphosphmate, (C 6 5 ) 2
iodide at the ordinary temperature the phosof
influence
ethyl
lytic
to ethyldiphenylphosphine oxide, (C 2 5 )
phinite is transformed
ethoxide be replaced by sodium mercaptide,
sodium
the
If
PO.
(C 6 5 ) 2
P.SC 2 5> the by-product
ethyl diphenylthiophosphimte results, (C 6 5 ) 2
In some
6
5 2 PO.SC a
(C
6
being ethyl diphenyloxythiophosphmate,
the
iodides
of
action
thiophosphmites
alkyl
cases under the catalytic
are transformed to sulphides, e.g. wopropyl diphenylthiophosphimte
PS.
gives ^opropyldiphenylphosphine sulphide, (C 3 7 )(C 6 5 ) 2
PCl. Mercury diphenyl, 35
a
(C
)
5
6
Diphenylchlorophosphine,
chloride are heated together at 220
grams, and 30 grams of phosphenyl
The solvent
to 230 C., the mass extracted with benzene and filtered.
the pure product distilling
is removed and the residue fractionated,
It is a viscous oil,
at 320 C. and having a density of 1-2293 at 15 C.
but exposure to the air or boiling with
attacked
water,
by
only slightly
concentrated nitric acid oxidises it to diphenylphosphimc acid. Treat,

H

H

.

H

H

H

H

H

H

)

.

H

H

H

ment with
1
by water.

chlorine gives a trichloride, (C 6

H

5

) 2

PC1 3 readily decomposed
,

H
Di-p-tolylchlorophosphine, (CH 3 .C 6 4 ) 2 PC1,

is

a colourless

oil,

trichloride and an ouyC., yielding a pale yellow
B.pt. 345
chkride in the form of a viscous oil boiling above 360 C. 2
Toluene
PSC1.
.C
Di-p-tolylthiochlorophosphine, (CH 3 6 4 ) 2
of phosphorus sulphochloride and 30
200
250
to
grams
grams),
(200
in an oil-bath, first
grams of aluminium chloride are heated together
at 126 to 130 C., then at 180 C. until the evolution of hydrogen
The dark brown liquid is shaken with petroleum ether
chloride ceases.
and after twelve hours the solvent is distilled off, the residue heated to
126 C. to remove phosphorus sulphochloride, then shaken many times
with petroleum ether. The pale yellow solution is poured off from the
black residue and yellow crystals separate. Crystallisation from acetic
The mother-liquors contain
acid gives white needles, M.pt. 96 C.

to 350

H

primary and secondary p-tolylthiochlorophosphines.
3
is formed
Dipseudocumylchlorophosphine, [(CH 3 ) 3 C 6 2 ] 2 PC1,
is
chloride
aluminium
when
together with the primary phosphine
used as a catalyst in the interaction of phosphorus trichloride and
is difficult to isolate in a pure state.
pseudocumene, but the product
The boiling-point is 305 C., and chlorine reacts with the crude product
which when treated with water give
yielding a mixture of trichlorides,
a monobasic acid, M.pt. 212 C., and a dibasic acid, M.pt. 203 C.

H

1
2

3

Mickaelis, Ber., 1877, 10, 627, Michaelis
Michaelis, Annalen, 1901, 315, 64,
Michaelis, loc. c*t.

and Link, Annalm, 1881, 207,

193.
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Phenyl-p-tolylchlorophosphine, (C 6H 5 )(C 7 H 7 )PCl may be pre(1) Phenyldichlorophosphine, 73 grams, and 60
pared as follows
grams of p-tolylmercuric bromide are heated together in a ilask at
270 C. for two to three hours. A reflux condenser is then attached
to the flask and through this a stream of carbon dioxide is circulated.
The reaction is very vigorous at first after its completion the mass
is cooled, extracted with benzene, the extract filtered and fractionally
The product boils at 230 to 240 C. at 100 mm., the yield
distilled.
being 80 grams, or 63-5 per cent. (2) jp-Tolyklichlorophosphine, BO
grams, and 35 grams of mercury diphenyi are heated together for two
hours at 270 C., and after cooling, the mass is treated with dry benzene,
the extract filtered and fractionated in a carbon dioxide atmosphere.
l

s

:

;

Phenyl-^-tolylchlorophosphine is a vile- smelling,
which yields a bright yellow crystalline tnchlonde

colourless

when

liquid,

treated with

chlorine.

H

H

2

Phenylpseudocumylchlorophosphine, (C 6 5 )(C 9 11 )PC1, occurs
in 25 to 30 per cent, yield when 40 granis of mercury diphenyi and 30
grams of psewdocumyldicUorophosphine react together. The product
C. at 10 mm.
The bichloride
boils normally at 356 C. or at 208
crystallises in light yellow flakes, and the oxychlonde is a liquid, B.pt.
210 to 215 C. at 10 mm.

is
(C 6 H 5 ) 2 (C 7 H 7 )PC1 2
Diphenylbenzylphosphine dichloride,
formed when diphenylchlorophosphine is heated at 180 C. with an
excess of benzyl chloride. It melts at 187 C., is insoluble in ether and
benzene, and is quickly decomposed by alcohol or water to diphenyi3

,

H

H

benzylphosphine oxide, (C 6 5 ) 2 (C 7 7 )PO, consisting of small white
It is interesting to note that under
prisms, M.pt. 195 to 196 C.
similar conditions triphenylphosphine dichloride forms the dihydroxide.
Nitration of the oxide by mixed acid yields trinitrodiphenylbenzyl-

H

phosphine oxide, (C 6
acetic acid, M.pt. 206

4

.N0 2 2 (C 7 H 6 .N0 2 )PO, colourless crystals from
reduced by tin and hydrochloric acid.
)

C.,

Condensation Products from Compounds of the Type

H

H

R 2PX.

4

is formed when
Ethyl dipfaenylphosphlnite, (C 6 5 ) 2P.OC 2 5
diphenylchlorophosphine in ether solution is treated with sodium
ethoxide. The product is a transparent liquid, B.pt. 179 C. at 14 mm.,
It forms an additive compound with copper
C.
density 1-0896 at
C.
Under the catalytic influence of ethyl
191
190
to
iodide, M.pt.
iodide at ordinary temperature it is transformed into ethyldiphenylphosphine oxide. During the preparation of the phosphinite some
ethyl diphenylphosphinate, (C 6 5 ) 2 PO(OC 2 5 ), is obtained as a by-

H

product.

H
H

,

H

5
is the conEthyl diphenylthiophosphinite, (C 6 5 ) 2P.SC 2 5
and
sodium ethyl
of
diphenylchlorophosphine
product
mercaptide. It is a liquid, B.pt. 196-5 to 197 C. at 13 mm., density
The by-product in
It gives double salts with copper halides.
1-1330.
,

densation

1

Michaelis,J.7maZe, 1901,315, 59; Sochtig, Inaug Dissert. Mostock, 1894; Wedekind,
1912, 45, 2933; Pope and Gibson, Trans. Chem Soc., 1912, 101, 735; Radcliffe and
Brindley, Chemistry and Industry, 1923, 42, 64.
2
Micnaelis, Her., 1877, 10, 627; Mchaelis and Link, loc. cit.

JBer.,

3

*
6

Dorken, JBer., 1888, 21, 1505.
Arbusoff, J. JRms. Phys. Chem. Soc., 1910, 42, 395.
Arbusoff, %M. 9 p. 549.
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this preparation is ethyl diphenyloxythiophosphinate, (C 6
M.pt. 72 to 73 C.

H

H

H

5)2

PO.SC 2H 5

,

isoPropyl diphenylphosphinite, (C 6 5 ) 2 P.OC 3 7 boils at 160 C.
at 8 mm., has a density of 1-0925 at
C., and forms a crystalline
additive compound with copper iodide, M.pt. 114 to 115 C.
isoPropyl
diphenylphosphinate, (C 6 5 ) 2 PO.OC 3 7 M.pt. 95 to 96 C., is formed
as a by-product.
occurs
IsoPropyl diphenylthiophosphinite, (C 6 5 ) 2P.SC 3 7
only in small quantity when diphenylchlorophosphine reacts with
sodium wopropyl mercaptide. It boils at 229 to 230 C. at 28 mm., and
rapidly isomerises under the influence of isopropyl iodide to ^opropyl-

H

H

,

,

H

H

,

diphenylphosphme sulphide.
IsoButyl diphenylphosphinite, (C 6 H 5 ) 2 P.OC 4H g boils at 202
to 203 C. at 11 mm., has a density of 1-0311 at 17 C., and forms a
In its preparation
crystalline additive compound with copper iodide.
,

H

H

isobutyl diphenylphosphinate, (C 6 5 ) 2 PO.OC 4 9 M.pt. 77 C., is the
by-product, together with a little diphenylphosphmic acid.
isoButyl diphenylthiophosphinite, (C 6 5 ) 2 P.SC 4 9 from sodium
isobutyl mercaptide and diphenylchlorophosphine, is a colourless liquid,
C., forming an
B.pt. 200-5 to 201 C. at 8 mm., density 1-0892 at
Under the catalytic influence
additive compound with copper iodide.
C. it yields wbutyldiphenylphosphine
of uobutyl iodide at 115

H

H

H

Hn

sulphide.

to 220

C. at

,

(C 6 5 ) 2 P.SC 5
12 mm., density 1-0645 at 17 C.

isoAmyl diphenylthiophosphinite,
B.pt. 219

,

,

is

a liquid,

is
(C 6 H 5 )(C 2 H 5 )PO.OC 2 H 5
phenylethylphosphinate,
Ethyl
formed by the isomensation of diethyl phenylphosphinite under the
It boils at 162 to 164 C. at 16 mm.,
catalytic influence of ethyl iodide.
and on hydrolysis forms ethylphenylphosphinic acid., M.pt. 79 to 80 C.
,

COMPOUNDS OF THE TYPE

RP0

2.

This type of oxide has no parallel in the arsenical compounds.
The compounds are prepared by heating dried arylphosphimc acids
with the corresponding oxychlorides
:

C 6H 5 .PO(OH) 2

-fC 6

H .POC!
5

2

=2C 6 H 5 .P0 2 +2HC1

They may also be obtained by dehydrating arylphosphmic acids by
means of phosphorus pentachloride, but the resulting products are
not so crystalline as those obtained by the former method. All the
compounds are crystalline solids, water converting them into the
corresponding acids.

Phenylphosphinoxide,

1

Seven grams of phenylphosphimc acid are dried and heated with 12*
grams of the corresponding oxychlonde, C 6 H 5 .POC1 2 in a reflux
apparatus until the evolution of hydrogen chloride ceases, when the
product is washed with cold benzene and then taken up in warm benzene.
The solution is first frozen, then carefully thawed, and the solvent
,

1

1747.

Kohler and Miehaelis, Ber., 1877,

10, 807;

Michaelis

and Rothe,

Ber., 1892, 25*
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the residue being dried at 70 C. in a stream of carbon
resulting product is a white, crystalline powder, M.pt.
100 C. readily soluble in benzene. Exposure to moist air converts
it into
phenylphosphimc acid. If the latter acid be dehydrated by
means of phosphorus pentachlonde, the oxide produced is not so
crystalline as that isolated by the previous method.
Chlorophenylphosphinbxide, C1C 6 4 .PO 2 is readily formed
when the dry phosphinic acid is heated with the oxychlonde in dry
benzene for two hours. It is a white, glistening, crystalline powder,
M.pt. 211 C., soluble in hot benzene and readily transformed to the
acid by water.
Bromophenylptiosptiinoxicle, BrC 6 4 .PO 2s is a white powder,
M.pt. 185 to 186 C., only sparingly soluble in benzene.
p-Tolylphosphinoxide, CH 3 C 6 4 JPO 2 has similar properties to
the phenyl compound and melts at 101 C. The corresponding o-tolyl-

poured

off,

dioxide.

The

5

H

,

H

H

compound

crystallises

in

,

compact prisms, but no melting-point

is

recorded.

H

p-Anisylphosphinoxide, CH 3 O.C 6 4 .PQ 2 is a white powder,
M.pt. 52 C., readily soluble in benzene but insoluble in petroleum
ether
it fumes in the air and is easily converted into the acid. 1
Pseudocumylphosphinoxide, C 9 11 .P0 2 crystallises from benzene in small leaflets or prisms, M.pt. 216 C., and is less readily attacked
2
by water than the phenyl and tolyl compounds.
Mesitylphosphinoxide, C 9 l:l .P0 2 forms very small crystals
melting with decomposition at 215 to 216 C.
Diphenylmethanepfaosphinoxide, C 13 n .PO 2 prepared from the
acid and oxychloride in the usual manner, is a snow-white powder,
M.pt. 169 C., soluble in hot benzene or chloroform. Water slowly
converts it into the phosphinic acid. 3
,

;

H

H

,

,

H

,

TBIABYLPHOSPHINE OXIDES AND SULPHIDES.
Unlike the tertiary arsines, the tertiary phosphines do not yield
4
stable dihalides of the type
these being obtained only as
3PX 2 ,
with alkalis. Dehydraon
treatment
which
syrups
yield dihydroxides
tion of the dihydroxides over sulphuric acid gives the oxides, R 3 PO.
Nitration of the triaryldihydroxides by mixed acid yields trinitrothe
triarylphosphine oxides, which may be reduced to ammo-oxides in
usual way. Solution of triarylphosphines in fuming nitric acid forms
which may be transformed into hydroxydinitrates,
3 P(NO 3 ) 29
nitrates by prolonged standing over lirne and concentrated sulphuric
acid.
Compounds containing the benzyl radical are obtained by special
methods.
The triarylphosphine oxides are solids, and those which do not
contain nitro- or amino-groups substituted in the benzene ring yield
double salts with many metal chlorides, such derivatives having well-

R

R

defined crystalline forms.
Triarylphosphines in carbon disulphide or ether solution dissolve
sulphur to give crystalline sulphides.
1

Michaehs, Annalen, 1896, 293, 254.
Mchaelis and Rothe, loc. c^t.; Miehaelis, Anndlen, 1897, 294, 8.
3
Michaelis, Annalen, 1901, 315, 45
4
A possible exception is tri^sewfocumylphosplune, which forms a relatively stable
dibromide.
2
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H

If bromine
Triphenylphosphine ditiydroxide, (C 6 5 ) 3P(OH) 2
be added to tnphenylphosphme, a thick syrup is obtained which decomwith formation of the
poses on the addition of sodium hydroxide
1
dihydroxide
.

:

(C 6

H

6

)*PBr a

+2NaOH - (C 6 H

5)3

P(OH) 2 +2NaBr

chlorine or the phosphine in contreated with potassium chlorate.
be
can
acid
centrated hydrochloric
The dihydroxide crystallises from benzene-petroleum ether solution
soluble
in long, thin, white prisms, M.pt. 148 C., insoluble in water,

The bromine may be replaced by

m

Triphenylphosphine oxide, (C 6 H 5 ) 3 PO,

results

when the

di-

dried over sulphuric acid or heated to 100 C. with water.
hydroxide
It melts at 153-5 C. and boils above 360 C. without decomposition.
2
Triphenylphosphine oxide
It forms the following double salts
is

:

H

PO.H4 Fe(CN) 6 small, colourless needles,
hydrogen ferrocyanide, 2(C 6 5 ) 3
in water; triphenylto
on
light, insoluble
exposure
turning green
PO.H 3 Co(CN)6.3H 2 O,
phosphine oxide hydrogen cobalticyanide, (C 6 5 ) 3
172 C.
triphenyltransparent, indefinite, prismatic crystals, M.pt.
PO.AuCl 4 flat, yellow,
oxide
aurichloride,
5)3
2(C
6
hydrogen
phosphine
tnchlorhexagonal plates, M.pt. 179 C.
triphenylphosphine oxide
to
rhombic crystals,
pt
acetate, (C 6 B ) 3 PO.CC1 8 COOH, colourless,
,

H

;

H

,

;

H

.

^M
H

W

rU.lU,
99 C.
triphenylphosphine oxide hydrogen chloride, (C 6 5 ) 3
cadmium
white cubic crystals, M.pt. 185 C.
triphenylphosphine oxide
triC.
192-5
iodide, 2(C e 6 ) s PO.CdI 2 stout, white prisms, M.pt.
chlonde and zinc iodide, general formula
zinc
oxide
phenylphosphine
colourless prisms,
2(C R BLUPO.ZnX 2 the chloride crystallising as small
inthe iodide as small, colourless rhombs, M.pt. 223 to 226 C.
PO.CoCl
blue,
cobalt
deep
2
chlonde, 2(C 6 5 ) 3
phenylphosphine oxide
;

;

H

;

,

,

;

H

cubic crystals, M.pt. 233

,

C.

3
Tri-m-nitrotriphenylphosphine oxide,

5 grams of triphenylphosphine dihydroxide are added to a mixture
of 10 grams of nitric acid and 25 grams of concentrated sulphuric acid
maintained at 15 to 20 C. The clear solution is poured into cold
and boiled with
water, the precipitate removed, washed with water
Purification is effected
a
resulting.
powder
alcohol,
heavy crystalline
volumes of alcohol to the
by boiling with acetic acid and adding four
cooled solution, faint yellow needles separating, which become white
on repeated recrystallisation. The yield is 85 to 90 per cent. The
discompound melts at 243 C., explodes at higher temperatures,
solves readily in hot acetic acid, but is insoluble in the usual solvents.
Tri-m-aminotriphenylphospMne oxide, (C 6 4 ,NH 2 ) 3 PO. To
a mixture of 30 parts of tin and 100 to 150 parts of concentrated
the preceding nitro-derivative are slowly
hydrochloric acid, 10 parts of

H

added and the mixture warmed
1

Michaeks and Gleichmann, Ber

229, 295, Ber
2
s

,

,

until the tin dissolves

1882, 15, 801

;

Michaelis and Soden,

1884, 17, 921.

Pickard and Kenyon, Tia,ns. Chem. Soc., 1906,
Michaehs and Soden, Ber., 1884, 17, 921.

and the

89, 262.

nitro-

Anwlen,

1885,
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compound disappears. The reaction mixture Is then diluted with
water, treated with hydrogen sulphide to remove the tin, and after
filtration an excess of sodium hydroxide added to the filtrate.
The
white precipitate Is washed with water and crystallised from boiling
these are
alcohol, snow-white prisms, M.pt. 259 C., being obtained
soluble in hot water or acetone, and form salts with acids, these salts
Neutral solutions of the salts yield yellow predissolving in water.
The acetyl derivative melts at 187-5 C.,
cipitates with platinic chloride.
and the benzoyl derivative at 180 C. The base with bromine water
gives a white precipitate having the composition [C 6 2 Bro(XH 2 )] 3 PO,
M.pt. 205 to 206 C., and methylation of the base by met hyf iodide
in a sealed tube at 100
gives the base [C 6 4 N(CH 3 )o]>O(C 6 4 .NH 2 ),
white needles, M.pt. 182 to 186 C.
;

H

H

H

.

Triphenylphosphine

diaitrate,

(C 6

H P(XO
6)3

3)3

.

Triphenyl-

phosphine dissolves in fuming nitric acid with evolution of heat, and
the mixture, when poured into water, yields a yellow oil which gradually
solidifies and crystallises.
The product appears to be a mixture of the
dimtrate and dihydroxide and changes completely into the latter on
standing in air. Evaporation of the fuming nitric acid solution on
the water-bath gives the nitrate as a yellow crystalline mass. After
standing for eight days over lime and concentrated sulphuric acid, the
nitrate is transfoimed into the hydro^y nitrate, (C 6 5 ) 3 P(OH)Js0 3 M.pt.
75 C. Nitration of the phenyi group cannot be effected by fuming
nitric acid alone, but takes place when a mixture of nitric and sulphuric

H

acids

is

,

used.

Triphenylphosphine sulphide, (CgH^PS. 1

Triphenylphosphine

in carbon disulphide solution combines directly with sulphur to yield
the sulphide, and thiocyanic acid or tliiocyanogen also gives some
2
The sulphide crystallises
sulphide when it reacts with the phosphine.
from alcohol in long, brilliant needles, M.pt. 150 to 151 C., readily
soluble in alcohol, benzene, chloroform or carbon disulphide, insoluble
in water or ether.
Triphenylphosphine sulphide and diphenylketene in molecular pro3
portions react to form triphenylphosphine oxide and thioketene.
4
Triphenylphosphine selenide, (C 6 5 ) 3PSe, melts at 183

H

184

to

C.

Tri-p-tolylphosphine oxide, (CH 3 .C 6H4 ) SP0

5

crystallises

from

the sulphide and
C.
sclenide both crystallise in needles, melting at 182 C. and 189
benzene-ligroin as small needles, M.pt.

145

C.

;

respectively.

Chlorophenyldi
C 6 H4 ) 2PO, separates
sponding

-

p

-

tolylphosphine

oxide,

(C1C 6

H4 )(CH

3.

as long, bushy needles, M.pt. 130 C. 3 the correselenide as short, white needles, M.pt. 172 C., and the sulphide

Oxidation of the oxide by
C.
as small, white crystals, M.pt. 149
chromic oxide and acetic acid gives the dicarboxy-acid, (C1C 6 4 )
(COOH.C 6 4 ) 2PO,OH, as white plates.
oxide, 5
(CH 3 .C 6 4 )
phosphine
p - Tolyldipiperidine -

H

H

N

(NC 5H 10 ) 2PO, crystallises In white, hygroscopic needles, M.pt 60
and the corresponding sulphide Is very stable, melting at 88 C.
1

2

3
4
s

and Gleichmann, Ber , 1882, 15, SOL
Challenger, Smith and Paton, Trans. CJiem. 8oc., 1923, 123, 1046.
Staudmger, Bathsam and Kjilsberg, Helv. Chim. Ada, 1920, 3, 853.
Michaelis and Soden, loc cit.
Mienaehs, Ber., 1898, 31, 1037.
Michaelis

H

C.,
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H .CH

PO. Benzal chloride at
2 )3
5
in
small quantities, when a
iodide
phosphonmm
violent reaction ensues ; the whole operation is conducted in a carbon
resinous mass results and this is decomposed
dioxide atmosphere.
1
The reaction is represented by the
by heating with water or alcohol.

Tribenzylphosphine oxide,

180

C. is treated

(C 6

with

A

following equations

:

C 6H 5 .CHC1 2 + 2PH 4 I = C 6 H 5 .CH 2 C1 + 2PH 3 +I 2 +HC1
3C,H 5 .CH 2 C1 4- PH a + I 2 = (C 6 H 5 .CH 2 ) 3PI 2 + 3HC1
(C 6 H 5 .CH 2 3 PI 2 + H a O =(C 6 H 6 .CH 2 8 PO +2HI
)

)

also occurs as a by-product when phosphomum iodide and
100 C., 2
benzaldehyde are digested together for four to five hours at

The oxide

the following equation indicating the course of the reaction

2PHJ + 4C 6 H .CHO =C H 5 .CH
6

5

2

.PO(OH) 2 +

(C 6

H

5

.CH 2

)

3

:

PO +2HI

The oxide crystallises from alcohol as white, transparent needles,
and subliming
M.pt. 213 C., soluble in benzene, ether and chloroform,
without decomposition. 3 It is very stable and is unacted upon by
Its
dioxide.
reducing agents such as hydrogen iodide or sulphur
alcohol solution yields double salts with metal chlorides, the following
a brownishbeing known With palladium chloride, [(C 7 7 ) 3 PQ] 3 .PdQ 2 ,
red mass ; with ferric Monde, [(C 7 7 ) 3 PO] 3 .2FeCl 3 light yellow
colourless prisms
prisms; with mercuric chloride, [(C 7 7 ) 3 PO] 3 .HgCl 2
with cobalt chloride, [(C 7 7 ) 3 PO] 3 .CoCl 2 blue needles
or
:

H

H

H

,

,

H

pyramids
4
with platinic chloride, [(C 7 7 ) 3 PO] 4 .H 2 PtG 6 yellow needles, M.pt.
PO.HC1,
also
with
240 to 241 C.
M.pt.
hydrogen chloride, (C 7 7 ) 3
169 C., is formed with gas evolution, solidifying and remeltmg at
with chloroauric acid, [(C 7 7 ) 3PO] 2 .HAuCl 4 flat,
208 to 210 C.
with magnesium methyl
C.
yellow, hexagonal plates, M.pt. 222-5
;

;

,

H

,

H

;

H

;

,

;

iodide,

[(C 7

H

7)a

PO] 2 .CH 3MgI,

M.pt. 163 to 166

small,

or

needles

colourless

prisms,

C.

is
(C 7 H 6 .NO 2 ) 3 PO,
Tri-p-nitrotribenzylphosphine oxide,
formed by nitration of the foregoing oxide with nitric acid (density 1-5)
C.
It separates from dilute acetic acid as colourless needles,
at
benzene or
273
C,, sparingly soluble in chloroform, acetone,
M.pt.
5

Oxidation with
alcohol, insoluble in light petroleum.
alkaline permanganate solution gives ^-mtrobenzoic acid.

2

per cent,

6
Tri-biphenylphosphine oxide, (C 6 H 5 .C 6H 4 3PO, is prepared by
in ether, and heating the oily
bromine
the
with
treating
phosphine
dibromide obtained in the presence of air. It also occurs when tn)

biphenylbenzylphosphonmm bromide reacts with alcoholic potash.
It crystallises from alcohol containing a little ammonia in flat, needlelike crystals, M.pt.

233 to 234 C.

Tri-m-xylylphosphine oxide, (C 8H 9 3PO, has been described,
but no melting-point is given. The corresponding sulphide forms
)

prisms, M.pt. 167
1

C.

Fleissner, JBer., 1880, 13, 1665.
2
er. 1889, 22, 2144.
Litthauer,
3
Fleissner, loc. cit
4
Pickard and Kenyon, Trans. CJiem. Soc , 1906, 89, 262; compare Fleissner, loc cit.,
Letts and Collie, Trans. Roy Soc. Edm.> 1888, 30, pt i, 181
5
Challenger and Peters, J Chem. Soc , 1929, p. 2610, compare Collie, Trans Chem
Soc., 1889, 55,223.
6
Worrall, J Amer. Chem. Soc., 1930, 52, 2933.
t
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H

9 ) 3 PO, melts at 178

Tri-p-xylyipJiospJaine oxide, (C 8
the corresponding sulphide at 170 C.
Tripseudocumylphosphine oxide, (C 9 U ) 3 PO,
M.pt. 222 C., and the sulphide melts at 192 C.

H

yields
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and

prisms,

.

mixed phosphine oxides are known, namely,
types
AlkAr 2PO and Alk 2ArPO. The former may be obtained by the action
of heat on alkyltriarylphosphonium hydroxides, e.g.
of

(C 6

H

5)3

P(CH 3 )OH = (C 6H5 2 (CH 3 )PO + C 6H 6
)

or by treating diarylchlorophosphines with sodium alkoxides. Another
important method of producing these oxides is based 011 the fact that
alkyl diarylphosphinites under the catalytic influence of alkyl iodides
undergo isomensation to alkyldiarylphosphine oxides
:

Ar 2 P.O Alk

^

Alk. Ar 2 PO

The oxides AlkgArPO

are obtained by oxidation of the corresponding
phosphines or heating the phosphonmm hydroxides.
Dialkylarylphosphmes in carbon disulphide or ether solution dissolve
sulphur with the formation of sulphides, which are crystalline solids.
Alkyldiarylphosphine sulphides are obtained in a similar manner to
the corresponding oxides by isomerisation of thiophosphinites, RgP.SR/,
under the catalytic influence of alkyl iodides :

Ar 2P.S Alk

>

AikAr 2PS

Methyldiphenylphosphine oxide, (CH 3 )(C 6H 5 ) aPO, may
1
by the reactions indicated in the following equations
2(C 6 H5 ) 3 P(CH 3 )I + Ag 2 +H 2 =2(C 6 H 5 ) 3 P(CH 3 )OH +2AgI

isolated

be

;

An

aqueous solution of methyltriphenylphosphonium iodide or chloride
treated with freshly precipitated silver oxide and boiled with water
until a filtered test portion of the solution shows no turbidity with

is

The mixture is then entirely filtered and the filtrate
evaporated to dryness on the water-bath. The residue is extracted with
ether, the solvent removed and the product crystallised from ether,
has also been preprisms resulting, M.pt. 110 to 111 C. The oxide
and sodium
interaction
of
the
diphenylchlorophosphme
pared by
2
methoxide, when it melts at 109 to 110 C., methyldiphenylphosphine
an alcohol
occurring as a by-product. When obtained by heating
solution of methyltribiphenylphosphonium iodide with moist silver
3
oxide, it crystallises in needles, M.pt. 223 to 224 C.
EthyldiphenyiphospMne oxide, (C 2 5 )(C 6 5 ) 2PO, occurs when
the phosphonmm compound is treated with silver oxide as before,
or can be obtained from ethyl diphenylphosphinite, (C 6 5 ) 2P.OC 2 5
under the catalytic influence of ethyl iodide at room temperature.
silver nitrate.

H

H

H

H

It separates
121 C.

from boiling ether
1
2

3

VOL. XI.

:

in.

,

in colourless, glistening prisms, M.pt.

Michaelis and Soden, Annalen, 1885, 229, 295.
Arbnsoff, J. Muss. Ptya. Okem. Soc. y 1910, 42, 395.
Worrell, J, Amer. Chem. Soc., 1930, 52, 2933.
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1
isoPropyldiphenylphosphine oxide, (C 3 H 7 )(C 6 H 5 ) 2 PO crystalto 146 C., and is formed quantitatively
in prisms, M.pt. 145
J

lises

by heating
115

isopropyl diphenylphosphimte with tsopropyl iodide at

C.

isoButyldiphenylphosphine oxide, (C 4 H 9 )(C 6 H 5 ) 2 PO.

fsoButyl

diphenylphosphmite, when heated at 120 C. with ?'sobutyl iodide, is
isomensed to the oxide, which forms needles, M.pt. 137-5 to 138 C.
2
isoAmyldipfaenylpliosptiijtie oxide, (C 5 n )(C 6 5 ) 2 PO, separates
from boiling water as small, stellate groups of needles, M.pt. 96 to
97 C.
3
The
Dimethyl-p-tolylphosphine oxide, (CH 3 ) 2 (CH 3 .C 6 4 )P0.
a
bulk
water
and
treated
with
of
the
is
large
suspended
phosphine
calculated quantity of mercuric oxide, the latter soon becoming reduced
and the odour of phosphine apparent. After filtering and evaporating, a
yellow oil remains, which crystallises to a stellate, hygroscopic mass,
M.pt. 95 C. This oxide is not attacked by fuming nitric acid, but a
mixture of one part of concentrated nitric acid and two parts of conthe nitrated procentrated sulphuric acid causes nitration to occur
duct is diluted with water, partially neutralised with sodium hydroxide,
the neutralisation being completed by sodium carbonate ; evaporation
to dryness and extraction of the residue with alcohol then yields an
oil which deposits yellow prisms, M.pt. 175 C., when dried over sulphuric

H

H

H

m

,

This nitro-compound is soluble in water, alcohol or acetic acid,
acid.
it yields a
but insoluble in ether, benzene and carbon disulphide
mercmichloride, consisting of white needles, M.pt. 127 C.
Dimethyl -p-carboxyphenylphosphine oxide, (CH 3 ) 2 (COOH.
C 6 4 )PO, occurs when the foregoing oxide is oxidised by alkaline
potassium permanganate in the usual manner. It forms colourless
B.pt. above 360 C. at 15 mm., readily soluble
crystals, M.pt. 240 C
;

H

,

in water, alcohol or acetic acid, insoluble in ether or benzene.
The
corresponding mercurichlonde separates from hot water as white needles,
the aurichloride yields shining, colourless, rhombic
C. ;
M.pt. 154
plates ; the platini chloride crystallises as hard, rhombic plates, M.pt.

the ammonium salt is deposited from alcohol-ether as needles,
C.
the silver salt forms small, hard
melting with decomposition at 212 C.
salt
is
the
a
and
crystals,
coppet
blue-green powder. Equimolecular
proportions of the oxide and phosphorus pentachloride give an acid
chloride, (CH 3 ) 2 (C1CO.C 6 4 )PO, not obtained pure enough for analysis,

234

;

;

H

H

H

but yielding an anilide, (CH 3 ) 2 (C 6 5 .NH.CO.C 6 4 )PO, which separates
from 30 per cent, alcohol in pearly plates, M.pt. 235 C.
4
Diethylphenyiphosphine oxide, (C 2 5 ) 2 (C 6 5 )PO, melts at 55
to 56 C., B.pt. above 360 C.
It deliquesces on exposure to the air.
Diethyl-p-tolylphosphine oxide, (C 2 H 5 2 (CH 3 .C 6 4 )PO, 5 melts
at 74 C., and yields a mercuri chloride, M.pt. 135 C.
Diphenylbenzylphosphine oxide, (C 6 H5) 2 (C 6 5 .CH 2 )PO, 6 obtained from diphenylchlorophosphine and sodium benzyloxide, melts
at 192 to 193 C.
Diethylbenzylphosphine oxide, (C 2 5 ) 2 (C 6 5 .CH 2 )PO, occurs

H

H

H

)

H

H

H

1

Arbttsoff, loc. cit

2

Michaelis and Soden, loc cit
Michaelis, Annale-n, 1896, 293, 283; Miethrng, Inaug. Disswt Rostock, 1895
Michaelis and Ananoff, Ber. t 1874, 7, 1688, Michaelis, loc. ciL

3

4
5

Michaelis, loc
ffj loc,

cit.,

a.

p 235
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when diethylbenzylphosphine

Is

oxidised

by exposure to the

treatment with nitric acid. The product
by heating the phosphonium hydroxide

much purer

is

99

air or

obtained

if

-

(C 2

H

5)2

(C 6

H XH
5

2)2

P.OH^(C 2 Il 5

)

2 (C 6

H 5 .CH

2

)PO-fC 7 H 8

The oxide

boils at 328
to 330 C. and crystallises in long needles,
which react with sodium giving the free pliosphine. It thus differs
from trimethylphosphine and tnethylphosphine, which are unaffected

by sodium.

1
Allyldi-biphenylphosphine oxide, (C 3 H 3 )(C 6 H 5 .C 6 H4 ) 3 PO, occurs

when allyltnbiphenylphosphomum bromide

is treated with hot alcoholic
forms
crystals,
microscopic
softening above 160 C. and
potash.
melting to a cloudy liquid at 192 to 193 C. The product contains
one molecule of alcohol of crystallisation.
2
Diethylbenzylphosphine sulphide, (C 2 H 5 2 (C 6 5 .CHo)PS, occurs
when sulphur is added to an ether solution of the pliosphine. It melts
at 94 to 93 C. and boils with partial decomposition at 300 to 310 C.
When heated with metallic sodium, a violent reaction takes place and
free phosphme is produced.

It

H

)

The thiopkosph mites of the type RJP.S3R/ under the catalytic influence of alkyl iodides undergo isomerisation into the sulphides B, 2 R'.PS,
the process being similar to that occurring with the corresponding
oxygen compounds, but in the case of the sulphides complicated by
the formation of by-products. 3
Ethyldiphenylphosphiae

sulphide,

H

when

ethyl diphenylthiophosphimte, (C 6
ethvl iodide in a sealed tube at 100 C.
tablets, M.pt. 65-5 to 60 C.

isoPropyldiphenylphosphine

(C 2
5

)

2

H

5 )(C e

P.SC 2

H

H

PS, occurs
heated with

B)a

is

5,

It crystallises in

sulphide,

(C 3

H

7

)(C 6

H

rhombic

5)2

PS,

is

produced when

isopiopjl iodide and isopropyl diphenylrapidly
thiophosphmite are heated together at 99 C., the product crystallising
in thin tablets, M.pt. 97 to 98 C.
isoButyldiphenylphosphine sulphide, (C 4 9 )(C 6 5 ) 2 PS, is obtained in quantitative yield when wobutyl diphenylthiophosphinite is
D
heated with isobixtyl iodide at 115 C., but prolonged heating of the
mixture at 80 C. gives di-fsobutyldiphenylphosphomum iodide. The
sulphide separates as rhombic crystals, M.pt. 80 to 81 C.
isoAmyidiphenyiphosphine sulphide, (C 5 11 )(C 6 5 ) 2PS. The
isomerisation in this case takes place at 120 C., the sulphide crystallising
as large, bright, rhomboidal crystals, M.pt. 63-5 C.

H

H

H

H

Phenyldipiperidine-N-phosphine sulphide/ C 6 H 5 .P(NC 5H 10 ) 2S

5

heated with the phosphine at 180 C. It crystallises as white needles, M.pt. 92 C., which are very stable.
5
(C 6 5 ,C 6 4 ) 3 PS, obtained
Tri-biphenylphosphine sulphide,
from the interaction of the phosphine and carbon disulphide saturated
with sulphur, forms microscopic plates, M.pt. 241 to 242 C., with
occurs

when sulphur

is

H

H

preliminary softening.
1

Wonall, /. Amer, Chem. Soc. 1930, 52, 2933.
Collie, Trans. Chem. 8oc., 1888, 53, 714, 720.
Arbusoff, J Suss. PJiys Ghem. #oc., 1910, 42, 549.
t

2
3

4
5

Michaehs, &., 1898, 31, 1037.
Woirall, /. Amer. CJiem. SM., 1930, 52, 2933.
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ACIDS OF THE TYPES RP(OH) 2 RPO(OH) 2 AND R 2 PO.OH.
The phenyl derivatives of these acids were known in 1873, that is,
two years before the corresponding arsenical compounds, the method
of preparation of the phosphorus derivatives subsequently being
,

applied to obtain the arsenical acids. In the latter case the developof the diazo-reaction as a means of obtaining the desired product
ousted the older methods, but this reaction does not seem to have met
with success in the case of the phosphorus acids. The principal methods
for preparing the acids are shown by the following equations

ment

;

R.PC1 2 + 2H 2 = RP(OH) 2 + 2HC1
R.PC1 2 + 2C 2 H 5 OH = RP(OH) 2 + 2C 2H 5 C1
R.PCL + 3H 2 = RPO(OH) 2 + 4HC1
R.POC1 2 + 2H 2 =RPO(OH) 2 + 2HC1
R 2 .PC1 3 + 2H 2 =R 2PO.OH + 8HC1

The acids of the type RP(OH) 2 are all solids, readily forming metal
and double salts with arylhydrazmes. No mtro- or ammo-acids
are known, and those containing halogen in the ring are not obtained
by direct halogenation, but by using halogenated phosphines as starting
The esters are formed by treating aryldichlorophosphines
materials.
with sodium alkoxides.
The largest class of arylphosphinic acids is that of the type
RPO(OH) 2 These compounds are all solids and may be nitrated
salts

.

mtro-group entering the ring in the meta-position to the
phosphorus. Reduction of the nitro-acids yields the corresponding
ammo-acids. Those acids containing halogen substituted in the
benzene neucleus can be prepared from halogenated arylphosphines
directly, the

the halogen enters the ring in the parato
the
methyl group in the case of the ortho- and meta-tolylposition
phosphinic acids. Carboxylic acids are obtained by oxidising phosphinic acids containing methyl groups with alkaline permanganate.
The acids of the type 2PO.OH are solids and capable of undergoing
changes similar to those already described for the two preceding types.
Ar 2PO.OH, AlkArPO.OH,
The type may be sub-divided as follows
ArAr'PO.OBL The most numerous of these three classes is the first.
The following schemes show the principal acids dealt with in this
or

by

direct halogenation

;

R

:

section

:

Acids of

X represents the grouping

the

Type RP(OH) 2

P(OH) 2

.

.

VCEL

C2 H

fi

OCH3

XX XXX
XX
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CHA

CH3

CH3

X

XX

Acids of

RPO(OH) 2
PO(OH) 2
X
X

the Tijpe

X represents the grouping

X

A

A
J-m,

.

.

-SO,

J-XH,
6l

01

i-GH,

Br

ci-/Vci

J-COOH

X

X

NH

H

S

NOA

X

X
{""^-'a-^"?

-U

2

COOH

CH 3

3

f

T

y-^

CHX

XXX

ORGANOMETALLIC COMPOUNDS.

102

X

/VCOOH

VCOOH

CH

J^

/X

of

i/S-CH,

3

pCH

COOH-IJ

CH.-IJ

CH 3

X

X

X

X

VCH

Cl-/

Cl~/

3

VCH

3

|-CH,

VCH

r/VCH 3

3

J-NO a

YCH

3

x

f^-CH,
COOH-I

J-N0 2

CH 3

CH 3

X

Adds

3

x

x

x
CH 3~l

CHA

CH 3-L j
Y
6n 3

I-CH,

CH ~i

J

XXX

CH 3

CH 3

of the Types Ar 2PO.OH,

X represents the grouping

ArArTO.OH and AlkArPO.OH.

PO.OH.

N0 2

X
I

\/
-x

CH3"-1

~7N/\
ill

|JJ

V
\7J-CH

I

-CH.
OH^/L
\y
"

"
3

/CHXCHv\P

n
w /
^S^WK

i

^00

i

TT
11

/^S-

CO/

/\
!*

I

r

I

1

Y

-^

ptr
^-"-s

AROMATIC PHGSPHIXES AXD PHOSPHQXII31 COMPOUNDS

/

CA

-X

X-[CH(OH)C H 5
6

N -X

/

C(CH 8 ),

S

,-X

fCH(OH;CH 3

103

]

]

Phenylphosphinous acid

or Phosphenyloits acid,*

/

\-P(OH),

This acid is most readily obtained by the action of water or
alcohol on pheiiyldichlorophosphine

warm

:

C 6 H 5 PC1 2

+2H 2 =C H
6

5

.P(OH) 2 ^-2HC1

is formed instead of
hydrochloric acid.
of tnphenylphosphine by the Fittig reaction yields
phenylphosphinous acid as a by-product.
Phenylphosphinous acid crystallises in white plates, M.pt. 70 C.,
is easily soluble in hot water or alcohol, but not very stable in air.
When strongly heated it decomposes according to the equation

If alcohol is used, ethyl chloride

The preparation

3C 6H 5 .P(OH) 2 = C 6 H 5 .PH 2 + 2C 6H 6

-f

2HPO 3

Treatment of the acid with mercuric chloride or sulphur dioxide

The

oxidises it to phenylphosphinic acid.

following derivatives are

formed by the combination of equimolecular proportions of the comPhenylphosphinous add phenylhyd) azine, long,
ponent substances
:

colourless prisms, M.pt. 185 C., soluble in hot water, sparingly soluble
in cold water, and eliminating the acid portion of the molecule with
excess of mineral acid ; phenylphosphinous acid p-tolylhydrazine, fine
C. ;
needles, M.pt. 148
phenylphosphinous acid benzylhydrazine,
colourless prisms, M.pt. 108 C.
The following salts of phenylphosphinous

potassium
lead salt

salt

(2H 2 0), ammonium

and iron

salt,

calcium

salt,

are

acid

barium

salt

known
(4H 2O)

:

3

salt.

H

H

2
is formed when
Diethyl ptienylphospfainite, C 6 5 .P(QC 2 5 ) 2
it is a coloursodium
ethoxide
reacts
with
phenyldichlorophosphine
C., insoluble in
C., density 1*032 at 16
less, mobile liquid, B.pt. 235
water ; in contact with ethyl iodide it isomerises to ethyl phenylethyl,

;

H

3

Dithioethyl phenylphosphinite, C 6 H5.P(SC 2 5 ) 2? occurs when
ethyl mercaptan (1 mol.) in ether solution is treated with sodium and
phenyldichlorophosphine (0*5 moL). It boils at 143 to 144 C. at
C.
With cuprous bromide
3-5 mm. and has a density of 1-1417 at
9

1

Michaelis and Ananoff, Ber , 1874, 7, 1688; Michaelis, Annahn, 1876, 181, 265,
Kohler and Michaelis, Ber. t 1877, io 807, 816; Michaelis and Soden, Annalen, 1885,
229, 295.
3
Kohler and Michaelis, 5er., 1877, 10, 816; Arbusoff, /. Euss. Phys. Chem. /Sac.,
1910, 42, 395.
3
Arbusoff and Kamai, J". Muss. PJiys. Chem. 8oc. f 1929, 61, 2037.
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At 150 C. it combines with sulphur
a
C
S
P,
yielding
compound 10 15 3
B.pt. 191 to 192 C. at 3-5 mm.,
this product is hydrolysed by sodium ethoxide
C.
density 1-2201 at
to the crystalline salt C 6 6 .PS(SC 2 B )ONa. When dithioethyl
phenylphosphnnte is heated at 180 C. with ethyl iodide in a sealed
tube, it undergoes isomerisation to the sulphide C 6 5 ,P(C 2 5 )
C.,
(SC 2 5 ) S, B.pt. 169 to 170 C. at 8-5 mm., density 1-1693 at
which, with sodium ethoxide, yields the crystalline sodium salt of
the
acid,
CgH 5 .P(C 2 5 )(ONa) S
phenylethylmonothiophosphinic
corresponding acid is only a syrup. Dithioethyl phenylphosphmite
and benzyl chloride at 200 C. afford the compound [S P.C 6 5
(CH 2 .C 6 5 )S.] a (?), M.pt. 145 to 146 C., and the oily compound
S P.C 6 5 (CH 2 .C 6 5 )SC 2 5 B.pt. 210 to 218 C. at 3 mm., density
C.
1-1826 at

it

forms a crystalline compound.

H

;

H

H

H

H

H

:

H

:

;

:

H
H

:

H

H

H

,

Dithio-isobutyl phenylphosptiinite, C 6

H .P(SC H
4

5

9 ) 2? is

prepared

It boils
in a similar manner to the foregoing dithioethyl compound.
With
at 191 to 192 C. at 12-5 mm., and has a density of 1-0687.
flowers of sulphur it yields the sulphide C 6 5 .P(SC 4 9 ) 2 S, and
with bromacetic acid it gives a crystalline sodium salt, C 6 5 .P(:S)
(ONa)CH 2 .CO 2Na, the corresponding free acid being non-crystal-

H

lisable.

Dithio-^obutyl phenylphosphimte
pionate gives the compound C 13 19 O 2 S 2 P,
4-5 mm., but hydrolysis does not afford a
C. gives a compound S
chloride at 210
to
146
145
C., and hydrolysis of the
M.pt.

H

:

tion

S

:

of this

compound

yields

:

H

with ethyl /3-iodoproB.pt. 200 to 206 C. at
crystalline acid.
Benzyl
P.C 6 H 5 (CH 2 .C 6 5 )SC 4 H 9
residue from the prepara-

H

,

phenylbenzylmonothiophosphinic acid,

P.C 6 H 5 (CH 2 .C 6 H 5 )OH, M.pt. 178 to 174

Phenylphosphoneacetic

H

acid,

C.

HOP(C 6 H 5 )O.CH 2 .C0 2 H. 1 The

prepared by the interaction of di-isobutyl
it boils at 195
to
phenylphosphmite and ethyl monobromacetate
C.
The free acid
198 C. at 7 mm., and has a density of 1-1228 at
its alkaloidal salts cannot be resolved into
melts at 121*5 to 122-5 C.

ethyl ester of this acid is

;

;

optically active components.

acid,
Phenyl - a - phosphonepropionic
HOP(C 6 H 5 )0.
CH(CH 3 )CO 2H. When ethyl a-bromopropionate is used m the fore-

going condensation, ethyl phenyl-a~phosphone propionate is formed, B.pt.
191 to 198 C. at 7 mm., density 1-10585 at
C., the free acid melting
at 168 to 169 C.
2
p-Chlorophenylphosphinous acid,

crystallises from water in fine, silky needles, and from alcohol in glistening plates or spears, M.pt. 180 to 181 C. The ammonium, barium
(H 2 O) and copper (4H 2 0) salts are known. The double salt with
phenylhydrazine crystallises in bright yellow plates or golden-yellow
needles from dilute solution and melts at 169 C.
p-Bromophenylphosphinous acid, 3

Br-<(
1
2

3

)>-P(OH) 2

Arbusoff and Arbusoff, J. Russ PJiys. Chem Soc., 1929, 61, 1599.
Michaehs, Annahn, 1896, 293, 222, Maecker, Inaug Dissert Rostock, 1893.
Gundermann, Inaug. Dissert. Rostock, 1894.
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forms

large, glistening, white plates, M.pt. 143 C., soluble in the usual
organic solvents, less soluble in ether. The potassium* ammonium,
calcium, barium (4H 2 0), lead, copper and aniline salts are known.
o-Tolylphosphinous acid, 1

P(OH) 2

a non- crystalline compound, but capable of yielding salts. Its
calcium salt crystallises in glistening plates containing a molecule of

is

water of

crystallisation.

m-Tolylphosphinous

acid,

_/

-P(OH) 2

CH 3
is

a syrup having similar properties to the preceding compound.
2
p-Tolylphosphinous acid,

CH 3

-

separates as transparent, quadratic plates, M.pt. 104 to 105 C., stable
in air and partially oxidised to the corresponding phosphinic acid
when boiled with nitric acid. Its copper salt crystallises with four
molecules of water in blue plates. The ethyl ester is a clear liquid,
B.pt. 280 C., formed by the action of sodium alcoholate on p-tolyldichlorophosphine, and water decomposes it into its components. The
double compound with phenylhydi azine crystallises in fine needles, M.pt.
161 C.
3
p-Ethylphenylphosphinous acid,

-P(OH} 2

readily crystallises from water and melts at 63

to 64

C.,

the phenyl-

melting at 133 C.
4
p-Anisylphosphinous acid,

hydrazine

salt

salt crystallises in
yields thin, silky needles, M.pt. 112 C. ; its lead
salt in pearly plates,
the
and
satin
scales
phenylhydra&ine
glistening
M.pt. 116 C. p-Pkenetylphosphinous acid forms white, glistening plates,
M.pt. 115 C.

m-Xylylptiospliinoiis acid,

5

CH3
1
2

3
4
5

and Paneck, Annalen, 1882, 212, 223.
and Paneck, lac. cit.; Ber., 1880, 15, 653.
Michaelis, Annalen, 1896, 293, 315, LewscMnsM, Inaug.
Michaelis
Michaelis

Michaelis, loc. cit., p. 258.
Michaelis and Paneck, Annahn, 1882, 212, 237.

Dissert. Mostock, 1893.
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crystallises in colourless needles, M.pt. 97 to 98 C., soluble in alcohol
p-Xylylphosphinous acid has been isolated, but no details have been

given.

1

PseudocumylphosphinoBS

acid,

2

OH.

melts at 128 C. and forms crystals belonging to the rhombic system
the phenylhydrazine salt separates as white, silky needles, M.pt. 180 C.
Mesitylphosphinous acid forms white needles, M.pt. 147 C., stable in
air, the phenylhydrazine salt giving plates, melting with decomposition
;

at 132

C. 3

Cumylphosphinous

is

a thick

oil,

acid,

yielding a crystalline phenylhydrazine

Cymylphosphinous

salt,

M.pt. 161

C.

acid,
C3 H 7

H
isolated as an
molecule of water.

is

the barium

oil,

3

of which crystallises with one

salt

4
a-Naphthylphosphinous acid,

Mercury di-a-naphthyl and an excess of phosphorus

trichloride are

heated together in a sealed tube for three to five days at 180 to 200 C.
The excess trichloride is then distilled off and the viscous residue
treated with water and boiled until hydrogen chloride ceases to be
evolved. A slight excess of sodium carbonate is then added and the
solution filtered, the phosphmous acid being precipitated from the
filtrate

by

Purification

acidifying.

is

effected

by recrystalhsation from

hot water, the insoluble product being di-a-naphthylphosphinous acid.
a-Naphthylphosphmous acid forms small, warty groups of white needles,
5
M.pt. 125 to 126 C., density 1-377, very soluble in alcohol, less
When the
soluble in hot water, insoluble in dilute hydrochloric acid.
acid is boiled with aqueous silver nitrate, metallic silver is deposited.

Dibenzylphosphinoiis acid,

_

\

s

6

..CH.-/

_

\

VP(OH)

/

2

1

Weller, Ber , 1888, 21, 1492.
Michaelis, Annalen, 1897, 294, 4;
^b^d., 1896.
3
Hecker, ^b^d., 1893.
5
Schroeder, Ber. t 1879, 12, 561.
2

Rothe, Inaug. Dissert. Mostock, 1892;

Uster,

*

Kelbe, Ber., 1878, 11, 1499.

8

Michaelis, Annalen, 1901, 315, 50.
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forms pearly plates,
.s

il.pt.

156

to 157

C.,
.,

and

107

yields well-crystallised

salts.

DIpfaenylmethanepliQspIiitioiJs acid, 1

best crystallised from alcohol ; it melts at 84 C. It is very sparingly
soluble in hot water.
Its alcohol solution with an excess* of sodium

is

hydroxide yields the sodium salt as a thick, white precipitate. The
potassium, ammonium, calcium, lead and barium salts are kno^vn, the
last-named containing three molecules of water. The double salt with
phenylhydrazine is sparingly soluble in water and melts at 171 C.

Phenylphosphinic acid or Phosphenylic add,
-PO(OH)o

may

be isolated by several methods

:

tetrahahdes or oxyhalides with water

(1)

By

treating the corresponding

2
:

H

C 6 5 .PC1 4 + H 2 O - C 6H 5 .POC1 1- 2HC1
C 6 H 5 .POC1 2 + 2H 2 = C 6 H 5 .PO(OH) a + 2HC1

H

By treating the compound C 6 5 .P=POH with nitric acid. 3 (3)
the
action of concentrated nitric acid on phosphobenzene, C 6 5 .P
By
= P.C 6 5 if dilute nitric acid be used only phenylphosphiixous acid
4
results.
(4) The acid is formed when the sulphochlonde, C 6 5 .PSC1 2 ,
5
is boiled for a prolonged period with water.
(2)

H

H

;

H

rhombic plates,
decomposes into benzene
and metaphosphoric acid, but if slowly heated to 200 C. two molecules
of acid combine with the elimination of a molecule of water, and at
210 C. three molecules of acid lose two molecules of water. Heating
with bromine and water in a sealed tube at 100 C. decomposes the
7
acid, giving p-dibromobenzene, phosphoric acid and hydrogen bromide,
8
whilst heating with soda lime yields benzene and phosphoric acid.
When dry phenylphosphimc acid is heated in a reflux apparatus with
9
the oxychloride, C 6 5 .POC1 2 phenylphosphmoxide results, C 6H 5 .P0 2
of
the
water
the
forms
acid
crystallisafollowing salts,
Phenylphosphinic
tion being indicated in brackets
potassium salt, sodium salt (12H 2 0),
calcium salt (2H 2 O), zinc salt, copper salt, silver salt, iron salt (2|H 2 0)
Phenylphosphinic acid

M.pt. 158

C.,

crystallises
"

6
density 1-475.

H

At 250

in

colourless,

C. it

.

,

:

;

When the silver
also acid salts of potassium, calcium and strontium.
salt is heated under reflux with ethyl iodide, the diethyl ester results,
C 6 H 5 .PO(OC 2H 5 ) 2

It is a viscous liquid, B.pt. 267
C., having an
odour resembling that of mustard oil, and is heavier than water, in
.

Michaelis, Annal&n, 1901, 315, 44
Michaelis and Mathais, Ber , 1874, 7, 1070; Mathais, Inaug. D%ssert. Zunch, 1875;
Miehaelis and Kohler, Ber., 1876, 9, 519; Michaelis, Ber., 1873, 6, 816.
3
er. 9 1875, 8, 499.
Michaelis,
4 Kohler and
Michaelis, Ber., 1877, 10, 807.
5
Kohler and Michaelis, Ber., 1876, 9, 1053.
6
Schroeder, Ber., 1879, 12, 561.
7
Michaelis, Annalen, 1876, 181, 265.
8
Michaelis and Benzinger, Ber., 1876, 9, 517.
9
Michaelis and Rothe, Ber., 1892, 25, 1747.
1
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1
The corresponding
soluble without decomposition.
2
of
the tetrachloride,
247
C.
Decomposition
dimethyl
C 6 5 .PC1 4 by alcohol gives rise to a monoethyl ester, C 6 5 .PO(OH)
(OC 2 5 ), a liquid decomposed by water. If the tetrachloride be heated
with phenol, hydrogen chloride is evolved and the diphenyl ester is

which

it is slightly

ester boils at

H

formed

H

,

H

3
:

C 6 H 5 .PC14 +3C 6H5 OH = C 6 H 5 .PO(OC 6H 5 ) 2 +3HC1 + C 6H 5 C1
This ester forms white needles, M.pt. 63-5 C., readily soluble in alcohol,
It is decomposed by alcoholic
ether or benzene, insoluble in water.

sodium hydroxide, but not by the aqueous
also results

when one molecular equivalent

alkali.

The diphenyl

of the oxychloride,

ester

C 6H5

.

treated with two equivalents of phenol, but the use of one
equivalent of the latter leads to the production of an ester oxychlonde,
C 6 5 .POC1(OC 6 5 ), which decomposes with water to form the corre-

POC1 2

,

is

H

H

C 6 H 5 .PO(OH)(OC 6 H 5 ).

The latter compound crystallises
sponding
in fine needles, M.pt. 57 C., readily soluble in alcohol, ether, benzene
Its ammonium salt is anhydrous
water.
or alkali, sparingly soluble
acid,

m

and forms

colourless needles
in silky, glistening needles.

the silver salt separates from hot water

;

4
m-Nitrophenylphosphinic acid,

:-PO(OH) 2

Phenylphosphinic acid and fuming nitric acid in the proportion of
I to 7 parts are heated together in a sealed tube for several hours at
100 to 105 C. and the reaction mixture then evaporated to dryness
on the water-bath. The crude acid, after solution in water, is treated
with pure barium carbonate, the mixture well shaken, filtered, and the
residue washed with water until no barium ions are detected in the
washings. The barium salt of the nitro-acid dissolves, whilst the barium
salt of any unchanged phenylphosphmic acid remains behind.
Evaporation of the filtrate yields yellow glistening plates of the barium salt,
from which the free acid is liberated by sulphuric acid, the solution
filtered and evaporated to dryness.
Extraction of the residue with
alcohol-free ether and removal of the solvent gives the free acid in
white, concentric groups of needles, M.pt. 132 C., exploding above
200 C., easily soluble in water, alcohol or ether, insoluble in benzene
and deliquescent in air. A neutral barium salt and an acid barium
salt are known, both
containing two molecules of water the calcium
salt contains half a molecule of water, and the silver and lead salts
are anhydrous.
;

m-Aminophenylpfaosphmic

1
2

3
4
5

Michaelis
Michaelis
Michaelis
Michaelis
Michaelis

acid,

5

and Kammerer, Ber 1875, 8, 1306
and Benzmger, Ber 1875, 8, 1310.
and Kammerer, loc. cwk, Annalen, 1876, 181, 337.
and Benzmger, Ber 1875, 8, 500, 1310, AnnaUn, 1877, 188, 276.
and Benzmger, loc, cit.; -Ber,, 1876, 9, 513.
,
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occurs

when the preceding

acid.

It crystallises

109

nitro-acid is reduced by tin and hydrochloric
from hot water in tine needles, melting with decomposition at 280 C. When a hot solution of the ammo-acid in
nitric acid is treated with nitrous acid, a diazonhtm nit? ate is obtained
this is deposited from water as white prisms, 3i.pt. 188 C C.,
exploding
at a higher temperature.
At 130 C. the compound loses two molecules of water, and when heated with soda lime it yields aniline and
phosphoric acid. It is a strong dibasic acid and forms two series of
salts, of which the banum (3H 2 0) and silver sails arc red, and the
potassium (H 2 O) and lead salts are yellow. A sodium salt (3H 2 0) and
a copper salt are known.
;

1
p-Chlorophenylpho$phinic acid,

This acid is prepared by treating the corresponding tetrachlonde or
in silky needles, or
oxy chloride with water. It separates from water
from alcohol in quadratic plates, M.pt. 184 C to 185 C." The acid
barium salt crystallises in bushy needles, the acid sihet salt in glistening
plates, whilst the neutral silver salt is an amorphous powder, which
The dry acid, heated with
readily darkens when exposed to the light.
the oxy chloride in benzene solution, yields jj-chlorophenylphosphinoxide.

m

-

Nitro - p - chlorophenylphosphinic acid ? 2

ik> 2

occurs

when the preceding compound

is

nitrated

by fuming

nitrie acid.

It crystallises either in pale yellow glistening plates or in long needles,
M.pt. 166 to 168 C., soluble in water, alcohol or ether, but insoluble

The alkali salts form yellow needles, readily soluble in
in benzene.
water, whilst the alkaline earth salts are sparingly soluble. Reduction
of the acid by tin and hydrochloric acid gives a 43 per cent, yield of
the ammo-acid., which melts with decomposition at 270 C. and becomes
discoloured in

air,

p-BromophenylphospMnic

acid,

PO(OH) S
C., above which temperature it decomand phosphoric acid. Nitration yields

forms long needles, M.pt. 202
into

bromobenzene

poses
of bright yellow
m-nitro-p-bromophenylphosphinic acid, consisting
on
185
C, exploding
strong heating. An isomeric
plates, M.pt,
also been obtained from the aluminhas
acid
bromophenylphosphinic
ium chloride residue obtained in the preparation of p-bromophenylC. and is distinguished from the parait melts at 265
;

phosphine
bromo-derivative by

its insolubility

1

Michaelis,

Annakn,

a

Michaehs,

loc.

ciL;

in ether.

1896, 293, 228.
Eifler,

Inaug. Dissert Rostock, 1894.
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o-Tolylphosphinic acid, 1
""^

~PO(OH) 2

OH3
prepared in the usual manner, forms small, granular crystals, M.pt.
141 C., and when strongly heated is decomposed into toluene and

The following salts
(H 2 0), copper salt, lead

are

phosphoric acid.
acid baiium salt

salt

known
and

ammonium

:

anilide, the

salt,

last-named

forming white needles, M.pt, 284 C.
S-Nitro-o-tolylphosphinic acid,

PO(OH) 2

CH 3

When the previous acid is evaporated on the water-bath with seven
parts of fuming nitric acid, nitration takes place in the raeia-position
to the phosphorus. The nitro-acid forms pale yellow needles,
M.pt.
174 C., and is less soluble in water than the corresponding paracompound. The barium and calcium salts are yellow, microcrystalline
powders. Reduction of the nitro-acid yields the amino-acid as brownish
needles, softening at 280 to 800 C. and decomposing at higher temperatures
the barium and calcium salts are reddish-brown powders.
;

o-Carboxypheny!phosphinic acid,
-PO(OH) a

COOH

m

15 grams of o-tolylphosphinic acid
1,500 c.c. of water are treated
with 27*6 grams of potassium permanganate, added
small portions,
and the whole maintained at 50 C. for ten weeks. The resulting
product forms small, white needles, M.pt. 172 C., readily soluble in
water or alcohol, insoluble in ether or benzene. The crystals sublime
unchanged. A white silver salt is known, which is affected by light.
Treatment of the acid with phosphorus pentachloride gives the acid
chloride, C1CO.C 6 4 .POC1 2 a crystalline mass, M.pt. 54 C.

m

H

,

5-Ghloro-o-tolylphosphinic acid,

2

01

\PO(OH)

2

OH,

obtained by direct chlorination of o-tolylphosphinic acid at the
ordinary temperature. It forms small, compact crystals from dilute
alcohol, M.pt. 205 C., readily soluble in water but reprecipitated by
hydrochloric acid. Strong heating decomposes the acid, yielding
p-chlorotoluene, which proves the constitution. Prolonged chlorination
gives rise to a dichloro-o-tolylphospMnic acid, M.pt. 240 C.
is

1

2

Michaehs and Paneck, Annalen, 1882, 212, 232; Michaelis, ibid
Michaehs,

loc. cit.

,

1896, 293, 294.
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m-Tolylphosphinic acid,

Ill

1

CH

3

C
crystallises as white, glistening needles, M.pt. I16 to 117
., easily
soluble in water, alcohol or ether.
It forms two series of potassium
and silvei salts, also a neuhal "banum salt.

6-Chloro-m-tolylphosphinic acid,
Cl

CH,
occurs when chlorine is passed for twenty minutes Into an aqueous
solution of w-tolylphosphimc acid.
It forms white, feathery needles,
M.pt. 176 C., above which temperature it decomposes into phosphoric
acid and p-chlorotoluene, the formation of the latter compound proving
the position of the chlorine in the ring. The neutral silver salt of the
acid is a crystalline body, unaffected by light.
2 :5 :6-Trichloro~m-tolylphosphinic acid,
CI

Cl

HC

01

-PG(OH} 2
3

When

the preceding ehloro-acid in aqueous solution is chlorinated for
three hours, the tnchloro-acid is isolated in plates or needles, M.pt.
220 C. It sublimes above its melting-point and the crystals thus
obtained separate from methyl alcohol as long, colourless needles,
When decomposed, the trichloro-aeid yields 2:4:5C.
M.pt. 82
The silver salt is a
trichlorotoluene, which proves its composition.
white powder, somewr hat affected by light.
6-Bromo-m-tolylphosphinic acid,
Br
_/

-PO(GH} 2

CH3
occurs as white needles, M.pt. 198 C., when one molecular equivalent of
bromine reacts with one equivalent of m-tolylphosphinic acid in aqueous
The silver salt is a white, amorphous powder. When the
solution.
acid is heated above its melting-point it yields p-bromotoluene and

metaphosphoric acid.

m-CarboxyphenylpliospMnic

acid,

-PO(OH) 2

COOH
obtained by the oxidation of m-tolylphosphinic acid with alkaline
often days, crystallises
a
potassium permanganate at 50 C. during period
1

Michaelis, Annalen, 1896, 293, 305.
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When heated above its meltingin white needles, M.pt. 245 to 246 C.
silver salt is a white, caseous
The
neutral
acid.
benzoic
it
yields
point
the lead and batium salts are white
precipitate, unaffected by light
flocculent precipitates.
Phosphorus pentachlonde converts the acid
into the acid chloride, C1CO.C 6 4 .POC1 2 a white crystalline mass,
;

H

,

B.pt. above 360 C.
1
p-Tolylphospfainic acid,

M.pt. 61

C.,

V

-PO(OH) 2

obtained by treating the corresponding tetrachlonde with water.
from the latter solvent as matted, woolly needles, M.pt.
189 C., readily soluble in alcohol or ether. It is a strong dibasic acid,
(a) containing acid of crystallisation,
forming three series of salts
The following are known potassium
salts.
neutral
acid
salts,
(c)
(b)
is

It separates

:

:

C 7 H 7 .PO(OH)(OK).C 7 H 7 .PO(OH) 2 glistening, colourless needles
acid barium salt, [C 7 H 7 .PO(OH)0] 2 Ba, isolated as a glistening, crystalline
add calcium salt, similar to the barium salt acid silver salt,
precipitate
and neutral silver salt,
C 7 H 7 .PO(OH)(OAg), white crystalline plates
C 7 H 7 .PO(OAg) 2 a white, caseous precipitate. When an aqueous
solution of the acid is warmed with bromine it decomposes as follows
salt,

;

,

;

;

;

,

:

C 7 H 7 .PO(OH) 2 +Br 2 + H 2 O = C 7 H 7 Br +PO(OH) 3

+HBr

2
3-Chloro-p-tolylphosphinic acid,

QH 3

-<(

)>-PO(OH) 2

Cl

It
occurs when the corresponding oxychloride is treated with water.
forms pearly plates, M.pt. 190 C., readily soluble in hot alcohol. When
heated with bromine and water it yields o-chloro-p-bromotoluene. It
forms an acid anilide, M.pt. 216 C., and silver and add barium salts

are known.

3~Chloro-p-carboxyphenyIphosphiiiic acid,

COOH-/

\-PO(OH) 2

di
is prepared by oxidising the previous compound with alkaline permanganate solution at 50 to 60 C. It forms rhombic plates, M.pt.
254 C. Nitration with seven parts of fuming nitric acid gives a
mononitro-acid, consisting of yellowish plates, M.pt. 200
C., above

which temperature it explodes.
3
3-Nitro-p-tolylphosphinic acid,
-PO(OH) 2

1

and Paneck, Ber

1880, 13, 653; Annalen, 1882, 212, 225; Michaehs and
1313; Michaelis, Ber , 1879, 12, 1009.
Melchiker, Ber., 1898, 31, 2915; Chem. Zentr 1899, i, 129
Michaelis, Annalen, 1896, 293, 270; Piper, Inaug. D^ssert Rostock, 1893.

Michaelis

Lange, Ber., 1875,
2

,

8,

,

3
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One

part of jj-tolylphosphinic acid and seven parts of fuming nitric
acid are heated together on the water-bath for two hours, then evaporated to dryness and the residue treated with water, the nitrated acid
going into solution. The acid is best purified by means of its barium
salt, pale yellow, stellate groups of needles being obtained, M.pt. 191 C.

The compound explodes when heated above its melting-point. The
are known
barium salt, C' 7 H 6 (XO 2 )PO 3 Ba.2H 2 O,
calcium salt, C 7 H 6 (XO 2 )PO 3 Ca.H 2 0, "a pale yellow
lead, copper and silver salts, amorphous powders, the lastpowder
named being affected by light. When the silver salt is heated under
reflux with ethyl iodide, the diethyl ester, C 7 H 6 (X0 2 )PO(OC 2 H 5 2 is
following salts
yellow plates

:

;

;

)

,

produced this product has a faint pungent odour resembling that of
mustard oil, and cannot be distilled without decomposition.
;

3-Amino-p-tolylphosphinic acid,

Reduction of 120 grams of the previous compound with zinc and
hydrochloric acid gives only five grams of the pure amino-acid. The
acid forms white, glistening needles, rapidly affected by air and decomposing at about 290 C. The silver salt is a white powder, sensitive
the lead salt is a yellow, amorphous powder, and the diethyl
to light
ester an undistillable liquid, having a mustard oil odour.
3 :5-Dinitro-p-toIylphosptiinic acid,
;

PO(OH) 2

One part of jp-tolylphosphinic acid, five parts of concentrated nitric
acid and seven parts of fuming nitric acid are heated together for three
hours on a water-bath, then poured into a large volume of water. The
dinitro-acid is extracted from the solution by ether, from which solvent
it crystallises in yellow plates,
pt. 251 C., exploding on rapid heating.
The barium salt crystallises with two molecules of water, the first of
which is eliminated'at 110 C. and the second with difficulty at 180 C. ;

M

salt is a yellow, amorphous powder.
1
4-Carboxyphenylphosphinic acid,

the lead

PO(OH) s
occurs

when

p-tolylphosphinic acid

is

oxidised

by

alkaline potassium

permanganate solution at 50 C., the process taking several days for
at 50 C.
completion. The potassium salt thus isolated is evaporated

with concentrated hydrochloric acid to obtain the free acid. The acid
and from water in needles.
crystallises from hydrochloric acid in plates
The melting-point is above 800 C., strong heating causing decomacid and carbon.
position with formation of benzoic acid, phosphoric
Unlike j>-tolylphosphinic acid, this acid is not attacked by bromine
in the presence of water at 130 C. The following salts are known :
1

VOL. xi.

:

Michaelis

in.

and Paneck, Ber. y 1881,

14, 405; Michaelis, loc.

cit.

8

ORGANOMETALLIC COMPOUNDS,

114

[COOH.C 6 H 4 .PO(OH)0] 2 Ca, which on heating yields
calcium phosphate, showing that the calcmm is not
and
benzoic acid
bound to the acid residue copper salt, Cu 3 [OCO.C 6H 4 .P0 3 ] 2 .lJH 2 0,
silver salt, AgOCO C 6 H 4 .PO(OAg) 2
blue
a

add calcium

salt,

;

crystalline precipitate

pale

potassium

;

;

KOCO.C 6 H 4 .PO(OH) 2 fine needles,
When the foregoing
soluble in alcohol.
salt,

,

soluble in water,

potassium salt is
heated with acetic acid, or hydrochloric acid is added to its aqueous
KOCO.C 6 4 .PO(OH) 2
solution, a sparingly soluble potassium salt,
the corresponding
columns
in
bushy
HOCO.C
.PO(OH) 2 separates
sparingly

H

6

H

.

;

4

,

Barium and ferric chlorides give prenon-crystalline.
the silver salt is refluxed with
When
acid.
free
the
with
cipitates
is obtained
OCO.C
the
4 .PO(OCH 3 ) 2
ester,
6
3
iodide,
methyl
methyl
some
without
distilled
be
cannot
decomposition.
which
as a liquid
When finely powdered p-carboxyphenylphosphinic acid dissolved in
hydrogen chloride, an acid
absolute alcohol is saturated with
sodium

salt is

H

CH

,

dry
formed, C 2 5 OCO.C 6 4 .PO(OH) 2s together with some
After removing the solvent, the liquid is dried and
neutral ester.
This mixture of esters is then dissolved in
stirred until it solidifies.
water and shaken with silver nitrate, the resulting curdy precipitate
distilled water, dissolved by adding the
being washed, suspended in
minimum amount of nitric acid and the silver removed by the addition
The filtrate is evaporated, when the acid ethyl
of hydrochloric acid.
ester separates in needles, M.pt. 78 CL, readily soluble in water or
ethyl este?

alcohol.

H

H

is

The add silver

salt

of this ester,

C 2 H 5 OCO.C 6 H4 .PO(OH)(OAg),

snow-white crystalline spangles.
^-Carboxyphenylcrystallises
add chloride, C1CO.C 6 4 .POC1 2 when
phosphinic acid also yields an
This melts at 83 C. and
treated with phosphorus pentachloride.
hot
water, giving the free acid,
is
It
boils at 815 C.
decomposed by
in

H

,

and by alcohol, yielding
by ammonium hydroxide, forming the amide,
a mixture of neutral and acid esters. Phosphorus pentachloride at
200 C. removes the phosphorus as follows
C1CO.C 6 H4 .POC1 2 + PC1 5 =C1C 6 H 4 .COC1 + POC1 8 +PC1,
;

1
p-Ethylphenyiphosphinic acid,

-PO(QH) 2

forms white, glistening, matted needles, M.pt. 164 C., easily soluble
benzene. It forms an
in alcohol, ether or hot water, insoluble
a
a
salt,
add ammonium salt,
potassium salt, C 8 9
phenylhydrazine
P0 3 HK.C 8 9 .P0 3 2 a barium salt, C 8 9 .P0 3Ba,SH 2 O, a copper
molecule of water, and a white silver salt.
salt, crystallising with a
Oxidation of the acid by potassium permanganate yields 4-carboxy-

m

H

H

phenylphosphinic acid.

Cymylphosphlnic acid

'

OH*
>-PO(OH) 2

or

C3H 7

CH3
a liquid forming two
1

.

2

or Methylisopropylphenylphosphinic acid,'

C3 H 7

is

H

H

,

silver salts,

Michaelis, Annalen, 1896, 293, 317.

C 10H 13PO aHAg and C 10H 13P0 3 Ag 2
2

Michaelis, Annalen, 1897, 294, 54.

,
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also a phenylhydrazine salt,
ll.pt. 156 C., which crystallises in warty
Oxidation by alkaline potassium permanganate yields methyl-

plates.

CH 3 .C 6 H 3 [C OH CH 3 2 ]PO OH
f

oxyisopropylphenylphosphin ic add,
as

an

)

(

(

)

(

)

2

oil.

Cumylphosphinic

acid,

\-PO(OH) 2
crystallises from carbon disulphide in small needles, and from cumene
in small rhombic crystals, M.pt. 139
C., readily soluble in water,
less soluble in alcohol or ether.
The barium salt is a white, crystalline
powder ; the silver salt is readily decomposed and is affected by light ;

the phenylhydrazine salt forms pale yellow plates, M.pt. 172" ., moderately soluble in water, alcohol or ether. The acid also forms a stable,
golden-yellow salt with aminoazobenzene^ which crystallises in plates,
M.pt. 185 C. When 4 grams of cumylphosphimc acid are oxidised
with 2 grams of potassium permanganate, oxyisopropylphemjlphosthis is an oil,
phmic add is formed, (CH S ) 2 C(OH)C 6 4 .PO(OH) 2
soluble in ether, alcohol or water, insoluble in dilute hydrochloric acid ;
when heated at 105 to 120 C. it decomposes, yielding a white powder,
analysis of which agrees with the composition of allylphenylphosphinic

H

;

C 3 H 5 .C 6 H4 .PO(OH) 2
1
Benzylphosphinic acid,

acid,

.

10 grams of phosphonium iodide and 5 grams of benzaldehyde are
digested together at 100 C. for four to five hours, phosphine and hydrogen iodide being evolved. When the brown reaction product is warmed
with water, a white crystalline mass results, consisting of a mixture
of dibenzylphosphinic acid and tribenzylphosphine oxide, and benzylphosphinic acid remains in solution. The crude product from the
solution crystallises from acetic acid in shining, stellate groups of
prisms, M.pt. 169 C., soluble in alkalis, but insoluble in the usual
organic solvents. It turns blue litmus red, liberates carbon dioxide
from carbonates, and forms a silver salt, C 7 7 .PO 3 Ag 2 . Nitration of

H

the

NO

acid
2 .C 6

gives

H .CH
4

2

a nitro-acid, probably

.PO(OH) 2> which

melting at about 217

3-nitrobenzylphosphinic add*
yellow needles,

crystallises in shining

C.

2
p-Anisylphosphinic acid,

CH3 0~/

\-PO(OE),

C. fairly soluble in water
large, rhombic crystals, M.pt. 158
or alcohol, insoluble in ether. The potassium salt separates in plates
containing four molecules of water ; the barium and silver salts are
white, and the iron salt, (CH 3 O.C 6 4 .P0 3 ) 3Fe 2 .3H 2 0, is a yellow amor-

forms

s

H

phous powder.

3-Nitro-4-metIioxyphenylphospMnic acid,

,

J?er.,

1889, 22, 2144.

a

Mickaelis,

Aiwakn,

1896, 293,
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probably represents the structure of the acid formed when the preceding
compound is nitrated. It forms colourless, matted needles, M.pt. 187 C.,
exploding at higher temperatures. The acid barium salt, [(CH 3 0)
NO^CeHg.POgHjaBa.SHgO, yields yellow, rhombic crystals the copper
salt"is a greenish-blue powder, and the basic cobalt salt, (CH 3 0)N0 2
C 6 3 .PO 3 Co 2 O Is a reddish-brown powder.
;

.

H

:>

p-Phenetylphosphinic acid,
"^
PO(OH) 2

forms white needles, M.pt. 165 C., readily soluble in alcohol or water,
and giving a white silver salt.
1
m-Xylylphosphinic acid or 2 4<-Dimethylphenylphosphinic acid,
:

CH 3
This compound is obtained from the corresponding tetrachlonde, the
latter being isolated from #z-xylyldichlorophosphme derived from the
products of reaction between m-xylene phosphorus trichloride and
aluminium chloride. The acid is said to give two distinct crops of
crystals, M.pts. 194 C. and 161 C., designated a and /? respectively.
If this statement be correct, the foregoing Friedel-Crafts reaction gives
rise simultaneously to 1:2:4- and 1:3: 5-xylyldichlorophosphines, the
1:2: 4-compound being designated a and the 1:3: 5-derivative designated
The 2 4-dimethyl-compound crystallises in white needles, M.pt.
jB.
194 C., readily soluble In hot w ater or alcohol, sparingly soluble in
s

?

:

r

Heating with alkali gives m-xylene and phosphoric acid. The
barium, cadmium and nickel salts all crystallise with one molecule of
water, whilst the silver salt is anhydrous. Nitration of the acids yields
two nitro-acid?, one melting at 182 C. and sparingly soluble, the second
melting at 107 C. and readily soluble in the usual solvents.
2 (or 4)-Carboxy-4 (or 2)-methylpfaenylphosphinic acid,
ether.

HOOC-/

VPO(0H) 2

or

CH3

CH 3

/

\-PO(OE) a

COOH

occurs when the preceding acid is oxidised at 50 to 60 C. with
the requisite quantity of alkaline permanganate. It forms colourless
prisms, M.pt. 262 C. 5 further heating giving phosphoric and toluic
acids.
The acid is tribasic, and its salts are difficult to purify. Phosphorus pentachloride converts it into an add chloride, C1CO.C 6 3 (CH 3 )
POC1 2 , a viscous liquid, faintly fuming in air and boiling at 310 C.

H

3

:

5-DimethylpheiiylpiiospMmc acid,
CH3
<(

)>-PO(QH) 2

GH/
obtained as described under m-xylylphosphinic acid. It crystallises
in plates or needles, M.pt. 161 C., more readily soluble in water than
its Isomerlde.
The nitro-acid melts at 107 C., and is difficult to purify.
Oxidation gives 3 (or 5)-carboxy-5 (or 3)-methylphenylphosphinic acid 9
is

1

Weller, Ber., 1887, 20, 1718; 1888, 21, 1492.
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melting at 220 C. 5 the acid chloride of which
249 C. at 147 mm.

Is

a viscous

oil,
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B.pt.

1
p-Xyiyiphosphinic acid,

OH,
PO(OH) s

forms colourless needles, M.pt. 179

to 180 C., moderately soluble in
water, readily soluble in alcohol. When heated above its meltingpoint it is decomposed into p-xylene and phosphoiic acid. The acid
potassium salt, (CH 3 ) 2 C 6 3 .PO 3 HK, and the larium salt, (CH 3 ) 2 C 6 3
P0 3 Ba, both form white, pearly plates. Nitration yields a mononitroacid, consisting of colourless needles, M.pt. 224 C., exploding on strong

H

H

.

heating.

2 (or 5)-Carboxy-5 (or 2)-methylphenylphosphinic acid,

COOH

OH 3

/
occurs

\-PO(OH) 2

/

or

VPO(OH)

3

CH 3

COOH
when the preceding compound

is

oxidised

by

alkaline

perman-

forms slender yellow needles, M.pt. 278 C., heating above
ganate.
this temperature causing decomposition into j9-toluic and phosphoric
acids.
Phosphorus pentachoride converts it into the acid chloride,
(C1CO.C 6 3 .CH 3 )POC1 2 a colourless, crystalline mass, fuming in air.
It

H

,

acid

Pseudocumylphosphinic
phosphmic

acid,

or

2:4:

5-Trimethylphenyl-

2

CH 3
-PO(OH) 2

Decomposition of the corresponding tetrachloride by water yields
the acid as w hite, glistening plates or long, colourless needles, M.pt.
212 C., readily soluble in hot water or dilute alcohol, insoluble in
benzene. Bromine in the presence of water gives phosphoric acid
and tnbromcxpstfMdocumene, while chlorine has a similar action, except
that traces of the chloro-acid (vide infra) also occur. The acid
potassium salt, CgH-^POgHK, forms white, matted needles ; the acid
barium salt, (C 9 11 .P0 8 H) 2Ba, crystallises in glistening needles the
T

H

acid nickel

;

(C 9

salt,

H n .P0

glistening plates ; and
caseous precipitate.

6-Chloro-2

:

4

:

H) aNi.4H 2

separates as bright green,
the neutral silver salt, C 9 11 .PO 3Ag 2 Is a white,
8

9

H

,

5-triraethylphenyiphospMnic acid,
OH* 01
!

-PO(OH) 2

1

Miohaelis

and Paneck, Annal&n,

1882, 212, 238; 5er., 1880, 13, 653;

Weller,

J5er.

1888, 21, 1492.
2
Michaelis, Anndlen, 1897, 294, 7, Rothe, Inaug* Dissert. Rostock, 1892; Uster, Inaug.
Dissert. Rostock, 1896.
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The preceding

acid In acetic acid solution is chlorinated until a test
not
does
portion
give a clear solution in sodium hydroxide, this indicating
that decomposition is taking place into phosphoric acid and chlorinated
pseudoenmene. The solution is then evaporated to dryness, the
residue treated with ammonium hydroxide, the liquid filtered and the
acid precipitated from the filtrate by the addition of hydrochloric acid.
Recrystalhsatiou from alcohol and then acetic acid gives white needles,
M.pt. 235 C., readily soluble in alcohol, ether or boiling acetic acid,

sparingly soluble in* boiling water. The acid phenylhydrazine salt
forms small needles from alcohol, M.pt. 197-5 C.
6Ghloro-3-nitro-2 4 5-trimethylphenylphosphinic acid,
:

:

CH,

Cl

CHS -/ "~YPO(OH) 8

when the preceding compound is added to strongly cooled
fuming nitric acid and the solution poured into water. After filtering
and saturating the solution with ammonia, lead acetate is added to
This is filtered off, washed with cold water,
precipitate the lead salt.
in
alcohol
slightly acidified with hydrochloric acid, and
suspended
treated with hydrogen sulphide. The lead sulphide is removed, the
filtrate evaporated to dryness and the residue recrystalhsed from cold
occurs

water.

228

to
flat needles of the acid are deposited, M.pt. 227
exploding on rapid heating and readily dissolving in the usual

Long

C.,

organic solvents.

3

:

6-Dinitro-2

:

4

:

5-trimethyiphenyiphospMnic acid,

~PO(OH) a

K0 2 CH3

m

cold fuming nitric acid ;
p#w<i0euniylphosphinic acid is dissolved
a violent reaction occurs, and after twelve hours the excess of nitric
acid is evaporated off and the residue recrystallised from hot water.
The dinitro-acid forms small white crystals melting with decomposition
at 239 C., readily soluble in alcohol or ether, hot acetic acid or boiling
chloroform, whilst the solution in ammonium hydroxide is very deep
The acid is dibasic, and its salts, which are as follows, are
yellow.
not decomposed by dilute acetic acid
acid phenylhydrazine salt,
small needles, M.pt, 240 C.
acid anilide, glistening white needles,
M.pt. 273 C. with decomposition copper salt, C 9 9 (NO 2 ) 2 PO 3 Cu.H 2 O,
small greenish needles
silver salt, C 9
colourless
9 (N0 2 ) 2 PO 3 Ag 2
acid silver salt, C 9 9 (NO 2 ) 2 P0 3 HAg,
needles, soon darkening in air
small white plates.
:

;

;

H

;

H

;

5-Carboxy-2

:

4-dimethylphenylphospMmc
COOE

H

,

acid,

i

CH3
One molecular proportion of jpm^ocumylphosphinic acid is partially
by two molecular proportions of potassium permanganate

oxidised
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when the mixture is heated at 60 to 70 C. for twenty-four hours.
The product is a white, spongy powder, M.pt. 258 C., soluble in alcohol,

When strongly heated it
sparingly soluble in cold \\ater.
yielding phosphoric add and dimethylbenzoic acid
(COOH CH 3 CH 3 = 1 2 4), M.pt, 126 C., winch proves the
structure of the phosphmic acid. The silvei .salt is a white powder,
sensitive to light.
but

decomposes,
:

2

:

":

:

:

5-Dicarboxy-4-methylphenylphosphinic acid,
COOH
CH,-"

COOH
occurs when four molecular proportions of permanganate are used in
the preceding preparation. The acid produced is a veiy hygroscopic
yellow powder, M.pt. 185 to 190 C., and probably has the structure
indicated.

Mesitylphosphinic acid,

CH 3

forms long transparent needles, M.pt. 167 C., sparingly soluble in
cold water. When heated above its melting-point the acid gives
phosphoric acid and mesitylene.

ium

salt,

C 9 H 11 .P0 3 H(NB[ 4 ),

the following salts
ammonfour-sided needles
barium salt,

It yields

fine,

white plates
of water.
molecules
containing eight

small needles

;

:

;

silvei salt,

;

nickel salt, large green crystals

6-Carboxy-2 4-dimethylphenylphosphinic
COOH
:

acid,

occurs as a white, amorphous powder, melting with decomposition at
245 C, readily soluble in alcohol, insoluble in ether. When heated
above its melting-point It yields phosphoric acid and mesitylenic acid,
The silver salt, (CH 8 ) 2 (COOAg)C 2 .PO(OAg) a, is
C.
M.pt. 166
white and affected by light. The above composition is assigned to the
acid since the methyl group in the para-position to the phosphinic
grouping does not appear to be oxidised before the other methyl groups
in the ring judging from the case of pseudocumylpho&phiwc acid,
ft

H

x
p. 117.

2

:

6-Dicarboxy-4-methylphenylphospMnic acid,
COOH
:

3

x(

)>-PO(QH) 2

COOH
It is a hygroscopic powder,
sinters at 215 C. and melts at 255 C.
on strong heating. The diver salt
giving phosphoric and uvitic acids
is

a stable, white powder.

1

Author.
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1
a-Naphthylphosphinic acid,

-PO(OE) 2

is

obtained by heating mercury di-a-naphthyl and phosphorus

tri-

chloride together at 200 C., or by hydrolysis of the corresponding
In the first method the melt, after filtering and treating
tetrachloride. 2
with chlorine, is decomposed by water. The acid forms bushy needles,
3

M.pt. 190 C., density 1-435, yielding naphthalene and metaphosphoric
acid on strong heating. The silver salt is soluble in ammonia and nitric
acid.
4
Diphenylmetfaanephosphinic acid,
"^

>-PO(OH) 2

forms long, colourless needles, M.pt. 196 C., heating above this temperature giving diphenylmethane and metaphosphoric acid. The following
salts are known
potassium salt, ammonium salt, barium salt (H 2 0),
:

(4BUO), copper salt, lead salt, silver salt and phenylhydrazine
M.pt. 187 C. Oxidation with permanganate gives the following

cobalt salt
salt,

derivative.

Benzophenonephosphlnlc acid,

~"
~PO(OH) 2

when the preceding compound

treated with alkaline potassium
It separates in pearly plates,
soluble
in
204
insoluble in water. Having
C.,
alcohol,
readily
M.pt.
ketonic as well as acidic properties, the acid forms a compound with
phenylhydrazme, consisting of white plates, M.pt. 124 C. The ethyl
ester is a viscous yellow oil, and forms an oxime.
Silver, ammonium
and lead salts are known. Ail these derivatives when strongly heated
occurs

permanganate at 50

C. for

is

ten days.

yield benzophenone and metaphosphoric
chloride reacts with the acid as follows

acid.

Phosphorus penta-

:

C 6H 6 .CO.C 6H 4 .PO(OH) a + 3PC1 5 = C 6H 5 .C(C1 2 ).C 6H 4 .POC1 2
+ 3POC1 3 +2HC1
The

oosycklorophosphine thus obtained forms a white, crystalline mass,
M.pt. 64 C., B.pt. 258 C. at 15 mm., which soon decomposes in the
air, and when gently warmed with water gives benzophenonephosphmic
acid, the carbon-bound chlorine atoms being replaced by oxygen.

DibenzylphospMnic

acid,

5

PO(OH} 2

forms colourless plates, M.pt. 256
1

2
3
4
6

Kelbe, Ber., 1876,

C.,

decomposing in the usual manner

9, 1051.

Lindner and Strecker, Monatsh

, 1929, 53 and 54, 274.
Sckroeder, B&r., 1879, 12, 561.
Miohaehs, Annalen, 1901, 315, 45, Gusewell, Inaug Dissert. Rostock, 1895.

Michaelis, Annalen, 1901, 315, 50.
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on heating and forming benzoic acid and p-carboxyphenylphosphinie
acid on oxidation:

C 6 H 6 .CHo.CH,.C 6 H 4 .PO(OH) 2

-f

50 = CH 5 COOH
-f

Diphenylphosphinic acid,

PO(OH)

/
is

6

/

'

Tins acid

COOH C H 4 .PO(OH) 2 4-H 2 O

1

most readily produced by dissolving diphenylchloro-

in hydrochloric acid and boiling the solution vdtli nitric acid.
From hot concentrated nitric acid it crystallises in long, hair-like,
2
it also
snow-white needles, melting at about 190
.,
density 1-331
The silrei salt forms \\ hite
dissolves in alcohol, but is insoluble in water.

phosphme

:

from water.
3
3'-Dinitrodiphenylphosphinic acid,

silky needles

3

:

X0 2
mixed acid "' reacts with diphenylphosphimc acid.
occurs when
The product is a yellow, amorphous powder, M.pt. 268 C., only sparingly
The ammonium salt forms small yellow
soluble 111 the usual solvents.
the potassium, barium (6H 2 0), silver
260
whilst
C.,
columns, M.pt.
and lead salts are also known. Reduction of the acid by tin and hydrowt

chloric acid yields 3 3'-diaminodiphenylpho$phmic acid^ consisting of
small brown crystals decomposing at 276 C.
4
Di-p-tolylphosphinic acid,
:

-PO(OH)-

Wheii the corresponding trichloride is treated with water this acid is
produced, and crystallises from dilute alcohol as fine, colourless needles,
M.pt. 185 C. The barium, lead, copper, silver and phenylhydrazine
Nitration in the usual manner yields 3 3'-dinitrosalts are known.
:

4

f

:

4 -di?nethi/ldiphenylphosphinic add,

C. ? readily soluble in alcohol
fine, yellow needles, M.pt. 194
Oxidation
or ether, insoluble in water, and giving a white silver salt.
of di-p-tolylphosphinic acid with the requisite amount of alkaline
potassium permanganate solution produces 4-wiethyl-4'~carboacydiphenyl-

forming

phosphimc

acid,

a white crystalline powder, melting above 300
1

Michaelis and Graeff, Ber., 1875,
and Link, Annalen, 1881, 207, 193.
2

3
4

8, 1304;

Schroeder, Ber , 1879, I2 f 561.
Borken, Ber., 1888, 21, 1505.
Michaelis, Annalen, 1901, 315, 63.

C.

Michaelis, Ber., 1877, 10, 627;

Michaehs
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Di-p-tolylthiophosphinic acid,

CH

1

^vZ^~ PS(SH)~^

^

CH3

free acid is unknown, but by heating the corresponding phosphme
with water in a sealed tube at "l30 to 140 C., a sulphoxide results,
165 to
[(C~H 7 ) 2PS]oO. This separates as glistening crystals, M.pt.
alcohol
166 C., sparingly soluble in cold alcohol, readily soluble in hot
ammonium
or
sodium
in
insoluble
or ether sparingly soluble in water,
water at 180 to 190 C., hydrogen
hydroxide. When heated with
acid results. The followsulphide is evolved and di-j?-tolylphosphinic

The

acid are known
amide,
ing derivatives of di-y-tolylthiophosphinic
139 C.
anilide,
(C 7 EL) JPS.NH,, a nucroerystalline powder, M.pt.
C. ;
phenijl(C,H,)oPS.NHC 5 fine, matted needles, M.pt. 152
C
135-5
fine needles, M.pt
PS.NH.NHC
5
6
2
7
)
(C
7
hijdmlide,
C.
134
dwthijlwmde,
needles,
M.pt.
&peridide y (C 7 7 ) JPS.NC 6 10> long
177 to 178 C.
(C.H^oPS.NfCoHs)^ hard compact crystals, M.pt.
C. ; phenyl ester,
42
to
41
PS.OC
M.pt.
2
5>
ethyl ester, (C 7 7 ) 2
135 C.
(C 7 7 )JPS.OC 6 5 small crystals, M.pt. 2
acid,
Di(p-etfaylphenyl)pliosphiiiic
:

;

ft

H

H

,

H

H

H

.

;

,

;

;

H

H
H

H

,

C2H 5

XT^~PQ OH )" C
(

<

y-AA

occurs as a by-product in the preparation of p-ethylphenyldichloroisolated
by the Friedel- Crafts reaction. It is a pale yellow oil,
phospliine

concentrated hydrochloric
by decomposing its copper salt with
3
acid,
Dibenzylphosphinic

acid.

been described under benzylthat
white
the
crystalline mass mentioned
phosphinic acid, p. 115,
and precipitated
with
extracted
hydroxide
potassium
preparation being
with hydrochloric acid. From hot alcohol it crystallises in shining
in hot nitric acid, not very soluble
scales, M.pt. 191 C., readily soluble
It is only a feeble acid, as it does not turn blue
in the usual solvents.

The formation of

this acid has already

m

litmus red or liberate carbon dioxide from carbonates. The potassium
and silver salts are known, the latter reacting with methyl iodide to
form the methyl ester, consisting of bushy, silky prisms, M.pt. 75 C.
Nitration produces 4 : 4'-dinitrodibenzylpho$phinic acid, forming colour4
less needles, M.pt. 225 to 226 C.
5
Dipseudocumylphosphinic acid,

CH3

CH3

H3
of jp
present in the residues obtained in the preparation
ether.
dichlorophosphine, p. 85, and is extracted by petroleum

is

1

3

4
5

ibid.,

2

The

Michaehs, Annalen, 1896, 293, 220.
Michaehs, Annalen, 1901, 315* 66.
Litthauer, J5er, 1889, 22, 2144
Challenger and Peters, J. Ghem. Soc , 1929, p. 2610.
Michaelis, Annalen, 1897, 294, 25; Rothe, Inaug. Dissert. Rostock, 1892; Uster,
1896.
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extract is decomposed by water, and the resin obtained is heated under
reflux with alcohol and the liquid filtered.
The faint yellow filtrate
gives crystals which on purification form strongly refractive crystals
of the monochnic system, M.pt. 202 to 203 C ., soluble in hot alcohol,
acetic acid or boiling benzene, insoluble
water. Bromine in the
presence of water decomposes the acid Into tribromqp$u<foeumene
1

m

and orthophosphoric

acid.

The

following salts are

known

potassium

:

matted needles
ammonium salt (2H 2 0), white
lead salt, white precipitate
needles
barium salt (6H 2 0)
acid and
neutral silver salts, white precipitates; coppei salt (lOH^O), bright
blue powder; nickel salt (10H 2 O), bright green powder; cobalt salt,
a dark ultramanne-blue powder.
Oxidation of dips^Mrfocuniyl4?
with
acid
of potassium pernioi.)
equivalents
(1
phosphinic
a
acid,
yields
di-caiboxydiineihyldiplienylpliosphinic
manganate
a white, powdery mass, M.pt. I85 C C.,
(C 8 H 8 .COOH)"2 PO(OH)
sparingly soluble in boiling water, readily soluble in alcohol, and

salt

(H 2O),

glistening

;

;

;

;

5

giving a silver salt as a light, stable powder.
Dicumyiphospfalnic acid,
~~

P0( OH)-/

a white powder, which turns brown on heating and is easily soluble
The copper salt is a pale blue
powder.
1
Di-a-naphthylphosphinic acid,
is

in alcohol or ether, insoluble in water.

PO(OH).

This acid occurs to some extent in the preparation of a-naphthylphosphinic acid (p. 120), and it may also be obtained from the latter
by boiling with water. It crystallises in colourless warty groups of
It liberates carbon dioxide from
to 204 C.
needles, M.pt. 202
carbonates and may be precipitated from alkaline solution by the
addition of acids.
2
Dicamphorylphosphinic acid,

X CH
V'8 J J
-

PO(OH)

Vo

-14\

CH X
1

C
o>

To the sodium camphor obtained by the solution of 75 grams of camphor
and 7*5 grams of sodium in 200 c.c. of toluene, 29 grams of phosphorus
trichloride diluted with twice its own volume of toluene are slowly added
with shaking. Heat is developed and the mass at first partially solidifies,
then becoming mobile again, after which it is allowed to stand for one
hour. It is then heated gently for thirty minutes and left overnight at
room temperature. Water (30 c.c.) is added to the cooled reaction
mixture and the aqueous layer separated off. The toluene layer is
extracted with 2N sodium hydroxide solution, and the cooled alkaline
extract acidified with 2JV hydrochloric acid, when the crude product thus
obtained tends to become viscous. Further portions of crude product
1

Kelbe, Ber. f 1878,

2

Morgan and Moore, Tram. Chem.

u,

1499.
8oe. t 1910, 97, 1697.
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of the first aqueous extract and the filtrate
from the precipitated acid, the residue being extracted with alcohol.
The acid, which does not crystallise well, deposits colourless nodular
It is only
at 288 C., [a] D 151-1.
crystals from alcohol, decomposing
soluble
but
or
ether
readily
in
soluble
water,
light petroleum,
sparingly
The sodium, lithium,
in warm benzene, toluene, chloroform or alcohol.
salts are known.
silver, cadmium, copper and lead
are obtained

by evaporation

Phenylmethylphosphiaic acid, (C 6 H 5 )(CH 8 )PO.OH, may
isolated by treating an aqueous solution of phenyldipipendylmethylthe hydroxide obtained
phosphonium iodide with moist silver oxide,
1
residue is dissolved in
The
C.
150
at
hours
bemo heated for several
a
a little water and the silver salt of the acid precipitated by adding
liberated
acid
free
the
by
silver
being
nitrate,
concentrated solution of
be

A

hydrochloric acid.

2
consists of heating
150 C. for three
at
hydroxide

modification of this process

phenyldipipendylmethylphosphomum

on
to four hours, evaporating the residue with ammonium hydroxide
and
then
is
evolved,
filtering
the water-bath until no more ammonia
The silver salt
of silver nitrate.
forming the silver salt by the addition
the filtrate from the
is accurately precipitated by hydrochloric acid,
cent,
75
in
acid
free
the
yield on evaporation
per
silver chloride giving
on the water-bath.
The acid forms white needles, M.pt. 153 to 134 C. The l-menthylas long, colourless,
2 separates
ammesalt, (C 6 5 )(CH 3 )P0 2 H.C 10 19
water or alcohol,
in
soluble
189
to
188
C.,
very
feathery needles, M.pt.
the cmless soluble in ethyl acetate, sparingly soluble in acetone ;
colourforms
.2H
H.C
small,
0,
2
2
22
chonme salt, (C 6 5 )(CH 3 )P0 2
19
alcohol or hot benzene,
less needles, melting at 170 to 172 C., soluble
the dnchonidine salt, (C 6 5 )(CH 8 )
sparingly soluble in ethyl acetate;
PO 2HX\ S 22 2 .4H 20, yields beautiful colourless prisms, M.pt.
154 C., very soluble in alcohol, benzene or boiling water, sparingly
soluble in ethyl acetate or cold water; the quinine salt, (C 6 5 )(CH 3 )
POoH.C ao 24 6 2 2 .4H 2 0, begins to melt at 85 C., the anhydrous
C., and is readily soluble in alcohol, hot
salt" melting at 164 to 166
the hydroxysoluble in cold water
ethyl acetate or water, sparingly

H NH

H

,

H ON

H

m

H

H ON

H

H

N

;

hydrindamine

salt,

H

(C 6

5

'

)(CH S )P0 2H.C 6H1<^~"
x

CM OH
(

\CH.NH 2
'
)

C. without melting,
in
soluble
in
soluble
ethyl acetate or
and readily
alcohol, sparingly
C. and
salt decomposes at 175
acetone ; the

forms light silky needles, decomposing at about 170

l-hydroxyhydrindamine
has similar properties to the foregoing salt.
with thionyl
Phenylmethylphosphinic acid (15 grams) combines
chloride (25 c.c.) when heated with it under reflux for thirty minutes
a 94 per cent, yield of phenylmeihylphosphinyl
on the water-bath
3
The product is a colourless liquid,
chloride, C 6 6 (CH 3 )POC1, results.
Q
167
C. at 22 mm., fuming in air and having
or
mm.
11
C.
155
at
B.pt.
an odour reminiscent of thiocarbonyl chloride. It reacts vigorously
with water, yielding phenylmethylphosphinic acid. It combines with
;

H

1

2
3

Annahn, 1896, 293, 220.
Pope and Gibson, Trans. CJiem. Soc
Gibson and Johnson, /. Ohem. JSoc.,
Miehaelis,

1912, 101, 740.
1928, p. 92.

,
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giving phenylmethylphosphinariilide* colourless needles, M.pt.
and with absolute alcohol to give ethyl phenylmethylphosphinate, C 6 5 (CH 3 )PO.OC 2 5 a colourless, highly refractive 'liquid,
B.pt. 148 C. at II mm., the parachor [P] being" 417-3 (for semipolar
double bond) and 442*1 (for non-polar double bond)
The methyl ester
boils at 137 C. at 11 mm.
1
occurs
Phenylisobutylphosphinic acid,
(C 6 5 )(C 4
9 )PO.OH,
when fsobutyl iodide reacts with di-zsobutyl phenylphosphimte at 160~
C
C. in a sealed tube.
It melts at 64 to 05 C., but its salts with the
alkali metals or alkaloids are not crystalline.
aniline,

142

C. }

H

H

,

f

H

H

H

is

is

replaced

obtained

by

H

acid,
<C 6 5 )[<C 6 5 )3C]
the fsobutyl iodide in the foregoing reaction
C
triphenylmethyl bromide. It melts at 2S7 to 288 C.,

Phenyltriphenylmethylphosphinic

PO.OH,

when

but does not yield crystalline

salts.

H

(C 6 5 )[CH(OH)CH ? ]
acid,
of phenyldiehlorophosphme is
allowed to react with acetaldehyde (1 niol.), the mixture being cooled
in ice.
After completion of the reaction the mixture is poured into
a large bulk of water and evaporated down with frequent additions of
water. An oil results which crystallises in stellate groups of needles,
M.pt. 104 C., soluble in water but insoluble in ether. The barium salt
contains four molecules of water of crystallisation and separates in
needles.
Propyl aldehyde and ?>obutyl aldehyde are said to react in a
similar manner to acetaldehyde, but the products are non-crystallisable oils.

Phenylhydroxyethylphosphinic
PO.OH. 2 One molecular proportion

Phenylhydroxybenzylphosphinic acid, (C 6H5 )[CH(OH)C 6 H 5 ]
occurs when the acetaldehyde in the foregoing reaction is
replaced by benzaldehyde. It is a white, granular powder, M.pt. 112
to 114 C., and its barium salt (EL>O) crystallises in plates.
Phenyltolylphosphinic acid^ (C 6H 5 )(C 7 H 7 )PO.OH, crystallises in

PO.OH,

116 C., yielding on nitration with fuming nitric
acid a dinitrophenyltolylphosphinic add, (C 6 4 .X0 2 )(C 7 6 .NO 2 )PO.OH,
consisting of small yellow needles, M.pt. 205 C., which explode on
direct heating.
Phenylpseudocumylphosphinic acid,
(C 8 6 )(C 9 U )PO.OH,
forms needles, M.pt. 181 C. It yields a phenylhydrazine salt, white
needles, M.pt. 140-5 C., and a tnnitro-derwative, yellow prisms, M.pt.
197 to 198 C.
3
p-Tolylmethylphosphinic acid, (CH 3 .CHJ(CH ? )PC).OH, occurs
when methyl-p-tolyldipiperidine-N-phosphoninni iodide is heated at
180 C. It forms white needles, M.pt. 120 C., readily soluble in alcohol,
sparingly soluble in water, and gives a silver salt, crystallising in pearly
fine needles, M.pt.

H

H

H

H

Tolyibenzyiphospfiimc acid, (C 7 H 7 )(C 6 H 5 .CH 2 )PQ.OH,

is

iso-

meric with ditolylphosphinic acid. 4 When tritely Iphosphine and benzyl
chloride are heated together for five to seven hours at 170 C., an oily
phosphonium compound results. The latter yields a diphenoxyderivatwe when shaken with cold dilute sodium hydroxide solution,
and subsequent treatment with water gives the phenyl ester of the acid
:

1
2

3

4

Arbnsoff and Arbusoff, J. Euss. PJiys Chem. Soc., 3929, 6r, 1905
Holie, Inaug. Dissert,. Eostock, 1892.
Michaelis, Ber , 1898, 31, 1037.
Michaelis, Annakn, 1901, 315, 70.
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C 7H 7 \

/CH 2 .C 6H5

\P<

(C 6

H 0)/
5

\C1

C 7H 7 Y

=
+ H,0
-

>PO.OC 6H 5 + HCI + C 6 H 5 OH

C 6H 5 .CH/

This ester separates from aqueous alcohol as small, white crystals,
It is converted
M.pt. 120 C., soluble in benzene or petroleum ether.
into the acid by heating under reflux for several hours with concentrated
The acid crystallises from alcohol as
alcoholic potassium hydroxide.
145
C,, soluble in ether or benzene.
white, glistening needles, M.pt.
The silver salt is a pure white crystalline powder, becoming dark on

exposure to

light.

CHAPTER

111.

MISCELLANEOUS PHOSPHORUS COMPOUNDS.
COMPOUNDS DERIVED FROM ALDEHYDES AND IvETOXES.
The Reaction between Phosphotus Trichloride and Unsaturated
Kef ones.

WHEN

phosphorus

ketones

in,

trichloride is condensed with a/?-unsaturated
glacial acetic acid solution and the mixture is diluted with
1
On replacing the acetic
water, j8-ketophosphinic acids are obtained.
acid by acetic anhydride it has been shown that the addition takes
2
place at the I 4-position, as follows
:

:

C 6 H 5 .CH = CH.CO.C 6H 5 +PC1 3

*C 6

H

B

CH = C.C 6H

.CH

C1 3P-

5

-o

benzal acetophenone (phenyl styryl ketone)

Phosphorus
and acetic anhydride react at room temperature forming acetyl chloride
and a compound which yields a ketophosphinic acid with water. The
intermediate product is a thick oil, supposed to be a mixture of the
acid chloride I and the acid anhydride II, both of which are decomposed
by water to form the phosphinic acid
trichloride,

:

C 6H 5 .CH

CH = C.C 6 H 5
+ 2H a O-

-O

Cl

o
C 6H5 .CH

CH 2 .CO.C 6H

CJH S .CH

i-o

5

+ HC1

/\
HO OH

CH =C.C H 5
6

i

i
CHc.CH-

i-o

+ 8EL-

C.C 6

H

-CHo.CO.CnHs

/\
HO OH

5

n
Product I is formed if I molecular equivalent of acetic anhydride
used
excess of the anhydride leads to the production of varying
amounts of product II. Both the compounds are unsaturated, and the
position of the double bond is ascertained by treating the substances

is

1

;

Conant, J. Amer. Chem. Soc., 1917, 39, 2679.
127

2

Conant and Cook,

fbid.,

1920, 42, 830.
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acting upon the dibromide with water, when
takes
place and a /3-bronioketophosphimc acid (III)
decomposition
and hydrogen bromide are formed. Thus, in the case of I
CHBr CBr C 6 H 5
C H 5 CHCH = C.C 6 H 5
C 6 H 5 .CH
2ELO

with bromine and

:

fi

01

P

J-Br,

1!

O
f
!

CHBr CBr C 6 H 5

C 6 H 5 .CH

HOP

*

+ HBr

HO P OH

OH

OH

6

L

in

anhydride II is used, the reactions are essentially the same as
those indicated in the foregoing scheme.
The compound I gives rise to two substances when treated with
an unsaturated
phenol, a monophenyl ester (IV), and a phenyl ester of
cyclic acid (V)
If the

:

Cl_p_

-CH 2 .CO.C 6H 5

fC 6 H 5 .CH-

=C.C 6H 5

C 6 H 5 .CH-

C1-P-OC 6 H 5

-0
+ C 8 H 5 OH

II

II

O

C 6H6 .CHCKH

C.C 6

0-P

H

5

C 6H 5 CH-

-CH 2 .CO.C 6 H 5

HO f OC H

O

6

6

II

o

V

IV

V

The

ester
combines with bromine and is therefore unsaturated ;
also be converted by acids or bases into the monophenyl ester
of the ketophosphinic acid. The ring is more stable in the case of the

it

may

ester than the acid chloride, and the position of the double bond may
be shown by transforming the bromine addition product into a monophenyl ester of the /3-bromoketophosphimc acid (VI)
C 6 H5 .CH
CH = C.C SH 5
:

~~P-

C

fi

K ,0-k

i!

11

HOI at 100

0.

H,0

NaOH

C 6 H5 .CH

C6 H,

Pp

in alcohol

CH 2 .CO.C6 H5

OH

C6 H5 .CH
C6 H5

P

CHBr.CO.C 6 H 5

OH
VI
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The foregoing schemes prove that the intermediate product formed when
acetic anhydride is used consists of a mixture of two unsaturated
cyclic
compounds, both containing the linkage

C=C

H 3 G.
jS-Benzoyl-a-4-methoxyphenylethylphosphinic acid,
C 6 H4 .CH[PO(OH) 2 ].CH 2 .CO.C 6H 6
19 grams of phenyl p-methoxy.

styryl ketone (anisal acetophenone) are partly dissolved in 40 e.c. of
glacial acetic acid and 14 grains of phosphorus trichloride added.
The ketone dissolves and the solution becomes red. After standing
overnight the mixture is poured into 500 c.c. of water, an oil separating
out and solidifying on stirring. The product is dissolved in aqueous
sodium carbonate solution and extracted with ether, the latter removing
a small quantity of yellow material. Acidification of the solution gives
an 89 per cent, yield of the phosphinic acid. The acid forms small,
colourless needles, M.pt. 189 C., soluble in alcohol, sparingly soluble
in boiling water, practically insoluble in cold water or ether.
It yields

an oxime, which is a crystalline solid, melting with slight decomposition
at 156 C.
The acid does not react with bromine in cold chloroform
solution and cannot be hydrolysed by 50 per cent, sodium hydroxide
or heating with concentrated hydrochloric acid. It forms a crystalline
salt, soluble calcium and barium salts* and Insoluble silver and

sodium

lead salts.

CH

^-Benzoyl-a-phenylethyipfiospMnic acid, C 6 H 5 .CH[PO(OH) 2].

H

.CO.C 6 5
This acid occurs when the phenyl p-methoxystyryl
ketone in the preceding preparation is replaced by phenyl styryl
ketone (benzal acetophenone). The product contains 0-75 molecule
of water of crystallisation, which is lost at 116 C. when the compound
2

.

melts.
jB

Cmnamoyl - a -phenylethylphospMnic

acid

,

C 6H 5 .CH[PO(OH} 2 ].CH 2 .CO.CH = CH.C 6H,5
occurs when distyryl ketone (dibenzal acetone) is used in the reaction.
It contains 1-25 molecules of water of crystallisation, which It loses at
108 C. It reduces potassium permanganate solution and combines
with bromine in cold chloroform.
^3-Bromo- jS-benzoyl-a-phenyletliylpliospMiiic acid, C 6 5
CH[PO(OH) 2].CHBr.CQ.C 6 5) may be obtained by brominating
acid or by brominatlon as shown
j8-benzoyl-a-phenylethylphosphinic
on p. 128 (compound III). It Is a white, crystalline solid, M.pt. 196 C.,
sodium carbonate, bicarbonate or hydroxide Into phenyl
converted

H

.

H

by

and sodium phosphate. When a
styryl ketone, sodium bromide
bromo-aeid is treated with 1
the
of
solution
boiling chloroform
it yields the acid chloride, which with
of
chloride,
thionyl
equivalent
a crystalline product, M.pt. 179 C.
phenol gives the monophenyl ester,
The ester is best obtained by brominating phenyi j3-benzoyl-a-phenylit forms a sodium salt with
ethylphosphinate described overpage ;
cold dilute sodium hydroxide, but if the reaction be carried out with
VOL. xi.

:

in.

9
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warming, decomposition takes place with formation of phenyl styryl
ketone.

Phenyl ]3-benzoyl-a-phenylethylphosphinate, C 6H 5 .CO.CH 2
CH.C 6 H 5 .[PO(OH)]OC 6 H 5 The phosphinic acid is treated with 1
.

.

equivalent of thionyl chloride and the resulting acid chloride heated
with phenol. The ester is a crystalline product, M.pt. 146 C.
Diphenyl j3-benzoyl-a-phenylethylphosphinate results in small
amount during the preceding reaction, but is obtained in better yield

by using

2 equivalents of thionyl chloride

and 2 equivalents of phenol.

be crystallised from alcohol, and melts at 125 C. It is readily
hydrolysed to the monophenyl ester by cold sodium ethylate, and both
esters are hydrolysed to the free acid by warming with aqueous sodium
It

may

hydroxide.

The Mechanism of

the Reaction of Phosphonis Trichloride
with Benzaldehyde. 1
Whereas in the preceding section the phosphorus addition took
place at the I 4-position, the addition here is at the 1 2-position, as
follows :
:

:

C 6 H 5 .CHO + PC1 3

^=t

/

C 6 H 5 .CH<

|

\PC1,
Only about 30 per cent, of the addition product is formed, the reaction
being reversible and the factors governing the equilibrium being capable
The values obof expression in terms of the law of mass action.
tained for the equilibrium constant vary from 6-9 to 8*3, the average
being 7-4. The product is converted by water into the corresponding
phosphinic acid
:

C O6 H5O .CH<\

!
I

+3H &2 0=C O6H5 .CHOH + 3HC1
t>

\PC1 8

PO(OH) 2
The addition product
chloride and a mixture

reacts with acetic anhydride to form acetyl
of an acid chloride (I) and an acid anhydride
(II), a large excess of acetic anhydride converting most of (I) into (II)
:

/
XPC1 +(CH

C 6 H 5 .CH<

j

8 .CO) "

O=C H
6

/
6

.CH<;

2C 6 H 5 .CH<

|

+ (CH 3 .CO) 2

+ 2CH 3 COC1

|

NPOCl

3

*

C 6H 5 .CH<

|

+2CH 3 COC1

\po/ a
II

The mixture

of acid chloride and anhydride remains as a gum after
removing the acetyl chloride and excess of acetic anhydride. This
gum when treated with water yields hydrogen chloride and a monobasic
acid containing a three-membered carbon-oxygen-phosphorus ring, and
"
the name phostonic " adds is suggested for acids of this type
:

1
Conant and MacDonald, J. Amer. Chem Soc
Chem. j$oc,, 1912, 101, 423.

,

1920, 42, 2337; compare Page, Trans.
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,0
"
4-HoO^CgHg.CH/

;

POC1

-rHCI

PO.OH

The amount of chlonon thus produced is obviously a measure of the
amount of acid chloride present in the mixture. The acid is isolated in
the form of an insoluble barium salt, the structure of which follows
from the fact that the acid is monobasic and on boiling with water is
converted into the kydroxyphosphinic acid

,O

C 6H 5 .CH<[
X

The

~H 0=

PO OH

:

C 6 H V CHOH

2

'

,

PO(OH) 2

potassium permanganate slowly, whereas the
oxidised immediately by this reagent.
The threcmembered ring is much more stable than the corresponding fivemembered ring (p. 127) obtained with the unsaturated ketones this
fact may be due to the presence of the ethylene linkage in the latter
cyclic acid reduces

hydroxy-acid

is

;

ring.

Anhydr o - a -hy droxybenzylphosphinic
Ce

acid ,

H .CH
5

\PO.OH
10 grams of beiizaldehyde, 13 grams of phosphorus trichloride and 20
grams of acetic anhydride are mixed in a 150 c.c. distilling flask fitted

with a calcium chloride tube, the temperature being kept below 40 C.
After standing overnight at room temperature, the contents of the
A viscous
flask are evaporated at 50 C. and 50 to 60 mm. for 2 hours.
residue weighing 22 grams results, but although soluble in chloroform,
This gum with barium
it cannot be crystallised from that solvent.
hydroxide forms the barium salt of the required acid, and the salt on
acidification gives the free acid, which is ground with water, spread
on a tile and dried over sulphuric acid. The acid is purified by dissolving in alcohol and evaporating down, but about 10 per cent, of
barium always remains in the product. The acid decolorises permanganate solution only one-seventh as fast as a hydroxyphosphmic acid.
It does not form a crystalline aniline salt when its ether solution is
treated with aniline. If 2 grams of the acid be warmed on a steambath with 75 c.c. of concentrated hydrochloric acid until a clear solution
results, nitration and addition of dilute sulphuric acid precipitates the
barium, and the filtered solution when evaporated to dryness yields the
crude a-hydroxybenzylphosphinic acid.

a-HydroxybenzylpfiospMnic acid, C eH 5 .CH(OH)PO(OH) 2 may
,

10 grams of benzalbe obtained as just described, or as follows
are
trichloride
14
of
and
cautiously mixed
dehyde
grams
phosphorus
After one hour
in a flask fitted with a calcium chloride guard tube.
18 grams of glacial acetic acid are added and the mixture allowed to
stand for three hours. The temperature should be maintained at
25 to 35 C. during the entire preparation. The mixture is then poured
into 200 c.c. of water and the liquor evaporated to dryness on the steambath, The residue is dissolved in a little alcohol and the solution
:
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10 grams of aniline in 10 e.e. of ether
diluted with 100 c.c. of ether.
The yield is
are added and the aniline salt of the acid filtered off.
about 18 grams, or 72 per cent. The aniline salt may be recrystallised
from alcohol ; it melts with decomposition at 201 to 202 C. The
free acid, isolated from the salt in the usual manner, melts at 170 to
172 C. 1 The acid yields normal and acid banum salts.

a-Hydroxyphenanthraquinonephosphinic
C 6H4

acid,

2

/C 6 H4 \
<
>C(OH)JPO(OH) 2

when phenanthraqumone is digested with phosphorus trichloride.
forms flesh-coloured flakes, which appear crystalline under the microwater, alcohol,
scope and melt at 125 to 128 C. It readily dissolves
ether or glacial acetic acid, forming a deep red solution in the latter.
Oxidation by permanganate in acid solution yields phenanthraqumone
and phosphoric acid. The calcium salt separates as deep green flocks
when calcium chloride is added to an aqueous solution of the acid.
occurs
It

m

4 Addition of Phenyldichlorophosphine. s
The addition of phenyldichlorophosphine to phenyl styryl ketone
(benzal acetophenone) in acetic acid solution yields exactly the same
types of compounds as are obtained by the use of phosphorus triThe structure of the various compounds is proved
chloride (p. 127).
The product
as before by resorting to bromination.

The 1

:

C 6H 5 .CH
C 6H5

CHBr.CO.C 6 H 5

-P-OH
li

O
contains two asymmetric carbon atoms, so that two racemic stereoisomers are possible
both may be formed by brominating the ketophosphinic acid or by the action of water on the cyclic dibromide
;

-

C 6H 5 .CH
C6

H -P
5

11

O

CHBr

CBr.C 6 H 5

O

These two isomeric bromine compounds are stereoisomers and not
structural isomers, since they are both decomposed by alkaline
reagents
with the formation of benzal acetophenone. The lower-melting isomer
may be transformed into the higher-melting one by the prolonged action
of sunlight on its chloroform solution.
1
2
3

Compare Fossek, Monatsh.,

1886, 7, 20.

Fossek, ibid.
Conant and Pollack, J. Amer. Chem, Soc,, 1921, 43, 1665.
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Phenyl-j8-benzoyl-a*phenylethylphosphinic acid,
C 6 H 5 .CH

CH 2 .CO.C 6H

5

CeHa-P OH

O
9 grams of phenyldichlorophosphine in 15 grams of glacial acetic acid
are treated with 10 grams of phenyl styryl ketoiie (benzal acetophenone),
the mixture being cooled in water during the addition. When no more
solid separates, 70 c.c. of glacial acetic acid are stirred in, and after
30 minutes the mixture is poured into water. The solid is filtered off,
washed with alcohol and dried, about 19 grams of crude product being
isolated.
This is purified by solution in aqueous sodium carbonate,
extraction with ether and precipitation from the aqueous layer by tiie
addition of acid. The product is practically insoluble in all solvents,
but may be recrystallised from its very dilute solution in hot glacial
acetic acid or ethyl alcohol, the resulting substance melting at 220 to
225 C. with decomposition. Replacing the acetic acid in the foregoing
reaction by acetic anhydride, the unsaturated cyclic anhydride

-

C 6 H 5 .CH

CH

P

5

CH = C.C 6H 5
O

isolated in the impure state as a gum which readily reacts with water
With bromine the anhydride forms
to give the ketophosphinic acid.
an addition product, winch reacts with water to give the two stereoisomeric
acids described below.
is

Phenyl-^-bromo-jS-benzoyl-a-plienyletliylpliospliinic acid,

H .CH CHBr.CO.C H
C H -P OH
C6

6

6

S

5

5

1!

O
grams of phenyl- jS-benzoyl-a-phenylethylphosphinic acid are suspended in 20 c.c. of glacial acetic acid and the mixture raised to the
boiling-point, when a small amount of bromine is added and the heat5

all the colour disappears (after about 5 minutes).
then slowly added, the mixture being kept just off
the boil ; hydrogen bromide is evolved and the solid matter gradually
the clear solution is
disappears. At the completion of the reaction
c.c. of water and the precipitated solid filtered off
500
into
poured
and dried. The yield is about 6*5 grams of product of M.pt. 160 to
180 C. Another method of preparation is by bromination of the
treatment with water, as mentioned
cyclic anhydride followed by
are
obtained from the crude product by
isomers
two
The
already.
and evaporating
treating it with 50 c.c. of hot chloroform, filtering
to 20 c.c., then adding petroleum ether, when the lower-melting isomer
180 C. The
slowly crystallises. Two grams separate, M.pt. 160 to

ing continued until

More bromine

is
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insoluble portion, reciystailised from ethyl alcohol, yields one gram
Both isomers dissolve
C.
of the higher-melting isomer, M,pt. 195
in aqueous sodium carbonate and both are decomposed by sodium
hydroxide, yielding phenyl styryl ketone. If a chloroform solution
of the lower-melting isomer, containing a trace of iodine, be exposed
to sunlight, the higher-melting isomer separates, but many weeks
elapse before half the lower-melting body is transformed to the higher-

melting one.

The Interaction of Phosphorus Halides with Distyryl Ketone and
1
Phenyl Cinnamylidene Methyl Ketone.

and phenyldichlorophosphine react with
Phosphorus
distyryl ketone (dibenzal acetone) in acetic acid solution giving
respectively |8-cinnamoyl-a-phenylethylphosphinic acid and phenyla-phenyl- jS-cinnamoylethylphospliinic acid
trichloride

:

a

C 6H 5 .CH~CH 2 .CO.CH = CH.C 6 H 5

.COXH = CH.C 6H 5

C 6H 5

HO P OH

P

li

II

o

o

OH

of bromine, and are readily
The second, when oxidised
oxidised with formation of benzaldehyde.
by ozone, gives a dibasic acid of the formula C 6 5 .CH[C 6 5
PO(OH)]CH a .COOH. The dibromides readily evolve hydrogen bromide

Both compounds combine with two atoms

H

with alkaline reagents and form unsaturated monobromo-acids

C 6H S .CH

CH

2

.CO.CBr = CHC 6

H

C 6H5 .CH

5

C 6H 5 .P

HO P OH
ii

il

o

o

H

.

:

CH 2 .CO.CBr = CH.C H
6

5

OH

These unsaturated bromo-acids are soluble without decomposition in
sodium carbonate solution, but aqueous potassium hydroxide decomposes them, forming benzaldehyde and removing the bromine and
phosphorus radicals. The first bromo-acid also gives a small yield of
dibenzal acetone, the use of alcoholic potassium hydroxide increasing
the reaction taking
the yield of unsaturated ketone to 25 per cent.
place is probably as follows
;

:

C 6H 5 .CH[PO(OH) 2 ]CH-C(OH)CBr-CH.C 6H 5
i

C6

H

5

.CH = CH.COH

C - CH.C 6H 5 + HBr

4-

HPO 3

C 6H 5 .CH =CH.CO.CH = CH.C eH 5

The interaction of phosphorus trichloride and cinnamylidene
acetophenone is unsatisfactory and only a small yield of ketophosphmic
acid results, but phenyldichlorophosphine gives a fair yield of phenyl1

Conant,

Bump and

Holt, /. Amer. Chem. Soc., 1921, 43, 1677.
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^-benzoyl-a-styrylethylphosphimc acid, which yields benzaldehyde
on oxidation with ozone, showing that the addition takes
place in the
1
4 and not the I 6-position
;

:

:

C 6 H 6 .CH = CH.CH

CH.CO.CH3 + C 6H 5 PC1 2 -r 2CH 3 COOH
i

C 6 H 5 .CH =CH.CH.CHo.CO.C
II 5
"
6
+ 2CH 3 COC1

i

O
Phenyl-a-phenyl-/?-cinnamoyIethylphosphinic

CH(C 6 H 6 .PO.OH).CH 3 .CO.CH=CH.CH 5

.

Dibenzal

acid,
acetone

C 6H 5
is

.

sus-

pended in acetic acid and treated with phenyldichlorophosphine. The
resulting solid is dissolved in 20 per cent, aqueous sodium hydroxide
and the solution extracted with ether to remove unchanged ketone,
addition of hydrochloric acid then precipitating the acid. Filtration
and recrystalhsation from hot glacial acetic acid gives a 53 per cent.
The acid melts at 235 to 236 3 C., and
yield of the phosphimc acid.
is practically insoluble in all the common solvents.
When a chloroform solution of the acid is oxidised by dry ozone and subsequently
., benzaldehyde results.
evaporated under diminished pressure at 40
If the aldehyde be removed in steam, a gummy mass remains and the
aqueous solution on evaporation yields a grey crystalline solid. This

H

H

phenyl-a-phenyl-fi-carboxyethylphosphinic acid, C 6 5 .CH(C 6 5 JPO.
M.pt. 212 C., which may be recrystallised from hot
water. Titration with sodium hydroxide shows It to be dibasic.
is

OH)CH 2 .COOH,

a - Ptienyl - j8(a' j8' - dibromo - /J' - ptienylpropiony!) - ethylphosphinic acid or a-Phenyl-^(dibromoliydrocinnaDioyl)-etliyIphosphinic acid, C 6 5 .CH[PO(OH) 2 ].CH a .CO.CHBr.CHBr.C 6 6 is formed
by brominating the corresponding unsaturated acid, the reaction being
accelerated by sunlight. It crystallises from moist chloroform or
aqueous alcohol as fine, white needles, M.pt. 180 to 182 C. with de-

H

composition.

The

H

,

crystals contain 2*5 molecules of water.

a-Phenyl-j8(a'-bromocmnainoyl)-ethylphosphinic acid, C 6H 5
CH[PO(OH) 2].CH 2 .CO.CBr = CH.C 6H 5? results on acting upon the
.

foregoing crystalline dibromide with alcoholic potash. The yield is
about 81 per cent, and the product crystallises from aqueous alcohol
in fine needles, containing some water of crystallisation which is lost
when the compound melts at 130 to 132 C. The acid readily dissolves
in sodium bicarbonate without decomposition, reduces alkaline permanganate solution Instantly, but does not combine with bromine.
Oxidation by ozone gives benzole acid, no benzaldehyde being produced.
From the ozonised solution a-phenyl-ff-glyoxyeihylphosphinic acid
This melts with decomposition at 188 C., is tribaslc, and
separates.
when heated loses carbon dioxide and water, forming a-phenyl-j8-

H

carboxyethylphosphinic acid, C 6 5 .CH[PO(OH) 2].CH 8 .COOH.
Pfaenyl - a - pfaenyl j8(a']8' dibromophenylpropionyl) ethyl
phospfalnic acid results when the corresponding unsaturated monobasic acid Is brominated. The yield is quantitative and the bromo-aeid
separatesfrom hot glacial acetic acid In crystals, M.pt. 195 C. with decomIt slowly dissolves in cold sodium carbonate or bicarbonate
position.
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Solution in a
solution, from which it may be precipitated unchanged.
hot 4 per cent, solution of potassium acetate in methyl alcohol and
heating for a few minutes on the water-bath gives, on pouring into water,

an 80 per
phosphmic

f

yield of phenyl-a-phenyl~P(a -bromocinnamoyl)-ethylAlcoholic potassium hydroxide transacid, M.pt. 200 C.
forms this into dibenzal acetone.
cent,

C 6 H 5 .CH CH.
acid,
jS-Benzoyl-a-styrylethylphosphinic
is
This
.CO.C
condensing
phosprepared by
CH[PO(OH) 2 ].CH 2
6
6
phorus trichloride and phenyl cmnamylidenemethyl ketone in acetic
anhydride solution and subsequently treating the mixture with water.

=

H

.

The" acid contains 0-25 molecule of water, and melts at 159 to 161 C.
Phenyl - j8 - benzoyi - a - styryietfaylptiospMiiic acid, C 6 5
CH-CH.CH(C 6 5 .PO.OH).CH 2 .CO.C 6 55 occurs in 64 per cent, yield
when phenyldichlorophosphme and phenyl cinnamylidenemethyl ketone
are condensed in glacial acetic acid and the solution treated with water.
When reerystallised from hot glacial acetic acid it melts at 200 C. and

H

is

insoluble in

most

.

H

H

solvents.

The Action of Phosphorus Trichloride on Saturated Aldehydes
and Ketones. 1
It has already been shown that phosphorus trichloride reacts with
acetic acid solution to yield a-hydroxybenzylphosbenzaldehyde
phmic acid, and this process is here extended. The phosphorus trichloride is added to the carbonyl compound below 85 C., or sometimes
cooling is necessary, and at least a 10 per cent, excess of trichloride is
The mixture is protected from moisture and allowed to stand
used.

m

two to three hours.

A

slight excess (3 molecular equivalents) of
the mixture being kept between 20
is
then
acetic
acid
added,
glacial
and 30 C. After 12 hours the liquid is poured into 300 c.c. of ice- water
and shaken vigorously. Evaporation of the solution yields a gum,
which may take from one day to three weeks to crystallise. The crystalline mass is dried on a plate and finally in a desiccator over sodium
hydroxide. If no crystalline product can be isolated, the lead salt is
prepared as follows : The gurn is dissolved in about 200 c.c. of water,
the solution made strongly alkaline with ammonium hydroxide, then
treated with magnesium nitrate. After standing overnight, the precipitated magnesium ammonium phosphate is filtered off, the solution
diluted to 500 c.c., just acidified with acetic acid and heated to boiling.
An excess of lead acetate or nitrate solution is then added, the whole
boiled for 5 to 10 minutes and then filtered. The lead salt is washed

for

with boiling water and dried, the product being free from phosphate

and practically free from chloride.
a-Phenylvinylphospfainic acid,

CH

H

occurs
2 -CC 6
5 .PO(OH) 25
It is a solid, M.pt. 112 C., very soluble
used.
in water, fairly soluble in alcohol, sparingly soluble in benzene and best
The aniline
reerystallised from benzene-carbon tetrachbride mixture.
salt melts at 180
to 181
C.
The acid decolorises bromine water
immediately and bleaches potassium permanganate solution. Oxidation by chromic acid yields formaldehyde as one of the products.
a-Hydroxyisopropyiphosphmic acid is formed in 91 per cent.

when acetophenone

1

is

Conant, MacDonald and Kinney, J. Amer. Chem. Soc, f 1921, 43, 1928.
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yield

167 to 169
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The product melts

at

C. 1

a-Hydroxy-a-methylpropylphosphinic acid, obtained from
methyl ethyl ketone, Is isolated only in the form of its lead suit, C 2 H 5
C(PO 3 Pb)6H.CH 39 which is insoluble in water but fairly soluble in
concentrated nitric acid. If ethyl propyl kctoue be used, the lead salt
of a-hydrotey-a-etkylbutylphosphiiiic add is produced, C 3 H 7 .C(PO 3 Pb )OH.
C 2 H 5 and with pmacolme the lead salt of a-Ju/dioxy-afip-triinethylpropylpkosphinic acid, (CH 3 ) 8 C -C(PO 8 Pb)OH.CH 3 results, which is
a very hygroscopic substance,
a-Hydroxy- j3-phenyl-a-benzylethylphosphinic acid, C 6 H 5 .CH 2
[PO(OH) 2 ]COH.CH 2 .C 6 6 is the reaction product when dibenzyl kctone
is used.
The acid may be recrystalhscd from benzene and melts at
181
to 182
C.
Benzylacetophenone yields a-phenyl-a-hi/drody-yphenylpropylphosphinic add, C 6 5 .C[PO(bH) 2 ]OH.CHlCH 2 .C 6 H 5 of
.

,

,

.

H

,

H

,

M.pt. 165 to 168 C., practically insoluble in \\ater, soluble in alcohol,
ether or acetic acid, and unaffected by bromine water.
Dibenzyl
acetone
forms
Q.-hydroxy-a(fi-phenylethiil)-y-phenylpropylphospliimc
c
add, (C 6 5 .CH 2 .CH 2 ) 2 C(OH)[PO(OH) 2 ], M.pt. 173~ to i~4 C., insoluble in water but soluble in sodium bicarbonate solution.

H

Benzil, camphor, benzophenone and anthraqumone do not
react under the foregoing conditions using acetic acid or acetic
anhydride. Benzil and anthraquinone do not react under any
conditions, and camphor does not give any amount of crystalline

product.

a-Hydroxydiphenylmethylphosphinic acid,
(C 6 H 5 2 C(OH)
[PO(OH) 2 ], Benzophenone Is melted on the steam-bath with benzole
)

acid and phosphorus trichloride added in small portions, the temperature
being raised to 155 C. during the course of ten minutes, then allowed
to fall to 130 C. and so maintained for two to three hours.
The mixture
is then cooled to 90
C., poured into 500 c.c. of water, made strongly
alkaline with sodium hydroxide and heated on the steam-bath for four
to five hours. The whole is then diluted to 750 c.c. and unchanged
benzophenone extracted with ether. To separate the benzole acid the
mixture is strongly acidified with hydrochloric acid, cooled and filtered.
The filtrate is evaporated to 250 c.c. and extracted three times with

The ether filtrate on evaporation yields an oil which solidifies.
Recrystallised from feebly acidified water the acid melts at 171 to 172 C.
It has been shown that aeetophenone, phosphorus trichloride and
glacial acetic acid react as follows
ether.

:

C 6H 5 .CO.CH 3 + PC1 8 + CH 8 COOH

-

2CH 8 COC1 + HC1 -f C eH 5 .C CH S

PO.OH
The phosphinic
equation

acid on treatment with water reacts according to the

C 6H 6 .C(OH)CH 3

C 6H 5 .C-CH 3

+H

=

|^>0

PO.OH
*

Compare Marie, Compt.

PO(OH) 2
rend., 1901, 133, 221.
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If acetophenone, phosphorus trichloride and glacial acetic acid are
mixed and the mixture saturated the next day with hydrogen chloride,
1
Loss of
a-chloro-a-phenylethylphosphinic acid results.
acid
an
unsaturated
then
chloro-acid
the
gives
by

chloride

hydrogen

:

C 6H B .C(OH)CH d

+ Ha

C 6H 5 .CC1CH 3

C 6 H 5 .C = CH 2

_ HC1

"

"*

PO(OH) 2

PO(OH) 2

PO(OH) 2

Bromination of the unsaturated acid yields a dibromo-acid which loses
bromide above its melting-point, forming an unsaturated

hydrogen
bromo-acid

:

C 6H 5 .C=CH 2

C 6 H 5 .CBr.CH 2Br

Br

^

PO(OH),,

_

t

C 6H 5 .C=CHBr

PO(OH) 2

PO(OH) 2

H .CH-CH

*C 6

5

2

Br

PO(OH) 2
Sodium carbonate converts the unsaturated bromo-acid
acetylene

into phenyl-

:

C 6 H5 .C(P0 3 H 3 )

=CHBr

>

C 6H5 .C

= CH +HBr + H 3P0 4

yields a dihydroxy-acid when treated with water
aqueous sodium carbonate it gives a-bromostyrene

The dibromo-acid
alone, but with

C 6H 5 .CBr.CH 2Br

:

pO

""'v

C 6H 5 .CBr = CH 2 +NaBr + Na 3P0 4

+3H

2

PO(OH) 2
C 6H5 .C(OH).CH 2 OH

+2HBr

|

PO(OH) 2
The compounds prepared according
as follows

to the foregoing

scheme are

:

This acid melts at
heated above its melting-point or when boiled
in aqueous solution it is converted into a-phenylvmylphosphinic acid.
This acid on brommation forms ap-dibromo-a-phenylethylphosphinic
acid, M.pt. 186 to 188 C., which evolves hydrogen bromide above its
melting-point and forms f3-bromo-a-phenylvinylphosphinic acid, M.pt.
133 to 185 C. These two bromo-acids with aqueous sodium carbonate yield a-bromostyrene and phenylacetylene respectively, as indicated by the foregoing schemes. The dibromo-acid is converted
by water into afl-dihydroxy-a-pkenylethylphosphinic acid, M.pt. 143
to 145
C.
p-Bromo-a-phenylethylphosphinic acid occurs when aphenylvinylphosphinic acid is heated with hydrobromic acid for 17 hours
in a sealed tube at 100 C.; chlorine converts the unsaturated acid into
ap-dichlwo-a~phenylethylphosphinic acid, M.pt. 175 to 178 C.

a-CMoro-a-phenylethylphospMnic acid.

174

to 175

C.

1

When

Conant and Coyne, J. Amer. Chem

iSoc

,

1922, 44, 2530.
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Interaction of Diphenykhloropho&phine ttith Benzaldehi/de

and Benzalacetophenone. 1
Diphenylehlorophosphme reacts with henzaldehyde and with benzalacetophenonc (phenyl styryl ketone) In the presence of glacial acetic
acid according to the schemes
:

C S H5

C6 H 5

CH = CH

CHO -L (C e H 5 )JPCl - CH 3COOH =CJ 5 CHOH.POrCgH,' - CHjCUCl
> C 8 H CH.CH 2 X b H 3 - CH 3 CuCl

CO.C e H 6 -^ (C 6 H 5 2 PCI ~~ CH 3 COOH

1

S

)

If the acetic acid be replaced by acetic anhydride the reaction takes the
following course, an unsaturated ketone resulting, which may undergo
reactions as shown
;

C 6 H 6 .CH =CH.CO.C 6 H 5

-^

(C b II 5 ) 2 PCl

0-(C 6H 5 2P-0-P(C 6H 5 ) 2-0
)

III

C = CH
i

H,0

CH CH = C

CH

CH CH 2 .CO.C 6H 5
0=P(C 6H 5

) 2

II

Br 2

(C 6

H P-0-P(C H
5)2

6

C 6H 5

5)2

CBr

CHBr

H

1

1

I

CH

2

CH CHBr.CO.CeH 5

CH CHBr CBr

C 6H 5

0=P(C 6 H 5

)

2

in

0=P(C 6H 5

)

2

IT

The nnsaturated intermediate compound

(II)

cannot be isolated in the

and bromine are shown.
The dibromide is not isolated; with water It gives a mixture of two
isonieric monobromoketophosphine oxides, one of which may be obtained
by direct bromination of the ketophosphine oxide. Whether the forecrystalline state

;

its

reactions with water

going series of reactions is carried out with benzalacetophenone or
benzal-p-chloroacetophenone, a higher-melting and a lower-melting
bromide may be obtained by treating the intermediate unsaturated
compound with bromine. In each case one of the Isomers may be
prepared by direct bromination of the ketophosphine oxide, the highermelting isomer resulting in the benzalacetophenone series, and the
1

Conant, Braverman and Hussey,

/.

Amer. Ghem. Soc. } 1923, 45, 165.
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lower-melting isomer resulting in the other

The higher-melting

series.

both series loses hydrogen bromide when treated with alcoholic
sodium hydroxide at room temperature and forms an unsaturated
and acetic acid
ketophosphine oxide (IV), which is reduced by zinc
Similar treatment of the lower-melting isomers
to the saturated oxide.

isonier in

to the isolation of the saturated ketophosphine oxide.

leads

The

boiled with an
higher-melting isomer from benzalaeetophenone, when
alcoholic solution of potassium acetate, is quantitatively reduced, aad
the lower-melting isonier of each series can be partially converted into
oxide by boiling with pyridme for five
the unsaturated

ketophosphine

stereohigher- and lower-melting forms are apparently
isomers, since both form either the unsaturated or saturated compound,
their behaviour towards
depending upon the reagents employed. From
alcoholic sodium hydroxide the higher-melting isomers apparently have
the configuration most suitable for the elimination of hydrogen bromide.
have the bromine atom in the ^-position to
these

The

hours.

compounds

Although

the phosphorus atom, the latter is not eliminated when the compounds
are treated -with alkaline reagents. This is in striking contrast to the
behaviour of the various jS-bromophosphinic acids, which easily and
quantitatively lose both bromine and phosphorus

:

CHBr.CO.C 6 H 5

C 6H 5 .CH
C eH 6 .P.OH

->

||

C 6 H 5 .CH = CBLCO.C 6 H 5
+ C 6H 5 .PO(OH) 2

+HBr

6
-

Dlptienyl

PO(C 6H 5

a

-

hydroxybenzylphosphine

oxide,

C 6 H 5 .CHOBL

grams of benzaldehyde are dissolved in 3 grams of glacial
After
acetic acid and 10-4 grams of diphenylchlorophosphme added.
30 minutes the mixture is poured into water, the gummy precipitate
dissolved in ether and the solution washed with sodium hydroxide,
dried and evaporated. The oxide crystallises from hot toluene in
white crystals, M.pt. 230 C,, stable towards mild oxidising agents,
but with chromic anhydride in warm sulphuric acid yielding some
)

2.

5

benzaldehyde.

H

H

CH(C 6 5 ).CH 2 .CO-C 6 5 5 grams of benzalacetophenone in 1-5 grams
of glacial acetic acid are treated with 5-8 grams of diphenylchlorophosphine and the product worked up as before. About 7 6 grams
(77 per cent.) of product result, melting at 227 C. on crystallisation
from hot

.

alcohol.

Diphenyl-jS-p-clilorobeiizoyl-a-piienylethylphosphiiie oxide,
(C 6 6 ) 2 PO.CH(C 6 5 ).CH a .CO.C 6 4 Cl, results in 85 per cent, yield
when benzal-^p-chloroacetophenone is used in the foregoing reaction.
It melts at 225 to 226 C.
Diplienyl-a-plieiiyl-jS-broino-jS-benzoylethylpliospMne oxide,

H

H

H

H

H

H

(C 6 5 ) 2 PO.CH(C 6 5 ).CHBr.CO.C 6 5
Diphenyl-a-phenyl-)8-benzoylethylphosphine oxide may readily be brominated in chloroform solution
by heating under reflux for 80 minutes. The resulting product is recrystallised from alcohol and is the higher-melting isomer, M.pt. 187 C.
The lower-melting isomer is isolated as follows
Diphenylchlorophosphme (5*8 grams) is added to 5 grams of benzalacetophenone
which has been dried over phosphorus pentoxide, and after the addition
.

:
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of 1-25 grams of acetic anhydride the mixture is allowed to stand for
1 hour.
An acetic anhydride solution of bromine is then added and
after 10 minutes standing the whole is poured into water and allowed
to stand overnight.
The solid is filtered off, dissolved in chloroform
5

and the solution

After removal of the solvent the product is
when 1-2 grams of diphenyl-a-phenyl-jS0-7 gram of the higher-melting bromide
oxide,
benzoylethylphosphine
and 1-6 grams of a bromo-compound of M.pt. 158 C. are obtained.
The last-mentioned is the lower-melting isomer, which is more soluble
in alcohol than the higher-melting form, so that separation may be
dried.

recrystallised several times,

by means of this solvent.
Diphenyl-a-phenyl-j8-bromo-p-chlorobenzoylethylphosphine
oxide, (C 6H 6 ) 2PO.CH(C 6 H 5 ).CHBr.CO.C 6 H 4 CL A preparation conducted in a similar manner to those already described and using benzal_p-chloroacetophenone yields a higher-melting isonier, il.pt. 196" C. and
effected

s

a lower-melting isomer, M.pt. 187

C

C.

Diphenyl-a-phenyl-jS-benzoylvinylphosphine oxide, (C 6 H 5 ) 2 PO.
C(C 6 5 )=CH.CO.C 6 H 5 results in 80 per cent, yield when hydrogen
bromide is eliminated from the higher-melting isomer of diphenyl-a-

H

,

phenyl- jS-bromo- jS-benzoylethylphosphine oxide. 3 grams of the latter
(M.pt. 187 C.) are dissolved in hot alcohol, and after cooling to room
temperature, concentrated aqueous sodium hydroxide is added. After
one hour the mixture is poured into water, acidified and allowed to
stand overnight. 2 grams of the oxide result, M.pt. 143 C. The
oxide reduces potassium permanganate in acetone solution, but does
not combine with bromine or hydrobromic acid in acetic acid solution.
Warming with zinc dust and glacial acetic acid reduces the oxide to the
corresponding saturated oxide, and dry ozone combines with the oxide
If the lower-melting isomer of diphenyl-ain chloroform solution.
C.) be
phenyl-j8-bromo-j8-benzoylethylphosphine oxide (M.pt. 158
treated in exactly the same way a yield of 1-6 grains of diphenyl-aphenyl-j8-benzoylethylphosphine oxide, M.pt. 227 C., is obtained, i.e.
a replacement of bromine by hydrogen occurs. The higher-melting
isomer (0*4 gram), when boiled for 5 hours in methyl alcohol with
potassium acetate, yields 0*25 gram of the ketophosphine oxide, but
no trace of unsaturated .ppmgQund, whilst the lower-melting isomer
yields a gum.
Diphenyl - a -phenyl - j8-p -cfalorobetizoyl vinylphosphine oxide
(C 6 5 ) 2PO.C(C 6 5 )=CH.CO.C 6 4 C1, is obtained from the highermelting isomer of diphenyl-a-phenyl- jS-bromo-p-chlorobenzoylethylphospMne oxide (M.pt. 196 C.) by the action of sodium hydroxide
and alcohol. The yield is quantitative and the compound crystallises
Under similar conditions the lowerin yellow needles, M.pt. 151 C.
melting isomer of the /J-bromo-acid (M.pt. 187 C.) gives a 95 per cent
yield of ketophosphine oxide, but no trace of unsaturated compound,
The higher-melting bromo-acid ? when heated with potassium acetate in
alcohol solution for three hours, gives a 78 per cent, yield of unsaturated
compound, whilst the lower-melting bromo-acid under the same con
ditions gives a poor yield of unsaturated compound, but no trace o
,

H

H

H

reduction product

is

obtained.
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The Addition of Alkotcy- and Aryloory-chlorophosphines
1
Ccnbonyl Compounds.

to

Benzaldehyde condenses at ordinary temperatures with phenoxythe
dichlorophosphine, and methoxy- and ethoxy-dichlorophosphmes
and
acetic
of
ethyl
acid, forming respectively phenyl, methyl
presence
esters of a-hydroxybenzylphosphinic acid

m

:

= C 8H 6 .CHOH.PO(OH)(OR)

constitution of these esters is shown by converting them into
a-hydroxybenzylphosphimc acid by hydrolysis with 15 per cent.
formed by means
aqueous hydrochloric acid and identifying the acid
of its aniline salt.
condenses with benzalacetophenone in

The

Phenoxydichlorophosphine

the presence of acetic acid, or better, acetic anhydride, with formation
of phenyl jS-benzoyl-a-phenylethylphosphinate.
Ethoxydiehlorophosphme does not condense normally with benzalnoted with benzaldehyde.
acetophenone., although normal results are
Diphenoxychlorophosphine reacts with chloroacetone in the presence
of benzoic acid, but not in the presence of acetic acid or acetic anhydride

CH 2 Ck

CH a CLCO.CH 8 + (C 6 H 6 0) 2 PCl

>C
^

:

-

C 6 H 5 .COOH

CH/
= (OC 6 H 5 ) 2

CHoCLCOH.CH
8
"

+C 6H 5 COC1

|

PO(OC 6 H 5
The foregoing

)

2

curious fact concerning the solvents used in this reaction

assumed to be due to the probability that the speed of the primary
addition reaction is very slow, and the diphenoxychlorophosphme is

is

decomposed by the acetic acid or anhydride before it has reacted
appreciably with the ketone. Benzoic acid, on the other hand, does
not react with the phosphorus derivative at room temperature, hence
as fast
the reaction can proceed slowly when benzoic acid is present
as the primary addition product is formed it reacts with the benzoic acid,
producing the required diphenyl ester and benzoyl chloride.
;

Diphenyl

PO(OC 6H 5

)

2.

a

-

hydroxybenzylphosphinate,

C 6 H 5 .CHOH.

8 grams of acetic acid are added to a mixture of 9-2 grams

The
of diphenoxychlorophosphine and 3-9 grams of benzaldehyde.
mixture becomes warm and after standing overnight the crystals are
removed, washed with ether and dried, about 4-8 grams being obtained.
After crystallisation from methyl alcohol the compound melts at 146 C.
It is insoluble in benzene, water or sodium carbonate solution.
Boiling
with hydrochloric acid hydrolyses it to the phosphmic acid.
Diphenyl a- hydroxyisopropylphospMnate, (CH 3 ) 2 .COH.
PQ(OC 6 5 ) 2 results when the benzaldehyde in the foregoing is replaced
by acetone. It is best crystallised from petroleum ether, and melts at
113 to 114 C. A small quantity of the acetyl derivative of the phosit is a crystalline comphinate is also produced during the reaction
pound, M.pt. 72 to 72-5 C

H

,

;

1

Conant, Wallingford and Gandheker, J. Amer. Chem. Soc. t 1923, 45, 762.
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Diphenyl

a

-

)

2.

used in the condensation.
melts at 128-5 C.

Diphenyl

a

-

)

2

-

The

hydroxy

C(CH 3 )(OH).PO(OC 6 H 5

143

a methylpropylphospkinate,
C JH 5
this occurs when methyl ethyl ketone Is

hydroxy

C(CH 3 )OH.PO(OC 6 H 3

-

.

.

ester

when

recrystallised

from alcohol

methylbenzylphosphinate, C 6 H 5
Diphenoxychlorophosphine and aeetophcn-

a

-

.

one in glacial acetic acid solution yield this ester after standing: for

The compound melts at 143*5 C.
Diphenyl a-hydroxy-/?-chloroisopropylphosphinate, CH 2 CL
C(CH 3 )(OH).PO(OC 6 H 5 2 This compound, which is prepared "by
4 clays.

)

.

using chloroacetone as indicated on page 142, crystallises in white,
cubic crystals, M.pt. 119 C.

The addition

of diphenoxyehlorophosphine to benzalacetophenone
:

yields diphenyl a-phenyl-fi-benzoyleihylphosphinate, M.pt. 116 to 11 T C.
Attempts to condense diphenoxychlorophosphme with acet aldehyde,

enanthol, cinnanuc aldehyde, methylzsopropylketone and pinaeohne only
give oily products winch cannot be crystallised.

PHOSPHORUS DERIVATIVES OF DDIETHYLAXILIXE.
Dimethylaminophenyldichlorophosphine, (CH 3 2 X.C 6H 4 .PCI 2 1
A mixture containing 100 grams of phosphorus trichloride and 70 grams
.

)

2

of dimethylamlme
is treated slowly with 20 grams of anhydrous
aluminium chloride, and when the latter has dissolved the whole is boiled
for eight hours on a sand-bath, using a calcium chloride guard tube.
After cooling the reaction mixture is shaken with petroleum ether (B.pt.
100 C.) until solidification takes place. The solid is filtered off and

the filtrate evaporated down until a clear reddish oil remains, the operation being conducted as far as possible in the absence of air. The
oil crystallises in large tablets, which are purified by washing with
petroleum ether, dissolving in dry ether, distilling off the solvent and
The product cannot be distilled at
crystallising the residue in vacuo.
ordinary pressures without decomposition, but boils at about 250 C. at
120 mm. with slight decomposition. The solidified oil consists of thin,
pale yellow plates, M.pt. about 66 C., sparingly soluble in petroleum,
readily soluble in benzene or phosphorus trichloride. The crystals are
deliquescent in air and decomposed by water, the reaction taking place
as follows
:

(CH 3 ) 9N.C 6H4 .PCU + 2H,O = (CH 3 ),N.C 6H4 .P(OH) 2 .HC1 + HC1
(CH 3 )2N.C 6H4 .PC1 2 + 3H 2 = (CH 3 2KC 6H5 .HC1 + P(OH) 3 + HC1
The dichlorophosphiiie may also be prepared by the interaction
3
)

of

phosphorus trichloride and ^mercuri-Ms-dimethylanilme
[(CH 3 ) 2N.C 6 4] 2Hg + 2PC1 3 =2(CH 3 ) 2N.C 6 4 .PC1 2 +HgCl 2
:

H

H

1

260,

ScHenk and

Michaelis, Ber. y 1888, 21, 1497; Michaelis

and Schlenk, Annalen, 1890,

1.

phosphorus trichloride and dimethylanilane
some hours at 160 C. evolve methyl chloride. If the reaction
mixture is treated with sodium hydroxide and the excess of dimethylamlme removed by
boiling with water, the residue crystallises from alcohol as a white, basic body, to which
Hanimaii assigned the formula [G 6H4 .N{OH 3 2 ] 3 P. This product with fuming hydrochloric acid above 160 C. is converted to tn-m-aminotriphenylphosphine and triphenylphosphine. The reaction appears to need further investigation.
3
This Vol., Part I, p 122
2

Hanimaii

(Ber. 9 1870, 9, 845} states that

when heated together

for

)
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An ether solution, of dimethylaminophenyldichlorophosphme reacts
with chlorine to yield a tetracklonde, (CH 3 ) 2N.C 6 H4 .PC1 4 a pale yellow
powder, easily decomposed by moisture. Bromine under similar conditions gives a chlorobromide, (CH 3 ) 2 N.C 6 H 4 .PCl 2 Br 2 decomposed by
water as follows
,

,

:

3(CH 3 ) 2N.C 6H4 .PCl 2Br 2 +8H 2 O = (CH 3 2 N.C 6H 3Br 2
+ 2(CH 3 ) 2 N.C 6H 4 .P(OH) 2 + 4HBr + 6HC1 + H 3 P0 4
)

chloride reacts with the dichlorophosphme to form a
hydrochloride, but prolonged treatment leads to decomposition, with
formation of dimethylamline hydrochloride and phosphorus trichloride.

Dry hydrogen

Dimethylaminophenylphosphinous

P(OH) 2s 1

(CH 3 2 N.C 6 H4

acid,

)

.

prepared by the action of alcohol on the foregoing dichloroIt is a colourless crystalline compound, M.pt. 162
C.,
phosphine.
soluble in water or hot alcohol, and stable towards concentrated hydrochloric acid.
Dry distillation causes decomposition with formation
The acid
of dimethylamline, phosphme and metaphosphonc acid.
hydrochloride, a white crystalline mass,
yields the following salts
sodium salt, crystallising in
deliquescing in air and forming an oil
white tablets containing two molecules of water of crystallisation
copper salt, a
potassium salt, a white hygroscopic crystalline mass
When the acid is caused
lead salt, a white powder.
pale green powder
to react with benzaldehyde in an atmosphere of carbon dioxide at
130 to 170 C. using concentrated hydrochloric acid as a catalyst, a
viscous yellow oil results, which corresponds to the formula [(CH 3 ) 2 N.
C 6 4 ] 2 CH.C 6 5 its solution in hydrochloric acid reacts with platmic
chloride, forming a platinichloride having the constitution [(CH 3 ) 2 N.
C 6 4 ] 2 CH.C 6 5 .2H 2PtCl 6
acid,
Dimetfaylarainophenylphospfainic
(CH 3 ) 2N.C 6 4
is

:

;

;

;

;

?

H
H

H
H

;

.

H

when the sodium

.

of the foregoing acid in
It melts at 133 C.
alcohol solution is treated with mercuric chloride.
and is readily soluble in water or alcohol.

PO(OH) 2

,

occurs

salt

Dimethylaminophenyldimethylphosphine,
(CH 3 ) 2N C 6 H4
is obtained by treating dimethylaminophenyldichlorophos.

P(CH 3 ) 2

.

,

phine with zinc dimethyl in benzene solution in a carbon dioxide
atmosphere, the reaction mixture being well cooled during the operation.
It is a colourless, strongly refractive liquid, of pungent odour and lighter
than water. It boils at 265 C. and above this temperature is converted
into the oxide.
In air the oil forms a crystalline mass, which after
Air also converts
boiling and cooling gives a melting-point of 10 C.
the phosphine to the oxide, (CH 3 ) 2N.C 6 4 .P(CH 3 ) 2 O.H 2 or (CH 3 ) 2 N.
C 6 4 .P(CH 3 ) 2 (OH) 2 the change is more rapidly effected by adding
mercuric oxide and heating on the water-bath. The oxide separates
from hot ether as slender, white needles, M.pt. 62 C., readily soluble in
alcohol or chloroform, sparingly soluble in ether. When the phosphine
is warmed with
sulphur it is converted into the sulphide, (CH 3 ) 2 N.
G 6 4 .P(CH 3 ) 2 S this forms white needles from alcohol, M.pt. 155 C.,
becoming yellow on exposure to the air. The carbon disulphide addition
product, (CH 3 ) 2 N.C 6 4 .P(CH 3 ) 2 .CS 2> is a red powder, M.pt. 162 C.,

H

H

;

H

;

H

sparingly soluble in alcohol.

ium
it

Zttmetkylaminophenyltrimethylphosphon-

prepared from the phosphine in the usual manner ;
crystallises as thick white needles, M.pt. 264 C., which become
iodide

is

1

Compare American Patent, 1607113.
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air.

yellow
Dimethylaminophenyldimethylethylphos'phonium iodide
has similar properties to the foregoing compound and melts at 199 C.

Dimethylaminopheayldiethylphosphine,
(CH 3 ) aX C H 4
P(C 2H 5 ) 2 isolated from the dichlorophosphine and zinc diethyl, is a
colourless liquid, B.pt. 298 C., and re-melts after solidifying at I2-5 C C.
It is more slowly oxidised in air than the corresponding
methyl compound, and has a faint odour it readily dissolves in hydrochloric and
.

.

,

1

;

sulphuric acids. Its oxide forms thick transparent needles, M.pt. 65 C.
the sulphide separates as white crystals, M.pt. 148 C., and the carbon
duulphide addition product yields red plates, M.pt. 107 C.
Dimethylaminophenyldieihylmethylphosphonium iodide is a white
mass, M.pt. 186 C., readily soluble in chloroform, insoluble in ether
the corresponding ethiodide separates as thick white needles, M.pt. 180 C C.
;

;

Dimethylamiaophenyldiphenylphosphine,
(CH 3 2 X C 6 H 4
P(C 6 H 5 ) 2 One molecular proportion of dimethylaminophenyldichlorophosphine, two molecular proportions of ehlorobenzene and the
requisite quantity of sodium are allowed to react in benzene solution.
The resulting phosphine melts at 152 C. and is readily soluble in
benzene, less soluble in alcohol or ether. It is only a weak base, and
is precipitated from its solution in concentrated hydrochloric acid by
.

)

.

.

water.

When heated in

hydrochloric acid at 230

a sealed tube for eight hours with concentrated
C. it reacts as follows

:

(CH 3 ) 8N.C 6H4 .P(C 6H 5 ) 2 + HC1 = (CH 3 ) 2N.C 6H 5 +(C 6H 5 ),PC1
2(C 6 H 6 ) 2PC1 + 2H 2 = (C 6 H 5 ) 2PH + (C 6H 5 ) 2PO.OH +2HC1
Oxidation by boiling writh ferric chloride yields the oxide as a white,
crystalline mass, M.pt. 183-5 C., readily soluble in alcohol or chloroform, insoluble in water. The sulphide,, obtained in the usual manner,
forms fine, yellow needles, M.pt. 183 C. ? readily soluble in alcohol or
chloroform.

Dimethylaminophenyldiphenylmethylphosphonium

(CH 3 ) 2N.C 6H4 .P(C 6 H 5 ) 2 (CH 3 )I

?

is

an

oil,

iodide9

which yields a hydroxide in

the form of a strongly alkaline deliquescent mass. When dissolved
in hydrochloric acid and treated with platinic chloride the phosphine
forms a platinichloride, [(CH 3 ) 2N.C 6 4 .F(C 6 5 ) 2 .HCl] 2PtCl4 , a yellow

H

H

from alcohol

in orange plates.
Prolonged boiling
powder,
of the hydroxide with water, or better, the addition of silver oxide or
solid potassium hydroxide, removes benzene from the molecule ;
crystallising

;CH,) t N.CJH t .P(C e

H )(CH )OH = (CH 3
8

I

)

2N.C 6

H .P(C 6H5 )(CH 3 )O +C 8H
4

thus formed dissolves in the usual solvents and forms shining
crystals, M.pt. 146 C.
[(CH a ) N.C @ 4] 3F,
HexamethyltrlammotriphenylpliospMiie,
occurs as a by-product in the preparation of dimethylamnophenyldichlorophosphine, being present in the residue insoluble in petroleum
It forms colourless, slender needles, turning Hue in air, melting
ether.
at about 278 C., and readily dissolving in hot ether, hot alcohol or
chloroform.
DfethylamlnopfcenyldicMoropImspMiie, (C 2 s ) 2N.C e 4.PCl a
TMs is obtained when the dimethyfanffine in the mi-responding dimethyl
preparation is replaced by diethylauiline. The product is a reddish
oil, easily soluble in benzene, ether or alcohol,

The

oseide

H

H

CH B )N.C ja^-PClj,
YQL. xi,

r

m,

is

a pale reddish

oil.

It

forms a

H

.

phwplmwut
10

arid,

6
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H

H

(CH 8 )(C 6 6 .CH 2 )N.C 6 4 .P(OH) 2 crystallising from water or dilute
alcohol In small, slender needles, turning green in air and melting at
96 C. The sodium salt crystallises in glistening white needles or plates,
M.pt. 233 C., containing two molecules of water of crystallisation.
,

Ethylbenzylamlnophenyldichlorophospliine, (C 2H 5 )(C 6 H5 .CH 2 )
N.C 6H4 .PC1 2? is an oil having similar properties to the foregoing
compound.
Methylphenylaminophenyldichlorophosphine, (CH 3 )(C 6H 5 )N.
C 6H4 .PC1 2 separates as a viscous, transparent oil, which cannot be
distilled without decomposition even in vacuo.
Sodium hydroxide
,

converts it into the sodium salt of the phosphinous acid. This salt
crystallises in plates containing two molecules of water of crystallisation
and melting at 265 C. ; it readily dissolves in water, is less soluble in
alcohol and insoluble in chloroform or benzene. Hydrochloric acid

transforms the sodium salt to the free phosphinous acid., which separates
from water in small needles and from alcohol
pearly plates, M.pt.
150-5 C., easily soluble in benzene or chloroform. 1

m

DEEIVATIVES OF DIBENZYLMETHANE AND HYDROXYMETHYLENE
CAMPHOR.

Dibenzyimethanephosphinic acid, (C 7 H 7 ) 2 CH.PO(OH) 2 occurs
when hydriodic acid and amorphous phosphorus react with dibenzyl
,

ketone. 2 It crystallises as large, thick needles, M.pt. 142 C., readily
soluble in alcohol or ether, sparingly soluble in cold water.
When the
acid (1 mol.) is heated with phosphorus pentachlonde (2
mols.) it
yields an oxychloride, a viscous, transparent oil, B.pt. 228 C. at 20 mm.,
density 1-036 at 15 C., water reconverting this into the acid. The acid
and oxychloride in benzene solution give dibenzylmethanephosphinoxide, (C 7 7 ) 2 CH.PO 2 which crystallises in white tablets, M.pt. 151 C.
Concentrated ammonium hydroxide converts the oxychloride into

H

,

dibenzylmethanephosphinamic

H

acid, (C 7
C. and

of white plates, sintering at 230

7)2

CH.P(OH)NH 2

,

consisting

melting at 244 C., the silver
The following other derivatives of

being a white precipitate.
dibenzylmethanephosphimc acid are known:

salt

H

anilide,
(C 7 7 ) 2 CH.
white needles, M.pt. 196 C., readily soluble in alcohol,
hot benzene or chloroform
phenylhydrazide, (C 7 7 ) 2 CH.PO(NH.NH.
C 6 5 ) 2 , white needles, M.pt, 164 C. ; diethyl ester, "a viscous
liquid,
B.pt. 240 C. at 20 mm.
diphenyl ester, hard, white prisms, M.pt.
120 C. ; ditolyl ester, WLpt. 131 C.
Hydroxymethylene camphor phosphinic acid, C 10 14 0=CH.
PO(OH) 2 is isolated as a by-product in the preparation of hydroxymethylene camphor by treating oxymethylene camphor (3 mols.) with
phosphorus trichloride (2 mols.). It crystallises with half a molecule
of water, which may be
expelled at 110 C. The ammonium, silver
and lead salts are known, also the
following derivatives
oxychloride,
C 10 14 O-CH.POC1 2? white tablets, M.pt. 51 C.,
B.pt. 175 to 180 G.
aniline salt, M.pt. 195 to 196 C. ; anilide,
decomposed by water
slender yellow needles, M.pt. 227 to 228 C. ;
p-toluidide, M.pt. 210 C. ;
p-phenetidide, M.pt. 137 C. ; diethyl ester, B.pt. 195 to 205 C, at
20 mm., decomposed by water.

PO(NH.C 6H 5

)

2,

;

H

H

;

H

,

:

H

;

1
3

For p-dimethylaminotolylphospliinous acid, see American
Patent, 1635169.
Miobaehs ana Fleming, Ber., 1901, 34, 1291.
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HETEROCYCLIC RIXGS CONTAINING PHOSPHORUS.

The

compounds of phosphorus are similar to those
lead 1 and arsenic* 2 The formation of a
is
shown
system
by the following equation

heterocyclic ring

already described for

phosphorus ring

tin,

:

C1 N

CH,
Cl'

PhenylcyclotetramethylenephospMne,

3

,

CH 2 .CH
To the magnesium compound obtained from 50 grams

of 1

:

4-dibromo-

butane in 200 c.c. of absolute ether, 25 grams of phenyldiehlorophosphine
diluted with three volumes of ether are slowly added with brisk stirring
and ice-cooling. A violent reaction ensues, and on its completion the
ether is distilled off in a stream of hydrogen and the residue distilled
from a metal-bath in hydrogen up to 350 C. at 20 mm. pressure.
The distillate is fractionated in a carbon dioxide atmosphere, the pure
product boiling at 132 to 133 C. at 16 to 18 mm. It is a transparent
oil having a strong, characteristic phosphine odour, and gives the followC., 1-0429 at 10
C.,
density, 1-0502 at
ing physical constants
1-0354 at 20 C., 1-0281 at 30 C., 1-0208 at 40 C., 1-0335 at 22-5 C.
nv 1-5894 at 22*5 C. ; n$ - no 0-02163 at 22-5 C. It does not fume and
is only slowly oxidised in air at ordinary
temperatures. In water it
is only slightly soluble, but dissolves readily in most organic solvents
it readily reduces neutral or faintly acid solutions of silver nitrate.
With mercuric chloride it forms an addition product, C 10 13P.HgCl 2
separating from hot benzene in rhombic crystals, M.pt. 143 to 144 C.
with decomposition. This product is sparingly soluble in water, alcohol,
benzene or ether, readily soluble in pyridine and its homologues. The
phosphine forms the usual addition products with carbon dunlphide,
sulphur and platinic chloride, also compounds with carbon tetrachloride,
arsenic trichloride., antimony trichloride, bismuth
hetcachloroethane,
:

:

;

H

trichloride, silicon teirachloride, triethykilicon chloride^ pkenyldichloroar$ine y diphenylchloroa/rsine, tin tetrabromide and tin diphenyl dibromide.
These compounds are only sparingly soluble. The following derivatives
are obtained in the usual manner : Phenylq/clotetrafnethylenemethylphosphonium iodide, (CH 4 ) 4 >P(C f 5 )(CH s )I, a colourless oil; phmyl-

H

cyclotetramethylene-ethylphosphonium iodide, a pale yellow crystaEine
powder, M.pt. 122 C., readily soluble in water or alcohol, less soluble
in ether or petroleum ether; phenyl^cloMramethyl^ne-'n-propylpko^
phonium iodide^ a snow-white crystalline powder, M.pt 153 to 154 C. ;
phenyl(^cMetram^hykn^'Sec.'propylphosphonmm iodidey pale yellow
crystals tending to be hygroscopic and having no definite melting-point ;
tsoamyl iodide and ethyfene bromide give yellow oite wMch cannot be
crystaHised.
1

1

This Vol., P&rt
This Vol., Part

I, p.

it

352

p. 410.

^. 9 1916, 49, 4&7.
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Phenylcyclopentamethylenephosphine,
2"

1

2

CH 2/
\P.C 6H 5
\CH 2 .CH/
by substituting the 1 4-dibroniobutane in the preceding
by 1 5-dibromopentane. It is a colourless oil of characterphosphme odour, B.pt. 154 to 155 C. at 22 to 24 mm., fuming in

is prepared
preparation

istic

:

:

It readily dissolves in alcohol,
air but not appreciably oxidised.
benzene, ether or petroleum ether, is sparingly soluble in water, and
reduces neutral or dilute nitric acid solutions of silver nitrate. The
mercurichloride melts at 172 C. and the ethiodide at 178 C.

p-Tolylcyclopentamethylenepfoosphlne,
2N

*

CBU/
"
>P.C H4 .CH 3
\CH 2 .CH/
6

obtained from ^-tolyldichlorophosphine, boils at 167 to 168 C. at
24 mm., and resembles the preceding compound in properties. Chlorine
reacts with it, causing partial decomposition with formation of some
the
1 : 5-dichloropentane.
The mercurichloride melts at 157 C.
methiodide is an oil which cannot be induced to crystallise, but the
ethiodide forms white crystals, M.pt. 163 to 164 C.
;

COMPOUNDS OF THE TYPE

H

H

RP = PR.

10 grams of phenylphosphine
Phospfiobenzene, C 6 5 .P=P.C 6 5
in a well-cooled flask are treated dropwise with 10 grams of phenyldichlorophosphiiie, the operation being conducted in an atmosphere
violent reaction occurs, accompanied by foaming
of hydrogen. 2
the reaction is completed finally by gentle warming, when a solid
product results. This is treated with water and alcohol-free ether
until a portion when oxidised by nitric acid gives no reaction with
silver nitrate.
The ether is then as far as possible poured off, and the
remainder driven off by heating on the water-bath in a current of hydrogen.
pale yellow powder results, insoluble in alcohol, hot water or
ether, readily soluble in hot benzene.
Air oxidises phosphobenzene to the oxide, (C 6 5 .P) 2 0, whilst
chlorine causes inflammation unless diluted with carbon dioxide, when
.

A

;

A

H

phenyldichlorophosphine occurs

:

C 6 H 5 .P = P.C 6H 5

-f

2C1 2

~>

2C 6H 5 .PC1 2

The oxide under similar conditions yields a mixture of phenyldichlorophosphine and phenyl phosphorus oxychloride. Dilute nitric acid
transforms phosphobenzene with violence into phenylphosphinous acid,
whilst concentrated nitric acid gives the phosphinic acid
:

C e H6 .P =P.C 6 H B +

2

C 6H 5 .P -P.C 6 H 5 + 20 2

+2H 2 0~^ 2C 6 H 5 JP(OH) 2
+2H 2 --> 2C 6H 5 .PO(OH) 2

1

Gruttner and Wiernik, Ber., 1915, 48, 1473.

2

Kohler and Michaelis, Ber., 1877,

10, 807.
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Concentrated hydrochloric acid gives a mixture of phenylphosphme
and phenyldichlorophosphme
:

CH .P=P.CH+2HC1
6

B

.C

When phosphine Is dried over potassium hydroxide and passed
through phenyldichlorophosphme for several days, a thick, pale yellow,
viscous liquid results. 1 This becomes turbid on exposure to the air,
and addition of water or alcohol causes the precipitation of a yellow
solid.
The product is triturated in a mortar, washed with alcohol and
dried over sulphuric acid, and the following formula, based upon
It is insoluble in
analytical data, is assigned to it, C 6 H 5 P=POH.
water or alcohol, sparingly soluble in ether, readily soluble in carbon
At ordinary temperatures it is stable in air, but it inflames
disulphide.
on heating and burns with a sooty flame. With warm nitric acid red
fumes are evolved and an intense yellow solution results, but prolonged
warming yields a colourless solution containing phenylphobphinic and
phosphoric acids
:

C eH 5 .P=P.OH-f2H 2O + 2

Phospho-arsenobenzene,

2

-P=Asis

obtained by the interaction of phenyldichlorophosphine and phenyl-

arsine

:

C 6 H 5 .PCl 2 + H 2As.C 6H 5 = C 6H5 .P=As.C 6H 5 +2HCl
Phenylarsine, 7-35 grams, and 8-66 grams of phenyldichlorophosphine
on the
are mixed in 30 c.c. of ether. The ether is removed at 50
water-bath, and a violent evolution of hydrogen chloride suddenly
takes place. A yellow crystalline mass consisting of fine needles results.
After washing with alcohol and ether the product melts at 181 C.
Recrystallisation from benzene causes decomposition into arsenobenzene and phosphobenzene. The latter appears to melt at 149 to
,

150

C. 3

PHOSPHIKIC ACIDS DERIVED FROM TRIARYLMETHOXYPHOSPHORUS
BICHLORIDES,

TriphenylmethylphospMnic acid, (C 6H5 ) 3 C.PO(OH) 2? occurs
when alcoholic potassium hydroxide reacts with triphenylmethoxy4

phosphoras dichloride. The hydrolysis is abnormal and the phosphorus
changes from the tervalent to the pentavalent state
:

(C 6

H5

)

S

CO.PC1 2

^-^+

(C e

H

5 )3

C.PO(OC aH5 )(OK)

acid is most conveniently isolated as follows : The precipitate
obtained on acidifying the solution of the crude acid in potassium
hydroxide is dried in a steam-oven, then boiled for an hour with a

The pure

1

Mr., 1875, 8 3 499.
Steinkopf and Dudek, B&r., 1929, 62, [B], 2494.
9234 {1915} deals with arsenophosphoras eomporads.
Boyd
Ciugnell, Trans* CJwm. Soc., 1923, 123, 813; 1924, 125, 1477; compare
Arbuzoff and Arbttzoff, /. Muss. Ptys. Chem* $oc. 9 1929, 61, 217.
Michaelis,

2

3 British Patent
4
and
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mixture of acetic acid and concentrated hydriodic acid

(3

grams of

and 8 c.c. of hydriodic acid).
phosphinie acid, 15 e.c. of acetic acid
acid separate as
of
triphenylmethylphosphimc
crystals
*
Large prismatic
dilute
acid, then
with
washed
are
These
cools.
sulphurous
the solution
a little alcohol, and finally
hydrochloric acid, followed by
acid or benzene gives
acetic
from
with ether. Recrystulhsatiou
glacial,
s
a product, M.pt. 275 C. If live to six molecular proportions of potassium
chloride be used in place of
hydroxide per molecule of phosphorus
three proportions, the yield may be raised to about 80 per cent.
The acid reacts with phosphorus pentachloride at 70 C. giving
to 109 C. 1 The dipotassium salt,
tnpheiiylchloromethane, M.pt. 100'
forms lustrous leaflets, and the barium salt,
\\ith dilute

H 5 3V.PO(OK)o.3H.>O,
(CgHslsC.POaBa^HoO," is a white
(l' 6

)

The monoethyl ester,
precipitate.
C
The triphenylC.
(C 6 II 5 )/\FO(OC,H 5 ](OH), melts at 227 to 232
the
for
dichloride
us
preparation is
foregoing
required
methoxyphosphoi
obtained by the action of phosphorus trichloride on triphenylcarbmol.
The following is a general method of preparation for the tnaryl2
to tnarylmethoxy phosphorus dichlondes and for their conversion
is
the
of
One
acids
triarylcarbmol
gram-inolecule
methylphosphinic
of phosphorus trimolecular
two
about
to
added
proportions
slowly
at room temperature for
and the mixture
chloride cooled In
:

kept

ice,

and
resulting solid is treated with ice
ammonium
with
first
several
cold
the
in
days
during
water, digested
washed
hydroxide and afterwards with sodium carbonate solution,
suitable
a
from
and
a
in
dried
vacuum,
free from alkali,
crystallised
On acidification of the alkaline filtrate a small quantity of
solvent.

at least forty-eight hours.

The

but in order to obtain the
tnaryimethylphosphinic acid is precipitated,
maximum yield of the phosphinic acid, formed as a by-product in the
it is usually
preparation of the triarylmethoxyphosphorus dichloride,
on a
with
ammonium
the
out
to
hydroxide
digestion
carry
necessary
steam-bath. The triarylmethoxyphosphorus dichlondes are all soluble
in cold concentrated sulphuric acid with evolution of hydrogen chloride,
and from the strongly coloured solutions the carbmols are precipitated
on addition of water. The transformation of these dichlorides to
acids takes place when the chloride (1 mol.) is heated on a water-bath
with potassium hydroxide (4-5 to 5 mols.) and ethyl alcohol (about
99 per cent. ). Heating is continued for a short time after potassium
chloride lias separated, and then water is added and the alcohol evaporated off on the steam-bath. The aqueous solution is boiled for some
time and, when cold, is filtered from solid matter and strongly acidified
with hydrochloric acid. The precipitated mono-ethyl ester of the triarylof glacial
methylphosphime acid is refluxed for an hour with a mixture
On cooling, the phosphinic
acetic acid and concentrated hydriodic acid.
acid separates and is washed and weighed after drying at 110 C.
Addition of water to the filtrate gives a further small quantity of acid.
5 grams of triphenyhnethoxyphosphonis dichloride, 3-8 grams of
potassium hydroxide and 88 c.c. of alcohol, the yield of triphenylinethylphosphimc acid was 4-079 grams, or a 91 per cent, yield. Ail
the acids obtained by this method are dibasic, this fact being established
by preparation of the corresponding dipotassium salts and by electrometric titration.
dichlorides and their
By use of the foregoing method the following
2
1
and Ghignell, loc. tit.
2412.
J.
Ghem.
Boyd
1929,
Soc.,
p.
Hatt,

From
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respective acids have been isolated: p-Chlorotriphcnylmethoi yphv<iphoius dichlonde, C1C 6 H 4 .C(C 6 5 ) 2 O.PC1 2 colouiiess crystals, 3I.pt.
101-5" C., p'Chlototnphenylmethylphoaphinic acid, C1C 6 4 .C(C 6 H 5 ) 2 PO
(OH) 2 minute crystals, 3I.pt. 273 C., and the dipotassium salt,, small

H

,

H

,

lustrous plates; p-bromotnphenyhnethcwypho&pho/ us dichloride,

C(C 6 H 5 ) 9 O.PCL>,

163

BrC 6 H 4

.

p-bromotriphenylmethylpkosphime add,
BrC 6 4 .C(C 6 6*) 2PO(OH) 2 colourless crystals, ii.pt. 297 3 C., containing
a molecule of acetic acid, which Is retained after prolonged keeping in
a vacuum, but may be driven off by heating for several hours at 100 C.,
the dipotassium salt, glistening plates, and the banum salt, a heavy
white precipitate; dipkenyl - p - ani$ylmethoxyphospho)u.s dichloride,
CH30.C 4 .C(C 6 5 ) 3 O.PCl 2 minute white crystals, M.pt* 180- C., and
diphenyl-p-a n isybnetttylph osph in ic acid, CH 3 O.C 6 4 C ( C 6 5 ) 2 PO (OH ) 2
C.
diphenyl-m-anisylmethoxyplw&phorus dichlonde, CH 3 O.
3I.pt. 210
C e 4 .C(C 6 5 ) 2 O.PCI 2J minute, snow-white crystals, 3I.pt. 122 C to
s
124 C.
m-hydroxyiriphenylmethylphosphinic acid, HO.C 6 4 .C(C 6 5 ) 2
PO(OH) 2 fine white needles sintering at 239 C, and melting; at 248" C.,
the disodium salt, lustrous plates, the benzoyl derivative, a white powder,
the disilver salt of the benzoylated acid, a white precipitate, and the
acid formed by methylation of the free acid, 3I.pt. 197 C.
diphenyla-naphthylmethoxyphosphotus dichloiide, C 10 7 .C(C 6 5 ) 2 O.PC1 2 white
to 172
C., diphenyl-a~nap}ithyl~
microscopic crystals, 3I.pt. 171
3I.pt,

H

H

fl

C.,

,

H

H

,

H

H

.

,

;

H

H

H

H

;

,

H

methylphosphinic acid y C 10
256 C., and the dipotassium

7 .C(C 6

salt,

H

5)2

PO(OH) 2

lustrous plates

H

H

;

H

H

,

,

fine

needles,

3I.pt.

diphenyl- fl-naphthylsmall white
5 ) 2 O.PC1 2
;

meihoxi/phosphoms dichloj ide, C 10 7 .C(C 6
194
C.,
crystals,
diphenyl-ji-naphthylmetkylphospkinic
31.pt.
"

C1

H

H

,

acid,

the
C.,
M.pt. 247-5
salt
being known
p-nitrotriphenylmethoxypkosphorus
dichloride,
6 ) 2 O.PC1 2 , colourless crystals, 31.pt. 188-5 C.;
2 .C 6
4 .C(C 6
CH 3 .C 6 4 C{ C 6 5 ) 2 O.
dichloride,
dipkenyl-p-tolylmethoxyphosphorus
PC1 2 minute colourless crystals, M.pt. 198 C., dipkenyl-p-tolylmethyl.C(C 6
dipotassium
7

6)2

PO(OH) a

,

needles,

;

H

H

NO

colourless

,

H

H

H

.

H

phosphinic acid, CH 8 .C 6 4 .C(C 6 5 ) aPO(OH) 2, M.pt. 254 C., which
may contain one molecule of water or acetic acid of crystallisation,
according to the method of purification, and the dipotassium salt,
pearly

leaflets.

An

1
attempt has been made to explain the mechanism of the
reaction occurring when txiphenylmethoxyphosphorus dichloride is converted into triphenylmethylphosphimc acid by observing the rate
of formation of sodium chloride, and also by examination of the
Using 2-5JV" alcoholic sodium
phosphorus containing products.
ethoxide, the removal of chlorine atoms proceeds in definite stages.
The first halogen Is rapidly removed, the velocity being influenced
the phosphorus dichloride in
chiefly by the rate of dissolution of
The final product is ethyl hydrogen triphenylmefhylphospMnate,
alcohol.
a silver salt as a white crystalline precipitate.
31.pt. 259 C., which yields

The course

of the reaction
(C 6

H

5)3

is

given as follows

COJPC1 2

>(C 6

H

5)3

H

5)3

CO.PC1(OC 2H 5 )

CPOCl(ONa)

> (C e

H

5)3

C.PO(OC 2H 5 )(ONa)

(III)
1

>

(II)

(I)

(C 6

:

Hatt, J. Chem. Soc. s 1929, p. 2412.

ORGAXOMETALLIC COMPOUNDS.

152

This hypothesis

is supported by the isolation at the appropriate stage
of tripkenylmethylchlorophosphinie acid (III), M.pt. 283 to 234 C.,
which forms an 'aniline salt, M.pt. 182 to 182-5= C., or 151 to 156 C.
on rapid heating, and containing one molecule of alcohol of crystallisation
the quinohne salt forms large, colourless crystals, M.pt, 181-5
to 18*2 5 C.
When 0-2 to O-oiY sodium ethoxide is employed, the
chloro-8ter (II) results in 85 per cent, yield and melts at 185 to 137 C.
7
Heating \utli 2A sodium ethoxide solution or hydriodic-acetic acid
mixture transforms II into III.
In concentrated solutions an alternative course exists
;

:

(C.H6 ) 8 CO.PC1 S
(C 6

H5

)

3

(C 6

H

5)3

CO.PC1(OC 2 H 5 )

(C e H,) 3 C.PO(OC s

H

8

)

a

C.PO(OC 2H 5 )(OXa)

This course of reaction is indicated by the isolation of diethyl tripkenyl7
methiflphosphinate, M.pt. 120 to 121 C., in 20 per cent, yield when 4A
Tins ester undergoes sulphonasolutions of sodium ethoxide are used.
tion with concentrated sulphuric acid, but hot aqueous sulphuric acid
first causes hydrolysis into the monoethyl ester, then into the phosphimc
acid

itself.

ALIPHATIC PHOSPHIXOACIDS AXD THEIR DERIVATIVES.
Although arsinoacetic acid is readily produced from chloroacetic
acid and an excess of sodium arsemte, the analogous reaction does
not take place with sodium phosphite. Sodium salts of phosphorous and
ehloroalkyl acids \\hen brought into contact react with a partial conversion of the phosphorus into the quinquevalent state, and, apparently,
the production of an unstable ester-like derivative of glyeolhc and
phosphorous acids winch cannot be isolated. Methyl iodide and sodium
phosphite yield the readily hydrolysed methyl phosphite unaccompanied

by methylphosphimc acid.
1
Ethyl phospMnoacetate, C 2 H 5 O 2C.CH 2 .PO(0 2H 5 ) 2 occurs when
sodium diethylphosphite (obtained from phosphorus trichloride and
ethyl alcohol, followed by treatment with sodium in the presence of
It may also be obtained in
ether) reacts with ethyl chloroacetate.
95 per cent, yield when sodium ethoxide, diethylphosphite and ethyl
,

chloroacetate react in absolute alcohol solution ; 2 in other solvents,
such as ether or light petroleum, the yields are considerably smaller.
The ester boils at 140 to 141 C. at 9 to 10 mm., 8 and reacts with

ammonium

hydroxide to form an amide,
white glistening needles, M.pt. 78 to 80 C.

NH

2

.CO.CH 2 .PO(OC 2H 5

)

2,

4

(corr.).

H

P-Monoethyl phosphinoacetate, HQOC.CH 2 .PO(OH)(OC 2 5 ), is
formed when the preceding compound is hydrolysed by boiling with
sodium hydroxide or dilute hydrochloric acid. It also occurs when
methyl diethyl phosphinoacetate, CH a O 2 C.CH 2 .PO(OC 2 5 ) 2 B.pt.
131-5 to 132 C. (com) at 9 mm., is hydrolysed. Sodium and silver
salts of the monoester are known,
C 2 5 O 2 C.CH 2 .PO(OH) 2
C-Monoethyl
phosphinoacetate,
Phosphinoacetic acid (S grams) is boiled for 4 hours with 15 grams of
5 per cent, hydrochloric acid in absolute alcohol solution, and the

H

H

1
-

s
4

Xylen, Ber., 1924, 57, [B], 1023.
Arbusoff and Kamal, /. Muss. Phys. Chem. Soc., 1929, 61, 619.

Compare Arbusof,
Xylen,

loc. cil.

i6wf.,

1906, 38,' 161, 293, 687.

,

.
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mixture then evaporated on the water-bath. The residue is dried for
several days in vacua over potassium hydroxide and phosphorus pentoxide, a viscous syrup resulting.
This is very soluble in water, alcohol
or ether, insoluble in benzene.
The neutral .sodium salt solution gi\ts
white precipitates with salts of zinc, manganese, lead or silver. Copper
sulphate gives a blue voluminous precipitate,
Phosphinoacetic acid, HOOC.CH 2 .PO(OH) 2 is prepared by
heating the triethyl ester with 1 per cent, hydrochloric acid, tirst on
a water-bath for five hours, then in a sealed tube at I4I) to 160~ C.
The solution is evaporated to dryness and the residue reerystalhsed
from acetic acid or water, when shining prisms or rhomboids are obtained,
M.pt. 142 to 143 C. (corr.). The acid is readily soluble in water,
alcohol, acetone or acetic acid, insoluble in ether, benzene or chloroform.
In warm weather the acid is hygroscopic. It decomposes in vacua at
about 280 C. It behaves towards thymolphthalem as a tribasic acid.
,

:

The following

known Disodium hydrogen salt* diammonium
potassium dihydrogen salt, notmal calcium salt (H 2 O),
normal bat him salt (H 2 0), copper hi/drogen *alt (2H 2 O), normal copper
salt (8H 2 0)
nonnal manganese salt (6H 2 O), normal zinc salt (H 2 0),
normal lead salt, normal silver and disilrer hydiogen salts,
Phosphinoacetyl trichloride, C10C.CH 2 .POC1 29 is the product of
reaction between the foregoing acid and phosphorus pentachlonde.
It has a
It is a colourless liquid, B.pt. 79 to 80 C. at I to 2 mm.
faint odour resembling that of phosphorus pentachlonde, and is heavier
hydrogen

salts are

:

salt,

?

than water, bv which it is slowly decomposed.
Phosphinoacetic trianilide, C 6H 5 .XH.CO.CH 2 .PO(XH.C eH 6 ) 2 is
the condensation product of the trichloride and aniline. It separates
from alcohol as colourless needles, M.pt. 191-5 to 192-5 C. (corr.),
and dissolves in warm alcohol, ether, or benzene, but is insoluble in
water.
The tri-p-toluidide forms colourless needles, M.pt. 190 to
,

192

C. (corr.).

NH

Ethyl
2 .NH.CO.CH 2 .PO(OH) a
phosphinoacetate is transformed to the hydrazide by boiling with
With acetone the hydrazide forms the compound,
hydraziiie hvdrate.
(CH 3 ) 2 C =N.KH.CO.CH 2 .PO(OH) 25 melting with decomposition at 185
to 186 C.
Ethyl phosphinoformate, C 2 5 2C.PO(OC 2 5 ) 2 obtained from

Phosphinoacethydrazide,

.

H

H

,

triethylphosphite, sodium diethylphosphite, and ethyl chloroformate,
1

is

It yields
a colourless liquid, B.pt. 122-5" to 123 C. (corr.) at 8 mm.
ester
The
C.
135
to
134
an amide,
(corr.).
5 ) 2 M.pt.
2 .CO.PO(OC 2
is hydrolysed by boiling water or acids to carbonic and phosphorous
acids, whereas with sodium hydroxide the main product is sodium
phospMnoformate, which salt is neutral towards thymolphthalein and
The phosphinoformates of zinc
alkaline towards phenolphthalein.
(12H 2 O), manganese (12H,O), copper (8H aO) } lead and silver are known.

H

NH

H

H

2
C 2 5O 2 C(C 7 7 )CH.
benzyldietfiylphosphinoacetate,
PO(OC 2 5 ) 2 obtained in the usual manner, boils at 180 C. at 3 mm.,
and benzylphosphinoacetic acid, HQOC.CH(C 7 7 ).PO(OH) a melts at
137 to 145 C.
3
Ethyl
a-Phospfcinopropionic acid, HOOC.CH(CH 8 ).PO(OH) t

Ethyl

H

,

H

,

.

1
2

Compare Arbusoff , loc. cit.
Arbuzoff and Eazumoff, /. Rw*. Plw/s* Cfam. $oc. t 1029, 61, 023.
,

loc. cit.

ORGAXOMETALLIC COMPOUXDS-

154

3

a-phosphinopropionate, B.pt. 130*5 to 182*5" C. at 10-5 mm., prepared
ester of a-bromopropiomc ueid and tnethyl phosphite,
is heated with \\ater at 14<r to 15()
C., filteied and the lilt rate treated
with lead acetate. This precipitates the lead salt of the aeid, from
which the free acid is obtained as a hygroscopic mass melting indefinitely
C
=
at 75 to 95 C.
The normal &ik*et and manganese salts are known.

from the ethyl

:

a

Ethyl

PO(OC 2 H 5

1
)

2,

-

C 2 H 5 O 2 C.CH(CH 3 ).

diethylphosphinopropionate,

occurs along with a-diethylphospliinopropiomc acid

when

ethyl sodiophosphmoacetate Is condensed with methyl iodide. The
the ester boils at
acid cannot be distilled without decomposition
127* C. at 5 mm. These products on hydrolysis yield a-phosphmos
Better
propioiiic acid, M.pt. 110 to 182 C. (note 5l.pt. already given).
yields of the phosphmopropiome ester are obtained using the potassium
salt of ethyl phosphmoacetate in the preparation, no diethylphosphmopropionic acid being obtained in this case.
;

Ethyl /3-phosphinopropionate,

2

<

C

2

HO
5

2

C.CH 2 .CH 2 .PO(OC 2H 5

)

2,

obtained by the successive addition of ethyl phosphite and ethyl
The yield
j8-iodopropionate to sodium ethoxicle suspended in ether.
a
is about 35
ester
odourless
cent,
and
the
Is
colourless,
liquid,
per
3
is

B.pt. 149-5 to 150" C. (corr.) at 10 mm., density 1-1021 at 16-7 C.
It dissolves iu water and organic solvents.
Alcoholic ammonia converts
it Into the
corresponding C-amide* ll.pt. 61 to 62-5 C. (corr.), crystallising In needles, soluble in water, alcohol or warm benzene, sparingly
soluble In warm ether.

/3-Phosphinopropionic acid, HOOC.CH 2 .CH 2 .PO(OH) 2 is the
It forms rectangular prisms,
hydrolysis product of the foregoing ester.
The disilver salt of the P-monoethyl
to 180 C. (corr.).
JI.pt. 178
The acid is conester, CO 2 Ag.CH 2 .CH 2 .PO(OC 2
5 )(OAg), is known.
verted by ethyl alcohol and hydrogen chloride into the C-monoethyl
to
ester, C 2
glistening plates, M.pt. 64-5
8
8 C.CH 2 .CH s .PO(pH) 2
C
66
(corr.), which forms zinc, manganese, calcium, silver and copper
salts,
J3-Phosphinopropiomc acid Itself forms the following salts
disodium hydrogen salt, normal calcium salt (H 2 0), normal banum salt
,

H

H

,

.

:

zinc salt (3H a O), manganous salt (7H 2 O) lead and silver salts.
CN.CH 2 .CH 2 .CH 2
ester,
ethyl
y-Phosphinobutyronitrile
PO(OC 2H S }25 * s prepared by the condensation of sodium diethyi phosphite

(6H 2O),

5

.

with y-chlorobutyroaltnle in ether solution.
mm. and has a density of 1*0385 at 17

at 8

It boils at

168 to 164

C.

C.

y-Phosphino-n-butyric acid, HOOC.CH 2 .CH 2 .CH 2 .PO(OH) a
The preceding nit rile Is hydrolysed by heating with 20 per cent.
hydrochloric acid on the water-bath for ten hours, followed by three
.

hours* heating in an autoclave at 140 to 150 C. It
water In prisms or rhombic crystals, sintering at 122
at 127 to 128 C. (corr.).
It forms the following salts

crystallises from
C. and melting
:

normal barium

(6H 2 O), calcium salt, copper salt (4H 2 0), lead salt, silver salt,
manganous hydrogen salt (EUO) and zinc hydrogen salt (H O). The
C-monoethyl ester, C a H 6 2 C.CH 2 .CH 2 .CH 2 .PO(OH) as separates as

salt

rhombic

crystals, M.pt. 76 to 77 C., and
and silver salts.*

forms sodium,

zinc,

manganese,

copper, calcium, lead
1

2
Arbuzoff and Raznmoff, loc. at.
%Ien, er., 1926, 59, [B], 1119.
German Patent 299992 (Gkem Zmtr., 1917, ii, 510)*'deals with the production of
organic compounds of phosphorus. Unsaturated hydroxy-iatty acids of high molecular
weight when treated with phosphorus tri- or oxy-halide yield as primary products acid

3
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THE THERMAL DECOMPOSITION OF QUATERNARY PHOSPHONICM
HYDROXIDES. 1

H

Trimethylethylphosponium hydroxide, (CH 3 3 (C 2 5 )POH, is
obtained In the usual manner from the corresponding iodide. The
latter is converted by sodium picrate into ti'imethylt'tlii/lphusphunium
C
Thermal
picrate, separating from water In long needles, ll.pt. 290 C.
of
the
decomposition
hydroxide gives an 88 per cent, yield of methane
Z
calculated on the iodide, and dunetliijletliiflphosphine oxide, B.pt. 2*2*3
s
s
to 225 C., M.pt. 73 to 75" C M is obtained as a very hygroscopic compound, which gives an oily salt with tnchloroucetic acid it also appears
that there is a definite but minor side-reaction (< 5 per cent.) hi \\hieh
hydrogen is formed.
)

;

H

Methyltriethylphosphonium hydroxide, (CH 3 )(C 2 5 ) aPOH decomposes when heated, giving about an 80 per cent, yield of methane
calculated on the original iodide, and tnethylphosphine oj.tdi\ B.pt.
C
238 to 240 C., M.pt. about 4G C., the corresponding chromute melting
2
at 99 to 100 C.
Meihyltnethylphosphonium piaate separates from
alcohol in prisms, M.pt. 230 C.
hydroxide,
Triethyl - n - propylphosphonium
(C 2 H 5 3
5

)

H

The corresponding iodide is prepared by allowing n-propyl
(C 3 7 )POH.
iodide and tnethylphosphine in absolute alcohol to stand overnight
at 30 C., the compound then being precipitated by ether and recrysfrom

tallised

alcohol,

from which

it

separates in colourless needles.

obtained from the iodide, is deposited from alcohol in
The hydroxide, also formed
rosettes of foliated needles, M.pt. 91 C.
from the iodide, undergoes thermal decomposition, giving a 90 per cent.
yield of hydrocarbons calculated on the iodide used, and phosphine
The hydrocarbons do
oxides, B.pt. 245 to 247 C., M.pt. about 37 C.
not contain olefins and no phosphines are isolated.

The

picrate,

n - propylethyiphosphoniom
hydroxide,
(C 3 H 7 3
When
and
react
iodide
at
ethyl
tri-n-propylphosphine
5 )POH.

Tri
(C 2

H

-

)

the ordinary

temperature, they yield tn-n-propylethylphosphonium
which separates from alcohol-ethyl acetate in needles, and may
be converted to the picrate, crystallising in needles from benzeneDistillation of the hydroxide gives a 90 per cent.
ligroin, M.pt. 64 C.
yield of hydrocarbons calculated on the iodide and a mixture of
phosphine oxides, B.pt. 253 to 257 C.
Tri - n - propyl - n - butylphosphonlum hydroxide, (C SH 7 ) 3
The corresponding iodide separates from ethyl acetate
(C 4 9 )POH.
as needles, M.pt. 239 to 240 C. and yields a picrate, consisting of
small prisms from dilute acetic acid, M.pt. 67 C. Decomposition of
the hydroxide yields phosphine oxides and an 85 per cent, yield of
hydrocarbons calculated on the iodide used.
iodide,

H

hahdes in which the hydroxyl group is intact. Hydrolysis of these products with water
gives phosphorus derivatives of the free hydroxy-acids, which may be converted into salts
of the alkaline earth metals, Micimtearolic acid and ricmatw acid when treated with
phosphorus trichloride or tnbromide yield eompautids C^H^O^P and Cia a5 Os P

H

respectively.

Phosphorus derivatives of unsaturated higher fatty acids are dealt mth in German
Patents 257641, 271158, 271159 and 273219. These patents deal with eompwnd from
stmrolic and behenohc acids and their derivatives. The derivatives are probably of
similar type to the products obtained in the arsenic series (see this Vol., Part II, p. 60).
1
Fenton and Tngold, J. Chem. Soc. 9 1929, p. 2342.
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n propyl - n - octylphosphonium
(C 3 H 7 ) 3
hydroxide,
is the
which
is
obtained
from
the
corresponding bjomide,
17 )POH,

Tri
(C g

H

-

-

1

condensation product of tn-n-propylphosphme and ?z-octyl bromide.
The liquid bromide may be converted to the iodide by means of sodium
iodide in alcohol, or into the chloude through the hydroxide, but these
are also

salts

liquids.

The

chlotoaurate

separates from alcohol in

cent,
prisms, M.pt. 38 C. Distillation of the hydroxide gives a 19-8 per
of
66*2
cent,
of
and
a
octane
propane.
yield
yield
per
Tri - n - butyl - n - propylphosphonium hydroxide, (C 4 H 9 ) 3
(CjH T )POH, on distillation yields phosphme oxides and a gas which
corresponds to propane, 26 \ols. per cent., and butane, 74 vols. per cent.

Trimethylphenylphosphoiiiiim hydroxide, (CH 3 ) 3 (C 6H 5 )POH.
The iodide used m the preparation of this hydroxide melts at
C
236 C. The pierate separates from water in yellow needles, M.pt.
132 C to 133 C. 1 The hydroxide decomposes on distillation, giving
benzene and tnniethylphosphme oxide. Nitration of the pierate at

volumes of fuming nitric and sulphuric acids yields
m-nitrophenyltnmethylphosphonium pierate, M.pt. 166 to 167 C.
Trimethylbenzylphosphonium hydroxide, (CH 3 ) 3 (C 7H 7 )POH.
The corresponding bromide separates from alcohol-ligrom in needles,
M.pt. 222 C., and the pierate forms prisms, M.pt. 178 C. Thermal
00

C. with equal

decomposition of the hydroxide yields trimethylphosphme oxide and
Nitration of the pierate yields p-nitrobenzyltnmethylphos-

toluene.

C. ; the
to 189
pierate, consisting of needles, M.pt. 188
are
from
and
orthometaprepared
triinethylcompounds
correspond! ng
phosphine and o- or w-nitrobenzyl chloride, the o-nitro-derivative

phonhun

forming small needles, M.pt. 152 to 153
giving needles, M.pt. 171" to 172 C.

C.,

and the m-nitro-compound

H

H

Trlphetiylbenzylphosphoniiim hydroxide, (C 6 5 ) 3 (C 7 7 )POH.
-The corresponding bromide crystallises from water or alcohol-ethyl
Thermal decomposition of the
acetate in needles, M.pt. 288 C.
hvdroxide gives a 100 per cent, yield of tiiphenylphosphine oxide
(pure product M.pt. 154 to 156" C.) and a 70 per cent, yield of
toluene,

Triethyl-^-phenylethylphosphonium hydroxide, (C 2H 5 ) 3 (C 6H 5
C 2 H 4 )POH. The corresponding chloride is a syrup, and the pierate
.

separates from ehloroform-ligrom in prisms, M.pt. 70 C. Distillation
of the hydroxide yields ethylbenzene (84-1 per cent.), styrene (4-5
per cent.), ethane (6-6 per cent.) and triethylphosphine oxide.

n

-

3 [(C S

H

Tri
(C 4

H

(C 2

H

-

butyl

-

J8j9

diphenylethylphosphonium hydroxide,

C 2H 3]POH when

distilled, gives tri-n-butylphosphine,
tf$#/w.-diphenylethylene, 10 per cent, of a^m.-diphenylethane, and a
small quantity of a viscous syrup, probably tri-?i-butylphosphine oxide.
)

o} 6

5}2

?

Carbethoxytrimethylphosphonium
hydroxide,
(CHj) 3
The corresponding chloride, from trimethylphosphine

C0 2 )POH.

and ethyl chloroacetate, forms hygroscopic needles, melting with decomposition at 160 C, The pierate separates from alcohol in rhombs,

M.pt. 124 to 125 C. Distillation of the hydroxide gives trimethylphosphine oxide and small quantities of alcohol, the identification of
other products not appearing to have been very satisfactory.
1

Compare Ingold, Shaw and Wilson,

J. Chem. Soc., 1928, p. 1280.
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PHOSPHAZIXES. PHONPHEXEMETHYLEXE DERIVATIVES AND
PHOSPHIXIMIXES.

(CJK^P/j^

_

The above compound

is obtained by the combination of
diphenylketen with triethylphosphme in absolute ether, the body immediately
being precipitated as a faint yellow hygroscopic mass. The crystals are
stable in dry ether, but with water triethylphosphme and diphenylacetic
acid are formed.
The compound sinters at about 80' C. and is com~
heating in a test-tube drives off tripletely decomposed at 100 C.
and
ethylphosphine,
orange-coloured diphcnylketen remains. In ether
or petroleum ether the body is insoluble, but in benzene an orangeaddition of aniline
yellow solution is obtained, showing dissociation
to the solution gives diphenylacetanihde.
;

;

Triethylphosphine fluorenoee azine

2
?

"

H P=X-X=C/

(C 2

5)3

[

To a

solution of 18*6 grams of diazoiluorene in 120 c.c. of benzene, in
a nitrogen atmosphere and with ice cooling, 11-2 grams of triethylphosphme diluted with 20 c.e. of benzene are slowly added. Heat is
evolved and after ten minutes thick yellow crystals separate, which,
after 1-J hours, are removed and washed with ether (yield, 19 1 grams).
The phosphazine thus obtained melts at 154 to 158 C., and is very
sensitive to moisture, so that it cannot be reerystallised from moist
solvents.
Rapid crystallisation from hot benzene gives golden-yellow
When heated above its melting-point the comcrystals, M.pt. 160 C.
pound decomposes with evolution of nitrogen. It forms a basic addition
product with methyl iodide, a faintly yellow powder, M.pt. 109 to 118 C.
Dilute hydrochloric and sulphuric acids dissolve the phosphazine
unchanged, but heating with concentrated acid decomposes it, as also
does the prolonged action of cold concentrated acid. Hydrogen chloride
The
gives a yellow hydrochloride which decomposes in moist air.
phosphazine is soluble in carbon di sulphide, the solution being dark
blue-violet.
Short boiling with alcohol gives fluorenone hydrazine if
this is removed and the mother liquor evaporated, a residue of triethylphosphine oxide remains. By the action of chloroform-alcohol mixture
on the phosphazine5 a compound containing no phosphorus is obtained,
;

probably bi-diphenylenetetrahydrotetrazine,
-N

Nv

>C(C
-NH/

6

H

4)2

TriethylphospMae benzophenone azine, (C^Hg^P = N N =
C(C 6 H 5 ) 2 is obtained by the interaction of diphenyldiazomethane and
,

triethylphosphine in petroleum ether, employing a carbon dioxide
atmosphere and cooling, the phosphazine soon separating in yellow
1

Standinger and Meyer, H$lv, Ghtm. Acta, 1919, 2, 612.

2

Ibid., p. 619.
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crystals.
stand for

The body is not very stable and decomposes if allowed to
an hour, bi-diphenyltetrahydrotetrazme being formed.

Pfaenyldiethylpfaosptiine

(C 2

benzophenone azine,

>P=N N =
H )/

(

5

\C

fl

H

B

obtained from diphenyldiazomethane and diethylphenylphosphme
in ether.
It forms faintly yellow crystals, M.pt. 118 C., which begin
to evolve nitrogen at 160 *C.
When boiled for one hour with dilute
alcohol the body is hydrolysed to benzophenone hydrazone, and from
the evaporated mother liquor diethylphenylphosphme oxide is obtained,
Dilute and concentrated hydrochloric acid solutions of the phosphazine
are colourless
concentrated sulphuric acid solutions are yellow,

is

;

changing to colourless on dilution.
Tripfienylptiosptiine benzophenone azine (C 6 5 ) 3
C(C 6 5 ) 2? is prepared from tnphenylphosphme and diphenyldiazomethane in petroleum ether-ether mixture. The yield is about 88 per
cent, and the product is a white, crystalline powder, melting with
decomposition at 173 C., readily soluble in chloroform or benzene,
sparingly soluble in ether or light petroleum. The compound remains
stable after keeping for several weeks.
Prolonged boiling with alcohol

H P=N N~

H

converts it into triphenylphosphme oxide and benzophenone hydrazone.
dilute hydrochloric and sulphuric
The azine is sparingly soluble
in concentrated sulphuric acid it dissolves readily, giving a
acids
yellow solution, from which it is precipitated unchanged on the addition
of water.
Hydrogen chloride yields a hydrochloride, a white, crystalline
powder, decomposing at about 180 C. and containing about 2 molecules
of hydrochloric acid
it is only sparingly soluble in benzene.
Triphenylphosphine glyoxyl ester azine, (C 6 5 ) 3
CH.CO 2 C 2 5 occurs when triphenylphosphme and diazoacetic ester in
ether solution are allowed to stand for a month. It crystallises from
ether-benzene solution in white crystals, M.pt. 113 to 114 C. 1

m

;

;

H

H P=N N

,

H P=N

N=
fluorenone
azine,
(C 6 5 ) 3
the condensation product of triphenylphosphine and
diazofluorene, but the action is much slower than with triethylphosphine.
The product forms golden-yellow crystals, M.pt. 204 to 205 C. It
may be kept for a month without decomposing, and may be recrystallised
from alcohol without hydrolysis. On recrystallisation it yields yellow,
compact crystals, M.pt. 209 to 210 C. When heated to 220 C. it
suddenly evolves nitrogen. It is a much feebler base than the triethylphosphine derivative and it does not add on methyl iodide. It
dissolves in dilute or concentrated hydrochloric acid, is insoluble in
dilute sulphuric acid, but in concentrated
sulphuric acid yields an
orange-red solution, which, on dilution with water, deposits the base
unchanged. It resembles the triethylphosphine derivative in forming
an addition product with 2 molecules of hydrochloric acid.
Triphenylphosphine

C(C 6

H

4 ) 2,

is

H

fluorenone
Phenyldiethylphosphine
azine,
(C 6 5 )(C 2 H 5 ) 2
N = C(C 6H4 ) 2 obtained from phenyldiethylphosphine and diazofluorene, is a yellow, crystalline product, melting at 115 C., and losing
nitrogen at 220 to 270 C. It is fairly stable and can be recrystallised

p =N
1

,

The products obtained from triethylphosphine
diazoacetic ester haye not been analysed.

and phenyldiethylphosphine with
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from benzene or chloroform, but

is only sparingly soluble in ether or
petroleum ether. After keeping for 5 weeks the compound decomposes.
It is hydrolysed by aqueous alcohol on
heating on the water-bath, yielding fluorene hydrazone and phenyldiethylphosphine oxide. The azine

possesses feeble basic properties, is slightly soluble in dilute hydrochloric
and sulphuric acids, dissolves in concentrated hydrochloric acid to
give a yellow solution, and in concentrated sulphuric acid yielding a
scarlet solution which becomes colourless on dilution.

Triphenylphosphine dipfaenylmethylene,

(C 6

H P=C(C H
5) 3

6

:L

5 ) 2,

the decomposition product of triphenylphosphine benzophenone
azine when the latter is heated in an oil-bath in an atmosphere of
nitrogen for 15 minutes at 185 to 195 C. It is decomposed by water
or alcohol, but separates from benzene in garnet-red plates containing
about 2 molecules of benzene. The latter is difficult to remove, even
by heating in vacuo at 40 to 50 C. The pure product melts to a deep
red liquid at 170 to 172 C. When heated with dilute hydrochloric
acid it gives a colourless solution, from which the hydrochloride of
triphenylbenzhydrylphosphonium hydroxide separates as white needles
on cooling, M.pt. 240 to 242 C. Triphenylphosphine diphenyl2
methylene reacts with carbon disulphide on heating for 16 hours at
60 C.
triphenylphosphine sulphide separates on cooling, and the
mother liquor, after removing the solvent and treating with acetic
acid, gives a further quantity of the sulphide, polymerised keten and
a yellow amorphous product.
3
This
Triphenylphosphine phenylimine, (C 6 5 ) 3 P =NC 6 5
occurs when triphenylphosphine condenses with phenyl azide in ether
solution.
The reaction is very violent and a vigorous evolution of
nitrogen takes place, the product separating out as a white powder,
M.pt. 131 to 132 C. after crystallisation from ether. By slow crysis

;

H

H

.

are obtained, readily soluble in benzene, sparingly
soluble in petroleum ether. The compound shows feeble basic properties,
being somewhat soluble in dilute hydrochloric or sulphuric acid, and
when boiled is hydrolysed to triphenylphosphine oxide and aniline.
Cold concentrated sulphuric acid dissolves the compound, and dilution
of the solution with water precipitates triphenylphosphine oxide,
aniline sulphate remaining in solution.
Boiling for a short time with
carbon disulphide gives triphenylphosphine sulphide, M.pt. 156 to

tallisation, plates

158
C., and phenylthiocarbimide.
Triphenylphosphine oxide and
sulphide are similarly obtained when the compound is gently warmed
with phenylcarbimide or phenylthiocarbimide, respectively.
Triphenylphosphine-p-tolylimine, (C 6 5 ) 3P = N.C 6 4 .CH 3 is
isolated from triphenylphosphine and p-tolyl azide in 93 per cent,
It forms faintly yellow crystals from ether, M.pt. 134 to 135 C.
yield.
If carbon dioxide be passed into the molten compound, triphenylphosphine oxide and p-tolylisocyanate result, and with carbon disulphide, triphenylphosphine sulphide and ^-tolylthiocarbimide are

H

H

obtained.

H

H

,

Triphenylphosphine-m-xylylimine, (C 6 5 ) 3P==N.C 6 3 (CH 3 ) 2
occurs in 85 per cent, yield when m-xylyl azide is used in the foregoing
reaction.
The product melts at 130 to 131 C. and gives similar
1
2
3

Staudmger and Meyer, loc. cit., 1919, 635.
Staudinger, Rathsam and Kjelsberg, loc. cit., 1920,
Staudinger and Meyer, loc. cit

3,

853

,
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with carbon dioxide and carbon disulphide as the preceding

results

derivative.

do not react
Phosphorus trichloride and phenyldichlorophosphme
with phenyl azide.

CYANURPHOSPHINIMINES. 1

Cyanurdi-triphenylphosphinimine monoazide,

N

N=N

N

N

Nf X N
+ 2N,

C~-N=P(C 6 H

+2(C 6 H 5 ) 3P

N
absolute
Triphenylphosphine (7-5 grams) is dissolved in 40 c.c. of
and to the solution 2*7 grams of cyanurtriazide in 100 c.c. of
absolute ether are added in small portions. After a time the solution
becomes intense green in colour and nitrogen is evolved. A white
alcohol

crystalline powder separates and the reaction is
The product
for a short time under reflux.

completed by warming
filtered off

is

washed with ether to remove any unchanged starting
yield is practically theoretical and the product is a

and well

The

materials.

light, odourless

powder, melting with decomposition at 243 C. It dissolves readily
in acetone or benzene, is sparingly soluble in hot alcohol and insoluble
in ether.

Cyanurtrl-triplienylphospMnimine, 3 grams of the preceding
2 grams of triphenylphosphme are mixed together and
heated in an oil-bath to 180 C. The mixture melts and nitrogen is
This is triturated with ether
evolved, a pale brown mass resulting.
and washed with the same solvent. The resulting product crystallises
from xylene in white needles, M.pt. 239 C., soluble in hot alcohol,

compound and

2
acetone, benzene or xylene, insoluble in ether.

PHOSPHORUS DERIVATIVES OF TmopHENE. 3
Thienyldichlorophosphine,

CH-CH
CH

V

C.PC1 2

obtained only in small yield when thiophene reacts with
phosphorus
the presence of aluminium chloride. When the mixed
trichloride
is

m

vapours of thiophene and phosphorus trichloride are passed for 8 days
1

Resting, /. pralA. Ch&m , 1923, (2), 105, 242.
Compare the following reaction (Staudmger and Meyer, Helv
2,635; JJer., 1921, 54, 179) :
2

C

6

HN
5

3

+ (C 6 H 5 3 P -_+ C 6 H 5
)

8

Sachs,

.Ber.,

1892, 25,

15R

CUm. Ada,

N=M=P(C H _> C H N=P(C H
6

5) 3

6

5

6

5)3

-f

N

1919,

2

5 )

3
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over pumice heated to dull redness, only 14 grams of the diehlorophosphine result from 100 grams of thiophene, 60 grams of the latter
being recovered. The product boils at 218 C. and is decomposed by
water to the phosphmous acid. Treatment with chlorine yields a tetrachlonde, decomposed by water to the oxy Monde and finally the phosphinic acid. The oxychionde, C 4 3 S.POC1 2 is best obtained by treating
the tetrachlonde with sulphur dioxide it boils at 258 to 260 C.
Thienylphosphinous acid, C4 3 S.P(OH) 2 prepared as stated in
the foregoing, forms needles, M.pt. 70 C., and has similar properties to
the corresponding phenyl compound.
Thienylphosphinic acid, C 4 3 S.PO(OH) 2 obtained from the
tetrachlonde and water, separates from the latter solvent as short
needles, M.pt. 159 C., readily soluble in water or alcohol, less soluble
in ether, insoluble in benzene.
The normal silver salt is a white powder,
soluble in ammonium hydroxide and nitric acid.
Thienyldiethylphosphine, C 4 3 S.P(C 2 6 ) 2 is formed by the
condensation of zinc diethyl and thienyldichlorophosphme in ether
It is a pale yellow, pungent liquid, B.pt. 225
solution.
C.
With
methyl iodide it gives thienyldiethylmethylphosphonium iodide, a white
powder, M.pt. 122 C., readily soluble in water or alcohol, insoluble in
The corresponding phosphonium chloride gives a platinichloride,
ether.
a yellow crystalline powder.
Thienyltriethylphosphonium iodide has
been isolated, but the reaction by which it is prepared is not so violent
as with methyl iodide.

H

,

H

;

,

H

H

,

H

,

PHOSPHORUS COMPOUNDS OF THE CARBAZOLE SERIES. I
9-Alkyl (or benzoyl)-carbazole phosphinous acids are formed when
phosphorus trichloride reacts with 9-alkyl (or benzoyl)-carbazoles.

9-Methylcarbazole-3-phosphmous acid,

/\

/\-P(OH) 2

9-Methylcarbazole is heated at 150 C. and slowly treated with phosphorus trichloride. After cooling, the melt is added to a mixture
The whole is extracted
of sodium hydroxide (density 1-36) and ice.
with ether, concentrated, and the phosphinous acid precipitated by
the addition of acid. The resulting carbazole derivative is very resistant to acids.
9-Ethylcarbazole-S-phosphinous acid is obtained by
a similar process.

THE INTERACTION OF BENZOPHENONE AND HYPOPHOSPHOROUS
ACID. 2

When benzophenone and

hypophosphorous acid are heated together
a homogeneous mixture is obtained. The mass is
extracted with hot water, the addition of lead acetate to the solution
precipitating the lead salt of an acid of the formula HO.C(C 6 5 ) 2
P(OH) 2 This salt is insoluble in water, but dissolves in acetone,
The free acid, obtained by decomposition of the lead
alcohol or ether.
for

some

days,

H

.

*
2

VOL. XI.

:

III.

British Patent, 258744 (1925).
CompL rend., 1903, 136, 508.

Marie,

11

.
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with hydrogen sulphide, crystallises from water in thin plates,
all common solvents except ether,
M.pt. 150 to 151 C. It is soluble in
acid
is stable towards alkalis and may be boiled with hydrochloric^
of
acid
an
bromine
with
Oxidation
gives
without decomposition.
to 185 C., which is
184
M.pt.
,PO(OH)
2
)
6
3
5
composition HO.C(C
dibasic, and yields insoluble sifoet and baiium salts

salt

H

,

THE INTERACTION OE AROMATIC ALCOHOLS AND HYPOPHOSPHOROXJS
Aero. 1

formed
Triphenylmethylphosphinous acid, (C 6H 5 3 C.P(OH) 3 is
when tnphenylcarbmol is heated with hypophosphorous acid and the
The acid melts at
yellow product boiled with sodium hydroxide.
,

)

residue of tnphenylmethane remains and a little
When the reaction is carried out with
recovered.
triphenylcarbinol
the presence of acetic acid and sulphuric
sodium" hypophosphite
into the acid, whilst
acid, the carbinol is almost completely converted
the presence of acetic acid alone gives an almost quantitative yield of

94

C.

An

oily

is

m

the hydrocarbon.

Tetramethyldiaminobenzhydrylphosphiiious acid, CH[C 6 H 4
is obtained together with the corresponding hydro) 2] 2 .P(OH) 2
"
.

N(CH 3

,

carbon when hypophosphorous acid reacts with
90
yields colourless crystals, M.pt.
silver nitrate on boiling.

The acid

C.,

Michler's hydrol."
alcoholic

and reduces

In a similar manner dmaphthapyranol forms dmaphthapyran and

dinaphthapyjylphosphinous acid

:

C 10 H 6

O/

\CH.P(OH) 2

C 10 H 6

No

further details of this product have been given.

INDOLYLPHOSPHINES. 2

The indolylphosphmes are colourless and odourless. The 2- and
3-mdolyl compounds yield N-silver derivatives, soluble in ammonium
hydroxide, and are unaffected by boiling concentrated alkali hydroxide.
The 1-indolyl compounds, on the other hand, form no silver derivatives and yield phosphine on treating with rnoist solvents or boiling
with water.

H

Tri-3-indolylphospMne, (C 8 eN) 3P. Indole, magnesium and
ethyl bromide are caused to react, when magnesium indole results.
ether to give
This substance reacts with phosphorus trichloride
tn-3-mdolylphosphine, M.pt. 195 to 196 C., and a small quantity of
The separation of these
tri-1-indolylphosphine, M.pt. 228 to 225 C.
two derivatives is effected by treatment with acetone.

m

H

Tri -2- methyl -1-indolylphospMne, (C 9 8 N) 3P, is produced by
the interaction of magnesium 2-methylindole and phosphorus trichloride.
It melts at 180 C.
If magnesium 3-methylmdole is used in the condensation, tri-3-methyl-2-indolylphosphine, M.pt. 156 to 158 C., results,
and from it a methiodide is obtained, M.pt. 171 C.
1

Fosse, Oompt. rend., 1910, 150, 178; Bull. Soc. chim

*

Mingom, Qa&etfo, 1930,

60, 144.

,

1910, [iv], 7, 228, 231.
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PHOSPHINIC ACIDS FROM SOME UNSATURATED DERIVATIVES.*

One

of the chlorine atoms in phosphorus pentachlonde
appears to
hold a unique position in that the products of the reaction with mdene,
styrene, a-methylstyrene and a^z/m.-diphenylethylene in cold benzene
solution, suffer hydrolysis accompanied by intramolecular separation
of the fifth chlorine atom as hydrogen chloride when treated with water.
At much higher temperatures certain indones add on two chlorine
atoms when treated with phosphorus pentachloride, this decisively
=
indicating the fission PC1 5 PC1 3 + C1 2
.

Indenyl-2-phosphinic acid,

/\

CH
II

PO(OH) 2

H

2

Finely powdered phosphorus pentachloride (105 grams) is suspended
and 29 grams of mdene added dropwise,
moisture being excluded during the operation. A little hydrogen
chloride is evolved, and after standing overnight, the colourless
reaction mixture is poured into a large volume of water. A violent
hissing results, accompanied by a sluggish evolution of hydrogen
chloride
complete solution is attained and in time the required acid
After several hours this is removed and dried, about 32
separates.
of
crude
product resulting. Crystallisation from 100 c.c. of
grams
acetic acid gives 25 grams of white crystals, M.pt. 184 C., turning
deep red at 200 C., probably owing to oxidation to indone-2-phosphinic
The acid is monobasic towards methyl orange and dibasic
acid.
towards phenolphthalein. The silver hydrogen, lead, mercurous, thallous,
in 250 c.c. of dry benzene

;

copper, mercuric, cadmium, nickel, ferric, ferrous, aluminium, barium
and calcium salts are known. The acid is stable towards bromine, but
the presence of the ethylenic linking is established by its conversion
In the foregoing preparation the
to hydrindyl-2-phosphinic acid.
compound formed by the interaction of indene and phosphorus pentachloride, prior to the action of water, probably has the constitution

/\

MX/

CHC1

CHPC14

CH

2

Hydrindyl-2-phosphinic acid,

/\

CH 2

A

solution of 2 grams of indenyl-2-phosphinic acid in 25 c.c. of propyl
alcohol is boiled for two hours with one gram of palladised barium
the solution
sulphate, a stream of hydrogen being passed through
is evaporated in
the
solution
After
the
filtration,
during
operation.
vacuo at 50 C., and the residue crystallised from acetic acid and washed
with methyl alcohol. About 0-6 gram of white prisms is obtained,
1

Bergmann and Bondi,

Ber., 1930, 63, [B], 1158.
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a waterM.pt. 196 C. to a colourless liquid, the product yielding
insoluble silver salt.
lBenzylidene indenyl-2-phosphinic acid,

CH C H
6

5

Four grams of indenyl-2-phosphmic acid in 80 c.c. of absolute alcohol,
1-4* grams of sodium in 40 c.c. of absolute alcohol, and 2-1 grams of
on a machine
benzaldehyde in the same solvent, are shaken together
The yellow product is removed, washed with a little
for three days.
alcohol and dissolved' in hot water. After filtration the solution is
acidified with hot dilute sulphuric acid and placed in an ice-chest for
twelve hours. The yellow needles which separate (2 grams) are washed
with a little ice-cold water, the product melting at 188 to 189 C. and
becoming red. The acid yields silver, lead and /erne salts.
In a similar manner l-anisylideneindenyl-2-phosphinic acid, M.pt.
192 C., and l-piperonylideneindenyl-2-phosphimc acid, M.pt. 194 C.,
are isolated as yellow needles showing decomposition on melting.
The formulae of these two compounds are as follows
:

CPO(OH) 2

I

1 /CPO(OH),

CH.C G H 4 .OCH 3

CH C 6 H3 =

2

CH

2

Styryl-j8-phosphinic acid,

/\-CH=OH.PO(OH) a

obtained from styrene and phosphorus pentachloride in benzene
It forms
solution in a similar manner to indenyl-2-phosphimc acid.
white needles, M.pt. 146 C., and there are indications of cis-trans
is

The silverv lead, mercurous, thallous, ferrous,
Hydrocopper, nickel, barium and calcium salts are known.
"genation of the acid yields phenylethylphosphinic acid, M.pt. 137
to 138 C.
a - Methylsty r yl - j8 - pho sphinic acid ,
isomerides being formed.

ferric,

/N-C(CH) 3 = CH.PO(OH) 2

by condensing a-methylstyrene with phosphorus pentaand treating the resulting product with water, melts at 95 C.,
and yields silver, lead, mercurous, ferrous, ferric, nickel, barium and
calcium salts. The corresponding hydrogenated acid is an oil. Oxidation of a-methylstyryl- /3-phosphinic acid by chromic acid affords
prepared

chloride

acetophenone.
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}-Diphenylvinylphosphinic acid,

C=CH.PO(OH) 2

prepared from the interaction of ast/w.-diphenylethylene and phosdry benzene, followed by treatment with
phorus pentachloride
It forms white crystals, M.pt. 167
water.
C., and gives silver, lead,
mercury, copper, nickel, ferrous, ferric, barium and calcium salts. The
acid can be hydrogenated to f$ p-diphenylethane-d-phosphinic acid,
M.pt. 213 C., and oxidised to benzophenone.

is

m

PHOSPHORUS-ARSENIC DERIVATIVES.
Arseno-phosphorus compounds have been obtained by treating
w-amino-p-hydroxyphenylarsmic acid with phosphoryl chloride in
the presence of aqueous sodium hydroxide and subsequently reducing
the mixture with sodium hydrosulphite. The compounds are soluble
in dilute sodium carbonate and in hydrochloric acid, their alkaline
solutions reducing Fehling's solution and Nessler's and Tollen's re1

agents.

m

For the determination of phosphorus
organic compounds, see Hofmann, Ber , 1872,
anal , 1904, 9, 308, Pnngsheiin, Amer Chem. J , 1904, 31,
104; Monthule, Ann.
386, Ber., 1904, 37, 2155. For the determination of carbon and hydrogen in organometallic phosphorus compounds, see Londner, Ber , 1922, 55, [B], 2025, Z&tsch. anal
Chem , 1925, 66, 305.

Ohm

5,

1

English Patent, 9234 (1915);

German Patent, 269700,
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IV.

ALIPHATIC COMPOUNDS OF ANTIMONY.
COMPOUNDS OF THE TYPE

R Sb.
3

THE

of ways
tertiary alkyl stibines may be produced in a variety
(1) The most important method consists of treating magnesium
alkyl halides with antimony trihahdes.
:

8RMgX SbX = R 3 Sb + 3MgX
4-

3

2

This reaction is always accompanied by the separation of finely divided
antimony, and when alkyl stibines are mixed with antimony trichloride
there is always immediate reduction to antimony.
(2) An alloy of antimony and potassium is mixed with sand and
treated with an alkyl iodide
:

K
(3)

3

Sb+3RI = R 3 Sb+3KI

the interaction of zinc dialkyls and antimony trihahdes

By

3R 2 Zn + 2SbX 3 = 2R 3 Sb + 3ZnX 2
The

(5)

By

may be replaced by mercury
3R 2Hg + 2SbX 3 = 2R 3 Sb + 3HgX 2

(4)

zinc dialkyls in (3)

treating trialkylstibine dihalides with zinc

R SbX
3

(6)

By

antimony

2

+ Zn = R 3 Sb

4-

dialkyls

:

:

ZnX 2

heating quaternary alkyl stibonium iodides with potassiumthe presence of carbon dioxide

alloy

m

:

3R4 SbI + K 3 Sb = 4R 3 Sb + 3ET
The quaternary stibonium compounds are formed in reaction
have subsequently to be dealt with according to equation (6).

(2)

and

All the trialkylstibines are clear liquids, having a peculiar odour,

and owing to the ease with which they oxidise, special apparatus has
been devised for their preparation. The lower members may be distilled under reduced pressure, but tri-n-hexylstibine is partly
decomposed
under these conditions. The density of the compounds shows a regular
fall as the series is ascended and the boiling-points rise.
The compounds
are only slightly soluble in water or aqueous alcohol, but dissolve
in alcohol, ether or carbon disulphide.
With the latter solvent they do
166
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not yield coloured compounds like the corresponding phosphines, and
they only combine slowly with alkyl iodides. Tnalkylstibines readily
combine with oxygen with evolution of heat, the clear liquid immediately
becoming turbid, but as the molecular weight increases the ease of
oxidation diminishes. Stibmes igmte when warmed in air, with formation of

antimomous

Chlorine, bromine, iodine, cyanogen bromide
and selenium, readily combine with the stibmes
forming addition products in which the antimony becomes pentavalent,

and

oxide.

iodide, sulphur

R SbX

Trimethylstibme forms a large number of double salts with
chlorides.
The stibmes reduce mercuric
salts to the metal in the cold, and a similar reduction takes place with
3

2.

and palladium

platinum
auric

and

on warming.

silver salts

Tnalkylstibine Oxides. Six stibme oxides are known the methyl,
The first
ethyl, n-propyl, n-butyl, n-amyl and isoamyl derivatives.
two are obtained by treating the corresponding sulphate with barium
the
hydroxide or by regulated atmospheric oxidation of the stibme
remainder are formed by the latter process. Oxidation of the stibmes
may also be brought about by treating their solutions in alcohol with
The methyl, ethyl and ?"soamyl oxides
finely divided mercuric oxide.
are solids, and the compounds show a decreasing solubility in water
with rise of molecular weight
they exhibit decidedly more basic
:

;

;

properties than the corresponding arsenical compounds.
derivative forms a double compound with the dichlonde,

(CH 3 ? SbCl 2
)

The methyl

(CH 3 3 SbO.
)

.

TV ialkylstibine Sulphides and Selenides.

compounds are known with
follows
(1)

certainty,

Only the methyl and ethyl
and these may be obtained as

:

An

selenium

ether solution of the stibme

is

heated with sulphur or

:

R Sb+S=R SbS
R Sb+Se==R 3SbSe
3

3

3

(2) An aqueous solution of the trialkylstibine oxide
hvdrogen sulphide
R 3 SbO -f 2 S = R 3 SbS + 2

treated with

is

:

H

H

to react with potassium
(3) Trialkylstibine dibromide is allowed
ethylate and the product treated with hydrogen sulphide
:

R SbBr + 2KOC H =R
R Sb(OC H + H S -R
3

3

2

2

2

5)2

5

2

3

3

Sb(OC 2H 5 2 +2KBr
SbS -f 2C 2H 5 OH
)

The intermediate ethoxide is not isolated in this process.
The sulphides are crystalline products, which melt with decomposiTriethylstibine selenide is the only representative of its class,
soon decomposes with separation of selenium.
The
Trialkylstibine Dihalides, Hydroxyhalides and Cyanohalides.
dihahdes may be isolated in several ways. The stibines combine
method needs
directly with the halogens to give dihalides, but this
molecular
low
of
of
the
as
some
weight
trialkylstibines
regulation,
combine explosively with the halogens. Chlorine has also been coupled
to the antimony by heating the stibine in a sealed tube with hydrochloric
The latter is also capable of converting trialkylstibine oxides
acid.

tion.

and

it
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or dimtrates to diclilorides. Antimony combines directly with alkyl
iodides at about 140 C. to give trialkylstibine di-iodides ; mercuric
bromide or chloride can transform such di-iodides to dibromides or
dichiorides.
Magnesium ethyl iodide and antimony pentachlonde
react to form triethylstibme dichloride, and a double compound of
when
trimethylstibme dichlonde and methylmercuric chloride results

mercury dimethyl reacts with antimony trichloride. Hydroxyhahdes
are known only in the methyl series, the hydroxybromide being prepared by hydrolysis of the eyanobromide, this method of preparation
being analogous to that used for the corresponding arsenical compounds
:

R

3

Sb.CN.Br

+H O =R
2

3

Sb.OH.Br

+HCN

The colourless trimethylstibme di-iodide appears to be most suitably
++ I~, i.e. as a
completely
represented by the formula I~[Sb(CH 3 ) 8 ]
This
ionised, tertiary electrolyte.
assumption is based on the fact
that the compound does not exhibit an absorption band in the ultraviolet region. 1
The molecular conductivities of the dihahdes when
determined in acetomtnle indicate that the compounds are weak
electrolytes only if their hydrolysis is prevented by the absence of water.
The hydroxychlonde is represented by the formula [Sb(CH 3 ) 3 (OH)]+Cl~,
hydrogen chloride being liberated when a very large excess of water is
Since its solution has an acid reaction, the hydroxychlonde
present.
The
possesses only a slight tendency to eliminate hydroxyl ions.
colourless base is a very weak electrolyte, although both hydroxyl
groups can be replaced if sufficient acid is added to precipitate the
dihalide.

Trimethylstibme, (CH 3 3 Sb, may be prepared as follows: (1)
The Grignard solution from 35-5 grams of methyl iodide and 6-1 grams
of magnesium in 200 to 300 c.c. of dry ether is treated dropwise with
a solution of 18*9 grams of antimony trichloride in 80 to 100 c.c. of
ether.
The reaction is very violent and when it is complete the flask
is placed in an oil-bath and distillation carried out in a stream of carbon
dioxide until the temperature reaches 170 C. The stibine distils over
with the ether and is converted into its dibromide, from which it may
be liberated as required. The yield of stibine is 60 to 70 per cent. 2 A
convenient apparatus for obtaining the stibine from its dibromide is
shown in fig. I. 3 Weighed quantities of the dibromide are introduced
into the flask A together with a small quantity of water and the
calculated amount of finely granulated zinc (Kahlbaum No. 1).
The
air in the apparatus having previously been expelled by a stream
of carbon dioxide^ the mixture is distilled and the trimethylstibine
collected in the graduated receiver B.
The reaction vessel E is turned
through an angle of 120 by means of the movable rubber joint J, so
)

that the filter disk L is raised above the reacting liquids. A slight
excess of aqueous platinic or palladous chloride solution is delivered
into E from the tap funnel D, and to this is slowly added the calculated amount of trimethylstibine from the graduated receiver B.
As the tertiary stibine is not miscible with aqueous solutions, the
chemical combination is facilitated by shaking the vessel E, and when
the reaction is completed the apparatus is rotated so that the attach1
2

3

Lowry and Simons,

Ber., 1930, 63, [B], 1595.
Hibbert, Ber., 1906, 39, 160.
Morgan and Yarsley, Trans. Chem. Soc., 1925, 127, 184.
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E

are in the vertical position, as shown in the
aspiration at K, the liquid contents of E are drawn
through the filter L, on which the insoluble product is collected. The
precipitate is now washed with ether introduced through the tap funnel
C, and the ether washings are aspirated into the receiver F.
Here the
aqueous and ether nitrates are separated, the former being drawn off
into the flask G, whilst the latter is collected in the
distilling flask H,
which is fitted with a condenser P. On distilling off the solvent, a
residue is obtained of the ethersoluble product, which is shown to

diagram.

By

be trimethylstibine dichloride.

When alcoholic platimc chloride
is

employed the reaction

is

more

vigorous because of the miseibihty
of
with
this
trimethylstibine

medium. The insoluble product is
collected as before on the filter L,
whilst the alcoholic filtrate and
washings are drawn into the flask
H. On removing the solvent, the
residue contains trimethylstibine
dichloride and iistrimethylstibme-

dichloroplatinum (or palladium).
The whole apparatus is so designed that the platinous and
palladous derivatives of the highly
inflammable trimethylstibine can

be prepared, collected and desiccated in an inert atmosphere and
out of contact with air.
(2) Pure methyl iodide is slowly
added to a mixture of an alloy of
FIG 1.
potassium and antimony and sand.
The reaction is extremely violent
and when it subsides the mixture is distilled in a carbon dioxide atmosphere, the stibine and methyl iodide combining to form tetramethylstiboniurn iodide. This is dried and distilled with potassium-antimony
alloy in the presence of carbon dioxide, when pure trimethylstibine is
obtained. 1

Trimethylstibine is a transparent, colourless liquid, B.pt. 80*6 C*
at 760 mm., density 1-523 at 15 C., and has an odour resembling that
of onions.
In water or dilute alcohol it is only very slightly soluble,
but it dissolves readily in absolute alcohol, ether or carbon disulphide.
It is readily oxidised in air, but inflames only when in large quantities.
In chlorine gas it inflames. It combines directly with sulphur, cyanogen
bromide 2 and cyanogen iodide at -20 C. 3 It reduces gold, silver
and mercury salts to the free metals. Trimethylstibine reacts with
1
platinic chloride to yield the compounds detailed overpage.
1

Landolt, AnnaUn, 1851, 78, 91;

1852, 84, 44;

J. prate. Chem., 1861, 84, 329;

Jahresb&r., 1861, p. 569
2

3

4

Morgan and Yarsley, Proc. Hoy. Soc., 1925, no, 534.
Hantzsck and Hibbert, Be.r , 1907, 40, 1514.
Morgan and Yarsley, Trans. Chem. Soc., 1925, 127, 184,
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The addition of trlmethylstibine to aqueous platimc chloride in
the air-free apparatus previously described gives an orange precipitate
of tetrakistrimethylstibine platinous platinochloride, [Pt.4(CH 3 ) 3 Sb]PtCl 4
This substance also results when a slight excess of aqueous potassium
.

platinochloride is added to feJrafcistrimethylstibine platinous chloride
in water, or when feira&istnmethylstibme platinous platimchlonde is
treated with a slight excess of aqueous chloroplatinic acid. Tetrakistrimethylstibine platinous platinochloride, when left for several months
or rapidly heated at 65 C., undergoes depolymensation to i&tnmethylstibinedicfaloroplatmum. Both modifications occur when tnmethylthe orange
stibine and platimc chloride react in alcoholic solution
dimenc compound is precipitated, whilst the monomeric derivative
remains in solution. Bistnmethylstibinedichloroplatinum, [2(CH 3 ) 3 Sb.
PtG 2], crystallises from alcohol in pale yellow leaflets, and does not
"
yield* the
green salt of Magnus," PtCl 2 (NH 8 ) 2 when treated with
"
When chlorine is passed through
Reiset's chloride," [Pt.4NH 3 ]Cl 2
an alcoholic solution of the compound, trimethylstibme dichloride
results ; with hydroxylamme hydrochloride and sodium acetate complete reduction takes place, and with excess of pyridine, tetrapyndme;

,

.

platmous chloride

is

formed.

When

ieiraMstnmethylstibmeplatmous

treated with trimethylstibme and the resulting
orange-brown crystals are allowed to interact with chloroplatinic acid
in aqueous solution, a golden-yellow substance, tet? akistrimethylThis reacts
stibineplatinous Monde, [Pt.4(CH 3 ) 3 Sb]Cl 2 is obtained.
with aqueous palladous chloride to give tetrakistrimethylstibineplatinous
palladochloride, [Pt.4(CH 3 ) 3 Sb]PdCl 4 consisting of brown leaflets decomposing completely in 24 hours on exposure to the air.
If the foregoing reactions are repeated with tn-n-butylstibine, good
results are not obtained, only bistti-n-butylstibinedichloroplatinum being
produced, and analysis shows that the product has undergone extensive
platinochloride

is

,

,

decomposition.
In a similar manner the following palladium derivatives are obtained
Bis-fyimethylstibinedichloropalladium, [2(CH 8 ) 3 Sb.PdCl 2 ], an orangeyellow deposit at low temperatures, becoming lemon-yellow at ordinary
temperature, prolonged warming causing decomposition without melting,
metallic palladium separating.
During the preparation of this compound the more soluble tetrakistrimeihylstibinepalladous chloride,
[Pd.4(CH 3 ) 3 Sb]Cl 2 is produced and separates from the aqueous filtrate
:

,

as well-defined, golden-orange needles, contaminated with tnmethylstibine dichloride.
The tetrakis-compound is readily soluble in water,

but decomposed on boiling.

The same compound

results

when

tri-

methylstibine in excess reacts with foVtrimethylstibmedichloropalladmm.
Boiling with dilute hydrochloric acid or a large excess of chloroform
converts the tefra&is-derivative into a lemon-yellow substance, [(CH 3 ) 3 Sb.
PdCl 3]H, which, unlike other pallado-cornpounds, is stable on keeping.
It yields a light brown precipitate with csesiurn hydroxide.
A summary of the formation of these compounds is given in the

scheme on

p. 171.

H

5 ) 3 Sb, is obtained as follows
(1) By the
interaction of an alloy of potassium and antimony with ethyl iodide. 1
2
(2) By treating antimony trichloride with zinc diethyl.
(3) By re1
Lowig and Schweizer, Annalen, 1850, 75, 315
2
Hofmann, Annalen, 1857, 103, 357.

Triethylstibine, (C 2

:
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II 2 PtCl 6

+ (CH 3 ) 3 Sb = H 2 PtCl 4 + (CH 3 ) 3 SbCl 2
PtCl + Sb(CH 8 ) a

[Pt.4(CH 3 ) 3 Sb]PtQ 4

[2(CH 3 ) 3 Sb.PtCl 2]

Orange, insoluble dimeride

Yellow, soluble monomeride

^

[Pt.4(CH 3 ) 3 Sb]PdCl
PdCL,

'[Pt.4(CH 8 ) 3 Sb]Cl
Soluble

(1

mol.)

[Pt.4(CH 3 ) 3 Sb]PtCl 6
Golden-yellow, insoluble
1

(4) By distilling
placing the zinc diethyl in (2) by mercury diethyL
2
The stibine is a colourless, strongly
triethylstibme di-iodide with zinc.
refractive liquid, B.pt. 158-5 C. at 730 mm., or about 75 C. at 16 to
18 mm., 3 density 1-3244 at 16 C.; it does not solidify
It has an odour resembling that of onions,
at - 29 C.
and fumes and burns in air with a luminous flame. It
is readily soluble in alcohol or ether, but insoluble in water.
With fuming hydrochloric acid it is converted into tri-

ethylstibine dichloride and hydrogen. It combines slowly
with ethyl iodide.
4
Tri-n-propylstibine,
(C 3 7 ) 3 Sb, obtained from
and
trichloride
magnesium n-propyl bromide,
antimony
boils at 100 C. at 25 mm., or at 113 C. at 39 mm.,
density 1-241 at 25 C. The yield from 62 grams of the
alkyl bromide is about 11 grams of pure product, which

H

The apparatus
possesses a penetrating, alliaceous odour.
used for preparing this and the following stibmes is as
shown in fig. 2. It consists of a wide-necked bottle, of
a rubber stopper carrying
a mercury-sealed stirrer, a dropping funnel, a reflux condenser, an inlet tube for hydrogen, and a siphon whereby
liquid layers may be withdrawn and separated in the
absence of air. The exterior limb of the siphon is fitted
FIG. 2.
with a tap and it slides smoothly through a glass
is
jacket fixed in the stopper of a separating funnel. Air-tightness
secured by stretching rubber tubing over both the jacket and the limb
The other limb of the siphon passes into the reaction
of the siphon.
1 litre capacity, fitted with

*

2
3
4

Buckton, Quart. J. GUm. Soc., 1863, 16, 22; Jahresher., 1863, p. 470.
Buckton, Quart. J. Ohem. Soc., 1861, 13, 118; Jahresber , 1860, p. 373.
Gruttner and Wiermk, B&r , 1915, 48, 1749.
Dyke, Davies and Jones, J. Chem. Soc., 1930, p. 463.
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bottle by a similar device, wMch permits adjustment of the siphon to
any desired level The separating funnel is provided with two tubes
with taps to serve either as inlet or outlet, respectively, for carbon
dioxide, or for the application of suction.
The Grignard solution is prepared by dropping the freshly prepared alkyl hahde, dissolved in 150 c.c. of ether, on to 12-1 grams of
magnesium turnings immersed in 150 c.c. of ether to which a granule
of iodine has been added. Throughout the preparation of this solution

and

interaction with antimony trichloride, pure dry hydrogen is
C. and 38-1 grams
passed over the liquid. The liquid is cooled to
of freshly redistilled antimony trichloride in 100 c.c. of ether are added
drop by drop. After the addition is complete the mixture is warmed
for half an hour, again cooled to
C., and then treated with ammonium
its

chloride solution.
The separating funnel is now filled with pure dry
carbon dioxide and the ether layer transferred from the reaction bottle
to the funnel. In this way an unclouded solution is obtained.

H

Tri-n-butylstibine, (C 4 9 ) 3 Sb, boils at 181 C. at 12 mm., and
has a density of 1-191 at 25 C. Tri-isobutylstibine, obtained from
magnesium isobutyl bromide and antimony trichloride, has B.pt. 135 C.
The first runnings in the distillation
at 31 mm., density 1-323 at 25 C.
of the crude products contain /?e~dimethylhexane. The butylstibines
The isobutyl compound is
possess a mixed alliaceous-butyric odour.
distinctly yellow.

Tri-n-amylstibine, (C 5 H n ) 3 Sb. From 76 grams of n-amyl
bromide about 15 grams of the stibme are produced, B.pt. 168 C. at
16 mm., density 1*136 at 18 C. In this preparation 8 grams of n-decane

are obtained as a by-product.

H

Tri-dl-jS-methylbutylstibine, (C 5 n ) 3 Sb, boils at 150 C. at
14 rnm., density 1-242 at 25 C. the synthetic action of the magnesium
gives y-dimethyloctane in the course of the preparation.
;

Tri-isoamylstibine or Tri-y-methylbutylstibine, (C 5
be isolated in two ways:

Hn

)

3 Sb,

may

the interaction of equivalents of
antimony trichloride and magnesium isoamyl bromide 10 grams of
the stibme are obtained, B.pt. 149 C. at 14 mm., density 1*227, and
10 grams of /fy-dimethyloctane are formed as by-product.
(2) By
the interaction of potassium-antimony alloy and ^oamyl iodide. 1
When distilled in a stream of carbon dioxide under atmospheric pressure,
the stibine passes over with considerable decomposition at about
260 C. It fumes in air, but is not spontaneously inflammable. In
ether it is readily soluble, sparingly soluble in absolute alcohol, insoluble
in water.
When heated with ^oamyl iodide no condensation takes
place even at 100 C. All the amylstibines have a predominating
amylic smell
^-amylstibine is colourless, but the /?- and y-methyl(1)

By

;

butylstibines are both yellowish.
2
Tri-n-hexylstlbine, (C 6 13 ) 3 Sb, boils at 190 C. at 10 mm. with
The distillate has
partial decomposition and liberation of antimony.
a density of about 1-15 at 25 C. The odour resembles that of n-hexyl

H

alcohol.

n-Dodecane

is

formed as a by-product in the preparation.

1

Cramer, Jahresber 1855, p 590, Berle, J.
1856,97,316.
2
Dyke, Davies and Jones, loc. cit.
,

praJct.

Chem. f 1855, 65, 385: Annahn,
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Trimethylstibine oxide, (CH 3 ) 3 SbO, occurs when the sulphate,
is treated with barium
hydroxide, filtered and evaporated.
The residue is taken up in alcohol and the solution evaporated in the
absence of carbon dioxide. The oxide forms a white, crystalline mass,

(CH 3 3 Sb.S0 4
)

,

1
It is also formed,
very soluble in water or alcohol, insoluble in ether.
with
other
products, when an ether solution of tnmethyltogether
stibine is slowly evaporated in air.
It forms a double compound with
the dichloride, (CH 3 ) 3 SbQ.(CH 3 ) 3 SbCl 2) 2 crystallising in regular octahedra, soluble in water or alcohol.
Trimetfiylstibine dichloride, (CH 3 ) 3 SbCl 2 is prepared (1) by
3
treating trimethylstibme in carbon disulphide solution with chlorine,
,

by the interaction of trimethylstibine oxide and hydrochloric acid,
by heating trimethylstibine and hydrochloric acid together in a
sealed tube, (4) by allowing antimony trichloride and mercury dimethyl
to react, when a double compound of trimethylstibine dichloride and
4
The dichloride crystallises from
methylmercuric chloride is isolated.
(2)

(3)

water in hexagonal crystals, 3 which dissolve readily in hot alcohol.

A

cold alcoholic
Trimethylstibine dibromide, (CH 3 ) 3 SbBr 2
solution of the stibine when treated with bromine gives a white crys6
The same substance occurs when
talline precipitate of the dibromide.
mercuric
bromide. 7 Sparingly soluble in
is
with
treated
the di-iodide
cold alcohol or water, the dibromide is more soluble when warm solvents
are used. It behaves towards sodium hydroxide and phenolphthalein
Its molecular conductivity /z=500 to 521
as a free hydrogen halide.
with #=64 to 1024. 8 It forms a double compound with the oxide,
(CH 3 ) 3 SbO.(CH 3 ) 3 SbBr 2 which crystallises in needles from alcohol,
being sparingly soluble in the cold solvent, readily soluble in water.
The molecular conductivity /* = 201-2 to 243*9 with v = 80 to 1280.
Trimethylstibine hydroxy chloride, (CH 3 ) 3 SbCLOH, occurs when
trimethylstibine dihydroxide in aqueous solution is treated with concentrated hydrochloric acid. It is soluble in water, separates from ether
9
in minute colourless plates and from alcohol in silky needles.
By a
similar process a well-defined hydroxypicrate is isolated as a pale yellow
.

,

product.

Trimethylstibine cyanobromide, (CH 3 ) 3 SbBr.CN,

is

formed by

the condensation of cyanogen bromide and trimethylstibine in petroleum
in an inert atmosphere. An apparatus of special design (p. 169) is
used to carry out the preparation. The cyanobromide is a colourless,
but
crystalline solid, insoluble in cold anhydrous organic solvents,
rapidly hydrolysed by moisture to yield the hydroxybromide.

Trimethylstibine hydroxybromide, (CH 3 ) 3 SbBr.OH,

is

a white,

above. It dissolves readily
crystalline compound, formed as indicated
in cold water, and separates from alcoholic solutions as lustrous, white
1

2

3
4
5
6
7
8
9

Landolt, J. prakt Chem., 1861, 84, [i], 331; Jahresber., 1861, p. 570
Hantzsch and Hibbert, Bear., 1907, 40, 1508
Landolt, loc. cit.
Buckton, Quart. J. Chem. Soc., 1863, 16, 22; Jdhresber., 1863, p. 470.
vom Rath, J. prakt Chem., 1861, 84, fi], 334.
Landolt, loc. cit.
Landolt, Annalen, 1852, 84, 44.
Hantzsch and Hibbert, loc. cit.
Morgan and Yarsley, Proc. Roy. Soc., 1926, no, 534.
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Warming with a suspension
needles, which decompose without melting.
of silver oxide for one hour on the water-bath converts the hydroxybromide into trimethylstibine dihydroxide, (CH 3 ) 3 Sb(OH) 2 consisting
of colourless, microscopic crystals, slightly hygroscopic, but otherwise
stable.
,

Trimethylstibine di-iodide, (CH 3 ) 3 SbI 2

be obtained by

may

,

1
treating the stibine with iodine in the presence of alcohol or by heating
2
It
metallic antimony in a sealed tube with methyl iodide at 140 C.
in
alcohol
from
needles,
crystallises from water in hexagonal prisms and
M.pt. 107 C., being readily soluble in hot water or alcohol, sparingly
soluble in ether. Trimethylstibine combines with cyanogen iodide in ether

- 20 C. to give a compound which is probably (CH 3 ) 3 Sb.CNI
however, readily decomposed, and with water or alcohol is
converted into the double compound of the iodide and oxide, (CH 3 ) 3 SbO.
3
(CH 3 ) 3 SbI 2 citron-yellow octahedra, decomposing on warming with

solution at
this

;

is,

,

water.
4
occurs when an
Trimethyistibine hexaiodide, (CH 3 ) 3SbI 6
It forms
is treated with iodine.
di-iodide
the
of
solution
aqueous
is rather unstable.
and
70
to
68
C.,
needles,
M.pt.
greenish-black
Trimethylstibine dicyanide, (CH 3 ) 3 Sb(CN) 2 is not a very stable
precipitate when silver
compound, forming as a yellow crystalline
5
,

,

cyanide reacts with the foregoing di-iodide.
Trimethylstibine dithiocyanate, (CH 3 ) 3 Sb(CNS) 2 is formed by
heating the dichloride in alcohol solution with potassium thiocyanate.
It separates as white crystals, readily soluble in hot water and organic
,

6
solvents, sparingly soluble in cold water.

Trimethylstibine sulphide, (CH 3 ) 3 SbS. An ether solution of
trimethylstibine is warmed with sulphur, or an aqueous solution of
7
The sulphide
trimethylstibine oxide is treated with hydrogen sulphide.
solution
of
an
ether
also occurs when
trimethylstibine dibromide is
treated with potassium ethylate and the filtrate subjected to the action
of a current of hydrogen sulphide. 8 It forms crystals from alcohol,
M.pt. 168 C. with decomposition, is sparingly soluble in cold water,
being more soluble in alcohol or ether.
Trimethylstibine sulphate, (CH 3 ) 3 SbSO 4 is the product of
interaction of the di-iodide and silver sulphate in hot aqueous solution.
It forms a white, semi-crystalline mass, soluble in water, less soluble in
,

alcohol. 9

Trimethyistibine dinitrate, (CH 3 ) 3 Sb(N0 3 ) 2
either by dissolving the stibine in nitric acid or
iodide with silver nitrate. It forms colourless
water or alcohol, insoluble in ether.

,

may

be prepared

treating the dicrystals, soluble in

by

In addition to the foregoing salts, the following are mentioned in
the literature
carbonate, dehydrogen sulphate, quadratic plates
bicarbonate, deliquescent,
liquescent, unstable, yellowish crystals
stellate groups of needles
acetate, unstable, dark syrup ; acid tartrate,
10
very soluble in water ; oxalate, small deliquescent crystals.
:

;

;

;

1

2
3
4
6

8

10

Landolt,

Joe. cit.

Buckton, Quart. J. Chem. 8oc., 1861,
Hantzsch and Hibbert, loc. cit.

Lowy and Simons, er., 1930,
Hantzsch and Hibbert, loc. cit.
Hantzsch and Hibbert, loc. cit.
Landolt, Anndkn, 1852, 84, 44.

13, 119;

63, [B], 1595.

Jahresber., 1860, p. 374.
5
7

9

Landolt,
Landolt,
Landolt,

loc. cti.

loc

cit

loc. cit.
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Triettiylstibine oxide, (C 2 H 5 ) 3 SbO, is prepared by the following
methods
(1) In an impure state by oxidation of triethylstibine either
by burning or exposing an ether solution to the air. The by-product
:

1
ethylstibimc acid.
(2) An aqueous solution of tnethylstibine
sulphate is treated with barium hydroxide, the barium sulphate removed
and the filtrate evaporated on the water-bath. The residue is extracted
with alcohol, carbon dioxide passed through the solution, the barium
carbonate filtered off and the alcoholic filtrate evaporated. (3) An
alcoholic solution of triethylstibine is shaken with finely divided mercuric oxide, free mercury separating out and the organic oxide remaining in solution, from which it may be obtained by evaporation. The
oxide separates as a colourless, viscous mass, having a very bitter taste 2
it may be solidified by drying over concentrated sulphuric acid, but
when heated on the water-bath it becomes liquid again. It is readily
soluble in water or alcohol, but sparingly soluble in ether.
It combines
directly with mineral acids, forming salts, and precipitates hydroxides
An ether solution of the stibine
of the metals from salt solutions.
oxide reacts with antimonious oxide forming an amorphous compound,

is

;

H

(C 2 5 ) 3 SbO.Sb 2 O 3 soluble in water or alcohol, and yielding triethylstibme dichlonde on treatment with concentrated hydrochloric acid. 3
Several methods are
Triethyistibine dichloride, (C 2 5 ) 3 SbCl 2
available for isolating this substance
(1) Chlorine combines directly
with triethylstibine, but the reaction is very violent and difficult to
control. 4
(2) The stibine may be treated with fuming hydrochloric
acid.
(3) Concentrated hydrochloric acid is added to a solution of the
dimtrate and the whole evaporated down. The dichloride separates
,

H

.

:

as an oil, which is dissolved in alcohol and precipitated by dilution
with water. (4) Magnesium ethyl iodide and antimony pentachloride
react to form the dichloride. 5 The dichloride is a colourless, highly
refractive liquid, density 1-540 at 17 C., and does not solidify at - 12 C.
It has a bitter taste, a terpenoid odour, is insoluble in water, readily
Concentrated
soluble in alcohol or ether, and slightly volatile in steam.
sulphuric acid decomposes it with evolution of hydrochloric acid.
The double compound with the oxide, (C 2 5 ) 3SbCl 2 .(C 2 5 ) 3 SbO, is a
deliquescent mass, obtained by treating an aqueous solution of the
iodide double compound, (C 2 5 ) 3 SbI 2 .(C 2 5 ) 3 SbO, with mercuric

H

H

H

chloride. 6

H

H

occurs when an
Triethylstibine dibromide, (C 2 5 ) 3 SbBr 2
alcoholic solution of the stibine is treated dropwise with a similar
It is purified by the method described for the
solution of bromine. 7
The dibromide is a colourless, strongly refractive liquid,
dichloride.
density 1-953 at 17 C., solidifying to a snow-white mass at -10 C.
It has a terpenoid odour, causes violent sneezing and is tear-exciting
when warmed. In water it is insoluble, but solutions may be obtained
Concentrated sulphuric acid causes evolution of
in alcohol or ether.

hydrobromic
i
*
3

4
5

acid,

,

and chlorine displaces bromine.

Lowig and Sckweizer, Annakn, 1850, 75, 315; Lowig, ibid., 1853, 88, 323.
Compare Merck, Annalen, 1856, 97, 329, Strecker, ibid., 1858, 105, 310.
Lowig,

loc. cit

Lowig and Schweizer, loc.
Pfeiffer and Schnurmann,

6

Merck,

7

Lowig and Schweizer,

loc. cit.;

cit.

Ber., 1904, 37, 320.

Strecker, loc
loc. cit

cit.
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H

An alcoholic solution
Triethylstibine di-iodide, (C 2 5 ) 3 ShI 2
of triethylstibine is treated with iodine and the solution evaporated
to crystallising point. Purification is effected by crystallisation from
The di-iodide also occurs when ethyl iodide is heated
alcohol or ether.
x
It crystallises
at 140 C. in a sealed tube with coarse metallic antimony.
in colourless needles, which may be 0*5 in. in length and difficult to
It melts at 70-5 C. and sublimes at 100 C., is very soluble
purify.
The molten iodide is immediately
alcohol or ether, less soluble in water.
.

m

Chlorine and bromine cause the

decomposed by metallic potassium.

liberation of iodine, whilst hydrochloric and nitric acids give the diThe double compound with the
chloride and dinitrate, respectively.
oxide, (C 2 5 ) 3 SbI 2 .(C 2 5 ) 3 SbO, is formed when the di-iodide is treated
with alcoholic ammonia 2 or when the di-iodide and oxide are mixed
in alcohol ; 3 it crystallises in octahedra or tetrahedra, and mercuric
chloride or bromide converts it to the corresponding dichlonde or

H

H

dibromide, respectively.
Triethylstibine sulphide, (C 2 5 ) 3 SbS, maybe isolated (1) by treatless satisfactory
ing an ether solution of the stibine with sulphur (a4
method is to carry out the addition under water); (2) by treating
5
It forms
an alcoholic solution of the oxide with hydrogen sulphide.
a white, silvery mass, M.pt. 100 C., soluble in water, alcohol or warm

H

ether. 6

Above its melting-point it forms volatile products resembling
mercaptan, and with metallic potassium some tnethylstibine results.
With acids hydrogen sulphide is evolved, and from metallic salt solutions
the sulphide precipitates sulphides of the metals. Treatment with silver
cyanide yields an unstable dicyanide.
Triethylstibine selenide, (C 2 5 ) 3 SbSe. An ether solution of the
on cooling crystals of the
stibine is boiled with precipitated selenium
The product soon decomposes in air with precipitaselenide separate.

H

;

tion of selenium.

H

Triettiyistibine sulphate, (C 2 5 ) 3 SbSO 4 is best obtained by
double decomposition between tnethylstibine sulphide and copper
sulphate in aqueous solution. Sulphuric acid transforms the oxide
and dihalides to the sulphate, but excess of acid hinders crystallisation.
The sulphate forms colourless crystals, M.pt. 100 C., very soluble in
,

water, less soluble in alcohol and insoluble in ether. Hydrochloric acid
precipitates the dichloride from aqueous solutions of the sulphate.
The double compound with the oxide, (C 2 5 ) 3 SbSO 4 .(e 2 5 ) 3 SbO.H 2 0,
occurs when the oxyiodide, (C 2 5 ) 3 SbI 2 .(C 2 5 ) 3 SbO, is treated with

H

H

silver sulphate. 7

Triethylstibine

dinitrate,

(C 2

H

5)3

H

H

Sb(NO 8

)

a.

When

tnethyl-

stibine or its oxide is dissolved in dilute nitric acid, the nitrate results.
The solution is filtered and evaporated. 8 Nitric acid will also displace
the halogen from the dihalides. The dinitrate forms rhombic crystals,
M.pt. 62-5 C., solidifying to a crystalline mass at 57 C. It is readily
soluble in water or alcohol, sparingly soluble in ether.
Its solution has
1

2

Buckton, loc. cit.
Merck, loc. cit.

3

Streeker, loc at.

4

Lowag and Schweizer, loc. ciL
loc cit
compaie Lowig, loc. cit.
Lowig and Schweizer, loc cit.
Merck, loc cit.; compare Strecker, loc cit.
Lowig and Schweizer, loc cit.

5
6
7

8

Merck,

;
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a bitter taste and

compounds.

It

hydrochloric

acid,

oxijnitiate,

(C 2

H

is

5

)

177

acid to litmus, a characteristic of all the ethyl
converted into the dichlonde by concentrated
but is unaffected by hydrogen sulphide. The

is

3

Sb(NO 3

)

2 .(C 2

H

5)3

SbO.H 2 O,

oxyiodide by the action of silver nitrate

1

prepared from the
forms a stellate mass,

is

it

;

readily soluble in water,

Tri-n-propylstibine oxide, (CgH^gSbO, 2 occurs when an absolute
alcohol solution of the stibine is shaken with mercuric oxide.
The
product is a gelatinous mass, soluble in alcohol and possessing a very
When tri-w-propylstibme reacts with atmospheric oxygen
bitter taste.
it

yields tri-n-propijlstibinic metantimonite, (C 3
unchanged at 220 C.

solid,

H

7)3

SbO.Sb 2 O 3J a white

H

Tri-n-propyistibine sulphide, (C 3 7 ) 3 SbS. When dry hydrogen
is passed into an absolute alcohol solution of
tn-w-propylstibme oxide, a solution results from which the sulphide is deposited
as small, yellowish needles,
pt. 88 C., darkening on exposure to the
air.
Boiling with acids liberates hydrogen sulphide, stibine also being
evolved. The sulphide is decomposed when its alcohol solution is
warmed. When a mixture of tri-^-propylstibine, powdered rhombic
sulphur and water is refluxed for two hours, impure tri-n-propylstibinic
metathioantimomte, (C 3 7 ) 3 Sb(SbS 2 ) 2 is isolated. This is a brown
solid, insoluble in water, alcohol or ether, blackening at about 180 C.,
but unmelted at 200 C.
Tri-n-propylstibine dichloride, (C 3 7 ) 3 SbG 2 is prepared by
mixing solutions of chlorine and the stibine in carbon tetrachloride
and evaporating off the solvent in a vacuum. It is a mobile liquid
with a pleasant odour, decomposed on distillation.
Tri-n-propylstibine dibromide, (C 3 H 7 3 SbBr 2 occurs when
bromine replaces the chlorine in the preceding preparation. The
dibromide forms colourless crystals from ether, M.pt. 45 C., but when
treated with water it is immediately hydrolysed. Distillation causes
sulphide

M

H

,

H

,

,

)

deposition of antimony.

H

Tri-n-propylstibine di -iodide, (C 3
by the foregoing method.

tative yield

mass.

H

Tri-n-butylstibine oxide, (C4

9)

SbI 2 is obtained in quantiforms a yellow, semi-solid

7)3

It

,

prepared in a similar

3 SbO,

manner to the n-propyl compound, is a viscous syrup, possessing a
The tri-nbitter taste and an odour reminiscent of that of linseed.
is
H
SbO.Sb
metantimonite,
3
9
2
prepared in the
(C 4
3
butylstibinic
)

,

usual way.

Tri-n-betylstibine dichloride, (C 4 H 9 ) 3 SbCl 2 , prepared similarly
compound, is a spirituous-smelling heavy liquid which
on
being distilled.
decomposes
4 grains of finely
Tri-n-butylstibine dibromide, (C 4 9 ) 3 SbBr 2
heated togethei
bromide
are
10
c.c.
of
and
w-butyl
powdered antimony
for thirty hours at 250 C.
Extraction of the mass with ether and
It maj
evaporation away of the solvent gives the bromide as an oil.
also be prepared by mixing ether solutions of tri-n-butylstibine and
to the propyl

H

bromine.

Tri-n-butylstibine di-iodide,
components in chloroform solution,

composed by
1

Merck,
VOL. XI. :

(C 4
is

H

a

.

9)3

SbI 2

soft,

,

isolated

oily solid,

from

boiling water.

loc
III,

cit

2

Dyke and

Jones,

J Chem.

its

slowly de-

Soc,, 1930, p. 192].
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Tri-n-amylstibine oxide, (C 5 H n ) 3 SbO, forms a thick syrup, and
an insoluble,
tri-n-amylstibinic metantimonite, (C 5 H 11 ) 3 Sb(Sb0 2 ) 25 is
infusible white powder.

H

Tri-n-amylstibine dichloride, (C 5 11 ) 3 SbCl 2 obtained as an
unstable, sweet-smelling liquid, is readily decomposed by water ; the
corresponding dibromide is a white, pasty mass, slowly decomposed by
water.
,

H

Tri-isoamylstibine oxide, (C 5 n ) 8 SbO is a greenish-yellow
mass, formed by the spontaneous evaporation of an ether solution of
1
It is insoluble in water, sparingly soluble in ether,
tn-ssoamylstibme.
soluble in absolute alcohol.
Tri-isoamylstibine dichloride, (C 6 n ) 8 SbCl a occurs when the
preceding compound is dissolved in hydrochloric acid. It is a viscous
when
oil, heavier than water, soluble in alcohol or ether, decomposing
heated above 160 C.
Tri-isoamylstibine dibromide, (CgHuJgSbBia- This compound
and the corresponding iodide, (C 5 n ) 3 SbI 2 are obtained by treating
the oxide with the respective halogen acids. The iodide is also said
Both products
to occur when tri-^oamylstibine is treated with iodine.
resemble the dichloride in properties. The di-iodide yields with silver
9

H

H

,

,

sulphate an oily product, probably tri-isoamylstibine sulphate.
Tri-isoamylstibine dinitrate, (C 6 u ) 8 Sb(N08) 2 may be isolated
by treating either the dichloride or di-iodide with silver nitrate in
It separates from dilute spirit in white crystals,
alcoholic solution.
20
at
about
C., soluble in aqueous alcohol, insoluble in water
melting

H

,

or ether.

A

mentioned

basic tri-isoamyloxide and corresponding sulphide are
in the literature, but their existence seems doubtful.

QUATEENAEY STIBONIUM COMPOUNDS.
Compounds of this class have been known since 1851

that is, three
The
years before the discovery of the first arsonium compound.
to
the
fact
initial compounds isolated were the iodides,
SbI,
4
owing
that tnmethylstibme combines exothermically at room temperatures
with methyl iodide to give tetramethylstibomum iodide. In the ethyl
series the components require heating to 100 C. before the addition
occurs, whilst tetrapropylstibonmm iodide cannot be obtained by this

R

method, but is formed when antimony amalgam, Sb 2 Hg 3 is heated
with propyl iodide at 183 C., the resulting product being a double
Treatment of stibonium iodides with
compound, (C 3 7 ) 4SbI.HgI 2
,

H

.

freshly precipitated silver oxide transforms them into hydroxides,
which salts may be formed by the action of acids. The iodides,

from

when

evaporated down with hydrochloric acid, yield chlorides, and mercuric
producing similar transformations. In addition
to stibonium compounds of the type Alk 4 SbX, the following types are
also known
Alk'Alk 3 SbX, ArAlk 3 SbX, ArAlk'Alk 2 SbX. Those containing aromatic radicals are included here because they are the only
stibonium compounds known which contain aromatic groupings. The
mixed aliphatic compounds are formed according to the equation
salts are capable of
:

Alk 3 Sb + Alk'I = Alk'Alk 3 SbI
1

JBerle,

J

pmJct. Chem., 1855, 65, 385; Annalen, 1856, 97, 315,
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whilst the aliphatic- aromatic derivatives are isolated
according to

ArAlk 2 Sb+AlkI =ArAlk 3 SbI
ArAlk 2 Sb + Alk'I =ArAlk'Alk 2 SbI

The stibomum halides form double compounds with the halides
of gold, mercury, bismuth and platinum. Taken on the whole the
stibonium compounds are less deliquescent than the arsonium
derivatives.
Compounds of the Type Alk4 SbX
Tetramethylstibonium hydroxide, (CH 3 ) 4 SbOH.

An

aqueous

suspension of freshly precipitated silver oxide is shaken with tetramethylstibonmm iodide, the mixture filtered and the filtrate evaporated
in vacuo. 1 A white, deliquescent, crystalline mass results, which is
slippery to touch, and has the alkaline characteristics of potassium
hydroxide. It is readily soluble in water or alcohol, insoluble in ether
carbon dioxide from the atmosphere and precipitates
it absorbs
hydroxides of the metals, including barium hydroxide, from aqueous
An aqueous solution of the hydroxide fumes with
salt solutions.
hydrochloric acid and forms neutral and acid crystalline salts with
It liberates ammonia from ammonium salts, and
this and other acids.
;

after precipitating zinc hydroxide is capable of redissolving it when in
It dissolves sulphur, the addition of acid to such a solution
excess.
The conductivity of a solution of one
liberating hydrogen sulphide.
2
gram-molecule of the base in 16 litres of water is 160.

Tetramethylstibonium chloride, (CH 3 ) 4 SbCL The foregoing
hydroxide may be treated with hydrochloric acid or the iodide evaporated down with this acid. 3 The chloride also results when the iodide
It forms white, hexagonal plates,
is treated with mercuric chloride.
very soluble in water or alcohol, sparingly soluble in ether. With
platinic chloride it forms a double salt, 2[(CH 3 ) 4 SbCl].PtCl 4 orange,

yellow crystals, soluble in hydrochloric acid, very sparingly soluble in
water, alcohol or ether.
Tetramethylstibonium bromide, (CH 3 ) 4 SbBr, formed by the
interaction of the iodide and mercuric bromide, separates in colourless
crystals, soluble in water or alcohol, but insoluble in ether.
Tetramethylstibonium iodide, (CH 8 ) 4 SbL Tnmethylstibine
and methyl iodide combine directly to form the iodide, and the com-

pound may be recrystallised from water. It separates in hexagonal
It dissolves also in alcohol,
plates, soluble in 3-3 parts of water at 23 C.
but only slightly in ether ; concentrated hydrochloric or sulphuric acid
liberates hydrogen iodide, and chlorine or bromine liberates iodine.

Tetramethylstibonium nitrate, (CH 3 ) 4SbNO s occurs when the
iodide in aqueous solution is treated with silver nitrate. It separates
in small needles, very soluble in water, sparingly soluble in alcohol or
,

ether.*

Tetramethylstibonium sulphate, [(CH 3 ) 4 Sb] 2 S0 4 .5H 2 0.

This

results when the silver nitrate in the preceding preparation is replaced
by silver sulphate. Colourless crystals are isolated, M.pt. 150 C.,
which are soluble in water or alcohol, but insoluble in ether. The

requisite

amount
1
2

3

of sulphuric acid converts the sulphate to an acid

Landolt, Annalen, 1851, 78, 91; 1852, 84, 44.
Bredig, Zeitsch. physiM. Chem., 1894, 13, 301.
4
Landolt, loc. crt.
Landolt, loc, cit.
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sulphate, (CH 3 ) 4 Sb.HS0 4 quadratic plates, soluble in water, less soluble
in alcohol and sparingly soluble in ether.
,

Tetramethylstibonium sulphide, [(CH 3 ) 4 Sb] 2 S. The hydroxide
converted into the sulphide by the action of hydrogen sulphide.
The sulphide is an amorphous green powder, dissolving in water or
In the air it rapidly undergoes oxidation.
alcohol, but insoluble in ether.
Tetramethylstibonium bicarbonate, (CH 3 ) 4 Sb.HC0 3 When
the hydroxide in aqueous solution is saturated with carbon dioxide
and the solution evaporated, stellate aggregates of needles separate.
The bicarbonate gives no precipitate with neutral magnesium salts.

is

.

The following tetramethylstibonium salts are also known cyanide,
C 4 H 12 SbCN.H 2 0, rhombic (pseudo-tetragons!) crystals, 1 readily soluble
m water or alcohol, insoluble in ether ferrocyanide, (C4H 12 Sb) 4Fe(CN) 6
:

.

;

12H 2 O,

monoclinic, prismatic, yellowish crystals, losing their water at
100 C., sparingly soluble in alcohol, insoluble in ether 2 ferricyanide,
(C 4 12 Sb) 3 Fe(CN) 6 .H 2 O, yellowish plates, becoming anhydrous at
100 C. ; chlorate, C 4 12 SbC10 3 regular cubes
iodate, C 4 12 SbIO 3
2H 2 0, colourless needles ; periodate, C 4 12 SbI0 4 regular crystals
chroinate, (C 4 12 Sb) 2 CrO 4
pale yellow crystals, soluble in water,
insoluble in alcohol or ether 3 acid chromate, C 4 12 SbCr0 4 H, red,
4
regular crystals, soluble in hot water, insoluble in alcohol or ether
an orange-yellow powder, sparingly
12 Sb) 2 PtCl 6
(C
4
platinichloride,
5
soluble in water, insoluble in alcohol
acetate, a syrup
oxalate,
water
or
alcohol
in
soluble
;
malate, (C 4 12 Sb) 2
deliquescent crystals,
C 4 4 O 5 hexagonal plates, decomposing at 70 C. ; acid tartrate, needles,
antimonyl tartrate, (C 4 12 Sb)(SbO)C 4 4 O 6 a white
sparingly soluble
6
crystalline powder, sparingly soluble in alcohol, insoluble in ether.
;

H

H

H

H

;

,

H

.

,

,

;

H

;

,

H

,

;

;

H

,

H

;

H

H

,

Tetraethylstibonium hydroxide, (C 2 H 5 ) 4 SbOH.

The correspondtreated with freshly prepared silver oxide in aqueous or
alcoholic solution, the silver iodide removed and the liquid evaporated
7
It is a strongly
down, the final stages being conducted in vacua.
It is miscible
taste.
an
bitter
viscous
alkaline,
intensely
liquid, having
in all proportions with alcohol and water, insoluble in ether.
very
strong base, it turns red litmus blue, liberates ammonia from ammonium
salts, precipitates the hydroxides of the heavy metals from salt solutions,
and when in excess will redissolve the hydroxides of aluminium and
tin.
It appears to be somewhat volatile at 100 C. and decomposes on
strong heating. With acids it forms neutral salts.
ing iodide

is

A

H

Tetraethylstibonium chloride, (C 2 5 ) 4 SbCl, is most readily
prepared by treating the foregoing hydroxide with hydrochloric acid.
It separates as deliquescent needles, soluble in water or alcohol.
It
yields the following double salts with auric chloride, C 8 20 SbCLAuCl 3
yellow needles, M.pt. 178 C., soluble in alcohol or acetone, insoluble
in water or ether 8 with mercuric chloride, 4C 8 20 SbCL3HgCl a a
white powder, sparingly soluble in water, 9 2C 8 20 SbCL3HgCl 2T white

H

:

;

1
2
3
4

5
7

8
9

H

H

Fock, Oh. Kr., 25, 348; compare Groth, Oh. Kr., I, 235,
Groth, Oh, Kr , x> 330.
Westphal, Inaug. Dissert. Berhn, 1895, p. 28.
Groth, Oh. Kr., 2,, 310
6
Landolt, loc. ciL
Westphal, loc. cit.
Lowig, Annalen, 1856, 97, 322, J. prakL Chem., 1855, 64, 415.
Partheil and Mannheim, Arch. PJiarm , 1900, 238, 174.

Lowig,

loc. cit.

,

.
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H

plates, soluble in water or alcohol, insoluble in ether, C 8 20 SbC1.4HgCl 2
white crystals from water, M.pt. 141 to 142 C., easily soluble in
alcohol or acetone, insoluble in ether ; l with bismuth trichloride,

H

,

H

C 8 20 SbCl.BiCl 8 pale yellow 2 vnthplatinic chloride, [C 8 20 Sb] 2PtCl 69
yellow crystals, sparingly soluble in alcohol or cold water, readily
soluble in hot dilute hydrochloric acid or acetone, insoluble in ether,
3
decomposing at about 141 C.
a
Tetraethylstibonium bromide, (C 2 5 ) 4 SbBr, prepared
similar manner to the chloride, forms colourless needles, readily soluble
in water or alcohol. 4
It yields a double salt with bismuth tnbromide,
3C 8 20 SbBr.2BiBr 3 a pale yellow product. 5
Tetraethylstibonium iodide, (C 2 6 ) 4 SbI.l-5H 2 0. Tnethylstibine
and ethyl iodide are heated together in a sealed tube at 100 C. in the
presence of water and the resulting solution evaporated on the waterThe iodide also occurs as its double salt with mercuric iodide
bath.
when ethyl iodide is heated with antimony amalgam, Sb 2 Hg 3 in a
It crystallises as large, hexagonal prisms, 100
sealed tube at 183 C. 7
8
It is
parts of water dissolving 19-02 parts of anhydrous iodide at 20 C.
in
in
A
soluble
soluble
ether.
second
alcohol,
readily
sparingly
hydrate
is known, C 8
2 oSbI4H 2 0, which forms white needles, readily soluble
The iodide yields a
in water or alcohol, sparingly soluble in ether. 9
number of double salts with mercuric iodide, 4C 8 20 SbI.3HgI 2 white
columns from alcohol, sparingly soluble in the hot solvent, insoluble in
water or ether, 10 2C 8 20 SbI.3HgI 2 melting at about 70 C., and having
with bismuth tria similar solubility to the preceding compound
ll 3C
bromide, 3C 8 20 SbI.2BiBr 3 a yellow product
8
20 SbLBi 2 Cll5 is
with bismuth tri-iodide,
also known but no description is given ;
with iodoform, C 8 20 SbI.
3C 8 20 SbI.2BiI 3 , red, hexagonal plates
CHI 3 decomposing into its constituents when boiled with water. 12
,

;

H

H

,

m

H

,

H

H

:

H

,

,

;

H

;

,

H

H

H

;

,

H

forms
long,
Tetraethylstibonium nitrate,
(C 2 5 ) 4 SbNO 3
13
The corresponding sulphate yields small,
deliquescent needles.
hydrosulphide is obtained by saturating the
deliquescent crystals.
it is a yellow
hydroxide in aqueous solution with hydrogen sulphide
oil, soluble in water or alcohol.
,

A

;

H

[(C 2 5 ) 4 Sb] 2 C 2 4 is produced by
of
the
a
solution
hydroxide with oxalic acid and evaporating
neutralising
down.

Tetraethylstibonium oxalate,

,

The following tetraethylstibonium compounds

are

also

known

:

carbonate, deliquescent crystals ; formate, hexagonal needles ; acetate,
succinate, tartrate and racemate, all of which are syrups, difficult to
crystallise.

H

(C 3 7 ) 4 SbOH. When the
double salt with mercuric iodide is treated with freshly
14
prepared silver oxide the base is obtained as a very hygroscopic mass,

Tetrapropylstibonium hydroxide,

iodide or

1

2

its

Partheil

and Mannheim,

Jorgensen,

J

praJct

loc. cit.

Chem., 1871,

[u], 3, 342.

Buckton, Quart J. Chem. Soc., 1860, 13, 119; compare Partheil and Mannheim,
Jahresber I860, p. 373
5
4
Jorgensen, loc. cit.
Lowig, loc. cit.
7
6
Partheil and Mannheim, loc. ciL
cit
loc.
Lowig,
9
&
Partheil and Mannheim, Zoc. ait.
Lowig, loc c^t.
11
10
Jorgensen, loc. c%t.
Lowig, loo. cit.
13
" Steinkopf and Schwen, Ber., 1921, 54, [B], 2969
Lowig, loc. ctf.
3

,

14

Partheil and

Mannheim,

loc. cit
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H

Tetrapropylstiboniiim chloride, (C 3 7 ) 4 SbCl, obtained in the
usual manner, separates as hygroscopic needles. It forms the following double salts: with auric chloride, C 12 28 SbCLAuCl 3 yellow needles,
M.pt. 98 C., readily soluble in acetone or warm alcohol, very sparingly
soluble in ether
with mercuric chloride, C 12 28 SbCl.HgCl 2 glistening
needles from water, M.pt. 120 to 121 C., having a similar solubility
to the preceding compound
with platimc chloride, (C 12 28 Sb) 2 PtCl 6
yellow-red octahedra, decomposing at 133 C., readily soluble in warm
ether.
The pierate is a
water, alcohol or acetone, sparingly soluble

H

,

H

;

,

H

;

,

m

yellow, crystalline solid, M.pt. 67-5 C.
Tetrapropylstiboniiim iodide, (C 3

H

as its double
7 ) 4 SbI, occurs
with mercuric iodide, C 12 H 28 SbI.HgI 2 when antimony amalgam,
Sb 2Hg 35 is heated with propyl iodide in a sealed tube at 183 C. It may
also be obtained by the interaction of propyl iodide and a potassiumantimony alloy. The mercuri-iodide mentioned above forms yellow,
salt

,

crystalline columns, M.pt.
soluble in water or ether.

103-5

Compounds of

the

C.,

readily soluble in acetone, in-

Type Alk'Alk 3 SbX.

Methyltriethyistiboniiim hydroxide, (C 2H 5 ) 3 (CH 3 )SbOH, may
be obtained by treating the iodide with moist silver oxide, or the sulphate
in aqueous solution may be treated with barium hydroxide, the barium
sulphate removed and the filtrate evaporated in the absence of carbon
It is a yellow, non- volatile oil, having a strong alkaline
dioxide. 1
It dissolves in water or alcohol, liberates ammonia from
reaction.
ammonium salts and precipitates many hydroxides of the metals.
Methyltriethyistibonium
chloride,
(C 2 5 ) 8 (CH 8 )SbCL Hot
aqueous solutions of the iodide and mercuric chloride when mixed
precipitate the double salt with meicunc iodide, C 7 18 SbI.HgI 2 and
the filtrate from this contains the chloride. The hydroxide or carbonate
is converted to the chloride when treated with
hydrochloric acid. The

H

H

chloride crystallises in needles.

Methyltriethyistibonium

iodide,

(C 2

H

5

)

3

,

(CH 8 )SbL

Triethyl-

stibine is suspended in warm water and treated with
methyl iodide
until the odour of the stibine disappears.
The solution on

evaporation

m

to dryness yields colourless, air-stable, hexagonal
prisms, soluble
about two parts of water at 20 C., soluble in alcohol, very
sparingly
soluble in ether. The iodide yields two double salts with mercuric

H

iodide, C 7 18 SbLHgI 2 yellow plates, sparingly soluble in alcohol,
insoluble in water, and 2C 7 18 SbI.3HgI 2
crystallising from alcohol in
yellow needles, sparingly soluble in ether, insoluble in water.
,

H

,

The following methyltriethylstibonium
usual methods

salts

are prepared

by the

sulphate, colourless, deliquescent crystals, M.pt. 100 C. ;
nitrate, anhydrous needles, very soluble in water
carbonate, syrupy
mass ; formate, needles, sparingly soluble in cold water or
alcohol,
more soluble in hot water ; acetate, anhydrous needles,
very soluble
water ; butt/rate, similar to the acetate; normal
oxalate, needles, fairly
soluble in water ; acid oxalate, needles,
very soluble in water ; tartrate,
:

;

m

non-crystallisable syrup
1

;

and the hydrosulphide, an

oil.

Pnedlander, Jdhresber., 1857, p. 423; J. prate. Ofom., 1857, 70, 456.
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H

1

(C 8 7 ) 3 (CH 3 )SbI, occurs
of tn-n-propylstibme and 4 c.c. of
methyl
iodide is kept for a week. Removal of the excess of
methyl iodide
gives 5-8 grams of the stibonium iodide, M.pt. 140 C., soluble in water
or alcohol, insoluble in ether.
When the aqueous solution is boiled,
stibine is slowly evolved,

when a mixture

of 3

c.c.

Methyltri-n-propylstlbonium hydroxide,

(C 8

H

7)3

(CH 8 )SbOH,

prepared by dissolving the foregoing methiodide in cold water and
shaking the solution with freshly prepared silver oxide. Filtration and
removal of the solvent under reduced pressure gives the hydroxide as
an oil. The base is soluble in water, absorbs carbon dioxide and reacts

is

It precipitates cupric, stannous, ferric, aluminium
alkaline to litmus.
and zinc hydroxides from the respective salt solutions.
The stibonium sulphate is an oil, readily soluble in water, and the
chloroplatinate, [CH 3 (C 3 7 ) 3 Sb] 2 PtCl 6 melting with decomposition at
142 C., is prepared by dissolving the hydroxide
boiling dilute hydrochloric acid, filtering if necessary, and adding an excess of chloroplatimc acid to the hot solution, when, on cooling, the chloroplatinate
is deposited as reddish-gold plates.

H

Ethyltri-n-propylstibonium

,

m

iodide,

(C 8

H

7)

8 (C a

H

5 )SbI,

when

prepared from its components, requires a month for completion of
the reaction at the ordinary temperature, but at 100 C. only four
hours are required. It yields large white crystals, melting with decomposition at 185 C., and dissolving in water or alcohol. The corresponding hydroxide is an oil, which attacks filter-paper; its aqueous
solution is alkaline and precipitates the sparingly soluble hydroxides
The chloroplatinate , M.pt. 141 C.
of the metals from salt solutions.
(with decomposition), separates from dilute alcohol as stellate clusters
of fine, orange-red needles.
Methyltri-n-butylstibonium iodide, (C 4 9 ) 3 (CH 3 )SbI, occurs
when its components are allowed to stand together for two weeks.
When its alcoholic solution
It is a viscous oil admixed with crystals.
a precipitate of tri-n-butylstibinic metantimonite is
is boiled in air,

H

slowly produced. The hydroxide is an oil and the chloroplatinate forms
golden plates melting with decomposition at 13-4 C.
Methyltri-n-amylstibonium iodide, (C 5 11 ) 3 (CH 8 )SbI, requires
three months out of contact with air in order to be obtained from its
components. It yields a mixture of oil and crystals, soluble in water
or alcohol, insoluble in ether. The hydroxide absorbs carbon dioxide
from the air, reacts alkaline to litmus and is readily soluble in dilute
The sulphate is an oil, dissolving in water, and the chloroacids.
platinate forms glistening brown plates, M.pt. 127 C. (decomposition).

H

Compounds of

the

Types ArAlk a SbX and ArAlk'Alk 2 SbX.

H

Phenyltrimethylstiboniiim iodide, (C 6 6 )(CH 8 ) 8 SbL Phenyldimethylstibine and an excess of methyl iodide react rapidly at room
temperatures to yield this iodide and the reaction is completed by
2
A quantitative yield of fine snow-white needles
boiling under reflux.
is obtained, readily soluble in water or alcohol, sparingly soluble in
ether or petroleum ether. When heated to about 235 C. iodine vapour
is evolved.
1
Dyke and Jones, J. Ohem 8oc. 1930, p, 1921.
9

2

Gruttner and Wiermk, Ber., 1915, 48, 1759.
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The iodide may

1
which
readily be transformed to the picrate,
from water in needles, M.pt. 158 C. nitration yielding
n-mtt ophenyltrimethylstibonium picrate, (C 6 H 4 .NO 2 ) (CH 8 ) 3 Sb.OC 6 H 2

crystallises

9

;NO 2 ) 3 needles, M.pt. 203 C.
2
Phenyldimethylethylstibonium iodide, (C 6H 6 )(C aH 5 )(CH 3 ) a SbL
The methyl iodide in the preceding preparation is replaced by an
excess of ethyl iodide and the mixture heated in a sealed tube for
ive hours. The iodide crystallises in white needles, soluble in water
:>r alcohol, insoluble in ether.
Towards 150 C, it evolves some iodine
,

vapour, but tends to sublime at 225

C.

Phenylmethyldiethylstlbonium Iodide, (C 6H 5 )(C 2H 5 ) 2 (CH 3 )SbI
occurs in quantitative yield when phenyldiethylstibme and methyl
iodide are heated together in a sealed tube for two hours at 100 C.
It crystallises from alcohol as shining white needles, subliming with
some previous loss of iodine at 225 C. The solubility is the same as
5

the preceding compounds. Ethyl iodide does not combine with
phenyldiethylstibme even after five hours' heating at 100 C.
for

COMPOUNDS OF THE TYPES RSbX 2 AND

When compounds

of the types

in vacuo, alkyl halide is

produced respectively

R

2

SbX.

R SbX

and R 3 SbX 2 are heated
3
or mono-halogenated stibmes

2

evolved and

di-

:

= RSbX 2 +RX
= R 2 SbX+RX

Water converts methyldichloro- or methyldibromo-stibme to the oxide,
and any compound of the type RSbX 2 is transformed to the sulphide,
RSbS, by the action of hydrogen sulphide. The monohalogenated
compounds, R 2 SbX, absorb atmospheric oxygen, yielding oxyhahdes,
R 2 SbOX, whilst chlorine and bromine give trihahdes, R 2 SbX 3 hydrolysis
of which yields the corresponding acids, R 2
SbO(OH) 2
Methyl dictilorostibine, CH 3 SbCl 2 occurs when dimethylstibinic
chloride, (CH 3 ) 2 SbG 3} is heated in a vacuum of about 600 mm. until
ao further evolution of methyl chloride takes place. 3 The residual oil
on fractionation yields the stibine as an oil, B.pt. 115 to 120 C. at
60 mm., which does not solidify in an ice-chest after
standing for
,

.

,

several days.
oxide.

It

is

readily

decomposed by water, giving methylstibme

Methyldibromostibine, CH 3 SbBr 2 Dimethylstibinic bromide
methyl bromide when allowed to stand in a desiccator and finally
.

loses

yields greyish-white feathery needles of methyldibromostibine.

When

recrystallised from carbon disulphide and ether the stibine melts at
12 C.
It is non-inflammable and non-oxidisable in
but is

air,
hydrolysed
water or alkaline solution.
Methyldi-iodostibine, CH aSbI 2 arises from the spontaneous
lecomposition of dimethylstibinic iodide. It crystallises from carbon
iisulphide in rosettes of bright yellow needles, M.pt. 110 C.
Methylstibinoxide, CH 3 SbO. When the dichlorostibme is agitated
water and the solution kept neutral by
occasionally adding alkali,

in

,

1

2

3

Ingold, Shaw and Wilson, J. Ohem. Soc., 1928, p. 1280.
Gruttner and Wiernik, loc. at.
Morgan and Davies, Proe. Roy. Soc , 1926, no, 523
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a white amorphous product results, which appears to be the
impure
oxide.
Treatment with hydriodic acid gives the di-iodide.
Methylstibine sulphide, CH 3 SbS, is formed by the action of
hydrogen sulphide on any of the monomethyl antimonials. It is a
lemon-yellow powder, sparingly soluble in carbon disulphide or benzene,
and fuses to a resinous mass at about 70 C.

Dimethylchlorostibine, (CH 8 ) a SbCl, results when tnmethylstibine dichloride is heated in a distilling flask at a vacuum of 600 mm." in
a current of carbon dioxide. Methyl chloride is evolved and the chlorostibme left as residue is distilled. 1 It is a colourless liquid, B.pt. 155
to 160 C. at 750 mm., having a pungent and very disagreeable odour.
Even under a layer of light petroleum it is readily oxidised by slow
absorption of dissolved oxygen, and at 40 C. it becomes spontaneously
inflammable in air. With chloroplatinic acid it yields an orange

The oxidation
precipitate.
dimethylstibine oxychloride,

mentioned above leads to the production of
is a white
)
amorphous
substance, having no smell and moderately soluble in hot water, from
which it separates unchanged on cooling. Prolonged boiling of the

(CH 3 2 SbOCl, which

oxychloride for 8 hours causes hydrolysis, amorphous dimethylstibmic
If a fairly rapid stream of chlorine be passed for about
acid resulting.
10 minutes into 50 c.c. of dry carbon disulphide cooled in ice and salt,
about 10 grams of the chlorostibme then added and chlorination continued until the solution begins to develop a brown colour, a white
The latter is dimeihylstibinic chloride,
crystalline deposit is obtained.
(CH 3 ) 2 SbCl 3 which is more stable than the corresponding bromo-derivative, but fairly easily loses methyl chloride, giving a colourless oily liquid.
Dimethylbromostibine, (CH 3 ) 2 SbBr. Trimethylstibme dibromide
loses methyl bromide and yields the bromostibine when heated at
80 to 100 mm. pressure in a carbon dioxide atmosphere. Freshly
distilled dimethylbromostibine slowly solidifies to a mass of almost
colourless crystals, which at first melt indefinitely at 40 C., but when
air-free vessels, the melting-point rises to 89 C.
the specimen is kept
and the B.pt. is 175 to 180 C. at 750 mm. The compound is extremely
oxi disable and special apparatus has been devised for its analysis (p. 261).
Dimethylstibine oxybromide, (CH 3 ) 2 SbOBr, is obtained in a similar manner
to the corresponding chloro- compound, which it resembles in properties.
Dimethylbromostibine reacts with a solution of bromine in carbon
,

m

disulphide at -10 C., yielding dimethylstibmic bromide., (CH 3 ) 2 SbBr 3
This crystallises in feathery needles, which rapidly lose methyl bromide
and form methyldibromostibine. Hydrolysis of this bromide, like that
of the foregoing oxybromide, leads to the production of white amorphous
dimethylstibmic acid.
Dimethyliodostibine, (CH 3 ) 2 SbI, occurs when trimethylstibine
It yields clear yellow
di-iodide is heated at 60 to 80 mm. pressure.
flaky crystals, M.pt. 86 C., which are converted by air oxidation to
dimethylstibine oxyiodide, (CH 3 ) 2 SbOI, which is slightly soluble in hot
.

water and slowly hydrolysed in

warm

solutions.

Dimethylcyanostibine, (CH 3 ) 2 SbCN, is prepared in a similar
manner to the foregoing compounds, trimethylstibine cyanobromide,
heated to about 160 C. in the specially designed
(CH 3 ) 3 SbBrCN, being
2
amounts of cyanogen bromide dissolved
Calculated
shown.
apparatus
1

2

Morgan and Davies, Proc. Roy
Morgan and Yarsley, loc. cvt.

Soc* 9 1926,

no,

523.
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in petroleum (B,pt. 40 to 60 C. ) are introduced through the tap funnel
C into the distillation flask D, this vessel being cooled to - 5 C. Nitrogen or carbon dioxide is passed through the apparatus to displace air

and trimethylstibme is then distilled gradually from the flask A into
the receiver B, and thence it is added in appropriate quantity and with
constant shaking to the cyanogen bromide in the flask D. The cyanobromide having been prepared, the taps E and F are closed and the
by distillation. The distillate
light petroleum removed from the flask
is either collected in N or removed from the apparatus by gentle aspiration at the tap M.
During this operation care is taken to keep the

D

FIG

3

K

free from deposited oxide.
The apparacondensing bulbs G, H, J and
is then exhausted to about 10 mm. pressure, and the flask D,
containing the tnmethylstibine cyanobromide, is gradually heated to
about 160 d, when decomposition of the cyanobromide sets in and
a colourless deposit separates in the first bulb G, the intervening tube
T, which is packed with glass-wool, being warmed by means of several
The bulk of the product which collects in the
coils of resistance wire.
first bulb G is re-sublimed into the second bulb H, and this operation
repeated, so that the solid product of the thermal decomposition is
finally collected in a pure condition in the weighed glass cylinder K.
By opening the screw clip E nitrogen or carbon dioxide is admitted
is then removed, fitted with rubber
the cylinder
stoppers and weighed,
In this way a weighed
air being excluded during this operation.
quantity of the product is isolated in a container readily adaptable

tus

,*

K

to analytical requirements.
The cyanide is a colourless crystalline compound, M.pt. 113 to
114 C,, has the nauseating odour of volatile aliphatic antimonials, but
beyond exerting a slight irritant action on the eyes and respiratory
It is insoluble in water, but
passages, its effects are not injurious.
readily soluble in alcohol or ether. In air it rapidly oxidises, forming
dimethylstibine oaeycyanide,

(CH 3 2SbOCN", a white, crystalline compound,
)
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and decomposing completely at higher

C.

temperatures.

Dimethylstibine oxide, [(CH 3 ) 2 Sb] 2 O, is prepared by treating the
corresponding bromide with aqueous sodium hydroxide or saturated
aqueous potassium carbonate solution. It is a colourless oil, spontaneously inflammable in the air at ordinary temperatures. 1
Bisdimethylstibine trisulphide,
(CH 3 ) 2 Sb S Sb(CH 3 ) 2
II

II

S

S

A suspension of dimethylstibine oxybromide in water is subjected to
the action of a rapid stream of hydrogen sulphide. A light yellow
precipitate results, this being extracted with carbon disulphide, from
which the trisulphide separates as a light yellow powder, M.pt. 76 to
78 C. 2
COMPOUNDS OF THE TYPE

R Sb.SbR
2

2.

Tetramettiyldistibine or Antimony Cacodyl,*

CH 3 v

/CH 3
\Sb

Sb<

\CH 3

CH/

has not been isolated in the pure state, but the following account shows
the progress of its investigation to date.
Dimethylbrornostibine,
heated with zinc in sealed tubes filled with carbon dioxide, yields
trimethylstibine and some tetramethyldistibme. The latter cannot be
separated from the less volatile fractions owing to its decomposition
into trimethylstibine and antimony, but it may be identified by adding
methyl iodide to the oily mixture. A pale yellow crystalline product
separates, and is recrystallised from alcohol, the first crops of crystals
consisting of a yellow substance, and the final mother liquors yielding
tetramethylstibonium iodide. Repeated crystallisation of the yellow
substance from alcohol finally yields bright yellow needles or leaflets
having the composition [2(CH 3 ) 2 SbI.(CH 3 ) 4 SbI.CH 3I], confirmed by
adding to an excess of methyl iodide one molecular proportion of tetramethylstibonium iodide and two molecular proportions of dimethylMolecular weight determinations of the synthetic product
iodostibine.
and the original product give values 970 and 1003 respectively.
4
Tetra-amyldistibine,
[(C 5 l; 2 Sb]2, is said to occur when
potassium-antimony alloy, amyl iodide and triamylstibine are allowed
to react. This amyl antimony cacodyl is a greenish-yellow aromaticsmelling mobile liquid of bitter taste. It is insoluble in water, miscible
in all proportions with alcohol or ether, explodes when heated in oxygen

H

and

is

decomposed by fuming

solution yields an oxide, [(C 6
to the radical itself.
1

3
4

Morgan and Davies,
Morgan and Davies,

Zoc. cit.

,_)

Evaporation of its ether
which has similar properties

nitric acid.

H 11
2

)

2 Sb] 2 O,

Compare Landolt,
no, 532.

Proc. Roy. Soc., 1926,
Berle, J. praJct. Chem., 1855, 65, 385.

Jahresber., 1863, p. 571.
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V.

AROMATIC COMPOUNDS OF ANTIMONY.
COMPOUNDS OF THE TYPE

R3 Sb.

ALTHOUGH

three

six types of tertiary aromatic arsmes are known, only
varieties of corresponding stibines have been described to date, namely,

Ar 3 Sb, Ar 2AlkSb and ArAlk 2 Sb.

The most numerous compounds are

those of the type Ar 3 Sb, and their preparation is effected by the following methods
trihahdes and aryl
(1) By using the Fittig reaction, antimony
hahdes reacting in ether or benzene solution in the presence of sodium
in the following manner
:

:

8RX + SbX + 6Na =R 8Sb +6NaX
8

(2)

By

trihahdes

the interaction of magnesium aryl halides and antimony

:

SMgRX + SbX 3 = R 3 Sb + 3MgX

a

antimony tnsulphide replaces the tnhalide the yield is very poor.
(3) In the case of tri-p-anisylstibme an aryl halide is allowed to
react with sodium antimonide
If

:

3RX + Na 3 Sb = R 3Sb + 3NaX
The

yield

m this

case

is

poor.

Primary arylstibmoxides are heated

in the dry state or in
the presence of certain solvents. Antimony trioxide is liberated and
secondary arylstibmoxides or tertiary stibines result. Each individual
reaction seems to require its own particular set of conditions
(4)

:

3CH 3.CO.NH.C 6H4 .SbO

-

'

-

.

in 01^2

(CH 3 .CO.NH.C 6H4 ) 3Sb+Sb 2

H

3NH,C 6H,SbO

t1*r:co?

(NH,C 6 H4 3 Sb + Sb 2
)

3

Much depends upon the solvent used in this type of reaction. Acetic
acid containing tartaric acid converts primary oxides into secondary
oxides, so that using these solvents we have the following reaction
instead of the first in the three foregoing equations
:

4C 6H5 .SbO

>

[(C 6
188

H

5 ) a Sb] 2

0+Sb 2

3

3

AROMATIC COMPOUNDS OP ANTIMOFY.

189

Several special methods of preparation are worth noting
(1) A tri-m-nitrotriphenylstibinie acid may be reduced by zinc dust
and ammonium chloride in alcoholic solution to a tn-?w-aminotriphenylstibme. The method has also been applied to the preparation of
l

:

tri-5-ammotn-m-xylylstibme.
(2) Tri-5-mtrotn-m-xylylstibme dinitrate may be reduced to the
stibine by solution in absolute alcohol containing ammonium hydroxide
and passing hydrogen sulphide into th'e boiling solution for six hours.
The method may also be used for the p-tolyl compound.
(3) Tri-5-mtrotn-m-xylylstibme also occurs when tri-6-bromotn5-mtrotn-m-xylylstibine oxide in boiling alcohol is added to a boiling

aqueous solution of sodium thiosulphate.
(4) Tri-m-iodotri-jp-tolylstibine and tri-5-iodotn-?w-xylylstibine are
formed by diazotising the corresponding amines and treating the diazonium compounds with potassium iodide.
The types ArAlk 2 Sb and Ar 2AlkSb are both prepared by the aid
of the

Gngnard reagent

.

ArSbX 2 + 2AlkMgX = ArAlk 2 Sb + 2MgX 2
Ar 2 SbX + AlkMgX = Ar 2 AlkSb
All the compounds of the type Ar 3 Sb are solids, adding on halogens
The higher chlorides of copper, iron,
form dihahdes, Ar 3 SbX 2
thallium, phosphorus and arsenic react with triarylstibmes to yield
dichlorides, R 3 SbCl a and the lower chloride of the metal or metalloid.
Mercuric chloride combines with the compounds, giving mercurichlorides,
and it is noteworthy that whilst tri-o-tolylstibine mereurichloride is
to

.

,

stable

when

its

alcohol solution

is

when the compound

boiled or

is

m- and p-tolyl
derivatives and the p-anisyl and p-phenetyl compounds decompose
under these conditions, yielding arylmercuric chlorides, RHgCL Unlike
triphenylarsine, the corresponding stibine does not combine with
methyl iodide to give a stibonium compound, but is decomposed,
forming tnmethylstibine di-iodide, iodobenzene and ethane, whilst
zinc dimethyl also disrupts the molecule, giving toluene, antimony
and zinc. When triphenylstibme is heated with arsenic, the antimony
is
Triarylstibmes dissolve in concentrated
replaced by arsenic.
R 3 SbS0 4 and nitration affords
acid,
yielding
sulphates,
sulphuric
tnnitro- compounds in which the mtro-groups enter into the ring in
heated at 250

C. in a sealed tube, the corresponding

,

the meta position to the antimony. Stibines containing amino-groups
in the nucleus can be benzoylated, diazotised, and condensed with
In the case of mixed stibines, the type Ar 2AlkSb
picryl chloride.
does not form stibonium compounds, whereas the type ArAlk 2 Sb
It should be noted that in this
readily combines with alkyl iodides.
Volume, Part II, p. 72, it was pointed out that tertiary arsines of the
type Ar 2AlkAs (where the two aryl groups are identical) show little
tendency to form quaternary arsonium compounds. The principal
reactions in which tertiary stibines are capable of taking part are
illustrated in the following schemes, using m-xylyl and p-tolyl compounds
as examples. 2
1

Goddard, Trans. Chem. Soc. r 1923, 123, 2319; Goddard and Yarsley, J. Chem. &oc. 9

1928, p. 719.
-

Goddard, Trans, Chem. 8oc. f 1923, 123, 2315; Goddard and Yarsley, J. Chem. Soc.,

1928, p. 719.
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the

Compounds of
Triphenylstibine, (C 6 H5 ) 3 Sb,

ways

:

the Fittig reaction
Mickaelis and Reese, Annahn,

(1)
1

By

l

Type Ar 3 Sb.
be prepared in a variety of
40 grams of antimony trichloride,

may

1886, 233, 45; Ber., 1882, 15, 2876.
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40 grams of chlorobenzene and 50
grams of sodium are allowed to react
m^ 4 volumes of dry benzene. A violent reaction takes place and the
mixture may require cooling. Afterwards the whole is boiled for some
time on the water-bath and then filtered, the filtrate
being concentrated
to small bulk.
A solid separates, which consists of triphenylstibine
with diphenylstibmic chloride and triphenylstibine dichloride as
byTreatment with alcoholic hydrochloric acid removes the
products.
first of the
by-products, and if the residue
obtained be then chlorinated in light
petroleum, the whole is converted into triThis product,
phenylstibine dichloride.
after crystallisation from alcohol, is disalcoholic ammonia and reduced

m

solved

by hydrogen

sulphide.
Triphenylarsine
separates out as the solution cools, the
heat evolved being due to the reduction
process.

A

larger scale preparation may be
conveniently carried out using the apparatus shown. 1

A

cylindrical steel reaction vessel (3

with a steel cover
rendered gas-tight by an asbestos washer,
is
supported by four upright steel rods
fixed in a trough with a waste pipe leading
to the sink.
Round the outside of the
reaction vessel, and near the top, a perlitres capacity), fitted

forated water-pipe
ally,

is

carried concentric-

and attached to the

steel supports.

means, a stream of cold water can
be distributed over the outer surface of
the reaction vessel, which may also be
heated by a rose burner.
The cover of the reaction vessel, A,
which is perforated to admit a thermo-

By this

meter, carries also the following fittings

FIG. 4.

:

A central steel comb stirrer provided with a pulley for mechanical

(a)

stirring.
(b)

A water-cooled steel reflux condenser.
A baffle plate projecting into the vessel

to assist in the mixing
of the contents and to prevent the rotating liquid from splashing up
in the condenser.
sodium dropping apparatus, C, consisting of a cylindrical steel
(d)
container (1 litre capacity) with a curved bottom perforated at its
lowest point with an outlet hole (0-6 cm. in diameter).
steel tap and
a sight-feed with transparent silica windows attached to the base of
the container enable the operator to regulate the flow of molten
(c)

A

A

sodium.

A ring burner placed under the base of the sodium container just
above the outlet tap is used to keep the metal in a molten condition.
The steel cover of the container, made air-tight with an asbestos washer,
carries a thermometer and a hand stirrer, shaped to scour the bottom
1

Morgan and Vining, Trans. Chem,

Sac., 1920, 117, 777.
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of the container and provided with a sharp prong to dislodge any
obstacle in the outlet tap.
(e) A cylindrical glass reservoir, B 9 for liquid (capacity, 800 c.c.),
with steel ends, fitted with a vertical outlet tube to the reaction vessel,
a needle valve regulated by a spindle, and a sight-feed with glass
window. The steel cover of this reservoir is fitted with a screwstoppered inlet and with a valve for introducing compressed air, so
that the contained liquid is expelled under slight pressure.
Freshly distilled antimony trichloride (344 grams), chlorobenzene
(510 grams) and xylene (400 c.c.) are mixed, and the solution is divided
equally between the reservoir and the reaction vessel. In the latter
Sodium (210 grams),
case, 600 c.c. of xylene are added as diluent.
covered with 500 c.c. of xylene, is placed in the sodium container, and
the preparation of the stibme effected at 70 C. After filtering off in
the Bornett press the dark grey, granular sodium chloride, the filtrate,
on distilling up to 220 C., leaves a residue of tnphenylstibine (M.pt.
48 to 50 C.).
Antimony chloride (18 grams) as a
(2) By the Gngnard reaction
10 per cent, solution in benzene is added to the Gngnard solution from
50 grams of bromobenzene and 7-2 grams of magnesium in dry ether.
The whole is boiled for six hours, then distilled in steam to remove
benzene and bromobenzene. The residue is treated with small quantities of alcohol to remove admixed diphenyl, then crystallised from
The yield is said to be nearly quantitative. 1
alcohol.
(8) Phenylstibme oxide is heated in an oil-bath at 180 to 200 C.
The product
for four hours and a stream of carbon dioxide passed in.
is extracted with ether, the solvent removed and the solid recrystallised

from

acetic acid.

2

Triphenylstibme crystallises as colourless, tnclimc plates, M.pt.
3
C.,
B.pt. 281 to 232 C. at 16 to 18 mm. or above 360 C. at
mm. with partial decomposition. Its density is 1-4998 at 12 C.,
4
It may be purified by conversion into the corre/^Ha 162-61 at 14 C.
and
sponding sulphide
decomposing the latter (see p. 205). It combines
with the halogens, forming dihalides, and it reacts with cupric and ferric
chlorides, forming triphenylstibine dichloride and the lower chloride
of the metal. It is decomposed by mercuric chloride, forming phenylmercuric chloride and antimony trichloride. With methyl iodide it
with zinc
gives trimethylstibine di-iodide iodobenzene and ethane
48
760

?

;

It dissolves in fuming
yields toluene, antimony and zinc.
nitric acid, forming tri-m-nitrotriphenylstibine dmitrate. 5
When heated
with arsenic, triphenylstibine yields triphenylarsme and antimony.
It reacts with thallic chloride, yielding thallous chloride and triphenylstibine dichloride. 6
With phosphorus and arsenic trichlorides and

dimethyl

it

with titanium tetrachlonde,

the main

product

is

triphenylstibine

dichloride. 7
1

Morgan and Micklethwait, Trans. Chem Soc., 1911, 99, 2290,
1904, 37, 4621, Carre, Bull Soc. cUm , 1913, [iv], 13, 102
2
Schmidt, Annalen, 1920, 421, 242; see German Patent, 389151.
3

4

see Pfeiffer, JBer

,

M

pt. 53 C
G-hira, Gazzetta, 1894, 24,

Schmidt,

[i], 317.
5
In addition to dimtrate, some tn-m-mtrotnphenylstibine oxide
are probably formed. AUTHOR.
6
Goddard, Trans. Chem. Soc., 1922, 121, 40.
7
Challenger and Pntchard, Trans. Chem. Soc , 1924, 125, 864.

and hydroxynitrate
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Tri-m-aminotriphenylstibine,
Sb

m

obtained
two ways
(1) Tri-wi-nitrotriphenylstireduced by zinc dust and ammonium chloride in
alcoholic solution, and the mixture filtered into ice-cold water after
30 minutes. The base is collected, converted into the hydro chloride,
This

be

may

bmic acid

:

is

re-liberated by ammonium hydroxide.
(2) m-Aniinophenylstibmoxide is heated in a stream of carbon dioxide for about one hour at
120 to 125 C., or until a test portion, oxidised with alkaline hydrogen
peroxide and then treated with hydrochloric acid, gives no precipitate
of diammodipheiiylstibinic acid.
The mass is then extracted with
acetone and water added, whereby an oil separates and soon solidifies.
The stibme crystallises from alcohol in bushy needles, M.pt. 124 C. 2
This product is anhydrous, but when recrystalhsed from glacial acetic
acid it melts at about 80 C. and contains 0-5 molecule of water, which

and

1

may

again be removed by recrystalhsation from alcohol or heating

at 100

C.

H

3

Tri-p-acetylaminotriplieiiy!stibiiie, (CH 3 .CO.NH.C 6 4 ) 3 Sb.
_p-Acetylaminophenylstibmoxide (50 grams) is suspended in 400 c.c. of
methyl alcohol and boiled for three hours in a carbon dioxide atmoThe liquor is filtered whilst hot and part of the stibme separates
sphere.
on cooling. This is removed, the filtrate evaporated, and the residue
extracted with moist acetone, the stibme being precipitated from the
The total yield is about 23 grams. 4
extract by the addition of water.
The compound exists in three modifications The a-form crystallises
from methyl alcohol in needles, sintering towards 205 C., when it
becomes turbid, then appears to solidify, and finally melts completely
towards 270 C. The j3-form may be obtained from the a-form by
recrystalhsation of the latter from anhydrous acetone, the resulting
product melting at 268 C. When the a-form is dissolved in acetone
containing a little water, then water added until turbidity is produced,
C.
This y-form, when
a y-form separates, which sinters at 225
crystallised from a large volume of boiling methyl alcohol, is converted
The three modifications appear to contain the following
into the a-form.
:

amounts
y,

f H

of water of crystallisation

:

a,

0-5

HO
2

;

j8,

anhydrous

;

2 0.

Tri-o-tolylstibine,

5

CH3

when 51 grams of o-bromotoluene, 36 grams of antimony tribromide and 50 grams of sodium are allowed to react in 4 volumes of
benzene. When the reaction subsides the mixture is allowed to stand
for 4 to 5 days, then filtered, and the residue washed with benzene
occurs

1

Morgan and Micklethwait, Trans. Chem.

2

Schmidt, Annalen, 1920, 421, 174.
Schmidt, Annalen, 1922, 429, 123

3
4
5

Soc., 1911, 99, 2292.

Compare German Patent, 431202.
and Genzken, Annalen, 1887, 242, 164;

Michaelis

VOL. xi.

:

in.

Ber., 1884, 17,

924

13
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The filtrate and washings are concentrated to small bulk and treated
with light petroleum, the solid which separates being crystallised from
to 113 C., easily soluble
alcohol.
It forms fine needles, M.pt. 112
The meicunin chloroform, benzene or ether, less soluble in alcohol.
(C 7 H 7 ) 3 Sb.HgCl 2
and melting at 135 C.

chloride,

;

solution

is

boiled or

when

,

at 125
crystallises in plates, softening

C.

does not decompose when its alcoholic
heated at 250 C. in a sealed tube.
it

Tri-m-tolylstibine,

forms colourless crystals from alcohol, M.pt. 67 to 68 C., density
1-8957 at 15-7 C. "The yield is 65 per cent, when the preparation is
conducted on the same lines as for the foregoing ortho-compound. The
mercurichloride softens at 100 C. and melts with decomposition at
140 C.
when its alcoholic solution is boiled, it yields m-tolylmercunc
;

chloride.

Tri-p-tolylstibine,

ho]

Sb

The same quantities of material are used as for the ori/w-isomende,
and the mixture worked up after standing for 2 to 3 days. About
25 grams or 63 per cent, of crude product result. The stibme also
occurs when antimony tribromide reacts with p-tolyl magnesium
bromide in ether solution. 1 It forms colourless highly refractive
crystals from alcohol, M.pt. 127 to 128 C., density 1-35448 at 15 6 C.,
readily soluble in chloroform, less soluble in benzene or ether, sparingly
The mercunchloride is formed
soluble in alcohol or light petroleum.
when alcoholic solutions of the components are mixed in the cold
;

the solutions are boiling, p-tolylmercuric chloride results. The
mercurichloride crystallises from ether in pearly plates or needles,
M.pt. 175 C. with previous sintering at 165 C.
if

Tri-m-aminotri-p-tolylstibine,

2

Tri-m-nitrotri-j>tolylstibine dmitrate (7 grams) is boiled for 8 hours
c.c. of 90 per cent, alcohol containing 5 grams of
ammonium chloride, 15 c.c. of ammonium hydroxide and 15 grams of
zinc dust, a further 3 grams of zinc dust being added each hour.
The
solution is filtered at room temperature into 2 litres of water, the brown
solid collected, dissolved in 250 c.c. of warm 15 per cent, hydrochloric
acid, and the amine precipitated from the filtered solution by the addition
of ammonium hydroxide.
When recrystallised from chloroform-light

with a solution of 250

petroleum, a pinkish-grey powder

is

obtained, M.pt. 92

H

C.

Tri-m-iodotri-p-tolylstibine, (C 7 6 I) 3 Sb. The foregoing amme
(3 grams) is dissolved in 20 c.c. of concentrated hydrochloric acid and
200 e,C, of water. The solution is diazotised with 2 grams of sodium
1

Pfeiffer,
2

Goddard

Ber

, 1904, 37, 4620.
q,nd Yarsley, J. Clem

Soc

,

1928, p. 719.

AROMATIC COMPOUNDS OF ANTIMONY.
nitrite

and

gently

warmed

195

grams of potassium iodide added. The mixture is then
for three hours on the water-bath.
The precipitate,
when crystallised from chloroform-light petroleum, is a reddish-brew n
powder, sintering at 136 C, and melting at 116 C. to a dark red liquid.
5

Tri-p-anisylstibine,

1

may be obtained in two ways: (I) By the interaction of
sodium antimomde and >-bromoamsole at high temperatures. (2) By
treating antimony trichloride and ^p-bromoamsole with thrice the
equivalent quantity of sodium in benzene solution, 200 grams of pbromoamsole giving 68 grams of tri-_p-anisylstibine. The stibine
forms colourless rhombohedra, M.pt. 180 5 to 181 C., easily soluble
in chloroform, benzene or toluene, less soluble in alcohol, ether, ethyl
This stibme

When boiled with conacetate, acetic acid or carbon disulphide.
centrated hydrochloric acid the stibme decomposes into anisole and
antimony trichloride. The mercw ichloride sinters at 235 to 240 C.
and decomposes at 285 C. prolonged boiling with alcohol converts
;

it

into j9-amsylmercuric chloride.

Tri-p-ptienetylstibine,

prepared in a similar manner to the preceding compound. It
forms acicular prisms, M.pt. 82 to 83 C., and is more soluble than
the anisyl derivative it is similarly decomposed by hot concentrated
hydrochloric acid. The mercurichloride sinters at 205 to 210 C and
when boiled with alcohol it yields p-phenetyldecomposes at 225 C.
mercuric chloride.
2
Tri-m~xylyl stibme,

is

;

;

r

/

v

n
Sb

CH 3 J 3

may be prepared in two ways (1) To the solution prepared from 48 grams of bromoxylene and 7 grams of magnesium in
75 c.c. of ether, 18 grams of antimony trichloride in 25 c.c. of the same
solvent are added and the mixture boiled for six hours. The mass is
then decomposed with water, the stibine extracted with benzene and
worked up as described below. Yield 7-2 grams, or 19 per cent. (2)
Bromoxylene (56 grams) and 23 grams of antimony trichloride in 150 c.c.
of dry benzene are treated with 50 grams of metallic sodium (thrice
the equivalent amount), added in thin slices. The mixture usually
This stibine

:

requires warming to start the reaction, and after completion is kept
overnight, filtered, and the residue extracted three times with boiling
benzene, these extracts being added to the main filtrate. Evaporation
away of the solvent gives an oily product, which is poured into absolute
The
alcohol, long needles of the stibine separating after a few minutes*
yield of crude product is about 25 grams, or 57 per cent.
1

2

Loloff,

er.,

1897, 30, 2834.

Goddard, Trans. Chem.

floe.,

1923, 123, 2319.
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from alcohol in masses of felted
Tn-m-xylylstibine crystallises
at
clear
to
a
C.
148
at
liquid, which becomes cloudy
needles, melting
about 255 C. and, when cooled, solidifies to a transparent mass. It
or pyridme,
is soluble in cold chloroform, acetone, light petroleum
soluble than the para-compound
more
and
in
soluble
alcohol,
moderately
The mei cunchlonde crystallises from ether in
glacial acetie acid.
fine needles, M.pt. 158 C.

m

Tri-5-nitrotri-m-xylylstibine,

CE a-

Sb

be obtained as follows: (1) 2 grams of tri-5-mtrotn-w-xylyl20 c.c.
stibme dinitrate are dissolved in 200 c.c. of absolute alcohol,
of concentrated ammonium hydroxide added, and hydrogen sulphide

may

The precipitate is
for six hours.
passed into the boiling solution
(2 ) Tn-6-bromotn-5-nitrotricollected and reorystalbsed from alcohol
in 40 c.c. of hot absolute alcohol is
w-xylylstibine oxide (1-8 grams)
in
added to a boiling solution of 1-4 grams of sodium thiosulphate
stibme
The
minutes.
SO
for
boiled
mixture
the
25 c.c. of water, and
It crystallises from alcohol in small needles,
as a white solid.
^

separates
pt 192

M

to 198

C.

H

Tri-5-aminotri-m-xylylstibine, [(CH 3 ) 2 (NH 2 )C 6 2 ] 3 Sb, is the
of the mixed
reduction product of the preceding compound. 5 grams
nitric acid on tnnitration products obtained by the action of fuming
to a boiling solution of 400 grams of absolute
wi-xylylstibine are added
20 c.c. of conalcohol containing 3-5 grams of ammonium chloride,
centrated ammonium hydroxide and 22 grams of zinc dust. The
8 hours, a further 5 grams of zinc dust being
boiling is continued for
added at the end of each hour. The solution is filtered whilst hot into
3000 c.c. of ice-cold water, a pink precipitate separating out. This
dissolved in 200 c.c. of 10 per cent, hydrochloric acid,
matter filtered off and the filtrate treated with coninsoluble
any
when 3-5 grams of crude amme are
centrated ammonium

is filtered off,

hydroxide,
obtained (97 per cent.). After several crystallisations from chloroformblackens at
light petroleum, a brownish-pink powder results, which
C.
The
124
128
at
to
rather
melts
C.
and
112
indefinitely
about
C.
99
at
melts
derivative
tribenzoyl

Tri5-iodotri-m-xylylstibine,

Sb

I gram of the foregoing amine in 7 c.c. of concentrated hydrochloric
acid and 200 c.c. of water is diazotised with 0-66 gram of sodium nitrite.
The diazonium chloride separates as a yellow precipitate and is treated
with 1-5 grams of potassium iodide in 20 c.c. of water. The precipitate
warmed on the water-bath
changes from yellow to red, and after being
and kept for three hours, is filtered off. About 1-5 grams of crude
result, which is crystallised five times from chloroform-

product

AROMATIC COMPOUOT)S OF AOTIMONY.
petroleum, a brownish-red crystalline powder resulting.
153 C. to a clear red liquid.
Tripicryltr i - 5 - aminotri - -xylyl stibine

m

197
It melts at

,

2 grams of the amine in the smallest possible quantity of 10 per cent,
hydrochloric acid are added to 75 c.c. of alcohol containing 3 grams of
The mixture is warmed
picryl chloride and 8 grams of sodium acetate.
at 30 C. for 15 minutes, an orange precipitate separating (3*9 grams).
This is boiled with 75 c.c. of water to remove sodium acetate, then
dissolved in dry chloroform to remove sodium picrate, and the stibine
is precipitated from the filtered solution
by the addition of light

petroleum. It forms a bronze, crystalline powder, sintering at 178 C.,
then blackening but not melting at 290 C. It gives a carmine solution
in alcoholic potassium hydroxide, from which the potassium salt separates
in scarlet octahedral crystals on slow evaporation.
1
Tri-p-xylylstibine,

CH S

Sb

OH 9 J

To a solution of 24 grams of p-bromoxylene and 3-5 grams of magnesium
in 50 c.c. of ether, 9 grams of antimony trichloride in 20 c.c. of the
same solvent are gradually added. The whole is boiled on the waterbath for four hours, decomposed with water and filtered. The residue
is dried and extracted with boiling benzene, evaporation away of the
solvent yielding 7-25 grams of short transparent needles, M.pt. 174-5 C.,
readily soluble in benzene, cold chloroform or boiling glacial acetic
hot acetone, less soluble in ether or alcohol.
acid, moderately soluble
It reacts with thalhc chloride, forming thallous chloride and tri~pxylylstibme dichloride.

m

Trl-a-naphthylstibine,

2

-

Sb

To the Grignard reagent from 42 grams of a-bromonaphthalene and
5 grams of magnesium in 100 c.c. of ether, 15 grams of antimony trichloride in the same solvent are slowly added with constant agitation.
When the reaction subsides it is completed by boiling for one hour
on the water-bath, the mixture then being cooled and decomposed by
water.
The ether is removed, the excess naphthalene distilled off in
steam, the residue dissolved in hot benzene and precipitated by adding
an equal volume of alcohol. The yield is 15 grams, and after three
melts at 216 to 217 C. It
crystallisations from benzene the product
1
Goddard, Trans. Chem. 8oc., 1923, 123, 1170.
2
Matsumiya, Mem. GolL Set. Kyoto, 1925, 8, 14; see Challenger and Pntchard,
Trans. Chem. Soc,, 1924, 125, 868.
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is

slightly soluble in ether

and

alcohol,

more

easily soluble in benzene,

carbon disulphide or chloroform. If the antimony trichloride in this
preparation be replaced by antimony trisulphide, only a small yield
of the stibme is obtained.
1
Tri-4-biphenylstibisie,

solution of 100 grams of 4-chlorodiphenyl and 40 grams of freshly
antimony trichloride in 500 c.c. of dry benzene, is added an
excess (50 grams) of granulated sodium. The mixture requires heating
to start the reaction, but after starting it is necessary to cool in ice to
moderate the violence of the reaction. When the spontaneous action
slackens, the whole is heated for several hours, the product filtered
whilst hot, the black residue extracted twice with 250 c.c. quantities of
hot benzene and the combined filtrates concentrated to approximately
250 c.c. The addition of an equal volume of warm alcohol causes the
entire mass to become semi-solid owing to the separation of crystals.
The product is filtered, washed with cold alcohol and dried at 100 C. ;
It readily dissolves in chloroform, methyl iodide or
yield, 89 grams.
benzene, separating from the latter as microscopic, hair-hke crystals.
It melts at 176 5 to 177-5 C. with previous sintering.
Decomposition
takes place at the boiling-point, with the formation of diphenyl and
antimony, among other products.

To a

distilled

Types ArAlk 2 Sb and Ar 2 AlkSb.
Crude phenyldichloroPhenyldimetfaylstifoine, C 6 H 5 .Sb(CH 3 ) 2
stibine, 25 grams, is added to about 25 grams of magnesium methyl
bromide in 250 c.c. of ether. The reaction is completed by boiling
the mixture for 30 minutes. The mass is decomposed by water, the
ether layer withdrawn and dried over calcium chloride, these and the
following operations being conducted in a carbon dioxide atmosphere.
The ether is distilled off at the ordinary pressure and the residual oil
Several fractionations yield a pure product,
distilled at 16 to 18 mm.

Compounds of

the

.

B.pt. 112 C. at 16 to 18 mm., density 1-4490 at 20 C., W D 1-5983 at
19-5 C., W F -n c 0-02523 at 19-5 C., the yield being 5 to 6 grams. 2
It
is a colourless, mobile oil, fuming faintly in air and readily oxidising
in solution.
It combines with the halogens and alkyl hahdes in the

usual manner.

H

H

Phenyldiettiylstibine, C 6 5 .Sb(C 2 5 ) 2 is obtained in a similar
to the preceding compound, 25 grams of phenyldichlorostibme
yielding 6 to 6*5 grams of pure stibme. It is a colourless liquid, B.pt.
128 C. at 16 to 18 mm., density 1-3487 at 24 C., WB 1-5903 at 21-8 C.,
and n^-no 0*02373 at 21*8 C. It fumes in air and rapidly oxidises
with evolution of heat, its properties resembling those of the methyl
,

manner

derivative.

H

Diphenylmethylstiblne, CH 3 .Sb(C 6 5 ) 2 25 grams of diphenylchlorostibine in 100 c.c. of anhydrous ether are slowly added to 15 grams
of magnesium methyl bromide
250 c.c. of ether. After boiling the
whole for 30 minutes on the water-bath, the mass is decomposed with
.

m

1

2

J Amer. Chem. Soc., 1930, 52, 2046
Gruttner and Wiermk, Be,r 1915, 48, 1749, 1759.

Worrall,

,
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water, the ether layer separated in a carbon dioxide atmosphere and
dried over calcium chloride. Removal of the solvent and fractionation
of the residue in an inert gas yields 10 to II grams of
pure stibine. It
is a colourless, somewhat viscous oil,
B.pt. 174 to 177 C. at 16 to 18 mm.,
density 1-2134 at 20 C., n D 1 6021 at 20 C., and P -WC 0*02399 at
20 C. It does not fume in air, but readily oxidises. It yields no
stibomum compounds with methyl and ethyl iodides even on heating
for 10 hours at 100 C., but it combines with chlorine and bromine.
Diphenylethyistibitie, C 2 5 .Sb(C 6 5 ) 2 is obtained in similar
It is a
yield and by the same process as the preceding derivative.
colourless, viscous oil, B.pt. 190 to 192 C. at 16 to 18 mm., density
1-3541 at 19-5 C., n D I 6309 at 20-5 C., n F -n r 0-02732 at 20-5 C. It
has similar properties to the corresponding methyl compound.

H

H

,

COMPOUNDS OF THE TYPES R s SbHaU,
R 3 SbO AND R 3 SbX 2 r

R

3

Sb(OH)Hal.,

The dihahdes, R 3 SbHaL 2> may be obtained by heating mercury
diphenyl with antimony trichloride at a high temperature in an autoclave, or as by-products in the preparation of tnarylstibmes by the
Halogens also add on directly to triarylstibines, giving
Fittig reaction.
the dihalides, and in the case of chlorine, the following chlorides may
replace the free element in the preparation: copper, iron, thallium,
phosphorus or arsenic chloride.
Triphenylstibine dichloride and dibromide undergo hydrolysis with
alcoholic alkali, whilst a large bulk of boiling water transforms the
dichloride to the hydroxychioride
:

R SbX +H 20-R Sb(OH)X-fHX
2

3

3

Di-iodides also tend to undergo hydrolysis, forming hydroxyiodides,
but the latter are much more readily formed by the action of moisture

on the cyanohalides

:

R Sb(CN)X+H O=R 8Sb(OH)X + HCN
8

2

The dihydroxides are obtained from the
alkali,

dihalides

by the

action of

R SbX 2 + 2KOH =R 3Sb(OH) 2 +2KX
3

by oxidising the triarylstibines directly by means of alkaline or
feebly acid potassium permanganate, or by hydrogen peroxide in the
presence of alkali. The products thus obtained are solid, crystalline
substances. Alcoholic alkali does not always convert the dihahdes to
dihydroxides, whilst in some cases the oxide results
or

:

R SbX
3

The oxides

are white,

2

>

R 3 Sb(OH) 2

amorphous

solids,

*

R SbO
a

reacting with acids to form

salts.

Dmitrates are formed when the dihahdes are treated with alcoholic
In the
silver nitrate, or by direct nitration, using fuming nitric acid.
latter case substitution in the benzene nucleus takes place at the same

time and a mixture of products results, the separation of the comused in
ponents usually being impossible. Lead salts have also been
the same way as silver salts for producing triarylstibine salts.
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Unlike triphenylarsine, triphenylstibine does not react directly with
sulphur to yield a sulphide, the latter occurring when the dibromide is
treated with hydrogen sulphide. Finely divided copper removes the
boiling benzene, yielding
sulphur from a suspension of the sulphide
pure triphenylstibine. This method is used as a basis for purifying

m

triarylstibines.

Triphenylstibine dichloride, (C 6 H 5 ) 3 SbCl 2

may be prepared in
of
the
antimony trichloride
(1) By
ways
prolonged heating
with mercury diphenyl in a sealed tube at 130 C. 1 (2) By treating
the stibine in cold petroleum ether with chlorine 2 or with cupric chloride. 3
(3) It occurs as a by-product in the preparation of triphenylstibine by
5
the Fittig reaction. 4 It crystallises
colourless needles, M.pt. 143 C.,
soluble in hot alcohol, benzene or carbon disulphide, sparingly soluble
in cold alcohol or ether.
It is hydrolysed by alcoholic alkali to the
When an alcoholic solution of
hydroxide, but is unaffected by water.
the dichloride is added to a large volume of boiling water and the
several

,

:

m

solution evaporated to crystallising point, triphenylstibine hydroxyThe hydroxychlonde crystallises
chloride separates, (C 6 5 ) 3 Sb(OH)Cl. 6
from benzene in transparent, colourless spicules, M.pt. 218 C.

H

Triphenylstibine dibromide, (C 6 H 5 ) 3 SbBr 2

7
occurs when triis
treated
acetic
in
acid
dropwise with bromine.
glacial
phenylstibine
It forms needles, M.pt. 216 C., soluble in benzene, carbon disulphide
or hot glacial acetic acid, sparingly soluble in other organic solvents.
Triphenylstibine di-iodide, (C 6 5 ) 3 SbI 2 is precipitated when
It
solutions of the stibine and iodine in light petroleum are mixed.
C., soluble in benzene,
crystallises as pale yellow plates, M.pt. 153
insoluble in alcohol, ether and light petroleum.
Triphenylstibine in cold, dry, ether solution yields a cyanoiodide,

H

H

,

,

8
The compound
Sb(CN)I, when treated with cyanogen iodide.
is a pale yellow solid, M.pt. 174
C., and is not very stable, yielding the
hydroxyiodide, (C 6 6 ) 3 Sb(OH)I, even in dry solvents, hydrogen cyanide
9
also occurs when the cyanogen
being evolved. The hydroxyiodide
It forms white,
iodide is added to triphenylstibine in ordinary ether.

(C 6

5)3

H

satin-like leaflets, M.pt. 196 C., insoluble in ether or light petroleum,
but soluble in other organic solvents.
10 is
obtained
Tri-o-tolylstibine dichloride, (CH 3 .C 6 4 ) 3 SbCl 2

H

,

passing chlorine into a cold ether solution of the stibine. It crystallises from alcohol- chloroform as shining, snow-white needles, M.pt.
178 to 179 C. The corresponding dibromide forms colourless crystals,
M.pt, 209 to 210 C., and the di-iodide pale yellow crystals, M.pt. 174
to 175 C., turning red.
Tri-m-tolylstibine dichloride crystallises from ether as thick
needles, M.pt. 137 to 138 C., readily soluble in benzene or chloroform,
less soluble in alcohol or acetic acid,
sparingly soluble in petroleum

by

1

Hasenbaumer,

2

Pfeiffer, B&r., 1904, 37, 4621.

3

Michaelis and Reese, Anncden, 1886, 233, 39.
Michaelis and Reese, Ber , 1882, 15, 2876
jURa 183 94 at 20-2 C (Ghira, Gazzetta, 1894, 24, i, 309, 324).
Morgan, Micklethwait and Whitby, Trans. Chem Soc 1910, 97, 37.
Michaelis and Reese, Annalen, 1886, 233, 49
Hantzsch and Hibbert, Ber., 1907, 40, 1513.
Wilkinson and Challenger, Trans. Chem Soc., 1924, 125, 860
Michaelis and Genzken, Annalen, 1887, 242, 164; Ber., 1884,
17, 924.

4
5
6

JBer.,

1898, 31, 2911.

,

7

8
9

10
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The dibromide forms colourless crystals from ether, 3VI.pt. 118 C.,
and the di-iodide separates from chloroform-petroleum ether as colourless

ether.

138 to 139 C.
Tri-p-tolylstibine dictiloride separates from alcohol-benzene as
glistening crystals, M.pt. 156 to 157 C., very soluble in chloroform,
benzene or ether, less soluble in alcohol and insoluble in petroleum ether.
The dibromide yields small, glistening crystals, M.pt. 233 to 234 C.,
and the di-iodide is a yellow powder, M.pt. 182 to 183 C. The di-iodide
undergoes partial hydrolysis on repeatedly boiling in chloroform soluIf these dihalides
tion, giving the hydroxyiodide, M.pt. 218 to 219 C.
are dissolved in alcoholic ammonia and treated with hydrogen sulphide,
they are decomposed, with formation of the free stibme
crystals, M.pt.

:

(CH 8 .C 6 H 4 8 SbCU
)

+4NH 3 + 2H

2

S

= (CH 3 .C 6 HJ 5 Sb + 2NH 4 C1
+ [(NH 4 2S+S]
)

H

l

(C 6 5 .CH 2 ) 3 SbCl 25 is obtained
chloride reacts with antimony trichloride in
It separates from alcohol as lustrous crystals, M.pt.

Tribenzyistiblne

dichloride,

when magnesium benzyl
ether solution. 2
105 to 108 C.

H

3
A chloroTri-p-anisylstibine dichloride, (CH 3 O.C 6 4 ) 3 SbCl 2
form solution of the stibme is treated with alcohol and then alcoholic
cupric chloride added until no further precipitation of cuprous chloride
.

occurs.
The liquid is filtered and the filtrate evaporated, the residue
being extracted with benzene, removal of the solvent then yielding the
dichloride.
The latter is purified by solution in chloroform and reIt forms white crystals, M.pt.
precipitation with petroleum ether.
116 to 117 C., which recrystallise from benzene with a molecule of
benzene of crystallisation, the melting-point then being 82 to 83 C.
The dichloride is readily soluble in benzene, chloroform or ether,

The
sparingly soluble in alcohol and insoluble in petroleum ether.
dibromide, obtained from the stibme and bromine in chloroform solution,
C.
From benzene the dibromide
crystallises in plates, M.pt. 123
separates in prisms containing one molecule of solvent and melting at
81 to 82 C. The di-iodide forms yellow leaflets, M.pt. 116 C., stable
towards water, but appearing to be decomposed by aqueous alcohol.

H

Tri-p-phenetylstibine dichloride, (C 2H 5 O.C 6 4 ) 3 SbCl 2 prepared in a similar manner to the anisyl compound, melts at 84 C., and
is sparingly soluble in petroleum ether.
The dibromide forms fine
needles, M.pt. 110 to 111 C., and the di-iodide, prismatic crystals,
M.pt. 121 to 122 C., both compounds having similar solubilities to
tri-j9~anisylstibme dichloride.

-

Tri-m-xylylstibine dichloride,

4

A

chloroform solution of the stibme is saturated in the cold with
dry chlorine and allowed to evaporate spontaneously. The dichloride
1

2
3

4

Morgan and Micklethwait, Proc. Chem. Soc., 1912, 28, 69.
It is asserted (German Patent, 466364) that this reaction yields antimony
Loloff, Ber

1897, 30, 2834.
Goddard, Trans CJiem. Soc., 1923, 123, 2319.
,

tribenzyl.
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forms small, white, granular crystals, M.pt. 189 C. The dibromide
a crystalline powder, M.pt. 195 C.
Tri-6-bromotri-5-iiitrotri-m-xylylstibine dibromide,

is

m

obtained
the usual manner and separates from chloroformpetroleum as a white crystalline powder.
-xylyistibine dibromide
Tripicryltri - 5 - aminotri -

This

is

light

m

,

SbBro

separates from chloroform-light petroleum as a lemon-yellow, crystalline
powder. It blackens at 183 C. and melts at 188 C. It dissolves in
alcoholic potassium hydroxide, giving a carmine solution, from which
the potassium salt separates as scarlet crystals.
1
To a solution of
Tri-p-xyiylstibine dichloride, (C 8 9 ) 3 SbCl 2
2-17 grams of the stibine in 30 c.c. of benzene, 1-55 grams of thallic
The thallous
chloride are added and the solution kept overnight.
chloride is then filtered off, the filtrate evaporated to small bulk and
treated with light petroleum, when the dichloride, 1-3 grams, separates.
It is a crystalline powder, soluble in cold chloroform, acetone or benzene,
moderately soluble in pyridme and insoluble in light petroleum.

H

.

H

2

is prepared
Tri-a-uaphthylstibine dichloride, (C 10 7 ) 3 SbCl 2
with
tetrachlonde
or
carbon
in
ether-benzene
the
stibine
by treating
chlorine.
It forms colourless crystals from ether-benzene, M.pt. 256 C.,
slightly soluble in benzene or chloroform, sparingly soluble in carbon
disulphide, practically insoluble in ether, alcohol and petroleum ether.
The dibromide is prepared in carbon disulphide solution and separates

as pale yellow crystals, M.pt. 232

,

C. 3

Tri-biphenylstibine dichloride,
(CeH 6 .CeH 4 ) 8 SbCl 2 .4--Tri-biphenylstibme dihalides are obtained by dissolving 5 grams of the
stibine in 20 c.c. of pure dry chloroform, adding slightly less than the
theoretical amount of the corresponding halogen in chloroform and
Other methods do not yield a
filtering off the resulting precipitate.
white product. The compounds contain chloroform of crystallisation
and melt with preliminary softening and decomposition. The dichloride forms small prisms, M.pt. 273 to 274 C.
the dibromide gives
narrow plates, M.pt. 259 to 260 C. the di-iodide yields small plates,
M.pt. 176 to 178 C.
;

;

1

Goddard, Trans Ckem
oc., 1923, 123, 1170.
Matsumiya, Mem. Coll. Set. Kyoto, 1925, 8, 11, Challenger and Pritchard, Trans.
GJiem. Soc , 1924, 125, 868.
3
Challenger and Pntchard (loc cit.) give the melting -points as follows: dicMonde
M.pt 260 C dibromide,
pt. 229 C. with decomposition
4
Worrall, /. Amer. Ohem. Soc., 1930, 52, 2046
2

,

M

9
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Tricamphorylstibine dichloride, 1

rC

8

CH
H / I SbCl.
14

When

a toluene solution of antimony trichloride is added to a solution
in the same solvent, heat is generated and a bulky
The mixture is warmed on the water-bath,
precipitate separates.
allowed to stand for a few days, and then treated with water, when
antimony oxide separates and is filtered off. The filtrate is steam
distilled, the residue extracted with benzene and the solution conof

sodium camphor

centrated.
Ice-like crystals separate and light petroleum is added to
aid precipitation.
Recrystalhsation from benzene yields the pure

stibme dichloride. The melting-point is 244 C., although on rapid
heating the product may remain unchanged at 247 to 248 C. The
dichloride gives the value 867-3 for the rotation [O,]D at 20 C. in chloro-

form solution. It is sparingly soluble in alcohol, insoluble in water,
and may be boiled with 22V hydrochloric acid without decomposition.
On warming with 2N sodium hydroxide, the chloride is readily hydrolysed
into antimomc and hydrochloric acids and camphor.
When heated
with aqueous sodium bicarbonate at 55 C. the chloride is destructively
hydrolysed, and a similar result is obtained with ammonium hydroxide
or alcoholic silver nitrate.

H

5 ) 3 Sb(OH) 2 may be isolated
dibromide is added to warm
alcoholic potassium hydroxide and the mixture boiled to complete the
reaction.. 2
(2) Triphenylstibine is boiled for three hours with alkaline
permanganate solution or warmed on the water-bath with an excess of

Triphenylstibine dihydroxide, (C 6

in several

ways

:

,

(1) Triphenylstibine

1 per cent, permanganate solution and dilute sulphuric acid, the permanganate being added from time to time. The solution is finally
evaporated and the residue extracted with alcohol, which dissolves the
3
(3) It may be obtained in crystalline form by adding
dihydroxide.
an alcoholic solution of triphenylstibine dichloride to an equal volume
of 2N sodium hydroxide solution and allowing the mixture to stand for
a few days, when it separates out. (4) Triphenylstibine, in solution or

in suspension, is treated with 3 per cent, hydrogen peroxide in the
4
presence of dilute potassium hydroxide, or with sodium peroxide.
The dihydroxide crystallises
C., soluble
leaflets, M.pt. 212
alcohol or glacial acetic acid, insoluble in ether or petroleum ether.

m

m

TriphenylTriphenylstibine diacetate, (C 6H 5 ) 3 Sb(OCOCH 3 ) 2
stibine in acetone solution is oxidised by 3 per cent, hydrogen peroxide
and the oxidation product filtered off, dried and recrystalhsed from
5

.

The diacetate melts at 215 C.., is readily soluble in
glacial acetic acid.
warm methyl alcohol, and is converted to the corresponding dichloride
by hydrochloric acid.

H

Triphenylstibine dibenzoate, (C 6 5 ) 3Sb(OCOC 6 H 5 ) 2 is prepared
by the interaction of the stibine and benzoyl peroxide in light petroleum
1
2

a

Morgan, Micklethwait and Whitby, Trans. Chtm.
Michaelis and Reese, Annahn, 1886, 233, 49
May, Trans. Chem. Soc 1910, 97, 1956.

6

,

Soc,, 1910, 97, 36.

,

4
5
6

German

Patent, 360973.
Schmidt, Annalen, 1922, 429, 123.
Challenger and Wilson, /. Chem. Soc., 1927, p. 209.
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solution, or

from the dichloride and

M.pt. 171*5

C.

silver benzoate.

H

It

is

a solid,

1

Triphenylstibine dinitrate, (C 6 5 ) 3 Sb(NO 3 ) 25 obtained by the
action of nitric acid on the dihydroxide, crystallises in plates, M.pt. 156
insoluble in water.
C., soluble in hot concentrated nitric acid or alcohol,
When triphenylstibine dichloride is treated with alcoholic silver
2
This crystallises
nitrate, a hydroaeyniti ate, (C 6 5 ) 3 Sb(OH)NO 3 results,
from boiling water in colourless leaflets, softening at 220 C. and melting
It is reduced by Devarda's alloy in the presence of
at 224 to 225 C.

H

,

hydroxide to triphenylstibine and ammonia.
3
Triphenylstibine and
Triphenylstibine sulphate, (C 6 H 5 ) 3 SbSO 4
until
are
heated
acid
concentrated sulphuric
together on the water-bath
reaction is complete, the product then filtered off on asbestos, washed
with cold alcohol, and afterwards extracted with this solvent. Small
800 C. and are soluble in
crystals are obtained, which are unmelted at
concentrated sulphuric acid and most organic solvents. The sulphate
is decomposed by warm aqueous sodium hydroxide, giving triphenyl-

ammonium

.

stibine dihydroxide.
If triphenylstibine dichloride

is treated with alcoholic silver sulphate,
4
This forms
the hydroixysulphate is obtained, [(C 6 5 ) 3 Sb(OH)] 2 SO 4
with
252
C.
nodular
decomposition, insoluble
colourless,
crystals, M.pt.
in cold water, soluble in cold concentrated sulphuric acid.
Sulphonation
of the hydroxysulphate, using equal volumes of concentrated sulphuric
"
"
acid and 20 per cent. oleum at 100 C. for three hours, then adding an
"
"
and
of
oleum
volume
allowing to stand for twelve hours, yields
equal

H

.

tnphenylstibine dihydroxide trisulphonic acid,
3H 2 O. This acid is isolated through its barium

(HO) 2 Sb(C 6 H4 .S0 3 H) 3

.

salt, the free acid being
Tnturation with phosphorus

a brittle yellow mass resembling amber.
pentachloride, and then water, gives a hydroxychloride, (C 6
5
SbCl(OH), decomposing indefinitely at 110 C.

Triphenylstibine dithiocyanate, (C 6 H 5 ) 3 Sb(CNS) 2

G
.

H4 .SO

2 C1) 3

Triphenyl-

stibine (5 grams) is dissolved in 72 c.c. of a solution obtained from
7*5 grams of lead thiocyanate, 3 grams of bromine and 100 c.c. of dry
ether.
Light petroleum is added after five hours, the dithiocyanate
It forms broad white needles from alcohol, M.pt. 105 to
separating.

soluble in the usual organic solvents, except light petroleum.
decomposes, giving an odour of phenyl thiocyanate.
Triphenylstibine dichloride reacts with lead thiocyanate in dry
benzene on prolonged shaking, yielding a hydroxythiocyanate, (C 6 5 ) 3
Sb(OH)CNS, a white solid, M.pt. 221 to 225 C. This has a similar
solubility to the dithiocyanate, into which it is converted when treated
with an excess of thiocyanic acid in ether.

106

C.,

At 250

C. it

H

7

Triphenylstibine dicyanate, (C 6
the dichloride and silver cyanate. It
M.pt. Ill to 112 C.

H

Sb(CNO) 2 is obtained from
a white crystalline product,

5)3

is

Triphenylstibine sulphide, (C 6 H 5 ) 3 SbS.

1

,

8

A

stream of hydrogen

Michaelis and Reese, loc. cit.
Morgan, Micklethwait and Whitby, Trans Chem. 8oc. 9 1910, 97, 36
4
May, loc. ciL
Morgan, Micklethwait and Whitby, loc cit
5
Morgan and Micklethwait, Trans. Chem. Soc 1911. 99, 2286.
6
Challenger, Smith and Paton, Trans, Chem. Soc., 1922, 123, 1046.
7
Challenger and Wilson, loc cit.
8
Kaufmann, Ber 1908, 41, 2762, German Patents, 223694, 240316; American Patent,
1060765; Magidson and Susskmd, Tram. Sci. Chem.-Pharm. Inst. Moscow, 1923, 6, 21.
2

'

3

,

,
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sulphide
passed into a filtered solution containing 10 grams of
triphenylstibme dibromide in about 160 c.c. of saturated alcoholic
ammonia. The liquor is well stirred during the operation and the gas
stream is discontinued when a faint yellow coloration is produced, which
is

disappears on shaking. The precipitated sulphide is collected, washed
little alcohol and then
petroleum ether, and dried in air, the
If the dibromide be replaced by
the
yield being about 80 per cent.
"
dichlonde, the operation must be carried out in boiling solution. The
sulphide forms colourless crystals, M.pt. 119 to 120 C., readity soluble
in benzene, chloroform or acetic acid, sparingly soluble in alcohol
(1 part in 120 parts of absolute alcohol at the ordinary temperature
and in 100 parts at the boiling-point), very sparingly soluble in ether
or petroleum ether. Prolonged heating or dilute acids convert the
sulphide into triphenylstibine and sulphur. It may also be transformed
into triphenylstibine in the following manner, which is a useful way of
100 grams of the sulphide
a mixture of 450 c.c,
purifying the stibine
of absolute alcohol and 50 c.c. of benzene are heated under reflux for
30 minutes, then treated with 85 grams of finely divided copper
The
(" Naturkupfer C ") and the boiling continued for three hours.
hot solution is filtered and evaporated, when pure triphenylstibine
The process gives an SO to 90 per cent, yield. The copper
results.
may be replaced by iron powder.
The preparation of the sulphide from the dihalides by hydrogen
sulphide in ammoniacal alcoholic solution requires some care or the
reaction goes beyond the stage required and decomposition products

with a

m

:

result.

and

The dihydroxide probably

this reacts

is first formed,
(C 6
with the hydrogen sulphide as follows

H

(C e

Decomposition

5)3

Sb(OH) 2

5)3

Sb(OH) 2 + H 2S = (C 6H 5 ) 3 SbS

,

+2H 2

may take place owing to the following reaction occurring
(C 6

It has also

H

:

H

5)8

SbS

+NH4SH = (C H
6

5)3

:

/SNH4
\SH

Sb<

been suggested that a sulphur derivative of the constitution
(C 6

H Sb=S=S//NH.
5)3

be formed.
(C 6 H 5 ) 3 Sb(OH)
iiydroxyselenocyanide,
Triphenylstibine
1
(SeCN), is the product of the interaction of triphenylstibine dichloride
and potassium selenocyanate or cyanogen triselemde. It forms
When heated it yields phenyl selenocolourless needles, M.pt. 178 C.
cyanide, and with hydrochloric acid gives triphenylstibine dichloride.
Tri-m-nitrotriphenylstibine dihydroxide,

may

Sb(OH) 2

This dihydroxide may be prepared in two ways
(1) Triphenylstibine
is slowly added to a mixture consisting of 1 part of nitric acid and
:

1

Challenger, Peters

and Halevy, J. Ghem.

Soc. s 1926, p. 1648.
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3 parts of sulphuric acid maintained at 40
C., and the resulting
1
solution diluted with water, the temperature being kept below 25 C.
first
"mixed
with
acid/'
(2) Tnphenylstibine hydroxymtrate is nitrated
at 40 C. and subsequently at 55 C. 2
The dihydroxide crystallises
as pale yellow leaflets, M.pt. 190 to 191 C., soluble in glacial acetic
acid, less soluble in alcohol or ether, insoluble in benzene, light petroleum
and water. It does not yield ammonia when treated with Devarda's
Under the action of alcoholic hydrochloric acid it gives a
alloy.
mixture of dichlonde and hydroxychlonde. Its alcoholic solution,

when reduced by zinc dust and ammonium chloride, yields tri-m-aminoThe dihydroxide forms alkali salts, which dissolve
triphenylstibine.
to brownish-orange solutions in water, acquiring an odour of nitrobenzene 011 boiling. Other salts of the metals are only sparingly
The dry sodium salt, when heated with phosphorus pentasoluble.
bromide, bromine and triethylamine in chloroform solution at 130 to
160

C., yields

l-bromo-3-nitrobenzene in 70 per cent, yield.

Tri-p-acetylaminotriphenylstibine hydroxide, (CH 3 .CO.NH.
C 6 H 4 ) 3 SbO.4H 2 O 3 The a-modification of tri-^-acetylammotnphenylstibine (8-5 grams) is dissolved by boiling with 600 c.c. of methyl
The solution is rapidly cooled and 30 c.c. of 3 per cent,
alcohol.
hydrogen peroxide added. The product is isolated by adding hydrochloric acid and a large bulk of water, when the chloride, sintering at
170 C., is precipitated. This is filtered off and suspended whilst still
moist in a little methyl alcohol, cooled in ice, and a small excess of
sodium hydroxide added until solution occurs. The whole is then
poured into water, when the hydroxide

It is a colourless
is precipitated.
substance, melting at 200 C. when precipitated from aqueous methyl
alcohol, but from the hot dry solvent it crystallises in a modification
which darkens towards 250 C. The variety of melting-point 200 C.
is insoluble in alkali
both modifications yield the chloride on treatment
;

with alcoholic hydrogen chloride.
4
Tri-o-tolylstibine oxide, (CH 3 .C 6 4 ) 3 SbO, occurs when the diIt
is a white amorphous
is
treated
bromide
with alcoholic caustic alkali.
at
about
to the dichloride by
220
and
is
converted
C.,
powder, melting

H

hydrochloric acid.

Trl-m-tolylstibine oxide is prepared in a similar manner to the
foregoing compound. It is a yellowish-white amorphous powder,
softening at 185 C. and melting at about 210 C., insoluble in water,
When disslightly soluble in alcohol, benzene, chloroform or ether.
solved in glacial acetic acid it is converted into a basic acetate, (CH 3
C e H4) 8
Sb(OH)O.Cp.CH 3 M.pt. 142 to 143 C., soluble in benzene,
sparingly soluble in the usual organic solvents, insoluble in petroleum
ether.
An attempted preparation of tri-m-tolylstibine by the Grignard
reaction gave only tri-m-tolylstibine hydroxy chloride, a white powder,
.

,

C. 6

M.pt. 209

Tri-m-tolylstibine sulphide, (CH 3 .C 6H4 ) 3 SbS,

alcoholic

6

occurs

ammomacal

sulphide.
1

,

2

3

4
5
6

when an

solution of the dichloride is treated with hydrogen
It crystallises from alcohol in needles, M.pt. 162 to 163 C.,
May, Trans. Ohem. Soc 1910, 97, 1956
Morgan and Micklethwait, loc. cit.
Schmidt, Annalen, 1922, 429, 135.
Michaehs and Genzken, Annalen, 1887, 242, 164
Challenger and Pritchard, Trans. Chem. Soc. 9 3924, 125, 864.
Miehaelis and Genzken, loc cit.
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sparmgty soluble in organic solvents with the exception of benzene
and chloroform. In the latter solvent the sulphide is transformed to
dihahde when treated with halogens.
Tri-p-tolylstibine dihydroxide, (CH 3 .C 6

H

4)3

Sb(OH) 25

1

is

formed

treating a solution or suspension of tn-p-tolylstibme with 3 per cent.
hydrogen peroxide in the presence of dilute potassium hydroxide, or
with sodium peroxide. It is a crystalline product, M.pt. 225 C.
2
Tri-p-tolylstibine oxide is a white amorphous powder, melting
at about 220 C., readily soluble in alcohol, benzene or chloroform,
Glacial acetic acid
sparingly soluble in ether or petroleum ether.
converts it into the basic acetate, M.pt. 168 to 169 C., 3 and zfotmate
has also been isolated but not analysed.
Tri ~ - nitr o tr i - p - tolyls tibine oxide , 4

by

m

SbO

The dmitrate is heated for 8 hours with phosphorous acid
and the mixture then poured into water. The oxide

alcohol

from alcohol

in absolute
is

recrystal-

a white powder, softening at 220 C. and
at higher temperatures it becomes black.
melting at 225 C.
Tri-m-nitrotri-p-tolylstibine dinitrate, (C 7 6 .NO 2 ) 3 Sb(N0 3 ) 2
Tn-_p-tolylstibine is slowly added to the calculated quantity of wellcooled fuming nitric acid and the solution poured into water. The
dinitrate is a light, cream-coloured powder, melting at 182 C. after
When heated with bromine
several recrystallisations from alcohol.
and phosphorus pentabromide in chloroform solution for four hours
at 130 C., it yields 4-bromo-2-mtrotoluene.
5
Tri-p-anisylstibine oxide, (CH3 O.C 6 4 ) 3 SbO, formed by decomfrom alcohol,
crusts
with
the
dihalides
alkali,
yields
crystalline
posing
M.pt. 191 C., very soluble in benzene, ether or chloroform, less soluble
in alcohol.
Halogen acids convert it to dihalide.
Tri-p-anisylstibine dmitrate, (CH 3 O.C 6 4 ) 3Sb(N0 3 ) 2s occurs
when the dibromide is treated with alcoholic silver nitrate. It forms
small needles, M.pt. 217 C. with decomposition.
Tri-p-ptienetylstibine dinitrate, (C 2 5 O.C 6 4 ) 3 Sb(NO 3 ) 2 melts
at 151 to 152 C. and decomposes at 170 C.
Tribenzylstibine oxide, (C 6 5 .CH 2 ) 3 SbO, is obtained by hydroIt decomposes indefinitely at
lysing the dichloride with weak alkali.
lised

,*

it

is

;

H

.

H

H

H

H

,

H

240

C. 6

H

The product
Tribenzylstibine dihydroxide, (C 7 7 ) 3 Sb(OH) 2
obtained by the interaction of antimony trichloride (1 mol.), benzyl
chloride (3-3 mols.) and magnesium (3-5 atoms) in dry ether is extracted
with 12 per cent, aqueous sodium hydroxide and the insoluble residue
shaken with ether or distilled with steam. The residue is dissolved in
with water, the precipitated
boiling alcohol and the solution treated
1

German Patent, 360973.

7

.

2

Michaelis

3

German Patent, 360973,

4

Goddard and Yarsley,

5

Loloff, Ber., 1897, 30, 2840.

6

Morgan and Mickletkwait, Proc. Ohem Soc., 1912, 28, 69
Challenger and Peters, J Ohem. Soc., 1929, p 2610

?

and Genzken,

loc cit.

J.

gives

M pt

Chen.

165

C.

Soc., 1928,

p 719.
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product on repeated crystallisation from aqueous alcohol melting at
161 C. When the dihydroxide in chloroform is warmed with concentrated hydrochloric acid, tribenzylstiMne didiloride, M.pt. 108 C., is
obtained.

Nitration

of

the

dihydroxide

probably

affords

trimtro-

C., which yields j9-nitrobenzoic
tnbenzylstibine dinittate, M.pt. 115
acid on oxidation with 4 per cent, alkaline potassium permanganate
solution.

Tri-5-nitrotri-m-xylyIstibine oxide,

1

SbO

CHo-

CH 3 J 3
grams of the corresponding dimtrate are boiled for five hours with
c.c. of absolute alcohol containing 25 grams of phosphorous acid,
and the resulting solution poured into 2 litres of water. The precipitated
oxide (3-8 grams) is collected, dried, dissolved in chloroform and pre5

300

It is a white crystalline powder, sintering
cipitated by light petroleum.
at 210 C. and melting at 218 C., soluble in alcohol and giving an orangecoloured solution in chloroform. Solution of the oxide in glacial acetic
acid and addition of ether causes the separation of tri-5-nitrotri-m-

H

xylylstiUne diacetate, (C 8 8 .N0 2 ) 3 Sb(OCOCH 8 ) 2 a white precipitate,
softening at 160 C. and melting at about 198 C.
Tri - 5 - nitrotri - - xylyls tibine dinitr ate
,

m

,

NO,
OH,

Sb(N0 3

)

a

21 grams of tri-m-xylylstibine are slowly added to 100 c.c. of nitric
acid (density 1-16), complete solution taking place, and the mixture,
after being warmed for 20 minutes on the water-bath, is poured into
3 litres of water. The precipitate (38-2 grams) is collected after 15
minutes, dried and repeatedly recrystalhsed from alcohol. It is a white
powder, sintering at 150 C. and melting at 175 C. with frothing. It
is soluble in warm chloroform or acetic acid, slightly soluble in alcohol,
insoluble in light petroleum.
When heated with phosphorus pentabromide in chloroform solution at 130 C. for five hours, it gives a
65 per cent, yield of 4-bromo-6-nitro-m-xylene.

Tri-6-bromotri-5-nitrotri-m-xylylstibine oxide,

N0

2

Br

SbO

Tri-5-nitrotri-m-xylylstibine oxide in chloroform solution is treated
with bromine in light petroleum. The product is a white, crystalline
substance, melting at 162 C. to a yellow liquid, which decomposes
with gas evolution at 168 C. When reduced in alcoholic ammonium
hydroxide by zinc dust in the presence of ammonium chloride, the

bromine

is

eliminated and tri-5-aminotri-m-xylylstibine obtained.
1

Goddard, Trans. Chem.

Soe., 1923, 123,

2321
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Tri-a-napfithylstibine

oxide,

(C^H^SM),

1

is

209

prepared

by

treating the dibromide or dichloiide with alcoholic potassium hydroxide.
It crystallises from carbon
disulphide-benzene with one molecule of
benzene, and melts at 219 to 220 C. The benzene may be removed
by heating the product at 90 C. The oxide is slightly soluble in
alcohol, moderately soluble in chloroform or carbon disulphide, sparingly
soluble in ether, petroleum ether or benzene.
#

Tri-biphenylstibine dihydr oxide, 2
-

Sb(OH) a
Jz

The corresponding halogen derivatives do not react with water, hot or
cold, and only slowly with warm 95 per cent, ethyl alcohol.
Boiling with
alcohol containing ammonia for one hour, however, converts them
into

quantitatively

tri-biphenylstibme

This

dihydr oxide.

separates

from hot alcohol, in which it sparingly dissolves, as small, flat needles,
commencing to sinter at 205 C. and melting with foaming at 210 to
211

C.

It is

almost insoluble in benzene.

H

H

Tri-biphenylstibine sulphide, (C 6 5 .C 6 4 ) 3 SbS, obtained by the
action of hydrogen sulphide on an alcohol solution of the hydroxide,
softens above 168 C. and melts with foaming at 173 C.

Types ArAlk 2 SbHaL 2 and Ar 2AlkSbHal. 2
Phenyldimethylstibine dichloride, C 6 5 .Sb(CH 3 ) 2 Cl 2 Phenyldimethylstibme is dissolved in 10 parts of carbon tetrachloride and
treated with dry chlorine for 30 minutes. Spontaneous evaporation
yields long, colourless prisms, which are treated with a little cold ether
and recrystalhsed from acetic acid. The yield is quantitative. The
3
product melts at 128 C., and is readily soluble in benzene.
Br
A dry
C
Phenyldimethylstibine dibromide,
6
5 .Sb(CH 3 ) 2
2
solution of bromine in carbon tetrachloride is added to a similar solution
of the stibine until a permanent bromine coloration persists.
Evapora-

Compounds of

the

.

H

.

H

tion of the solution at the ordinary temperature yields stout, colourless
plates and prisms, M.pt. 112 to 113 C., possessing a similar solubility
to the dichloride.
Phenyldimethylstibme di-iodide, C 6 5 .Sb(CH 3 ) 2I 2 occurs when
a petroleum solution of iodine is added dropwise to a similar solution
The di-iodide separates out immediately, and is a
of the stibine.
Excess of iodine
colourless, crystalline powder, M.pt. 98-5 to 99 C.
should be avoided or dark coloured by-products are produced.
Phenyldiethylstibine dichloride, C 6 5 .Sb(C 2 5 ) 2 Cl 2? is prepared
It is a colourless oil which cannot
similarly to the dimethyl compound.
be distilled without decomposition. The dibromide has similar probenzene as pale yellow
perties, but the di-iodide crystallises from
hexagonal plates, or long prisms from ether, M.pt. 88-5 to 89 C.
obtained
5 ) 2 Cl 2
3 .Sb(C 6
Diphenylmethylstibine dichloride,
the direct action of chlorine on the stibine in carbon tetrachloride

H

H

CH

,

H

H

,

by

solution, separates from acetic acid as colourless prisms, M.pt. 144
The dibromide also crystallises as colourless prisms, M.pt. 148 C.
1

2

3

YOL. XI,

:

III,

Matsumiya, Mem. Coll. Set. Kyoto, 1925, 8, 17.
Worrell, J. Amer Ohem. 8oc., 1930, 52, 2046.
Gruttner and Wiermk, Ber., 1915, 48, 1759.
l^i

C.
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H

H

Diphenyletliylstibine dichloride, C 2 5 .Sb(C 6 5 ) 2 CI 2 prepared in
the usual manner, separates from carbon tetrachioride as colourless
to 164 C., and the dibromide yields monoclmic
plates, M.pt. 163
C.
158
plates, M.pt.
,

COMPOUNDS OF THE TYPES RSbX 2 AND RSbO.
principal method of preparing the dihalogenated compounds
consists in heating the tertiary stibines for a prolonged period
with antimony trichloride at a high temperature in an autoclave

The

RSbX

2)

:

R 3Sb + SbX 3 = RSbX 2 + R 2 SbX
R 2 SbX + SbX 3 = 2RSbX 2
Some

diaryl compound occurs as a by-product in the preparation.
in acetic acid
Arylstibinoxides yield dihalides when their solutions
are treated with halogen acids
:

RSbO + 2HX = RSbX 2 + H 2 O

A

modification of this process consists in reducing arylstibimc acids

and treating the reduced product with sodium hahde in the presence
of acid.
The method is used for acids containing an ammo-group
substituted in the benzene nucleus, e.g. m-aminophenyldichlorostibine
hydrochloride is formed when m-mtrophenylstibinic acid and stannous
chloride are treated with a cold saturated solution of hydrogen chloride
To transform this to the di-iodostibme hydriodide, its
in alcohol.
is acidified with hydrochloric acid and treated with
solution
aqueous
a solution of sodium iodide.
Another method of preparation affords an interesting instance of
degrading a secondary antimony compound to a primary compound,
occurs when die.g. p-acetylaminophenyldichlorostibine hydrochloride
p-acetylaminodiphenylstibmoxide in acetic acid is warmed for one
hour on a water-bath at 70 C., then cooled in ice and treated with
C.
The reaction takes twelve
hydrochloric acid (density 1*17) at
hours to complete, but only nine hours if the acetic acid is replaced by
100 per cent, formic acid
:

[(CH 3 .CO.NH.C 6

H

4 ) 2 Sb] 2

+

2CH 3 .CO.NH.C 6 H 4 .SbO

The dichlorostibines containing an amino-group together with an
hydroxyl or halogen grouping are prepared by the reduction of the
corresponding mtro-acids.
All the dihalides are solids, the melting-points rising as the number
and weight of the substituents in the benzene nucleus increases. Treatment of their alcoholic solutions with sodium sulphide or hydrogen
sulphide converts them to sulphides. Chlorine readily adds on to yield
tetrahalides, which are transformed by moisture to stibinic acids.

m-Aminophenyldichlorostibine hydrochloride is slowly decomposed in
aqueous solution yielding antimony trioxide and m-diaminodiphenylchlorostibine.
Oxides of the type

RSbO are prepared by the following methods
Arylstibmic acids in methyl alcohol containing hydrogen
chloride are reduced by sulphur dioxide in the presence of iodine
:

(1)

;

C

H

^

SOo
5

.Sb0 2 .nH 2

C 6H 5 .SbQ
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(2)

An

aqueous suspension of a dihalide

sodium carbonate

is

211

treated with aqueous

:

RSbCl 2 + Na a CO, = RSbO + 2NaCl + C0 2
(8) Diarylstibmoxides in glacial acetic acid or 100 per cent, formic
acid are degraded to monoaryl compounds when the mixture is heated
in a carbon dioxide atmosphere
the same result is attained in methyl
alcohol-hydrogen chloride solution.
;

(4) Arylaminostibinoxides may be obtained by hydrolysis of the
dichlorides by sodium or ammonium hydroxide, and also by the nitration of unsubstituted stibinic acids and subsequent reduction by tin
the presence of acetic acid.
and hydrochloric acid
Phenylstibmoxide is the only unsubstituted oxide of its class known.
Whilst it readily combines with acids, it is almost insoluble in alkali.
Fuming nitric acid causes it to inflame., and hydrogen sulphide in the
presence of ammonia converts it into the sulphide. If an ammo-group
is introduced into the nucleus the product becomes less stable and
oxidises in the presence of alkali, tartanc acid increasing the rate of
substitution in the ammo-group, however, increases the
oxidation
All
the monoarylstibinoxides are solids.
stability.

m

;

H

m

two
Phenyldichlorostibine, C 6 5 .SbCl 2 may be prepared
(1) Triphenylstibme (30 grams) and 40 grams of antimony
trichloride with 18 c.c. of xylene are heated together for 75 hours at
240 to 245 C. 1 The reaction takes place according to the equations
,

ways:

:

H

(C 6 5 ) 3 Sb + SbQ 3
(C 6 5 ) 2 SbCl + SbCl 3

H

=C 6H 5 .SbCl 2 + (C 6 H 5 2 SbCl
= 2C 6H 5 .SbCl 2
)

The dichloride forms about 70 per cent, of the crude organic product,
the remainder being diphenylchlorostibine (see p. 215).
(2) Phenylstibinoxide in 50 per cent, acetic acid is treated with 5N hydrochloric
acid.

2

The

dichloride crystallises in shining needles or plates, M.pt. 62 C.,
290
C., readily soluble in alcohols, benzene, ether or light
B.pt.
petroleum. It causes painful wounds on the skin and has a pungent
When the dry substance is heated on
irritating odour when warm.
the water-bath, antimony trichloride is eliminated and diphenylAn alcoholic ammonia solution of the dichlorostibine produced.
chloride when saturated with hydrogen sulphide and acidified with
3
hydrochloric acid yields phenylstibinous4 sulphide.
in acetic acid
The
oxide
C
.SbI
6
2
5
Phenyldi-iodostibine,
solution is treated with hydrochloric acid and subsequently with
concentrated sodium iodide solution, when the di-iodide is precipitated.
It may also be obtained by reducing an ice-cold solution of phenylstibinic acid (10 grams) in 40 c.c. of hydrochloric acid (density 1*126)
with 10 grams of stannous chloride in 30 c.c. of hydrochloric acid
iodide solution until
(density 1*126), and adding concentrated sodium
The di-iodide crystallises from acetic acid
is complete.

H

.

precipitation
1

Soc

Grattner and Wiermk, Ber. 9 1915, 48, 1749; see Morgan and Vining, Trans. Ghem.
Morgan and Mcklethwait, ibid., 1911, 99, 2288; Hasenbatimer, Ber.,

1920, 117, 779,
1898, 31, 2912.
,

2

Schmidt, Annalen, 1920, 421, 219; German Patent, 397458.

3

Hasenbaumer,

*

Schmidt,

loc. cit,

loc. cit.
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in colourless needles, M.pt. 69 C., somewhat soluble in alcohols, acetone,
carbon disulphide or ether. It is fairly stable in air when pure, but if
impure it becomes red, antimony iodide separating out.

m

H

1
C 6 4 .NH 2
hydrochloride,
SbQ 2 .HCl. m-Nitrophenylstibinic acid (30 grams) and 95 grams of
stannous chloride are slowly treated with 230 c.c. of saturated alcoholic
hydrogen chloride, the mixture being kept cool. The product separates,
and is washed with concentrated hydrochloric acid and recrystallised
from acidified methyl alcohol. It forms colourless needles, M.pt. 218 C.
with decomposition. 2 It is fairly soluble in water and methyl alcohol,
Its aqueous solution gradually
insoluble in acetone, benzene or ether.
decomposes, eliminating antimony tnoxide and forming di-m-aminodiphenylchlorostibine, but the presence of hydrochloric acid somewhat
checks the decomposition. When its aqueous solution is saturated
with hydrogen sulphide, a sulphide may be precipitated by the addition

of

-

Aminophenyldichlorostibine

sodium

.

acetate.

m-Aminophenyldi-iodostibine hydriodide, C 6H 4 .NH 2 .SbI 2 .HL

An

aqueous solution of the chloride is acidified with hydrochloric
then treated with a solution of sodium iodide, the di-iodide
It melts at 160 C. to a dark red
separating as golden-yellow flocks.
acid,

and is readily soluble in warm alcohol, sparingly soluble in water.
p-Aminophenyldichlorostibine hydrochloride is obtained by
the method used for the mete-compound. It forms colourless crystals,
liquid,

its aqueous
to 125 C., readily soluble in methyl alcohol
solution suffers more decomposition than that of the mete-derivative,
which it resembles in properties. 3
p-Acetylaminophenyldichlorostibine hydrochloride,
3 .CO.
NH.C 6 4 .SbCl ? .HCl.H 2 O, 4 may be prepared in two ways : (1) p-Acetylaminophenylstibinic acid (50 grams) is stirred into 100 c.c. of ice-cold
hydrochloric acid (density 1-19), 350 c.c. of glacial acetic acid added,
followed by an ice-cold solution of 34 grams of stannous chloride in
150 c.c. of hydrochloric acid (density 1-19) containing a trace of iodine.
After standing in ice for a few hours the product crystallises out it
is collected, washed with acetic acid-concentrated hydrochloric acid
It forms colourless crystals, sinter(1:1), then with ether, and dried.
ing at 125 C. It is not very stable and decomposes on keeping or on
treating with ice-cold methyl alcohol into p-acetylaminophenyldichlorostibme, consisting of fine, colourless crystals, M.pt. 200 C., soluble
a large bulk of methyl alcohol. (2) 3 grams of di-p-acetylaminodiphenylstibmoxide are dissolved in 30 c.c. of acetic acid and warmed
on the water-bath at 70 C. for one hour. The solution is cooled in ice
and 60 c.c. of ice-cooled hydrochloric acid (density 1-17) added. After
twelve hours 1-5 grams of hydrochloride are obtained, M.pt. 131 C. If
the acetic acid be replaced by 100 per cent, formic acid, the reaction
takes place at room temperatures in about nine hours.

M.pt. 122

;

CH

H

;

m

3

H

-

Amino

-

4

-

hydroxyphenyldichlorostibine

hydrochloride,

(C 6 3 .OH.NH 2 )SbCl 2 .HCL To a solution of 60 grams of stannous
chloride in 45 c.c. of saturated alcoholic hydrogen chloride maintained
at -5 C., a solution of 24 grams of 3-nitro-4-hydroxyphenylstibinic acid
1
2
3

4

Compare Schmidt and Hofmann, Ber.,
Compare German Patent, 268541
Schmidt and Hofmann, loc. cit.
Schmidt, Annahn, 1922, 429, 129.

1926, 59, [B], 555.
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in 60 c.c. of the same solvent is gradually added.
When the temperature
has risen to 22 C. the mixture is placed in ice for two days, when the
hydrochlonde is slowly deposited. It is collected, washed with cold

concentrated hydrochloric acid, dried, dissolved in methyl alcohol
and re-precipitated by ether. It melts with decomposition at 165
to 170 C., and is converted to the oxide by cold ammonium hydroxide,
and to the stibmic acid by hydrogen peroxide in alkaline solution.
3 - Amino - 4 - chlorophenyldichlorostibine
hydrochlorlde,
1
(C6H 3 .NH 2 .Cl)SbCl 2 .HCl, occurs when 8-mtro-4-chlorophenylstibmic
acid and stannous chloride are treated gradually with alcoholic hydrogen
It forms white needles, M.pt. 153 C. with decomposition,
chloride.
readily soluble in methyl alcohol, the solution yielding 3-am mo-i-chloi ophenylstibinoxide as a voluminous precipitate when treated with dilute
ammonium hydroxide. This oxide is more stable than the unchlormated
it is converted to the dichloride by concentrated hydrochloric
oxide
acid and to a sulphate by dilute sulphuric acid.
Phenylstibinoxide, C 6 5 .SbO, may be prepared in several ways ;
100 c.c. of hydrochloric acid
(1) 25 grams of phenylstibmic acid
(density 1*18) are diluted with 200 c.c. of methyl alcohol and 90 c.c.
The mixture is cooled in ice, 0*5 gram of sodium iodide added
of water.
and the liquid then saturated with sulphur dioxide. After several
;

H

hours the whole

and

dried. 2

is

m

poured upon

ice,

and the oxide

filtered off,

washed

boiled for 20 minutes in glacial
acetic acid solution in an atmosphere of carbon dioxide, and the mixture
afterwards cooled and treated with ice-cold ammonium hydroxide to
This change also takes place when
precipitate the required oxide.
diphenylstibinoxide is warmed with 100 per cent, formic acid at 70 C.
Another modification of the process is as follows 3 grams of diphenylstibinoxide in 30 c.c. of methyl alcohol and 14 c.c. of saturated alcoholic
hydrogen chloride are boiled in a carbon dioxide atmosphere for 4*5
hours. After cooling the mixture is stirred into ice-cold sodium
(2)

Diphenylstibinoxide

is

:

when the impure monoaryl

oxide separates. The latter is
amrnoniacal hydrogen peroxide, the solution
filtered, and the oxide again precipitated by acidification with hydrochloric acid. 3
(3) Phenyldichlorostibine in aqueous suspension is
4
treated with aqueous sodium carbonate.
The oxide is a white voluminous powder, sintering at 153 to 154 C.,
readily soluble in acetic or formic acid, but insoluble in most organic
It is practically insoluble in alkali, but combines with halogen
solvents.
When the
Nitric acid (density 1-49) causes it to inflame.
acids.
oxide in alcoholic ammonia is saturated with hydrogen sulphide, acidification of the solution with hydrochloric acid precipitates phenylstibinous sulphide, C 6 5 .SbS, which may be recrystalhsed from alcohol,
and melts at 65 C. Phenyldichlorostibine yields the sulphide under

hydroxide,

filtered off, dissolved in

H

similar conditions.

H

NH

2 .C 6
4 .SbO.
m-Aminophenylm-Aminophenylstibinoxide,
dichlorostibine hydrochloride yields this oxide when hydrolysed by
6
5
It
aqueous sodium hydroxide or better by ammonium hydroxide.
1

Schmidt, Annalen, 1920, 421, 231

j

[B], 555.
2

Schmidt, Annalen, 1920, 421, 217.

4

Hasenbaumer,

6

Schmidt, Annalen, 1920, 421, 225.

Ber., 1898, 31, 2912.

compare Schmidt and Hofmann,

Ber., 1926, 59,

3

Schmidt, Annalen, 1922, 429, 143.

5

German

Patent, 268451.

ORGANOMETALLIC COMPOUNDS.

214

may also be obtained by nitrating phenylstibinic acid and reducing
the w-nitro-acid obtained by tin and hydrochloric acid containing a
little glacial acetic acid. 1
The oxide is an amorphous colourless
powder, sintering at about 170 C. easily soluble in dilute acids, and
from sulphuric acid solution alcohol precipitates a sulphate. In alcohol
it is sparingly soluble, but it may be dissolved in a large bulk of methyl
alcohol.
Treatment with dilute alkaline hydrogen peroxide, followed
by hydrochloric acid, precipitates a substance which probably has the
The oxide tends to oxidise
constitution HCl.NH 2 .C 6 4 .SbOCl 2
further in the presence of alkali, and if tartanc acid also be present
the rate of oxidation increases. It appears to exist also in a hydrated
form, and the antimony content therefore varies in different preparations.
?

H

.

CH

p-Acetylaminophenylstibinoxide,

3

.CO.NH.C 6 H 4 .SbO.H 2 O, 2

occurs when jp-acetylaminophenyldichlorostibme hydrochloride in icecold methyl alcohol is treated with normal ammonium hydroxide.
It is an amorphous powder, sintering at about 180 C., slightly soluble
in methyl alcohol or acetic acid, and when freshly precipitated dissolves in water, especially in the presence of sodium hydroxide.
3
Tn-^-tolylstibme (10
p-Tolyldichlorostibine, CH 3 .C 6 4 .SbCl 2
in xylene solution are
trichloride
of
and
12
antimony
grams)
grams
heated together for 48 hours at 245 C. The reaction mixture is then
distilled in carbon dioxide, the dichloride being obtained as a crystalline
It yields a tetrachlonde,
C.
solid, M.pt. 93-5
C., B.pt. above 360
oxide and sulphide.

H

Mono-foiplienyldicUorostibine,

.

4

^

-SbCI 2

A

mixture of 10 grams of tri-biphenylstibine and 8 grams of antimony
trichloride in 25 c.c. of xylene is heated at 220 to 240 C. in a sealed
tube for 100 hours. The pasty product is filtered by suction and washed
with cold benzene, about 9-6 grams resulting. The black nitrate contains an appreciable amount of diphenyl, and is a mixture of two
substances difficult to separate. It is dissolved in hot benzene and

warm, the filtrate depositing crystals on standing, which
are removed and the new filtrate concentrated until a new crop of
Each crop is dissolved in warm benzene and the
crystals forms.
process repeated a number of times.
Eventually the mixture is
into
two
the
less
soluble
separated
portions,
portion consisting of needlelike crystals and the main part of lustrous plates.
Slightly more than
0-5 gram of di-biphenylchlorostibine and 2 grams of mono-biphenyldichlorostibine are isolated.
The latter forms lustrous white plates
from benzene, melting with previous sintering at 132 to 133 C. The
vapours of the hot substance are irritating to the throat, while the
skin of the face is slightly sensitive to the solid itself.
filtered while

Mono-biphenyistibinoxide, C 6H5.C 6H4 .SbO, is prepared from the
by the action of alcoholic ammonia. It softens above

dichloride

155

C.,

melting slowly at 159 to 160
1

C.

May, Trans Chem, Soc 1912, 101, 1033; German Patent, 268451.
Schmidt, Annalen, 1922, 429, 130.
,

2

3

4

Hasenbaumer, Ber.> 1898, 31, 2914.
Wonall, /. Amer. Chem. Soc., 1930,

52, 2046.
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AND (R 2 Sb) 2 O.

Unlike the secondary arsines, only derivatives of secondary stibines
are known, the parent
products R 2 SbH not having been described to
date.
The hahdes are prepared by indirect means by the following

methods

:

heated with antimony trichloride in an auto-

(1) Triarylstibines are

clave at a high temperature for a
prolonged period

R
(2)

treated

:

= R 2 SbCl + RSbCl 2
3 Sb + SbCl 3

Tnacetamidotnarylstibines in ice-cooled methyl alcohol are
with alcoholic hydrogen chloride, diacetamidodiarylchloro-

stibine hydrochlorides being obtained.
(3) Arylaminodichlorostibme hydrochlorides are boiled with water,
the antimony trioxide removed, and hydrochloric acid added.
(4) Tnarylstibme dihahdes when heated under reduced pressure
(5 to 7 mm.) eliminate aryl halide
:

R SbX 2 =R 2SbX+RX
compounds of the type R 2 SbX
3

All the halogen
are solid and fairly
stable, the stability decreasing in the presence of substituted aminoThe chlorides combine with chlorine yielding diary Istibimc
groups*
chlorides,
2 SbCl 3 , which on hydrolysis give diarylstibinic acids.
The diary Istibinoxides, (R 2 Sb) 2 O, have been isolated in a variety
of ways, the investigation up to the present having been confined to
phenyl compounds and their amiiio-substitution products
(1)
triarylstibme in methyl alcohol containing hydrogen chloride
is boiled under reflux in a carbon dioxide atmosphere, then treated
with dilute ammonium or sodium hydroxide.
(2)
dry monoarylstibmoxide is heated at 100 C. in an atmo-

R

:

A

A

sphere of carbon dioxide

:

4RSbO = (R 2 Sb) 2 + Sb 2

3

A

monoarylstibinoxide in acetic acid containing 20 per cent,
(3)
tartaric acid is allowed to stand for a long period, the resulting product
dissolved in methyl alcohol and treated with dilute ammonium hydroxide.
(4) Diarylchlorostibines are digested with aqueous sodium carbonate.
(5 ) Diaminodiarylstibmic acids in methyl alcohol solution are reduced
by sulphur dioxide at a temperature not exceeding 25 C., and, after
treatment with warm hydrochloric acid and dilution, the mixture is
filtered and sodium hydroxide added in the presence of ice.
are isolated by reducing the
(6) Diaminodiarylstibinous hydroxides
dinitrodiarylstibinic acids by tin and hydrochloric acid
corresponding

and ammonium chloride.
The secondary arylstibinoxides are

or zinc dust

solids which do not possess
very definite melting-points. Treatment with acids yields the corresponding salts, and hydrogen sulphide converts them into the corresponding sulphides. Diphenylstibinoxide is reduced by hypophosphorous acid to tetraphenyldistibine.
Diphenylchlorostibine, (C 6 5 ) 2SbCl, occurs to the extent of about
30 per cent, when triphenylstibine and antimony trichloride are heated
together in xylene solution at 250 to 280 C, in the proportions given

H
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under phenylstibme dichlonde (p. 211). The higher-boiling fraction
obtained when the reaction mixture is distilled under reduced pressure
contains the diphenylchlorostibme. 1 The reaction is best carried out
2
in the rotating autoclave about to be described.
The rotating autoclave shown is a vessel formed by boring out the
steel core of a 6-mch high-explosive shell until the thickness of the
wall was about 1-9 cm. The steel cover, which is of similar thickness,
is fastened down with twelve bolts and rendered gas-tight with a lead

The cover

washer.

carries a powerful adjustable spring safety-valve,
a steel thermometer tube projecting
into the cavity of the autoclave, and

a hollow steel tube carrying an all-steel
pressure gauge, which communicates
with the interior of the vessel by means
of a narrow-bored steel tube dipping
into and protected by a concentric steel
case partly filled with heavy oil, and
having a small aperture at its upper end
for admitting the compressed gases from
the autoclave. The pressure-gauge tube
is fixed in the centre of the cover and
fitted with a pulley, so that it also serves
as the axle of rotation for the autoclave,
1

supported and spun in an
The vessel used in
the foregoing preparation had a working
A glass lining blown to fit into the cavity of the
capacity of 1 litre.
autoclave was employed in lieu of an enamelled lining.
The compound forms white crystals, M.pt. 68 C., soluble in alcohol,
ether or benzene, insoluble in water and not hydrolysed by this solvent.
It combines directly with chlorine, yielding diphenylstibmic chloride.
Di - - aminodiphenylchlor o stibine dihy dr ocfalor ide
C6 4
(
1

FIG. 5

NH

which

is

inclined position.

m

H

,

.

3

8 grams of m-aminophenyldichlorostibine hydrochloride are boiled for one hour with 500 c.c. of water, antimony tnoxide separating out. The latter is removed, the filtrate evaporated
and the residue taken up in a little water. After again filtering, hydro2 .HCl) 2 SbCl.

chloric acid is added, the dihydrochloride separating as colourless
needles (3-7 grams), M.pt. 215 C, with decomposition. 4 It readily
dissolves
water, and alkali precipitates the hydroxide.

m

Di-p-acetylaminodiphenylchlorostibine hydrochloride, (CH 3
CO.NH.C 6H4 2 SbCl.HCl. 5 4 grams of tri-^-acetylaminotnphenylstibine
(M.pt. 205 C.) are suspended in a little methyl alcohol, cooled in ice,
and alcoholic hydrogen chloride added in excess. Fine crystals slowly
separate and are collected after several hours, washed with dilute
alcoholic hydrogen chloride and dried.
3 grams of substance are
.

)

1
Gruttner and Wiernik, B&r., 1915, 48, 1749, see May, Tram. Chem. Sac 1912, 101,
1033; Morgan and Micklethwait, ibid , 1911, 99, 2286, Michaelis and Gunther, Ber ,1911,
44, 2318; Hasenbaumer, ibid., 1898, 31, 2910, Michaelis and Reese, Annahn, 1886, 233,
,

57.
2

3
4

Morgan and Vimng, Trans. Chem. Soc

1912, 28, 20.
5

,

1920, 117, 777.

Schmidt, Annalen, 1920, 421, 239.
See Morgan and Micklethwait, Trans Chem
Schmidt, Annalen, 1922, 429, 136.

JSoc.,

1911, 90, 2296, Proc.

Chem Soc
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obtained, M.pt. about 135

C., soluble In a large bulk of methyl
not stable, the hydrochloric acid present
slowly hydrolysmg the acetyl group even in closed vessels. 1 The
corresponding bi omo-hydrobi omide is obtained in a similar manner.
several
Dipfienylstibinoxide, [(C 6 5 ) 2 Sb] 2 0, may be prepared
(1) Tnphenylstibine (9 grains) "with 150 c.c. of methyl alcohol
ways
and 30 c.c. of saturated alcoholic hydrogen chloride is boiled for one
hour under reflux in a stream of carbon dioxide. The whole is then
cooled in ice and treated with an excess of dilute sodium hydroxide,
when a milky separation of oxide occurs. This is extracted with ether,
the aqueous alcohol solution containing a little diphenylstibinic acid.
Evaporation away of the ether gives a good yield of the oxide as an

alcohol.

The product

is

H

m

:

which is crystallised from alcohol. 2 (2) Dry phenylstibmoxide is
heated on a boiling water-bath in a carbon dioxide atmosphere for
four hours. The product is then extracted with warm alcohol to
remove antimony trioxide, slow evaporation of the extract yielding
thick shining crystals of the oxide. 3 (3) 5 grams of phenylstibmoxide
in 50 c.c. of acetic acid are treated with 25 c.c. of 20 per cent, tartaric
acid.
After long standing, crystals separate, M.pt. 132 C., which
appear to be the tartrate. These are dissolved in methyl alcohol and
dilute ammonium hydroxide stirred in, a milky precipitate of the
oxide separating and slowly solidifying.
(4) Diphenylchlorostibine is
4
digested with aqueous sodium carbonate.
The oxide forms colourless crystals, M.pt. 78 to 80 C. When
dissolved in acetic acid and treated with hydrochloric acid (density
It is reduced by
1-18), it yields diphenylchlorostibine, M.pt. 68 C.
oil,

H

hypophosphorous acid to tetraphenyldistibine, (C 6H 5 ) 2 Sb.Sb(C 6 5 ) 2
a yellow compound. Nitric acid reacts violently with the oxide.
in alkaline- alcoholic solution converts

Hydrogen peroxide

it

,

to di-

phenylstibinic acid.

m-Diaminodiptienylstibinoxide,

C 6H 5 s

\Sb

H N.C H/
2

6

5

/C 6H 5

Sb<

XH .NH
4

2

The hydrochlonde from m-diammodiphenylstibinic

acid (43 parts) is
dissolved in 300 parts of warm methyl alcohol, the solution cooled and
saturated with sulphur dioxide at a temperature not exceeding 25 C.
After standing for some hours, 20 parts of hydrochloric acid (density
1-123) followed by 100 parts of water are added and the mixture filtered
from by-products. The oxide is precipitated from the filtrate by
the presence of ice.
rendering it alkaline with sodium hydroxide
The product is a slightly coloured powder, sintering at about 70 C.,
and having an irritant action on the mucous membrane of the nose.
It reduces Tollen's reagent and is insoluble in alkali.

m

Di-m-aminodiphenylstifoinous hydroxide, (C eH4 .NH 2 ) 2SbOH,

occurs

when

1

Compare German Patent, 397079.

2

Schmidt, loc. at.
Schmidt, Annalen, 1920, 421, 284; German Patent, 389151.
Michaehs and Gunther, Ber.> 1911, 44, 2318.
German Patent, 269206.
Schmidt, loc. ciL; see Morgan and Micklethwait, Proc. Ckem. $oc., 1912, 28, 20.

3
4
5
6

6

the corresponding stibinous chloride hydrochloride in
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S'-dimtrois treated with alkali, or by reducing 3
diphenylstibmic acid with tin and hydrochloric acid or zinc and ammonium chloride. It is a caseous, colourless precipitate, soon becoming
alcohol or acetone,
hard.
It sinters above 70 C., and is soluble

aqueous solution

:

m

sparingly soluble in ethyl acetate.

Dl-p-acetyiaminodiphenylstibinous hydroxide, (CH 3 .CO.NH,

C 6H4 ) 2 SbOH.l-5H 20. 1

Di-p-acetylaminodiphenylchlorostibme hydro-

chloride suspended in methyl alcohol is treated with 5N sodium
hydroxide solution until the mixture is alkaline. Water is added until
a permanent turbidity occurs, the mixture filtered and placed in ice,

when the hydroxide

It forms small, colourless crystals,
separates.
in methyl alcohol, sparingly
soluble
180
about
at
C.,
fairly
melting
more recent method of preparation 2 consists
soluble in ethyl alcohol.

A

of boiling a suspension of di~j?-acetamidodiphenylchlorostibine hydrochloride (10 grams) in 1000 c.c. of 0-0052V sodium hydroxide solution
The product intuniesces at 128 C. In acetic or formic
for one hour.
acid solution the hydroxide decomposes with formation of p-acetylaminostibinoxide.

H

When diphenylDiphenylstibinous acetate, (C 6 5 ) 2 SbO.CO.CH 3
a little hot glacial acetic acid and the solustibinoxide is dissolved
tion cooled, the acetate crystallises as shining, colourless needles, M.pt.
132 C., readily soluble in warm methyl alcohol, hydrolysed by water.
.

m

3
The oxide in alcoDiphenylstibinous sulphide, [(C 6H 5 ) 2 Sb] 2 S.
holic solution is treated with hydrogen sulphide and the solution

evaporated. The sulphide forms long white needles, M.pt. 69 C.
4
Tri-p-tolylstibme diDi^p-tolylchlorostibine, (CH 3 6 4 ) 2 SbCl.
5
7
mm.
to
chloride (2 grams) is heated under
pressure, p-chlorotoluene
distilling at 60 to 65 C. and the chlorostibine at 160 to 200 C.
almost quantitative yield. After washing with light petroleum and
alcohol the stibine is obtained as a white solid.
Di-p-tolylbromostibine, (CH 3 .C 6 4 ) 2 SbBr, is obtained in a
It is a pale cream substance,
similar manner to the chloro-compound.
M.pt. above 290 C., sparingly soluble in organic solvents.
Di-p-tolyliodostibine, (CH 3 .C 6 4 ) 2 SbI, is a white solid, M.pt.
233 C., almost insoluble in cold organic solvents, but soluble on

XH

m

H

H

warming.
5
Di-biphenylchlorostibine, (C 6 5 .C 6H4 ) 2 SbCl, may be obtained
as described under mono-biphenyldichlorostibme (p. 214) or by heating
tri-Mphenylstibine dichloride above its melting-point. The yield by

H

the latter process is very small, since decomposition occurs, a good
The chlorostibine separates from
yield of 4-chlorodiphenyl resulting.
benzene in aggregates of small needles, softening gradually above
150 C., and melting at 187 to 188 C.
Di-biphenylstibinoxide, [(C 6 5 .C 6 4 )2Sb] 2 0, is a white, crystalline powder, melting at 120 to 121 C. with previous sintering, and
obtained from the foregoing chloride by the action of alcoholic ammonia.

H

1
2

H

Schmidt, Annalen, 1922, 429, 137.
Morgan and Cook, J. Chem. Soc 1930, p 741
Michaelis and Ounther, loc. cit
Goddard and Yarsley, Trans. Chem, Soc., 1928, p. 720.
,

3

4
5

WorraU, J. Amer. Chem.

Soc., 1930, 52, 2046.
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COMPOUNDS OF THE TYPES RSbCl 4 AND R 2 SbQ 3
The tetrachlondes, RSbCl 45 were amongst some of the
.

earliest

aromatic antimomals obtained, owing to the fact that they are simple
chlorine addition products of the
The methods
aryldichlorostibmes.
of preparation are as follows
(1) By the further chlorination of compounds of the type RSbCl 2
:

:

(2) By the action of concentrated hydrochloric acid upon arylstibimc acids.
The compounds are decomposed by water, yielding arylstibinic
When arylstibinic
acids, and are solids melting with decomposition.
acids in concentrated hydrochloric acid are treated with aqueous
ammonium chloride solution saturated with hydrogen chloride, double
salts of the type (RSbCl 5 )NH 4 are
produced, associated with varying
amounts of water. Such compounds are hydrolysed by water to
Similar types of salts are obtained with aniline and
arylstibinic acids.
similar amines, also with pyridine and qumoline.
The trichlorides, 2 SbCl 3 are isolated by the following methods
(1) Diarylchlorostibines are treated with dry chlorine

R

:

,

:

R SbCl+Q =R 2SbCl
2

2

(2)
acid.
(3)

By

3

treating diarylstibinic acids with concentrated hydrochloric

The type

R

2

SbCl 3 occurs as a by-product, together with the
when triarylstibines are prepared by the

triarylstibine diehloride,
Fittig reaction.

(4) Triarylstibines in acetone are treated with a boiling mixture
of water and 5N sodium hydroxide solution, followed by 6 per cent.
hydrogen peroxide. The precipitate then formed by the addition of
dilute sulphuric acid is converted to the trichloride by hydrochloric acid.
The diarylstibinic chlorides are susceptible to moisture, being
hydrolysed to diarylstibinic acids.
Phenylstibinic chloride, C 6 5 .SbCl 4, may be obtained by saturating a cold ether solution of phenyldichlorostibiiie with chlorine and
1
evaporating the solution, or by treating phenylstibinic acid with
concentrated hydrochloric acid and evaporating the solution on the
water-bath. 2 It forms very hygroscopic crystals, M.pt. 60 to 65 C.,
easily soluble in ether, benzene, hot chloroform or hydrochloric acid.

H

is hydrolysed to the stibinie acid by water, and gradually decomposes
on keeping or rapid heating, yielding diphenylstibinic chloride and
antimony trichloride.
When a hydrochloric acid solution of phenylstibinic acid is treated
with a saturated hydrochloric acid solution of ammonium chloride, a

It

yellow precipitate of ammonium phenyl chloroantimonate separates.
This is washed free from ammonium chloride by concentrated hydroIt is a pale yellow voluminous powder, M.pt.
chloric acid and dried.
above 260 C., stable in air and decomposed by water, yielding phenyl.SbGL5 )NH4 and similar
It has the constitution (C
stibinic acid.
5
salts may be obtained with aniline, dimethylanihne, pyridine, quinoline,
fl

H

1

Hasenbaumer,

2

Schmidt, Annalm, 1920, 421, 19&.

Ber., 1898, 31, 2913.

,
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urea gives a colourless precipitate,
dicyandiamidine and guanidine
and
faint
ethylamine
yellow precipitates, methylamme a
allylamine
colourless precipitate soon becoming yellow, and urethane an oil.
o-Nitrophenylo-Nitrophenylstibinic chloride, N0 2 .C 8 4 .SbCl 4
stibmic acid
methyl alcohol is treated with concentrated hydrochloric
acid, the oil which separates soon solidifying to crystalline plates.
These melt at 127 C., and are easily soluble in alcohol or ether. The
chloride is slowly decomposed by water, which precipitates yellow
flocks of the stibmic acid from alcoholic solution.
m-Nitrophenylstibintc chloride, N0 2 .C 6 4 .SbCl 4 .H 2 0, crystallises from a solution of m-mtrophenylstibmic acid in warm hydrochloric
acid (density 1-18).
It sinters at about 60 C., and when kept in a
vacuum desiccator for 14 days the melting-point rises to about 140 C.
It is fairly soluble in ether or alcohol, and with water yields the stibmic
acid.
The ammonium double salt, (N0 2 .C 6 4 .SbCl 5 )NH 4 .pI 2 0, prepared
in the same way as the corresponding phenyl compound, sinters above
235 C.
m-Aminophenylstibinic chloride hydrochloride, (NH 2 .HC1)
C 6 4 .SbCl 4 .l|H 2 0, occurs when m-aminophenylstibmic acid is treated
with concentrated hydrochloric acid. It forms colourless crystals,
blackening above 190 C., readily soluble in water or alcohol.
p-Aminophenylstibinic chloride hydrochloride, (NH 2 .HC1)
C 6 4 .SbCl 4 .lfH 2 0, is prepared by stirring a moist paste of >-aminophenylstibmic acid with ice-cooled hydrochloric acid (density 1*19).
It is a pale yellow powder, melting with decomposition at about 155 C.,
When heated for half an hour on
readily soluble in water or alcohol.
the water-bath in dilute aqueous solution, most of the antimony is
eliminated, but this change does not take place with m-armnophenyl;

H

m

.

H

H

H

H

stibinic acid. 1

p-Chlorophenylstibinic chloride, ClC 6H 4 .SbCl 4

2
,

is

a yellow,

When p-chlorophenylstibinic
crystalline substance, deliquescent in air.
acid in concentrated hydrochloric acid (density 1*126) is treated with
a saturated solution of ammonium chloride in hydrochloric acid, a
citron-yellow precipitate of ammonium p-chlorophenyl chloroantimonate,
This is unchanged at 250 C.,
(ClC 6 4 .SbCl 5 )NH 4 .pI 2 0, is obtained.
forms a colourless solution in methyl alcohol and is hydrolysed by water.
.
m-Nitro-p-chlorophenylstibimc chloride,
2 .CLC 6
3 .SbCl 4
5H 2 0, obtained in the usual way, forms colourless crystals which melt
at 80 C. when dried in air.
It is fairly soluble in ether, readily soluble
in warm chloroform, insoluble in benzene, and hydrolysed by water.
When the pentahydrate is dried in a vacuum, four molecules of water
are driven off, the resulting monohydrate sintering at 122 C. The
double salt with ammonium chloride is a colourless compound having
the composition (N0 2 .CLC 6 3 .SbCl 4 ) 2
It is soluble in
3 .8H 2 0.
alcohols and ether, decomposed by water, and unmelted up to 220 C.

H

N0

H

H

NH

H

Diphenylstibinic chloride, (C 6 5 ) 2 SbCl 3 .H 2 0, may be prepared
in several ways
(1) It crystallises out when a hot solution of drphenylstibinic acid in dilute hydrochloric acid is cooled. 3
(2) Antimony trichloride (48 grams) and 48 grams of chlorobenzene are dissolved in, 150
to 200 c.c. of dry benzene and added to 20 grams of sodium which has
:

1
2

3

Schmidt, Annalen, 1922, 429, 146.
Schmidt, Annalen, 1920, 421, 207.
Schmidt, Annalen> 1920, 421, 236.
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been granulated under toluene. If the reaction does not start
spontaneously, the mixture is gently warmed. After 24 hours the mixture
is filtered, the nitrate
evaporated and the residual oil triturated with
alcoholic hydrochloric acid until it solidifies, the solid then being dissolved in the minimum quantity of boiling alcohol. On
cooling, most
of the tnphenylstibine dichloride crystallises out, and concentration of
the mother liquors yields impure
diphenylstibimc chloride. This is

by extraction with hot dilute hydrochloric acid, the acid
filtered from tnphenylstibine dichloride giving colourless
crystals of the required chloride. ^The yield varies from II to 16 per
cent, on the weight of antimony trichloride. 1
(3) Diphenylchloro-

purified
solution

when

treated with dry chlorine a-nd the resulting product recrystallised
(4) It occurs as a by-product when
trichloride are heated together in a
sealed tube in xylene solution at 130 C. 3
The chloride crystallises in needles, M.pt. 176 C., soluble in alcohol
or dilute hydrochloric acid, insoluble in water.
Alcoholic silver nitrate
converts it into a basic nitrate, consisting of colourless needles, decomposing at 206 C.
stibine

is

from dilute hydrochloric acid. 2
mercury diphenyl and antimony

mm'-

chloride
dihydrochloride,
SbCl 8 .2HCL2H 2 O, is obtained as a fine, crystalline precipitate, obtained when an excess of hydrochloric acid is added to
mm'-diaminodiphenylstibinic acid. It does not melt at 250 C. and
dissolves only slowly in cold water, more readily on heating.
A solution of
Di-p-tolyistibinic chloride, (C 6 4 .CH 3 ) 2 SbCl s
(C 6

H4 .NH

Diaminodiphenylstibinic

a)2

H

6

grams of tn-p-tolylstibme

in acetone

is

.

gradually added to a boiling

c.c. of water, 37 c.c. of 5N sodium hydroxide and
of 6 per cent, hydrogen peroxide
Any precipitate winch is
formed is removed and dilute sulphuric acid added. The white voluminous precipitate which results is reprecipitated, first from 5N hydrochloric acid as the pyridine double salt and then from dilute sodium
hydroxide by means of dilute acetic acid. It is then dissolved in
moderately concentrated boiling hydrochloric acid and the solution
evaporated to small bulk. Colourless needles of the trichloride separate,
which crystallise from benzene as colourless plates, sintering at 130 C.

mixture of 113
22-5

c.c.

and melting
5

at 141

to 142

C.

4

5'-Tetrachloro

-4:4'-

dianisylstibinic chloride,
passed into one part of triThe solvent is
>-anisylstibine in fifteen parts of dry chloroform.
removed and the residue dissolved in benzene, from which the trichloride
a dry
slowly separates. The whole operation must be conducted in
to moisture.
the
of
the
to
product
susceptibility
owing
atmosphere
The chloride forms colourless crystals, M.pt. 184 C., readily soluble in
chloroform or ether, sparingly soluble in alcohol or benzene, insoluble
3

:

3'

:

:

(CHgO.CeHaCygSbClg.

5

Chlorine

in light petroleum.

is

H

Di-biphenylstibinic chloride, (C 6 H5.C 6 4 ) 2SbCl 3 isolated by the
action of chlorine on di-biphenylchlorostibme in chloroform solution,
6

,

1
and Reese,
Morgan and Micklethwait, Trans Chem. Soc., 191 1, 99, 2286, see Michaelis
Annalen, 1886, 233, 58.
2
Michaelis and Gimther, Ber 1911, 44 2319.
3
Hasenbaumer, Ber , 1898, 31, 2911.
4 Goddard and
Yarsley, J. Chem. Soc., 1928, p. 719.
,

5
6

Loloff, B&r., 1897, 30, 2834.
Worrall, J. Amer. Chem. Soc,, 1930, 52, 2046,
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forms pale yellow
at 210 C,

flat needles,

softening above 200

C.

and melting

PRIMARY ARYLSTIBINIC ACIDS.

many of the compounds under this heading has
been made possible only owing to the discovery that antimony can be
introduced into the benzene ring by use of the diazo-reaction. The
older method consisted in the hydrolysis of arylstibime chlorides, but
The production

of

to obtain the latter it is first necessary to prepare the triarylstibme
"
and subject it to dearylation." This process, apart from being long
and tedious, does not give particularly good or consistent yields. The
acids known
following scheme shows the mam primary arylstibime

condensation

(excluding

SbO(OH) 2

* denotes
01,

The preparation
(1)

denoting

of these

Br

or

grouping

derivatives

I.

be accomplished as

may

:

By

the

OC 2 H 5

OCH 3

follows

X

products),

.

the hydrolysis of arylstibinic chlorides

RSbCl 2

>

RSbCl4

:

* RSbO(OH) 2
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Monoaryldichlorostibines in alkaline solution are treated with

hydrogen peroxide.
In this connection Schmidt 1
(3) By the use of the diazo-reaction.
considers that antimony tnoxide must act as antimonious acid when
taking part in this reaction and may exist in tautonieric forms as

shown by

,0

/OH - H
\OH

Sbf-OH

Sbf-OH

\OH

'

If the reaction between the diazocompound and the antimony oxide
took the normal course as in the case of arsenious oxide, 2 the following
scheme would represent the formation of arylstibinic acids
:

/OH
RN NX + Sbf-OH

>

:

\OH

RN

/OH
:

N.O.Sb;

\OH

+ HX

OH

RN

:

*

N.O.Sb<

X)H

RSb<

X)H

|!

+ N2

It is possible to have another representation of the last phase of this
reaction
:

RN

/OH
:

/OH
>

N.O.Sb<;

4-

N2

X)H

X)H

but this

R.O.Sb<

may be

ruled out as untenable since the resulting product
ester of antimonious acid, and such products are not
stable in the presence of water. 3 Supposing that the antimony changes

would be an

to the pentavalent condition during the reaction, the scheme might
be represented in the following manner 4
:

/OH
RN NX + Sbf-OH
:

>

/OH
Sbf-OH

RN N

Sbf-OH

:

>

x/ \OH

:

:

x/ \OH

\OH

RN N

/OH
RN N Sbf-OH

RN N
:

/OH

Sb^-OH + HX

V)

/OH

/OH
>

RSbf-OH +N 2

According to this representation a diazostibinic acid is produced,
simple evolution of nitrogen then giving the stibinic acid. Such a
1
s
3
4

Schmidt, Annalen, 1920, 421, 174.
See this Vol., Part II, pp. 154, 155.
Maekey, Trans. Ohem. Soc 9 1909, 95, 604
"
Compare Christiansen, Organic Derivatives of Antimony," Chem, Catalog. Co., 1925,

pp, 56, 57.
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product would also be obtained
monious acid is involved

the tautomeric form of the anti-

if

:

RN NX + H
:

/OH

RN N

Sbf-OH

:

\0

/OH
RN N_sbf-OH

\0

/OH

.

>

\o

As

/OH

Sb^-OH + HX

RSbf-OH + No

\o

when using the diazo-reaction, each compound
special conditions of preparation, and acid, neutral or
alkaline, media are employed to suit the specific case under investigation, and occasionally a catalyst is beneficial for facilitating the evolution of the diazo-mtrogen.
The antimony is sometimes introduced in
the form of tartar emetic, or double compounds of aryl diazomum
chlorides with antimony trichloride may be treated with sodium
variation of the latter procedure consists of mixing the
hydroxide.
amine in hydrochloric acid with antimony trichloride in the same soluis

often the case

requires

own

its

A

tion, diazotising the mixture, then rendering
stibinic acids are prepared by diazotisation

alkaline,
Nitroarylof nitroarylammes or
direct nitration of arylstibmic acids, when the mtro-group enters the
the meta-position to the antimony. Reduction of the nitroring
acids by ferrous hydroxide or titanous chloride yields the
corresponding
aminoarylstibmic acids. The latter may be acetylated, diazotised or
condensed with such substances as ethyl chlorocarbonate or benzene
the usual manner. The acids RSbO(OH) 2 are
sulphomc chloride
usually amorphous products, having no melting-point. They dissolve
in alkalis, but are insoluble in water they yield salts with the
heavy
metals.
They are amphoteric, dissolving in concentrated hydrochloric
acid to afford arylstibinic chlorides. Reduction may lead to stibinous
oxides or stibmo-compounds, the ultimate
the
product
it

m

m

,

depending upon

reducing agent employed.

The formulae assigned to the arylstibinic acids have given rise to
considerable discussion.
This is due to the fact that the products may
be isolated with varying degrees of water of hydration, the amount
depending upon the method of preparation and the conditions of drying
the acids. Those which are formed by the
hydrolysis of arylstibinic
chlorides retain more water than those isolated
by the acidification of
solutions of alkali arylstibinates.
Phenylstibimc acid is represented
by the formulae [3(C 6 5 SbO 2 )H 2 0].2H 2 O and [3C 6 5 Sb0 2 .H 2 0].3H 2 O,
since two or three molecules of water
may be removed by drying in
a vacuum over sulphuric acid, whereas the last molecule
requires a
high temperature for its removal. The action of the acid towards
alkali also supports this formulation, since Schmidt observed that it
will dissolve completely in one-third of a molecular
equivalent of sodium
hydroxide and that the resulting solution, although at first neutral to
phenolphthalem, gives an acid reaction on standing and requires further
addition of alkali for neutralisation
this addition may be continued
until one molecular equivalent of alkali has been
added, when no further
change takes place, this pointing to the operation being one of hydration of the antimony atoms,
during which the complex molecule is
dissociated into the phenyl derivative of orthoantimonic acid.
The
foregoing observations on hydration are also repeated with potassium

H

H

;

^
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hydroxide, but less readily with lithium hydroxide. 1 The phenomenon
2
is noted also in the case of
pyroantimomc acid, which, on neutralisation
with sodium hydroxide, using phenolphthalein as indicator, becomes
acid again on standing or boiling. This is due to the formation of acid
sodium orthoantimonate when the pyro-acid is completely converted,
no further change takes place. A number of hydrates is also known
to exist in the case of antimomc oxide, the final product
depending on
;

conditions of previous drying and method of hydration. 3
The arylstibmic acids also possess the properties of colloids, similar
to the case of the tn- and tetra- hydrates of antimony pentoxide. 4
An alkaline solution of a stibinic acid, when titrated with a mineral
acid, soon becomes turbid, and when sufficient acid has been added
to neutralise the whole of the alkali present, the turbidity becomes
more marked. According to Schmidt the turbid solutions possess the
properties of hydrosols, and an excess of acid is required to precipitate
the colloidal acids from the turbid solutions.
The formation ef complexes takes place with all primary arylstibinic acids, the substituents in the ring exerting an effect on the
nature of the final product.
Macallum 5 does not agree with Schmidt's conception of the formulas
for primary arylstibmic acids, but supports the simple formula,
C 6 5 .SbO(OH) 2 his ideas being based upon molecular weight determinations, but until further work has been done it would be unwise
to give a verdict on this view.
Phenylstibinic acid, [3(C 6 5 SbO a )H 2 O].nH a O or [3(C 6 5 Sb0 2 )
2H 2 O].nH 2 0, may be prepared in several ways (1) From antimony
trioxide and benzene diazomum chloride in the presence of alkali.
The crude product is purified by conversion into ammonium phenyl
chloroaiitimonate (p. 219), which is then hydrolysed by water. 6 (2)
From the double compound of antimony trichloride and benzene
diazomum chloride by the action of alkali. 7 (3) 93 grams of aniline
are dissolved in 1000 c.c. of water and 147 grams of sulphuric acid and
solution from 140 grams
diazotised by 71 grams of sodium nitrite.
of antimony trioxide in 764 grams of hydrochloric acid (density 1-123)
is treated with 600 grams of sodium hydroxide in BOOO c.c. of water
and rapidly cooled to
C, when a portion of the sodium antimonite
the diazomum solution is then added
solution
the
To
out.
separates

H

,

H

H

:

A

Copper paste is added, and nitrogen is readily
stirring.
After several hours the excess of alkali is nearly neutralised
by dilute sulphuric acid, the mixture filtered, and the phenylstibimc
The crude acid
acid precipitated by adding hydrochloric acid.
(100 grams) is dissolved by heat in 250 grams of hydrochloric acid
ammonium
(density 1-123) and the hot solution saturated with solid
chloride.
Shining plates of phenylstibinic oxychloride separate and
are washed with a saturated solution of ammonium chloride in hydroa slight excess of
The crystals are then dissolved
chloric acid.
with rapid
evolved.

m

1
2

3

1901,
4
5
6
7

Schmidt, Annalen, 1922, 55, 697.
Delacroix, J. de Pharm., 1897, [6], 6, 337.
Senderens, Bull Soc chim , 1899, [3], 21, 49; Delacroix,
25, 288.
Jander, Kolloid. Ze^tsch. t 1918, 23, 122.
Macallum, J. Soc. Ohem. Ind., 1923, 42, 468 T.
Schmidt, Annal&n, 1920, 421, 188.
American Patent, 1260707, see May, Tram. Chem Soc

ibid.,

1899,

[3],

21, 1049,

[3],

VOL. XI.

:

III.

,

1912, 101, 1033.
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sodium carbonate solution, the solution filtered and the acid
1
(4) 93 grams
precipitated by acidifying the filtrate with dilute acid.
of aniline and 220 grams of antimony trichloride are dissolved in
850 grams of hydrochloric acid (density 1-123) and 1000 c.c. of water
added. The solution is diazotised with 71 grams of sodium nitrite
and a solution of 400 grams of sodium hydroxide in 10,000 c.c. of water
slowly run in, the mixture being cooled and vigorously stirred during
the operation. A brisk evolution of nitrogen soon takes place, and
the product is isolated from the reaction mixture as in the preceding
2
process.
(5) Phenyldichlorostibine, obtained by heating tnphenylstibine and antimony trichloride together in xylene solution, is suspended in ether and chlorinated. The resulting oil is treated with
ammonium hydroxide and the phenylstibinic acid precipitated from
the filtrate by acidification with hydrochloric acid. 3
dilute

Phenylstibinic acid

is

a white

solid,

not melting below 250

C.,

slightly soluble in alcohol, more soluble in acetone, and separating
from hot acetic acid in fine crystals. It dissolves-in warm chloroform
or amyl acetate, and is readily soluble in cold alcohol-benzene, alcohol-

ether or alcohol-chloroform mixture, separating from the last-named
as diamond-shaped glistening crystals on the addition of a little water.
It is soluble in dilute alkalis, yielding salts, and the barium salt is precipitated by adding barium chloride to an ammoniacal solution of the
The acid reacts with hydrogen sulphide to yield a pale yellow
acid.
sulphide, decomposed
4
sulphide.

on warming with

partial formation of

antimony

4-Chlorophenylstibinic acid,
Cl-/

\-SbO(OH) 2

A

solution of 50 grams of jp-chloroaniline in 250 grams of hydrochloric
acid (density 1-123) and 150 grams of water is diazotised by the addition
To this solution are added
of a solution of 29 grams of sodium nitrite.
84 grams of antimony trichloride in 110 grams of hydrochloric acid
The thick yellowish precipitate
(density 1*123) and 50 grams of water.
which separates is washed with dilute hydrochloric acid, suspended in
1500 grams of water and treated with 150 grams of sodium hydroxide
(density 1-47). Nitrogen is slowly evolved, and when the evolution is
complete the mass is filtered and the solid extracted many times with
warm dilute sodium hydroxide solution. Acidification of the combined
filtrates precipitates j9-chlorophenylstibinic acid, which is filtered off,
dried, dissolved in 110 grams of warm hydrochloric acid (density 1-123)
and treated with a little animal charcoal. After filtration the solution
is saturated with solid ammonium chloride, when
4-chlorophenylstibimc

oxychloride
of

is

ammonium

This is washed with a saturated solution
precipitated.
chloride in hydrochloric acid (density 1-123) to remove

inorganic antimony compounds. The residue is dissolved in dilute
sodium hydroxide, and after filtration the stibinic acid is precipitated
5
by dilute hydrochloric acid.
1

German
German

Patent, 254421; English Patent, 16350 (1912).
3
Patent, 261285.
May, he. at.; Hasenbaumer, Ber., 1898, 31, 2913.
For the pieparation of neutral-reacting, alkali-soluble aromatic stibmic acids, see
German Patent, 267083.
5
German Patent, 261825, May, Trans Chem 8or 1912, 101, 1037, Schmidt,
Annalen, 1920, 421, 207
2

4

,
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4-Chlorophenylstibimc acid is a colourless powder, soluble in mixtures
of alcohol with benzene, chloroform or carbon chsulphide, from which
it separates in a
The compound decomposes
crystalline condition.

without melting on heating.

H

4-Bromophenyistibinic acid, BrC 6 4 .SbO(OH) 2 occurs when
diazotised p-bromoamlme is treated with antimony tnoxide in the
presence of alkali. The mixture is decolorised by animal charcoal and
dilute sulphuric acid added until the solution is nearly neutral to litmus,
any precipitate being filtered off. The solution is then made neutral
to Congo red by the addition of dilute acid, when the stibimc acid is
1
precipitated as a pale buff-coloured body.
,

2-Nitrophenylstibinic acid,
SbO a .nH a O

A

solution of 18*8 grams of o-mtroamline in 100 c.c. of 5N nitric acid
diazotised in the usual manner, and after cooling with ice is treated
with 40 c.c. of 5N sodium hydroxide solution and a solution of 33 grams
of tartar emetic.
The mixture is stirred and sodium hydroxide solution
run in until a vigorous evolution of nitrogen takes place, this requiring
about 40 c.c. of 5N sodium hydroxide. When a test portion no longer

is

couples, the whole is made strongly alkaline, then acidified and warmed.
The precipitated stibimc acid is filtered off and dried. To remove
impurities the acid is treated with concentrated hydrochloric acid,
then dissolved
alcoholic hydrochloric acid, from which solution

m

impurities

may

be precipitated by carefully adding water.

filtration the stibimc acid is precipitated

o-Nitrophenylstibinic acid

is

by the

After
addition of water. 2

a yellowish-brown powder, remaining

methyl and ethyl
even after the addition of chloroform, but it dissolves in a
Methyl alcohollarge bulk of boiling acetic acid and in dilute alkali.
3
When
the
it
into
stibinic
chloride.
mixture
converts
acid
hydrochloric
boiled with an excess of sodium hydrogen tartrate the acid forms a
tartrate, NO a .C 6 4 .SbO(OH) a .C 4
5
6 Na.
3-NitrophenyIstibinic acid,

unchanged at 285

C.

It is sparingly soluble in

alcohols,

H

H

This acid may be obtained in two ways
(1) m-Nitroaniline is diazotised
and treated with tartar emetic in slightly acid solution, but the yield
4
is very small.
(2) By adding phenylstibinic acid to well-cooled
acid
nitric
(density 1-51) and purifying by means of the
fuming
The acid also occurs
chloride, as in the case of phenylstibinic acid.
when 12 parts of nitric acid (density 1-5) and 4 parts of concentrated
:

Fargher and Gray, J Pharm. and Exper. Therap , 1921, 18, 354.
Schmidt, ibid., p. 205.
Macallum (J. Soc. Chem. Ind., 1923, 469 T) disagrees with Schmidt's formulation of this acid and states that molecular weight determinations of this acid and also
of ^-ammophenylstibinic acid in phenol solution give figures which point to these
derivatives being monomolecular
4
Schmidt, ibid., p. 202.
1

2

3
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1
It
mixture at 40 to 55 C.
sulphuric acid are used as the nitrating
C., and has a similar
is a pale yellow powder, unmelted below 290
It is decomposed when heated with
solubility to the preceding acid.
at 100 to 110 C., giving
chloroform
and
phosphorus pentabromide
70 per cent, yield.
l-bromo-3-mtrobenzene

m

4-Nitrophenylstibinic acid,

p-Nitroanihne

diazotised in the usual

is

manner and treated with

H .N

N0

The double

Cl.SbCl

is

then

.C 6 4
3
2
salt,
2
antimony trichloride.
excess
it in water and adding a slight
decomposed by suspending
acid
of
Addition
precipitates the
of sodium hydroxide.
hydrochloric
stibmic acid, which is filtered off, dried, washed with hydrochloric acid,
water.
dissolved in alcoholic hydrochloric acid and reprecipitated^by
300 C. 2
It is a chrome-yellow powder, decomposing at about
occurs when
2-Aminophenylstibinic acid, NH 2 .C 6H4 .Sb0 2 .H 2 0,
or
the corresponding nitro-compound is reduced by ferrous hydroxide
3
is a brownish
acid
The
solution.
alcohol
by titanous chloride in methyl
and soluble in about 200 parts of
powder, darkening above 150 C.,
acetic
water. It dissolves in methyl alcohol, warm glycerine, dilute
with
solution
alkali
the
precipitates
sodium
giving
and
acid
hydroxide,
most alkaline earth and heavy metals with the exception of zinc and
acid or its salts decompose on
magnesium. Aqueous solutions of the
The lead salt has the composition C 12 H w 6 N 2 Sb 2 Pb.8H 2
standing.
and the banum salt C 6 H 6 O 8 NSbBa.4H 2 O. When the acid is treated
C., it yields
in neutral solution with an excess of acetic anhydride at
is sparingly
250
below
melt
not
does
C.,
which
an acetyl derivative,
soluble in water, and readily soluble in formic acid, dilute acetic acid
it yields the usual soluble alkali and ammonium
or warm

glycerine

salts.

,

;

4

3-Aminophenylstibinic acid,

NH

2 .C 6

H .Sb0 wH
4

2;

2 O,

may

be pre-

is
(1) m-Ammophenyldichlorostibine hydrochlonde
pared as follows
of
excess
an
with
treated
and
water
and
ice
of
suspended in a mixture
and the calculated amount of hydrogen peroxide.
ammonium
:

hydroxide

acid is separated by the addition
of acetic acid, excess of precipitant being avoided or the precipitate
5
The stibimc acid is a white powder, darkening at high
redissolves.
It is insoluble in methyl or ethyl
temperatures without melting.
It can be diazotised and
alcohol, readily soluble in acids and alkalis.
with aromatic aldehydes forms
and
usual
in
the
manner,
coupled
coloured Sehiff s bases. The acid gives rise to a sulphide and a sulphate,
6
be acetylated using the Schotten-Baumann reaction.
and it

From the resulting solution the stibimc

may

1

Morgan and Micklethwait, J CJiem Boc

,

1911, 99, 2296,

compare German Patent,

287709
2

Charrier, Gazzetta, 1922, 52,

3

Macallum,

11,

16.

loc. cit

4
Breml and Nierenstem (Ann. Trap Medicine and Parasit , 1908-1909, 11, 381) state
that they prepared 2-aicunophenylstibinic acid from o-chloroamlme and magnesium in dry
ether solution by adding antimomc acid, but such a reaction appears impossible and their
compound does not correspond with Macallum's derivative.
5
Schmidt, loc, cti. p. 226; see German Patent, 270488
b
German Patent, 284231.
t
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1

3bO(OH)>

NH CO NH
m-Aminophenyistibmic

2

20

acid, 6 grams, in

c.c.

of

normal hydrochloric

acid, is neutralised by sodium hydroxide and treated with 25 c.c. of
acetic acid followed by a concentrated aqueous solution containing

of potassium cyanate at
C.
After an hour the precipisodium hydroxide and reprecipitated by
collected, dissolved
hydrochloric acid. Purification is effected by suspending 5*5 grams of
2-5

grams

tate

m

is

the crude product in 50 c.c. of concentrated hydrochloric acid at
C.
and after three hours filtering off the yellow crystalline stibinic chloride,
washing it with hydrochloric acid and hydrolysmg it to the stibinic
acid by water. The product Is a white amorphous powder which
decomposes without melting when heated. The sodium salt is a white
amorphous powder, moderately soluble in water.
N-Phenylglycineamide-m- stibinic acid,
-SbO(OH) 2

A

solution of 5-2 grams of m-arnmophenylstibmic acid and 3-6 grams
of chloracetamide in 20 c.c, of normal sodium hydroxide is heated at

90 C. for 90 minutes. Sufficient sodium hydroxide is then added to
dissolve the precipitate which forms and the solution treated with a
further 1*5 grams of chloracetamide and heated for another 60 minutes
The clear solution obtained by adding
to complete the condensation.
the requisite amount of alkali is acidified with acetic acid, the precipitated stibinic acid dissolved in 15 c.c. of 2N hydrochloric acid, the
addition of ice-cold hydrochloric acid (15 c.c., density 1-19) then
resulting in the separation of the crystalline stibinic chlonde. This is
quickly filtered off, dissolved in water, the solution made alkaline and
the free stibinic acid reprecipitated by the addition of acetic acid.
The acid is a white amorphous powder, readily soluble in dilute alkali
or excess of dilute mineral acid, but insoluble in dilute acetic acid.
nitrite precipitates a gelatinous nitrosamine when added to a
The sodium salt
dilute hydrochloric acid solution of the stibimc acid.
is a white amorphous powder, readily soluble in water.

Sodium

N

-

Phenylglycinemethylamide -

m

- stibinic

acid

,

SbO(OH) 2

NH.CH2 CO.NH.CH3
obtained by a similar method to the foregoing compound. It gives
a strong odour of methylamine when heated with sodium hydroxide
The sodium salt is a white amorphous powder, completely
solution.
soluble in about half its weight of water. The condensation has also

is

been effected using chloroacetethylamide.

4-Aminophenylstibinic acid,
ammophenylstibinic acid, 50 parts,
1

Morgan and Cook,

J.

NH

is

2 .C 6

H .Sb0
4

2

.nH 2 0.

4-Acetyl-

heated for several hours on the

Chem.

#oc., 1930, p. 737.
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water-bath with 500 parts of 5 per cent, sodium hydroxide solution,
until a test portion when largely diluted gives a precipitate with
dilute hydrochloric acid which immediately dissolves in excess of
the reagent. The free acid is then precipitated from the solution by
the addition of dilute acetic acid. 1 Saponification of the acetyl derivative may also be effected by warming with 5N potassium hydroxide
solution at 90 C. for one hour. 2 The crude acid may be purified by
treatment with ice-cold hydrochloric acid (density 1-19), when the
chloiide,

(NH 2 .HCl)C

6

H .SbCl
4

4,

is

produced, this subsequently being

decomposed by the calculated quantity of sodium hydroxide.
A more recent method of preparation is as follows 3 A mixture
of the calculated amounts of p-aminoacetamlide and antimony trioxide
:

in sufficient 15 per cent, hydrochloric acid to dissolve the trioxide is
The latter is
diazotised with 15 per cent, sodium nitrite solution.
introduced through a capillary tube reaching to the bottom of the

A yellow
in
filtered
is
molecular
off,
formed,
suspended
compound
crystalline
water, cooled to 8-5 C., and 10 per cent, sodium hydroxide added
If great care is
in small portions, efficient stirring being maintained.
not exercised a stiff foam forms and the yield is low. When the vigorous
evolution of nitrogen ceases, the solution is nearly neutralised, carbon
dioxide passed in and the resulting precipitate filtered off and disThe filtrate is then acidified with dilute acetic acid, a yellowishcarded.
white flocculent precipitate separating. This is best removed by centnIt is claimed that by this process and subsequent hydrolysis
fuging.
4
a 35 to 60 per cent, yield of jp-aminophenylstibinic acid results.
is a colourless powder, insoluble in the
acid
4-Aminophenylstibimc
usual organic solvents, readily soluble in dilute sodium hydroxide,
from which alcohol precipitates the sodium salt. The acid decomposes
on heating, without melting, but the sodium salt is more stable than
the free acid. When the salt is warmed with potassium iodide and
The acid condenses
dilute sulphuric acid, p-iodoanilme is formed.
with aldehydes in the presence of an excess of acetic acid, and diazotisation and coupling with /3-naphthol in alkaline solution gives a red azoThe sodium salt is the antimony analogue of " atoxyl."
derivative. 5
When urea is added to a warm aqueous solution of the acid and the
mixture is concentrated, the subsequent addition of alcohol precipitates
a compound to which the following structure has been assigned 6
beaker, the contents of the latter being mechanically stirred.

:

b0 3 H.NH4

The following amine

salts of j?-aminophenylstibimc acid are also
dimethylamine and trimethylamine salts, ethylamine, diethylamine and triethylamine salts, propylamine salt, isoamylamine salt and
allylamine salt. All these salts are soluble in water giving red solutions
which cloud in a few minutes they are insoluble in all organic solvents

known

:

;

1

2
3

4
5

German

Patent, 270488.
Schmidt, Annakn, 1922, 429, 145.
Dunning and Reid, J. Amer. Chem Soc
Compare American Patent, 1682269.
German Patent, 254421.

,

1926, 48, 2959.

Brahmachari, Indian J Med Research* 1922. 10, 508; Brahmachari and Das, ibid.,
1924, 12, 423; compare Niyogi, J. Indian Chem. Soc, 1928,5,753; compare Balaban,
J. Chem. 8oc. 9 1930, p 1685
6
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except glycerine. Three molecules of the acid are combined with one
molecule of the base. 1

4

-

Acetylaminophenylstlbinic

acid,

CH 3 .CO.XH.C H 4 .SbO
6

s

.

ttH 2 0.

Monoacetyl-p-phenylenediamine, 150 grams, in 147 grams of
sulphuric acid and 1000 grams of water, is cooled and diazotised by addThe diazotised solution is
ing a solution of 71 grams of sodium nitrite.
added to the calculated amount of sodium antiniomte, and when the
reaction is complete the solution is nearly neutralised by dilute sulphuric acid and saturated with carbon dioxide to remove impurities
and excess alkali. After filtering, sodium chloride is added, when the
sodium salt of the acid separates. This is freed from sodium chloride
by dissolving in methyl alcohol and evaporating the solution. The
sodium salt readily dissolves in water, forming a neutral solution from
which mineral acids precipitate the free acid. 2 The acid is soluble in

ammonium hydroxide, and alkali hydroxides or
may be removed as already indicated. 3

carbonates.

The

acetyl

group

The following derivatives have been obtained by applying the BartSchmidt reaction to the appropriate ammo-compounds: sodium benzylbenzoate-4-stibinate, -3-stibinate, -2-stibinate and -5' -stibinate
Garbethoxy-p-amifiophenylstibinic acid, C 2H 5 OCO.NH.C 6 4
SbO 2 .H 2 0. The ammostibmic acid in alkaline solution is condensed
with ethyl chlorocarbonate and the product precipitated by acidification
with hydrochloric acid. 5
Replacement of the ethyl chlorocarbonate in the foregoing by
benzene sulphonyl chloride and carrying out the reaction at 60 C.
yields benzenesulphonyl-p-aminophenylstibinic acid, C 6H 5 .S0 2 -NH.C 6 H 4
SbO 2 .H 2 0. 6
When an alkaline solution of the p-ammophenylstibmic acid is
refluxed for two hours with chloracetamide, N-phenylgtycineamideThe product
p-stibinic acid results, NH 2 .CO.CH 2 .NH.C 6 H 4 .SbO 2 .H 2 0.
is purified by solution in sodium hydroxide and acidification with dilute
The sodium salt of this acid is analogous to " tryparsamide"
acetic acid.
Sodium p-aminophenylstibinate and allyl thiocarbamide condense
Dilution
in methyl alcohol solution at room temperature in 24 hours.
of the solution and acidification yield allylthiocarbamino-p-aminophenylstibinic acid, C 3H 5 NH.CS.NH.C 6 H4 .Sb0 2 .H 2 O, a pale yellow amorphous
powder, soluble in sodium hydroxide but not in sodium carbonate.
Salicyl aldehyde and sodium p-aminophenylstibmate in acetic acid
7

H

.

.

solution condense to yield o-oasybenzylidene-p-aminophenylstibinic acid.
The following are obtained from p-aminophenylstibmic acid and the
8
appropriate alkyl chloroformate in normal sodium carbonate solution
Carbomethoxy-, carboproposcy-, carboisopropoxy-, carbobutoxy-, carbo:

isobutoxy-,

carbo- j3-chloroethoxy-

and carbo-y-chloropropoxy- p-amino-

The last two are converted by 5 per cent, sodium
phenylstibinic acids.
hydroxide at 70 C. into p-j3-hydroxyethylaminophenylstibinic acid and
p-y-hydroxypi opylaminophenylstibinic acid, respectively.
1

2
3
4

Niyogi, J. Indian Ghem Soc., 1928, 5, 285.
German Patent, 254421, American Patent, 1260707; English Patent. 16350 (1912).
For complex compounds derived from this acid, see German Patent, 396864
Niyogi, J. Indian Chem. Soc , 1930, 7, 577

5

Brahmachari,

6

Compare German Patent, 284231.

7

German

8

Hamilton and Etzelmiller, J

loc. cit.

Patent, 284231.

A mer.

Chem. Soc

,

1928, 50, 3360.

ORGANOMETALLIC COMPOUNDS.

232

Sodium

p - a) - sulphomethylaminophenylstibinate, (S0 3 Na.
1
is formed by treating sodium p-aminoH
.NH.C
.Sb0
2
6
2 3 H(ONa),
4
phenylstibmate in aqueous solution with formaldehyde and sodium

CH

)

"

hydrogen

Using

sulphite.

the carbamide

urea stibamine

"

in the preparation yields

of

p-co-sulphomethylaminopheni/lstibinic acid, i.e.
When carbamide is
.Sb0
Na.CH
.NH.C
(SO s
2 ) 3 H(OCH 8
2 0).
6
2
4
allowed to react with the appropriate stibinic acid in aqueous solution,
salt

H

N

carbamide p-acetamidophenylstibinate and carbamide p-hydj oxyphenylstibinate are isolated.

4-Hydroxyphenylstibinic acid, HO.C 6H 4 .Sb0 2 .nH 2 0, is obtained
(1) Antimony trioxide in hydrochloric acid solution is
allowed to react with diazotised jp-aminophenol and the mixture then
treated with 5N sodium hydroxide. After the product has been precipitated by acidification, it is dissolved in cold concentrated hydrochloric acid and a solution of pyridme in hydrochloric acid added.
The pyiidine double salt of the stibmic chloride is thus precipitated as
an air-stable yellow substance, M.pt. 176 C. This salt is decomposed
by cold water, the resulting stibmic acid taken up in sodium hydroxide
and precipitated by acid. 2 (2) p-Ammophenol, 109 grams, is dissolved
in 147 grams of sulphuric acid and 1000 grams of water and diazotised
by adding a solution containing 71 grams of sodium nitrite. This
diazo-solution is added to a sodium antimomte solution prepared as
as follows

:

described under phenylstibinic acid. After completion of the reaction
the mixture is saturated with carbon dioxide and filtered. The filtrate
is saturated with sodium chloride and the 4-hydroxyphenylstibmic
acid precipitated by the addition of dilute sulphuric acid. 3
The acid is a colourless powder darkening when heated, but remaining unmelted at 270 C. It is fairly soluble in methyl alcohol or
boiling water, sparingly soluble in cold water, the aqueous solution
giving a violet coloration with ferric chloride. Addition of ammonium
chloride to an ammoniacal solution of the acid causes precipitation of
the ammonium salt. Solutions of the acid in hydrochloric acid (density
1-17) after standing give a test for inorganic antimony when hydrogen
sulphide is passed through the solution. When an alkaline solution
of the acid is treated at 60 C. with chloracetic acid, acidification with
hydrochloric acid after three hours yields carboxymethyleneoscyphenyl4
4-stibinic acid,
2 C.CH 2 .O.C 6
4 .Sb0 2 .H 2 O.

H

H0

3-Nitro-4-hydroxyphenylstibinic acid,
E<

may be obtained by two methods (1) The 3-mtro-4-chlorophenylstibinic acid resulting from the nitration of 56 grams of
p-chlorophenylstibinic acid is dissolved in sodium hydroxide solution,
:

reprecipitated
acid and filtered off. The precipitate is washed and
transferred whilst moist to a vessel containing 75 c.c. of potassium
hydroxide (1:1) and the mixture heated for several hours at 90 C.
The potassium salt is deposited, the liquor being cooled and treated

by hydrochloric

1
2

3
4

Brahmachari and Gupta, J. Asiatic Soc. Bengal, 1929, 25, 301.
Schmidt, Annalen, 1922, 429, 147.
Patent, 254421
Brahmachari, loc. cit

German
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The salt is purified by solution in water and precipitation
alcohol, after which its aqueous solution is treated with mineral acid
to liberate the free acid. An air-dried specimen obtained by this method
1
corresponded to the formula [3(NO 2 .OH.C 6 4 .SbO 2 ).2H 2 0].5H 2 O.
with alcohol.

by

H

3-Nitro-4-acetylaminophenylstibmic acid, 35 grams, is heated with
300 grams of aqueous potassium hydroxide (density 1-30) until ammonia
ceases to be evolved.
Dilute sulphuric acid is then added to precipitate
the stibmic acid, 2
3-Nitro-4-hydroxyphenylstibinic acid is a brownish-yellow powder
which does not melt below 230 C. Its solution in methyl alcohol
It dissolves readily in
gives no precipitate when water is added.
acetic acid, aqueous alkalis and ammonium hydroxide.
Warm concentrated hydrochloric acid dissolves it and on cooling 3-mt?o-4chlorophenylstibine tetrachlonde separates, the addition of ammonium
chloride causing the deposition of the stable double salt.
The potassium
salt is a scarlet, crystalline powder.
3-Amino-4-hydroxyphenylstibinic acid, (NH 2 )(HQ)C 6 3 .SbO 2
nH 2 0. This acid is isolated by reducing the corresponding mtro3
compound
(I) 3-Nitro-4-hydroxyphenylstibimc acid, 30-8 grams,
in 160 grams of water and 4 grams of sodium hydroxide, is reduced
by adding 65 grams of sodium hydrosulphite in 200 c.c. of water con(2)

H

.

:

The mixture is well cooled,
taining 2 grams of sodium hydroxide.
and as the red colour disappears the ammo-acid separates as a white
The excess of hydrosulphite is removed by passing a
precipitate.
current of air through the mixture.
(2) The amino-acid may also be
obtained by reducing the nitro-acid in aqueous solution by means of
sodium amalgam.
The acid is an unstable white powder which soon darkens even in
the dry state. When heated it decomposes without melting, and m
water and the usual solvents it is insoluble, but it dissolves readily in
A sodium salt may be precipialkali, ammonium hydroxide and acids.
tated from the aqueous alkali solution by the addition of alcohol. The
ammo-group is diazotisable and the diazo-compound couples with
alkaline resorcmol solution and other phenols.
3 - Aceta mido - 4 - hy dr oxy phenylstibinic acid 4
,

HO-/

Y-SbO(OH) 2

NH.CO.CH8

0~/

or

\-SbO(OH) 2

H2

H C C=N
3

The foregoing ammo-acid, obtained by the reduction of 16 grams of
potassium 3-nitro-4-hydroxyphenylstibmate, is suspended in 12 c.c. of
water and acetyiated by the gradual addition of 9 c.c. of acetic anhydride.
A clear solution results and after twenty-four hours several volumes of
acetone are added, causing the precipitation of a stibinic acid which may
be represented by one of the above formulae. The substance is a white
amorphous powder, extremely soluble in water, with an acid reaction,
insoluble in acetone, alcohol or glacial acetic acid,
sodium salt which is readily soluble in water.
1

2

3
4

and yielding a

Schmidt, Annalen, 1920, 421, 212; German Patent, 262236.
German Patent, 259875.
German Patent, 270488.
Morgan and Cook, J Chem. Soc., 1930, p 743.
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A

more recent investigation 1 attacks the problem of the prepara8-25 grams of 4-arnino-2-acetarmdotion of this acid in a different way
phenol and 11-4 grams of antimony trichloride in 7*5 c.c. of hydrochloric
acid are added to 45 c.c. of water and 7-5 c.c. of hydrochloric acid, and
C. with 3-45 grams of sodium nitrite in 28 c.c.
the mixture treated at
of water; after three hours the antimony double salt of the diazocompound is collected and added in small quantities to 150 c.c. of iceThe mixture is stirred for four hours,
cold 2N sodium hydroxide.
kept overnight, and filtered and acidified to Congo-red with hydrochloric acid, when about 8-1 grams of the crude stibinic acid are preThis is dissolved in 2N ammonium hydroxide, an excess
cipitated.
of hydrochloric acid added, the solution treated with charcoal, filtered,
neutralised to Congo-paper with sodium acetate, and poured into a
The acid separates as a white powder, becoming
large volume of water.
The yield is 1-8 grams.
in
vacuo.
brown
when
dried
specimen
light
sealed in an ampoule for 3-J years was readily soluble in 2N ammonium
hydroxide, whereas one kept in an ordinary specimen tube was not
wholly soluble after a similar lapse of time.
:

A

3-Nitro-4-acetylaminoplienylstibinic acid,

N0 2
Anhydrous sodium 4-acetylammophenylstibinate, 113 grams, prepared
by prolonged heating of the hydrated salt at 110 C., is dissolved in
300 grams of glacial acetic acid and the solution cooled to - 10 to - 2 C.
To this solution 800 grams of concentrated sulphuric acid are added,
followed by a mixture of 25-4 grams of nitric acid (density 1-515) and
100 grams of concentrated sulphuric acid, the temperature being mainC. during the operation and the whole efficiently stirred.
The stirring is continued for several hours and the reaction mixture
then poured into ice-water. The crude nitro-acid separates and is
removed, washed with water and dried. It is a yellowish-brown
powder, readily soluble in alkalis, alkali carbonates and ammonium
hydroxide, from which solutions it may be reprecipitated by acids.
When heated it decomposes without melting. 2
tained below

3-Nitro-4-chlorophenylstibinic acid,

V>V

n
C

/

N0

2

28 grams of 4-chlorophenylstibinic acid are dissolved in 200 c.c. of concentrated sulphuric acid, keeping the temperature below 25 C. The
temperature is then maintained below 5 C. whilst a mixture of 4-2 c.c.
of nitric acid (density 1-515) and 5 c.c. of concentrated sulphuric acid
is added.
After a further hour's stirring the mixture is poured upon
It is a colourless powder, unchanged
ice, when the nitro-acid separates.
at 250 C., readily soluble
warm methyl and ethyl alcohols, dilute
alkalis or hydrochloric acid.
Water does not reprecipitate the acid

m

from alcoholic
1

2

8

solution. 3

Balaban, J. Chem. Soc., 1930. p. 1685.
Patents, 259875, 287709.
Schmidt, Annahn, 1920, 421, 208, compare German Patent, 262236.

German
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1

\-SbO(OH) 2 JH 2

A

solution of 3-28 grams of 4rchloro-3-mtropheiiylstibimc acid and 5-5
of piperidme in 20 c.c. of alcohol is boiled for three hours and then
poured into water. The orange precipitate, 3-5 grams, is dissolved
20 c.c. of warm glacial acetic acid and the cooled solution treated with
20 c.c. of concentrated hydrochloric acid, the stibinic chloride hydrochloride being precipitated.
This is a colourless microcrystallme powder,
decomposing at 185 to 187 C. When suspended for several hours in
a large volume of water, 3-nitro-4-piperidinophenylstibmic acid hydrochloride separates as an orange amorphous powder.
The latter is dissolved in alcohol by the aid of 2N sodium hydroxide and the clear
solution acidified with acetic acid.
The gelatinous precipitate which
forms is dried and washed with water to remove occluded salts, being
obtained as an orange amorphous powder, sparingly soluble in excess
of dilute aqueous alkali.
c.c.

m

3-Amino-4-piperidinophenylstibinicacid,C 5 H 10 =N.C 6H 3 (NH 2 )

occurs when the foregoing mtro-acid is reduced with
ferrous hydroxide.
It is a greyish powder, soluble in very dilute
mineral acid or alkali, the solutions giving the reactions for primary

SbO(OH) 2 4H 2 0,

The sodium salt has been isolated.
3-Nitro-4-ethylaminophenylstibinic acid,

amines.

-SbO(OH) 2

J-H 2

the condensation product of 4rchloro-3-mtrophenylstibmic acid and
ethylamine in alcohol solution, the reaction being completed in three
hours at 120 to 130 C. The crude product is converted to the stibinic
chloride, a buff, microcrystallme powder, having no definite meltingHydrolysis of this chloride by water yields the orange stibinic
point.
acid, which may be further purified through its ammonium salt.
is

3-Nitro-4-methylaminophenylstibinic chloride

manner

as the

is

prepared in the same

ethylammo-compound.

2
4-Acetamido5-Dicfiloro-4-acetamidoplienylstibinic acid.
3 5-dichloroamlme (2-5 grams) in 20 c.c. of water and 10 c.c. of hydrochloric acid is diazotised at
C. and a further 10 c.c. of hydrochloric
acid added.
To the solution are added 2 grams of antimony trioxide in
20 c.c. of hydrochloric acid. A yellowish- white precipitate separates and
It is filtered
is left in ice for 30 minutes with occasional stirring.
off, washed with dilute hydrochloric acid and then with water until
acid-free.
The moist mass is then triturated with water, cooled to
5-7 C. and 6 grams of sodium hydroxide in water gradually added
with vigorous stirring, the stirring being continued until evolution of
nitrogen slackens. The liquid is then filtered and the clear filtrate
acidified with dilute acetic acid, when, the free antimonic acid separates
as a flocculent precipitate.
This is washed with water until free from
admixed acid, suspended in water and brought into solution by adding

3

:

:

1

2

J. Chem $oc., 1930, p. 737.
Niyogi, J. Indian Chem. 8oc., 1927, 4, 397,

Morgan and Cook,

OKGAlsrOMETALLIC COMPOUNDS.

236

The solution is evaporated
dilute sodium carbonate solution dropwise.
to dryness in a vacuum, the residue extracted with methyl alcohol,
boiled with charcoal and filtered, the sodium salt of the antimomc acid
being precipitated from solution by the addition of ether. The dry
product is a pale red amorphous powder, moderately soluble in water,
giving a red solution which is neutral to litmus. The free acid may
be precipitated by acidification with dilute mineral acid.
The following sodium salts are isolated by the same method and
have similar properties to those just given 3 5-dibromo- and 3 5-di:

iodo-4-acetarmdophenyl$tibinates, 3-bromo-

:

:

and 3-iodo-4-acetamidophenyl-

stibinates.

2

:

4~Di0itrophenylstibinic acid,
-Sb0 2

H

a

O

N0 2
occurs when 2 4-dinitroamline is diazotised and treated with tartar
emetic in neutral or slightly acid solution in the usual manner. It is
a brown powder, exploding when heated. 1
Two solutions, one
p-Tolylstibinic acid, CH 3 .C 6 4 .SbO(OH) 2
of diazotised jp-toluidine (26 grams of base, 37 grams of concentrated
sulphuric acid, 250 c.c. of water and 18 grams of sodium nitrite) and
the other of 56-6 grams of antimony trichloride in 15 grams of hydrochloric acid (density 1*16) and 41 c.c. of water to which 150 grams of
sodium hydroxide in 750 c.c. of water have been added, are mixed at
The liquid is filtered after two
C. and treated with copper bronze.
days, nearly neutralised with dilute sulphuric acid, again filtered if
:

H

.

The mixture
necessary, and acidified with dilute hydrochloric acid.
(50 grams) of ^9-tolylstibimc acid and antimony tnoxide thus obtained
is dissolved in 27 grams of hydrochloric acid (density 1*16) and 98 c.c.
of water and the boiling solution saturated with solid ammonium
The mixture of p-tolylstibinic otcychloride and ammonium
chloride.
chloride that crystallises on cooling is filtered off and dissolved in
sodium carbonate solution, the stibmic acid is precipitated by acidification with dilute hydrochloric acid, and crystallised from spirit and
from ether. 2 Yield, 8 grams. The acid also occurs when p-tolylstibmic
tetrachloride is hydrolysed. 3 The product from both methods is a
white amorphous powder.
p-Anisylstibinic acid, CH 3 O.C 6 4 .SbO 2 .nH 2 0. This acid is obtained from ^p-anisidme by the method used for phenylstibinic acid
from aniline. 4 It has not been analysed. It interacts with an excess

H

of hydrochloric acid, yielding a yellow, crystalline, deliquescent chloride,
which is easily decomposed with elimination of antimony. The acid
itself is less stable than most stibirnc acids.
p-Phenetylstibinic acid, C 2 5 O.C 6 4 .Sb0 2 .nH 2 0, occurs when
p-phenetidine is diazotised and treated with antimony trioxide in the
usual manner. By stirring the crude acid with hydrochloric acid containing ammonium chloride, the double salt of the stibinic chloride with
ammonium chloride results. This is dissolved in cold methyl alcohol,

H

H

1

German Patent, 296940.

2

Goddard and Yarsley, J. Chem Soc
Hasenbaumer, Ber 1898, 31, 2914.

3

,

4

Schmidt, Annakn, 1920, 421, 213.

,

1928, p. 721
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the solution treated with animal charcoal, filtered, and the acid preFinal purification is
cipitated by diluting the filtrate with water.

and reprecipitation by acid. 1 The acid
an odour resembling that of phenetole.
darkens on being heated, but remains unmelted at 270 C. In

effected by solution in alkali
a colourless powder, having

]S

It

mixtures of chloroform with alcohols, alcohol-benzene or acetic acid, it
readily soluble, but is not completely soluble in methyl alcohol or
chloroform by itself. Hydrochloric acid converts the acid into a
stibimc chloride which is unstable and resembles the foregoing anisyl
is

compound.
2
Mono-biphenylstibinic acid, C 6 H 5 .C 6 H 4 .SbO(OH) 2 obtained by
treating the tetrachlonde with water, is a white powder, decomposing
above 300 C. The tetrachloride required for this preparation is formed
by the action of chlorine on a chloroform solution of the dichloride.
,

3

The following stibimc acids are obtained from the corresponding
amines by the method of Dunning and Reid, 4 described under 4p-carbozymethylphenyl-, p-carbethammophenylstibmic acid, p. 280
:

p-carbethoxyaminophenyl-,
acetophenone-4-,
oxyphenyl-,
a-naphthyl-,
4-aminodiphenyl-4'4-carbethoxyaminodiphenyl-4'4-aminodiphenyl2-nit? o-4-methoccyphenyl-,
methane-4'-,
2-acetamido-5-methoxyphenyl-,
2-acetamido-4-methoxyphenyl-, 1 4-phenylenedi-, and 4 4 ~diphenylmethanedi- stibinic acids. These products form buff powders, with the
exception of acetophenone-4-stibimc acid, which is deep red.
)

>

r

:

:

When mixed aliphatic-aromatic antimony compounds containing
carbonyl groups at non-cyclic bonds are treated with hydrazme or its
derivatives, especially semicarbazide, or with other reactive amino5
Thus, an aqueous solution of
compounds, hydrazone products result.
acid
containing sodium hydroxide, on adding
>~acetophenonestibinic
to semicarbazide hydrochloride, warming on a water-bath, filtering,
and acidifying the clear filtrate with hydrochloric acid, precipitates the
colourless

hydrazone product, which

is

purified

by

solution in sodium

carbonate and reprecipitation with acid. The substance thus isolated
melts at 850 C. An alcoholic solution of l-hydroxy-2-acetophenone4-stibimc acid may be treated in a similar manner.
It is stated 6 that arylstibinic acids such as the phenyl-, p-chlorophenyl- and m-chloro-p-acetamidophenyl- acids, obtained by treating
the appropriate diazotised ammo-compound with antimony oxide, may
be isolated in greatly improved yields by the presence of glycerol or
other polyhydric alcohols. These substances inhibit the formation of
by-products and the required acid is more readily isolated. Watersoluble derivatives of amino- or aminohydroxy- arylstibinic acids or
their oxides may be formed by treating such derivatives with aldoses
or ketoses 7 the condensation is effected by heating the components
in aqueous solution at 50 to 55 C. with the addition, if necessary, of a
little sodium hydroxide.
Examples given are the condensation of
galactose with m-ammophenylstibinic acid and of lactose with
;

m-ammophenylstibinous oxide.
1
Schmidt, Amialen, 1922, 429, 148, Eargher and Gray, J Phatm. and JUxper.
2
Worrall, J. Amet. Chem Soc , 1930, 52, 2046.
Therap., 1921, 18, 354
3
Riddell and Basterfield, Trans. Roy Soc Canada, 1929, [in], 23, III, 45.
4
Chem 8oc. 9 1926, 48, 2959.
Dunning and Eeid, J Amer.
8
German Patent, 469327. 6 English Patent, 244746 (1925). 7 German Patent, 433 105.
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SECONDARY ARYL

STIBINIC ACIDS.

These acids are obtained by the following general methods
subjected to hydrolysis:

(1) Diarylstibinic chlorides are

R

2

SbCl

(2) Triarylstibines

R

>

are

SbCl 8

subjected

peroxide in the presence of
tertiary stibine

a

.

>

to

R

a

SbO(OH)

oxidation, using hydrogen
"
"
of the
dearylation

which causes

alkali,

:

R

NaOH
8

Sb

H

>
a

R

2

SbO(ONa)

+RH

2

(3) By the diazo reaction, the antimony oxide used in the prepara1
tion of the primary acids now being replaced by an arylstibinoxide
:

7n
RN NX + Sb<X + 2KOH

>

:

RN

/R
:

N.O.Sb<

+ KX + H 2

X)K

/R

/R
:

RN

N.O.Sb<r

>

RSb^OK + N

^O

X)K

a

Obviously the foregoing scheme may be used for preparing symmetrical
or unsymmetrical stibinic acids according as whether the aryl radical
of the diazo-compound is the same or different from the aryl group of
the arylstibinoxide.
All the diarylstibimc acids are solids, and their method of preparation has an influence upon their solubility, eg. the hydrolysis of diphenylstibinic chloride by ammonium hydroxide yields an acid which
insoluble in ammonium hydroxide or sodium carbonate, but dissolves
in sodium hydroxide, whilst solution of the chloride in sodium hydroxide
gives a stibinic acid on acidification with acetic acid which dissolves
The secondary acids also differ from the
in all the foregoing alkalis.
primary acids in their action towards hydrochloric acid and ammonium
chloride
diphenylstibinic acid is insoluble in concentrated hydrochloric acid, and in hot dilute hydrochloric acid its solutions do not
is

;

give a double salt with ammonium chloride, but pyridine hydrochloride
Nitration of
precipitates diphenylstibinic chloride as a double salt.
the secondary stibinic acids yields mtro-acids containing the nitrogroup in the meta-position to the antimony. Reduction of the secondary
Mercuric chloride converts diphenylstibinic
acids yields stibinoxides.
acid in methyl alcohol-hydrogen chloride solution into phenylmercuric
chloride and antimony trichloride.
Diphenylstibinic acid, (C 6 5 ) 2 SbO.OH, may be isolated in several
ways; (1) Aniline, 9-3 grams, in 60 c.c. of 5N hydrochloric acid, is
diazotised, ice added, and a solution of 21 grams of phenylstibinous
oxide in a small bulk of acetic acid run in. The solution is then made
When the action has ceased the
alkaline, when nitrogen is evolved.
whole is filtered and acidified, the stibinic acid separating out. The
acid is purified by solution
alkali and reprecipitation by sulphuric
If further purification is necessary the acid is dissolved in hot
acid.
dilute hydrochloric acid, when the chlonde is formed, (C 6 5 ) 2 SbCl 3 .H 2 0.

H

m

H

1

Compare the corresponding

arsenical

compounds,

this

Volume, Part

II, p. 154.

AROMATIC COMPOUNDS OF ANTIMONY.

239

is dissolved in spirit by the aid of a little hydrochloric acid and the
solution poured into dilute sodium hydroxide, addition of acetic acid
then causing separation of the stibmic acid as a voluminous precipitate. 1
(2) 8 grams of tnphenylstibine in acetone solution are added slowly to
a hot mixture consisting of 150 c.c. of water, 50 c.c. of 5N sodium
hydroxide and 60 c.c. of 3 per cent, hydrogen peroxide, the mixture

This

being stirred during the operation.

After filtering, the diphenylstibmic
acid is precipitated by dilute sulphuric acid and purified as follows
After collecting the product it is boiled whilst moist with 5N hydrochloric
acid and precipitated as thepyridine double salt by adding pyndine hydrochloride (25 c.c. of pyndme in 100 c.c. of hydrochloric acid, density 1-19).
This salt is dissolved in boiling 5N hydrochloric acid and, on cooling,
crystals of diphenylstibme trichloride, (C 6 5 ) 2 SbCl 3 .H 2 O, M.pt. 175 C.,
are obtained.
This is recrystallised from benzene and converted into
the acid as already described.
(3) Diphenylchlorostibme is converted
into the stibmic chloride, which is then hydrolysed by alkali. 2
Diphenylstibmic acid is a light powder, M.pt. 285 C. From acetic
acid it crystallises in shining crystals, insoluble in concentrated hydroIts behaviour
chloric acid, soluble in hot dilute hydrochloric acid.
towards alkalis depends upon its method of preparation. If obtained
by method (1), it is insoluble in dilute alkali. Alcoholic solutions of
the trichloride yield with dilute ammonium hydroxide a granular
precipitate of diphenylstibmic acid insoluble in sodium carbonate or
ammonium hydroxide. The stibmic acid which separates when an
aqueous sodium hydroxide solution of the trichloride is treated with
acetic acid is readily soluble in both the foregoing solvents.
Moreover,
the product obtained by chloride hydrolysis in the form of an alkaline
solution, if made just slightly alkaline to pheiiolphthalem by addition
of sulphuric acid, gradually regains its alkalinity on standing. By
repeating this process many times a diphenylstibimc acid results which
is soluble in sodium hydroxide or carbonate, and ammonium hydroxide.
2 ^'-Dichiorodiphenylstibinic acid, (CLC 6 4 ) 2 SbO.OH, occurs
when o-chlorobenzene diazomum chloride is treated with antimony
tnoxide. 3 It is purified by conversion to the chloride, M.pt. 105 to
110 C., the latter being dissolved in alcohol, dilution of the solution
with water yielding the acid. The product is sparingly soluble in
alkalis
with potassium iodide and dilute sulphuric acid it gives an
oil, which is probably o-iodochlorobenzene.
:

H

H

;

3-Aminodiphenylstibinic acid,
-/

>~~SbO(OH

NS
Aniline, 9-3 parts, in 650 parts of hydrochloric acid (density 1-085) and
400 parts of water, is diazotised with 71 parts of sodium nitrite. The
diazo-solution is then mixed with an ice-cold solution prepared by
dissolving 320 parts of 3-aminophenyldichlorostibine hydrochloride in
1500 parts of water containing 280 parts of sodium hydroxide.
vigorous evolution of nitrogen occurs, and when the reaction is complete

A

Schmidt, Annalen, 1922, 429, 141, 236, German Patent, 394795.
Michaelis and Reese, Annalen, 1886, 233, 59, Michaehs and Qunther, Ber., 1911, 44,
2319, Morgan and Micklethwait, Trans. Chem. Soc 1911, 99, 2296.
3
Macallum, J. Soc. Chem. IncL, 1923, 42, 469T.
1

2

,
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the stibinic acid

is

precipitated

The crude
acetic acid.
to the hydrochlonde by means of

by adding
it

product
purified by converting
concentrated hydrochloric acid. The hydrochlonde, which gradually
darkens above 200 C., is washed with 5N hydrochloric acid and dried.
The product is now treated with ether until its colour no longer changes,
then dissolved in dilute sodium hydroxide. The solution is faintly
acidified, filtered, and treated with sodium acetate to precipitate the
it
stibmic acid. 1 The acid is a powder which soon becomes pale red
sinters when heated to about 200 C., dissolves in dilute alkali, methyl
and ethyl alcohols or chloroform, but is insoluble in ether or benzene.
is

;

3

:

3'~Dinitrodiphenyistifoinic acid,

- SbO

When

OH

diphenylstibmic chloride in alcoholic solution

treated with

is

The latter is
silver nitrate it yields diphenylstibmic basic nitrate.
added to nitric acid (density 1-5) mixed with four volumes of concentrated sulphuric acid, and the temperature maintained at 40 C. and
The crude stibinic acid is precipitated by mixing the
finally at 55 C.
The resulting substance is collected,
reaction, product with ice-water.
dissolved in normal sodium hydroxide solution, reprecipitated by
acidification with acetic or hydrochloric acid, and recrystallised from
It separates in radiating clusters of flattened
glacial acetic acid.
needles, decomposing indefinitely at 212 C., insoluble in water, alcohol
or benzene, but yielding orange-yellow solutions in alkalis. 2 Other
When heated at 180
salts of the metals are only sparingly soluble.
to 160 C. with bromine or phosphorus pentabromide the stibmic acid
is converted into l-bromo-3-nitrobenzene.

H

3'-Diaminodipheiiylstibinic acid, (NH a .C 6 4 ) 2 SbO.OH4H 2 0.
3'-Diaminodiphenylstibmoxide in hydrochloric acid solution is
precipitated by ammonium hydroxide and the suspension treated with
hydrogen peroxide until a clear solution is obtained. The stibinic acid,
formed as the oxidation product, is precipitated by acetic acid. The
acid may be purified by conversion to the stibinic chloride hydrochloride,
which is transformed into the acid by the action of sodium acetate on
3

3

:

:

3
3 S'-Diaminodiphenylstibmic acid is a grey
aqueous solution.
soluble
in alcohol, soluble in warm spirit or warm
powder, sparingly

its

:

acetic acid.

From

its

solution in sulphuric acid alcohol precipitates

the sulphate.

4 i^-Diacetylaminodiphenylstibinic acid, (CH 3 .CO.NH.C 6 H 4 ) 2
may be obtained in two ways: (1) 4 4 -Diacetylaminodiphenylstibinoxide, 14 grams, is dissolved in 120 c.c. of methyl
alcohol and oxidised by the addition of 50 c.c. of a 3 per cent, hydrogen

SbO.OH.3H 2

/

:

3

peroxide solution. The stibinic acid separates out as the reaction
4
proceeds.
(2) 2 grams of tri-p-acetylaminotriphenylstibine are dissolved in a mixture containing 6 c.c. of 2N sodium hydroxide, 30 c.c.
of methyl alcohol and 6 c.c. of 3 per cent, hydrogen peroxide. After
carbon dioxide.
filtration, the stibinic acid is precipitated by passing

m

1
2

3
4

German Patent, 269205, Schmidt, loc. cit
Morgan and Micklethwait, Trans CJiem Soc
Schmidt, Annalen, 1922, 429, 24 L
Ibid,., p.

138

,

1911, 99, 2286.
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The

acid is a colourless powder, melting at about 235 C.,
slowly soluble
in dilute aqueous sodium hydroxide, from which solution it may be
reprecipitated by dilute sulphuric or nitric acid, but it is soluble in
excess of the precipitant. Hydrochloric acid precipitates the chloride
from all solutions, and when the acid is boiled with glacial acetic acid
the acetate, melting at about 205 C., separates out on cooling.

Pfaenyl-m-phenyienestibinic acid,

HO
Six parts of 3-ammodiphenylstibinoxide are dissolved in a little methyl
alcohol by the aid of 21-7 parts of hydrochloric acid (density 1-084),
and after dilution with water a solution containing 1 42 parts of sodium
nitrite is added.
The diazo-solution is then neutralised with sodium
hydroxide, when nitrogen is evolved. After completion of the reaction
the stibimc acid is precipitated by acidification. The crude acid is
collected, dissolved in warm alcoholic hydrochloric acid, reprecipitated
by water and extracted with ether. The ether solution is shaken with
dilute sodium hydroxide solution, and then separated and treated with
ammonium chloride, when the stibmic acid is precipitated. In the
dried condition the acid is a pale brown powder, decomposing when
it is only sparingly soluble
heated, without any definite melting-point
in alkali, but readily soluble in warm acetic acid. 1
Ghloro-m-plienylenestibinlc acid,
;

OH

H
3-Ammo-4-chlorophenylstibmous chloride, 32 parts, is dissolved in
400 parts of water containing 133 parts of hydrochloric acid (density
1-084) and diazotised by 7-3 parts of sodium nitrite, when a sparingly
Ice is added and the liquor well
soluble diazo-compound separates.
stirred whilst 200 parts of sodium hydroxide (density 1-19) are run in.

A

violent evolution of nitrogen takes place and when the reaction has
subsided the mixture is filtered and the acid precipitated by acidification
with hydrochloric acid. The acid is collected, dried, and dissolved in
warm alcoholic hydrochloric acid containing animal charcoal, from
which solution, after cooling, the acid is reprecipitated by dilution with
water. Final purification is effected by solution in alkali and repreThe acid thus obtained is a brown powder, which
cipitation by acid.
does not recuce Tollen's silver solution, and is only slowly soluble in
cold caustic alkali, more readily soluble on warming ; in most organic
2
solvents it is insoluble. The acid decomposes without melting on heating.
1
German Patent, 269205 The dimeric formula given
given in this patent for chloro-m-phenylenestibinic acid.
2
German Patent, 269205,
VOL. XI. : III.

is

based on the dimenc formula

15
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Benzidine

yields

when

distibinic acid

with

it.

acid

4-hydroxydiphenylstibinic

and not

diazotised p-aminophenylstibimc acid

is

the

coupled

1

Di-p-tolylstibinic acid,

be prepared by two methods 2 (1) Tri-jp-tolylstibme,
suspended in 150 c.c. of methyl alcohol and mixed with
another 30 c.c. of methyl alcohol which has previously been saturated
with hydrogen chloride. The mixture, through which a current of
carbon dioxide is passed, is boiled on the water-bath, and after about
15 minutes a clear solution results. After boiling for 1J hours the
liquid is cooled and made distinctly alkaline with dilute aqueous sodium
hydroxide. The white precipitate which separates is removed as a
suspension in ether and added to the solid obtained from the aqueous
layer by precipitation with acetic acid. The product is recrystalhsed
from alcohol. (2) A solution of 6 grams of tri-p-tolylstibine in acetone
is gradually added to a
boiling mixture of 113 c.c. of water, 37 c.c. of
5N sodium hydroxide and 22-5 c.c. of 6 per cent, hydrogen peroxide.
The solution, filtered from a slight precipitate, is treated with dilute
sulphuric acid and the voluminous white precipitate obtained is partly
dried, washed with warm alcohol, and recrystalhsed from benzene.
The acid is a white amorphous product, sintering at 230 C. and melting
at 260 C.
It is slightly soluble in hot or cold alcohol or cold benzene
This acid
9 grams,

may

:

is

and readily soluble in hot benzene.
3 3' 5 5'-TetrachIoro-4 4 -dimethoxydiphenylstibinic acid,
/

:

:

:

:

Cl
I

SbOOH

CH 3
Cl

This acid occurs when the corresponding stibinic
is a white amorphous powder, melting with
to 229 C.
In the usual solvents it is insoluble,
in warm dilute sodium hydroxide. Alcoholic
converts it into the chloride. 3
It

Di-biphenylstibinic acid,

is

hydrolysed.
decomposition at 228
but it slowly dissolves
hydrochloric acid re-

4

[O
is

chloride

- SbO

OH

a white amorphous powder, isolated from the trichloride by the
It softens above 201 C. and melts with

action of alcoholic ammonia.
decomposition at 204 to 205
1

2

3

C.

Riddell and Basterfield, (Trans. Roy. Soc, Canada,
Goddard and Yarsley, J. Ghem. floe., 1928, p 721.
Loloff, Ber 1897, 30, 2840.
,

4

IVorrall,

/ Amer.

Ghem.

/Soc

,

1930, 52, 2046,

1929,

[111],

23, III, 45.
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STIBINO-COMPOUNDS.

The stibmo-compounds may be obtained
(1)

By

2RSbO(OH) 2 + 4H 2
(2)

as follows

:

reduction of the corresponding stibimc acids

By

:

^RSb=SbR + 6H 2

reducing stibinoxides or dichlorostibines

:

2RSbO + 2H 2 --> RSb - SbR + 2H 2 O
2RSbCl 2 + 2H 2 -- RSb = SbR + 4HC1
The products thus obtained readily undergo oxidation, concentrated
them to explode. Since mineral acids cause the

nitric acid causing

bases to undergo decomposition, it is necessary in the case of
aryldichlorostibines that an excess of alkali
hypophosphite be present
to counteract the effect of the free acid formed.
The compounds
RSb = SbR are dark solids, dissolving in acids giving unstable solutions.
number of interesting compounds are also known which possess
the grouping
As=Sb
The compounds RSb = SbR tend to be
yellow, but substitution of arsenic for one of the antimony atoms,
RAs =SbR produces orange to yellowish-brown derivatives.

A

7

.

/

,

Stibinobenzene,

Two methods may be used for isolating this derivative (1)4 grams of
phenylstibinoxide in 80 c.c. of acetic acid and 80 c.c. of acetone are
treated with 12 grams of sodium hypophosphite in 15 c.c. of acetic
acid at 65 C. After 2 to 3 hours the brown precipitate which is formed
is washed with methyl alcohol to remove acetic acid and
immediately
dried in a vacuum desiccator. 1
(2) To a solution of 5 parts of phenylstibmic acid in the calculated quantity of dilute sodium hydroxide
10 parts of sodium hydrosulphite in aqueous solution are added with
The mixture is then warmed at 30 C. for several hours, the
stirring.
stibino-compound separating as a yellow precipitate, which finally
becomes brown. The product is collected, dried, and freed from impurities by boiling with a mixture of equal parts of benzene and alcohol
and a little copper powder for several hours. The mixture is then
filtered and the solvents distilled off, the
stibino-compound being
obtained as a pale yellow powder. 2
Stibinobenzene darkens and sinters at about 160 C., finally yielding
a black mass. It is insoluble in water, but dissolves in glacial acetic
acid and may be recrystallised from chloroform. Oxidation readily takes
place in air, fummg nitric acid oxidises the compound explosively, and
hydrogen peroxide in acetic acid solution converts it into phenylstibmic
:

acid.

3

:

S'-Diaminostibinobenzene,
Sb=S
ibr,

1
2

Schmidt, Anndlen, 1920, 421, 221.
GermanJPatent, 268451
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Three processes have been evolved for the preparation of this compound
(1) 3-Aminophenyldichlorostibme hydrochloride, 3-2 grams, is made
into a paste with 10 c.c. of water and treated with a solution of 10 grams
of sodium hypophosphite in 25 c.c. of water and 10 c.c. of hypophosphorous acid (density 1-15), the operation being conducted at a temperature of 50 C. in an atmosphere of carbon dioxide. When the
:

reaction is complete the solution is cooled, a salt of the base separating
out.
This is dissolved by the addition of water and the solution poured
into dilute soda solution, when dark brown flocks of the base are pre1

(2) 3-Aminophenyldichlorostibme hydrochloride, 128 parts,
dissolved in 2000 parts of water containing 64 parts of sodium
hydroxide. To the solution is added a filtered solution prepared from
100 parts of sodium hydrosulpmte and 50 parts of magnesium chloride
in 1000 parts of water and 100 parts of 10 per cent, sodium hydroxide
After a short time a yellow precipitate commences to
solution.
separate, the rate of deposition being increased if the solution be warmed.
After several hours the thick orange-yellow paste is filtered off and

cipitated,
is

sodium hydroxide solution,
3-Aminophenyldichlorostibme
hydrochloride, 32 parts, in 1000 parts of water, is treated with a
saturated solution of 70 parts of sodium hypophosphite. An excess
of hypophosphite is used to counteract the tendency of the mineral
acid produced to decompose the base. The mixture is rapidly heated
to about 100 C., and poured into ammoniacal ice-water, when the
The reduction may also be effected
stibi no- compound is precipitated.

washed successively with water,
water again, and dried. 2

then

methyl alcohol

in

dilute
(3)

solution.

3'-Diaminostibinobenzene is a dark brown powder, sintering
above 120 C. and forming a black mass. It dissolves rapidly in hydrochloric acid, excess of which precipitates a light brown dihydrochloride.
Solutions in glacial acetic acid soon become brown. With sulphuric
If an hydrochloric acid solution of the
acid a sulphate is produced.
base be allowed to stand, decomposition gradually takes place, metallic
antimony separating out. The base rapidly oxidises in air and explodes
when treated with nitric acid (density 1 49). Solutions in tartaric
acid may be reprecipitated by alcohol, this affording a method for
purifying the base. The base is converted by acetic anhydride into
3 3'-diacetamidostibinobenzene, a yellow powder, insoluble in water
3

:

:

and organic solvents. 3
4 1'-Diaminostibinobenzene, 4
:

is

obtained by reducing 4-nitrophenylstibinic acid with sodium hypo-

sulphite,

1-Stibinonaphthalene

is

similarly obtained

from a-naphthylstibinic

acid.

4

:

4'-CarboxymethylstiMnobenzene has been isolated only in an impure

state.
1
2

3

4

Schmidt,

German
German

loc

cit.

Patent, 268451
Patent, 284231

Riddell and Basterfield, Trans. Roy. Soc. Canada, 1929,

[in],

23, III, 45.
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/

:

4 -dihydroxystibinobenzene,
3b=Sb

<

"

the analogue of
salvarsan" and is prepared as
follows
(1) 3-Amino~4-hydroxyphenyldichlorostibine hydrochlonde,
2-2 grams, is treated with 4 c.c. of acetic acid and 7 c.c. of water,
followed by a solution of 6 6 grams of sodium hypophosphite in 18 c.c.
The
of water and 6-6 c.c. of hypophosphorous acid (density 1-15).
mixture is rapidly filtered and warmed at 30 C. for 45 minutes, the
This

is

compound
:

operation being conducted in an atmosphere of carbon dioxide. A
red solid separates, and after several hours cooling
ice, the product
The substance obtained is a phosphite or
is filtered off and dried.
hypophosphite of the base, and when dissolved in alkali or ammonium
hydroxide is decomposed on the addition of ammonium chloride with
The product thus obtained is washed and
liberation of the free base.

m

dried in vacua. 1
(2) 3-Nitro-4-hydroxyphenylstibimc acid is dissolved
in the solution from 6 parts of sodium hydroxide in 500 parts of water
and mixed with a solution containing 200 parts of anhydrous sodium
hydrosulphite in 400 parts of water containing 17 parts of sodium

hydroxide. The red solution obtained slowly decolorises and a precipitate separates which redissolves on the addition of more sodium
hydroxide. The liquid is now heated at 40 C. for several hours, when
3 3'-diamino-4 4'-dihydroxystibmobenzene commences to separate as
a reddish-brown precipitate. When no further deposition is observed,
the solid is filtered off and washed in the absence of air.
The stibmo-compound is a dark brown powder, very readily oxidised
and exploding when treated with nitric acid (density 1-49). It is
soluble in dilute sodium hydroxide or acids, the solutions being unstable.
The dihydro chloride is precipitated from a solution in dilute hydrochloric acid by adding concentrated hydrochloric acid, and sulphates
precipitate an add sulphate from solutions of the hydrochlonde.
Alkaline hydrogen peroxide converts the stibmo-compound into
3-ammo-4-hydroxyphenylstibinic acid. The hydroxyl-group is detected
by means of ferric chloride, and the ammo-group by diazotisation and
The base is also readily acetylated, and it condenses with
coupling.
:

:

aldehydes.
3 3'-Diamino-4-hydroxyarsenostibinobenzene, 2
:

HO-

/

\

NH

NH

2

2

This derivative is formed by condensing 3-amino-4-hydroxyphenylIt is a brown powder,
arsine with 3-aminophenylstibinous oxide.
insoluble in water, soluble in aqueous sodium hydroxide, giving a
brownish-red solution in which oxidising agents cause scission of the
molecule. Hydrogen chloride reacts to form a dihydrochloride.
4'-Gliloro-3 -aiiimo-4-hydroxyarseiiostibinobenze3ie,
/

11

Schmidt, Annalen, 1920, 421, 151.

2

German

Patent, 396697.
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the condensation product of 8-amino-4-chlorophenylstibinous oxide
and 4-hydroxyphenylarsine. It forms a reddish-brown mass, which gives
a hydrochloride as an orange-yellow powder, fairly stable in air.
3 - Amino -4' -acetamido -4 -hydroxyarsenostibinobenzene

is

,

GO CH 3

from 8-ammo-4.-hydroxyphenylarsine and 4-acetanudophenylstibinous
a brown powder, soluble in dilute acid or alkali,
with potassium antiS-Amino-4-hydroxyphenylarsme also reacts
to form a dark brown arsenicsolution
alkali
in
tartrate
aqueous
monyl
1
This body yields a
antimony compound, soluble in acid or alkali.
derivative when shaken with sahcyl aldehyde.
N-hydroaybenzylidene
sodium hydroxide reacts with
4-Hydroxyphenylarsme in aqueous
an alkaline antimony solution, prepared from antimony trichloride with
the addition of glycerol, to form a dark brown arsenostibmo-compound,
is

oxide,

soluble in dilute alkali, insoluble in dilute acid.

4'-Chloro-3

/

:

3 -dlamino-4-hydroxyarsenostibinobenzene,

HO-

-As

=

the condensation product of 3-amino-4-hydroxyphenylarsme and
in dilute aqueous hydro3-amino-4-chlorophenylstibmous chloride

is

2
chloric acid solution.

3

:

3'-Diamino-4

/

:

4 -dihydroxyarsenostibInobenzene,

HO-/

N-As = Sb-

3

VOH
"

"

This compound is of interest since it resembles salvarsan in structure,
the difference being that one arsenic atom is here replaced by antimony.
Two solutions are prepared to isolate this compound. The first conin 300 c.c
sists of 12-8 grams of 8-mtro-4-hydroxyphenylarsimc acid
to 45 C.
heated
sodium
cent,
40
of
c.c.
8-5
hydroxide,
of water and
per
The second solution is similar to the first, but 15 grams of S-mtro-4the arsimc acid. These solutions
hydroxypheiiylstibmic acid replace
are simultaneously added to 300 grams of sodium hydrosulphite in
1700 c.c. of cold water, the mixture being stirred during the operation.
The temperature is gradually raised to 68 C., when the base separates
an inert atmosphere, washed
out and after 1-5 hours is filtered off
with water and finally with methyl alcohol. The base when dry is

m

m

neutral solvents. The dihydrochloride is prepared by susbase
the
methyl alcohol and adding 12 c.c. of a 29 per cent,
pending
solution of methyl alcoholic hydrogen chloride. The solution after filtration is poured into dry ether or concentrated hydrochloric acid, when
the salt separates. It is a brownish-yellow amorphous powder, soluble
Sodium hydroxide
in water, the solution having an acid reaction.
insoluble

m

1

2

3

German

Patent, 397275.
Schmidt, Annalen, 1920, 421, 232.
American Patent, 1422294.
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soluble in excess of precipitant.
sodium sulphoxylate derivative of the base,

HO-/

is

\-As = Sb-/

NH

VoH
NH CH

2

The

2

O.SONa

formed by dissolving 1-9 grams of the dihydrochlonde in 6 c.c. of
methyl alcohol and adding 2 c.c. of a 87-5 per cent, solution of sodium
sulphoxylate. The mixture is neutralised with sodium carbonate,
filtered and poured into 400 c.c. of anhydrous alcohol-ether (1
1).

is

:

The precipitated product is dried in vacua. It is obviously impossible
to ascertain in which ammo-group the substitution has occurred.
4'-AcetamidophenylstIbiiioarseiio-4-plienylglycme,

H0

2

C

\-As = Slb~/

CH NH-/
2

:L

\-NH.CO.CH 8

This derivative results when 14 grams of phenylglycme-p-arsimc acid
in 200 c.c. of water and 100 c.c. of normal sodium hydroxide solution
are mixed with 15-2 grams of 4-acetamidophenylstibinic acid in 300 c.c.
of water and 50 c.c. of sodium hydroxide, and the whole reduced with
sodium hydrosulphite. The product is brownish-black, soluble in
aqueous alkalis or aqueous pyridme, but insoluble in water, alcohol
or acetone.

4-Hydroxyphenylarsenostibinobenzene,

2

Phenylstibinoxide, 2-13 grams, is dissolved in 100 c.c. of hot acetic acid
and a methyl alcohol solution of 1-7 grams of 4-hydroxyphenylarsme
added. After boiling for a short time the solution is poured into ether,
the required compound being precipitated as a brown powder, soluble
in alkalis.

4

4 -Dihydroxystibinoarsenobenzene, 3
/

:

HO-/

V-As = S

Solutions containing, respectively, 12 grams of sodium 4-hydroxyphenylarsinate in 240 c.c. of water and 13-2 grams of 4-hydroxyphenylstibmic acid in 30 c.c. of water and 50 c.c. of normal sodium
hydroxide, are mixed together and diluted with 1250 c.c. of water.
To this solution 250 grams of sodium hydrosulphite are added and the
whole stirred until no further precipitate separates, the operation being

completed in about two hours. The product is then filtered off, washed
with water and dried in a vacuum. It is a brownish-black powder,
insoluble in water, soluble in alcohols, acetone, pyndine and aqueous

sodium hydroxide.

3~Ammo-4-hydroxyphenylarsenostibinobenzene,

4

-As=Sb-

NH
1

4

3564.

2

3
German Patent, 270255.
German Patent, 269744.
German Patent, 270255
German Patents, 269743, 270255, 270259; Ehrhch and Karrer, Ber., 1913, 46,
2
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prepared by either of the following methods
(1) 3-Amino-4-hydroxyphenylarsme, 1 9 grams, is dissolved in 30 c.c
of methyl alcohol and about 1 c.c. of 10JV alcoholic hydrochloric acid
added, oxygen being excluded. To the solution 2-7 grams of phenyldichlorostibine in methyl alcohol are added, and 500 c.c. of ether stirred
The hydrochloride of the required base separates
into the mixture.
out as a brown amorphous powder, which is washed with ether and
dried in vacuo.
(2) 10 grams of 3~airuno-4-hydroxyphenylarsenoxide
in 60 c.c. of methyl alcohol, 200 c.c. of water and 50 c.c. of normal
sodium hydroxide solution are mixed with 12*3 grams of phenylstibimc
acid in 300 c.c. of water and 50 c.c. of normal sodium hydroxide. The
mixture is then treated with 200 grams of sodium hydrosulphite and
40 grams of magnesium chloride in 1000 c.c. of water and the whole
stirred at room temperature until a test portion remains clear on
warming. The precipitate is filtered off, washed with water and dried
The product is a brownishin vacua, the yield being quantitative.

This derivative

may be

:

yellow powder, readily soluble in pyndine, aqueous alkalis and methyl
The hydrochlonde yields a yellowish-brown addition product
alcohol.
with gold chloride., and a brownish-green compound with osmium
chloride, these being soluble in water but insoluble in ether.
3 - Amino - 4 - hydroxyphenylarseno - 4' - acetamidostibino -

benzene hydrochloride, 1

VAS = sb-<"

HO-/

VNH co OH,

compound is obtained in brown flocks when 1*64 grams of 4-aeet2
amidophenyldi-iodostibme in 40 c.c. of acetic acid are treated with
[)*8 gram of 3-amino-4-hydroxyphenylarsine in alcoholic hydrochloric
It is readily soluble in water
acid and the whole diluted with ether.
or methyl alcohol, and gives a clear solution in alkalis.
3-Amino-4-hydroxyphenylarsenoantimoiiioiis acetate hydro3
chloride,

This

EO ~X

NH

/-As
2

= SbO CO CH 3

.HC1

is the condensation product of
3-amino-4-hydroxyphenylarsine
grams), in a little methyl alcohol, with a hot solution of 3*6 grams
of tartar emetic in acetic acid. After boiling for a minute, brownish-

This
(2

yellow flocks separate, which are easily soluble in water, alkalis or
From the latter solution sulphuric acid
dilute hydrochloric acid.
precipitates a sparingly soluble sulphate, and dimethylammobenzaldehyde a sparingly soluble Schiff's base.

4-Acetamidophenylarsenoantimonious bromide, 4

CH 3 CO.NH-/

VAS = SbBr

4-Acetamidophenylarsine (0-6 part), obtained by the reduction of
4-acetamidophenylarsmic acid with zinc dust and hydrochloric acid,
is dissolved in 50 c.c. of methyl alcoholic
hydrochloric acid and 1*08 parts
1

3

Ehrlick arid Karrer, Ber
Patent, 269744.

German

,

1913, 46, 3564.

2
*

German Patent, 214428.
German Patent, 269743.
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On pouring
of antimony tribromide in 25 c.c. of methyl alcohol added.
into ether, a reddish-brown powder of the constitution indicated is
It is soluble in water and dilute hydrochloric acid.
precipitated.
3

-

Amino

-

hydrochloride,

4

-

chloride

faydroxyphenyiarsenoantimonious

1

HO-/

\As=SbCl

A

solution of I gram of 3-amino-4-hydroxyphenylarsine in methyl
alcohol is mixed with a similar solution of 1 23 grams of antimony
88 gram of crystalline cupric chloride in
After adding
trichloride.
methyl alcohol, the required compound is precipitated in the form of
For
its cupiic chloride addition compound by the addition of ether.
the product obtained when the preparation is carried out in methyl
alcohol solution containing hydrochloric acid, the following formula

has been suggested, but

not supported by analysis

it is

2
:

Bis -3 -amino -4 -hydroxyphenylarsenoantlmonide
y

v
/>~,tXS

~'\

=

IO

U

OU

=

.tt.b-'v

VOH
}
NH

A

3
,

2

solution of 23-3 grams of 3-ammo-4-hydroxyphenylarsmic acid in

400 c.c. of water and 60 c.c. of 2N sodium hydroxide solution is mixed
with 33-2 grams of tartar emetic in 650 c.c. of water. The mixture is
then added to a solution of 500 grams of sodium hydrosulphite and
100 grams of magnesium chloride in 2500 c.c. of water and the whole
well stirred at50to55C. until a test portion remains clear on warming.
The precipitate is then filtered off, washed and dried in a vacuum. It
dilute hydrochloric
is a reddish-brown powder, giving clear solutions
acid and aqueous sodium hydroxide.
4
Bis-4-amino-3-carbomet!ioxypheiiiylarsenoantiinoiiide,

m

s

= Sb Bb=l
COOMe

iOOMe

when antimonyl chloride is condensed with methyl anthranilylIt is a brown powder, sparingly soluble
arsine in acetic acid solution.
in water or methyl alcohol.
4-ArsinophenyIstibinous oxide or Phenyl~l-arsenoxide-4-stibin-

results

5

oxide,

OSb-/

N-AsO

occurs as a colourless powder when the corresponding acid is reduced
with sulphur dioxide in the presence of a trace of iodine in methyl
Reduction in the absence of
alcoholic hydrogen 'chloride solution.
1

3

German
German

Patent, 270259.
Patent, 270255.

4

German

2
Ehrlich and Karrer, kc. cit.
5
German Patent, 397151.
Patent, 269744.
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an intermediate product. Reduction of the oxide by
in acetic-hydrochloric acid solution in the presence
acid
phosphorous
This might have any
of iodine gives a pale yellow reduction product.
of the structures
iodine gives

Phenylarsinic acid-stibmic acid is reduced by sodium hyposulphite
Reduction of 4-hydroxyphenyl-l-arsimc
to a dark brown product.
acid-3-stibimc acid, HO.C 6 3 (Sb0 3 2 )(AsO 3 2 ), by stannous chloride
and concentrated hydrochloric acid in the presence of a trace of iodine,

an orange-yellow

yields

solid,

H

H

H

probably A-hydroxyphenylstibinem sine.

AZO-COMPOUNDS.

Sodium 2-acetamidoazobenzene-5

:

4'-distibinate,

1

SbO(ONa) 2
(NaO) 2 OSb-/

\-N = N-/

S

NHAo

when

occurs

diazotised j9-aminophenylstibinic acid

m

is

coupled with

alkaline solution.
sodium p-acetamidophenylstibinate
4 - Hy dr oxybenzeneazo -4' - methoxy phenyl -2' - stibinic acid

2
,

SbO(OH) 2
is

prepared from 3-methoxy-6-acetamidophenylstibmic acid by hydrodiazotisation and coupling with phenol.

lysis,

Azobenzene-p~ stibinic acid,

is

isolated

by diazotismg and

"

tc

stibmating

jp-ammoazobenzene.

ARSINICSTIBINIC ACIDS.

p-Phenylenearsinicstibinic

H

acid,
[{C 6 4 (As0 2 )(Sb0 2 ).H 2 0}.
jp-Anunophenylarsinic acid, 21*7 grams, is dissolved in
100 c.c. of water and 60 c.c. of 5N hydrochloric acid and diazotised.
To the diazo-solution is added successively 34 grams of tartar emetic
in 200 c.c. of water and 120 c.c. of 5N ice-cold sodium hydroxide.
Nitrogen is evolved and the reaction is complete when a test portion
no longer couples with R-salt. Acidification with dilute hydrochloric
acid then precipitates the crude acid, which is freed from antimony
tnoxide by stirring the moist paste with 200 c.c.. of 5N hydrochloric

4H 2 O]

aJ

.

1

Brakmachan and Gupta,

2

Riddell and Basterfield, Trans. Roy.

J. Asiatic Soc. Bengal, 1929, 25, 301.
JSoc. Canada, 1929, [m], 23, III, 45.
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and washing with

similar acid until a test portion of
not orange-red when treated with hydrogen
The acid may be further purified by forming a paste with
sulphide.
200 c.c. of hydrochloric acid (density 1*19), the product soon dissolving.
Charcoal is added, the mixture filtered and the filtrate stirred with
20 c.c. of pyridme and 75 c.c. of hydrochloric acid (density 1*19), when
the pyridme double salt separates. This is filtered off, decomposed by
water, the solution filtered and the solid dissolved in sodium hydroxide.
The addition of dilute hydrochloric acid then precipitates pure
p-phenylenearsmicstibinic acid. This is removed, washed and dried
at the ordinary temperature, then stirred several times with water,
air until constant in weight.
The acid may also
washed and dried
be obtained by treating diazotised stibamhc acid (p-ammophenylstibmic acid) with alkaline arsemte.
From the first method of preparation about 25 grams of colourless
powder are isolated. This gives white fumes and a cacodyl-like odour
when heated on platinum foil. It is not soluble in the usual solvents,
alkalis and concentrated hydrochloric acid.
but dissolves readily
Like the primary stibmic acids it exhibits the phenomenon of gradual
neutralisation with alkali hydroxide, the rate of neutralisation depending on the concentration of the hydroxyl ions, the temperature and the
The steps in the process of neutralisation are not
particular cation.
sufficiently sharply differentiated to allow conclusions to be drawn as
Ammonium
to the degree of polymerisation of the compound. 1
chloride in hydrochloric acid solution reacts with the acid to form the
compound [H 2 3 As.C 6 H4.Sb(OH)Cl 3 ] 3 [NH 3 ] 2 .6H 2 0, a white, crystalline
the usual organic solvents, only decomposed by
product, insoluble
water with difficulty and soluble in an excess of dilute sodium hydroxide
solution.
Pyridme hydrochloride reacts with the arsimcstibinic acid to
form the compound (H 2 O 3 As.C 6 f SbCl 4 ) 2 (C 5 5 N.HCl) 3 .l-|H 2 O.
4-Hydroxyphenylene-l-arsinic acid-3-stibinic acid, [{HO.
This is formed by the diazotisation
C 6 8 (AsO 2 )(Sb0 2 ).H 2 0}.3H a O] ?
of 3-ammo-4-hydroxyphenylarsimc acid and treatment of the product
with tartar emetic in alkaline solution. The acid is purified by the
methods adopted for the preceding acid, which the present compound
resembles in properties.
acid, filtering

the nitrate on dilution

is

m

m

m

H

H

H

.

The analysis of these compounds is effected by boiling them with
a mixture of concentrated sulphuric acid and nitric acid (density 1-49)
and subsequent treatment of the solution with ammonium sulphate
The arsenic and
until all the residual nitric acid has been destroyed.
antimony are then estimated in the usual manner.
-

3-Nitrophenylene-l-arsinic acid-4-stibinic acid,

bOjji

TwELjO

3-Nitro-4-aminophenylarsimc acid is diazotised and treated with tartar
emetic in neutral or slightly acid solution. The resulting product is
a brown powder. 2
1

2

Schmidt, Ber., 1924, 57, [B], 1142.
German Patent, 296940.
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1
AZO-DYES CONTAINING ANTIMONY.

These dyes are prepared by the diazotisation and coupling of
The powdered products
p-aminophenylstibinic acid (stibanihc acid).
are mostly of brown shades and all are insoluble in water, alcohol,
soluble in phenol, but readily
acetone, chloroform and benzene, sparingly
sodium and ammonium hydroxides. They do not melt and
soluble
The disodmm salts are obtained
are not decomposed at 250 C.
solid form as brown scales, dilute solutions of which in water range
from deep orange-brown to yellow-brown. The solutions dye wool a
The compounds are perfectly stable over a period
light orange-yellow.
unaffected by light or heat. The salts are
are
and
of six months,
insoluble in most organic solvents, but are fairly soluble in waterThe following azoalcohol mixtures, precipitating on long standing.
with which the diazotised y-aminothe
are
known,
compound
dyes
acid is coupled being shown in brackets
4-hydroxyazo-

m

m

:

phenylstibmic
f

r

-stibinic
benzene-4 'Stibinic add (phenol) 4-hydroxy-2-chloroazobenzene-4
f
acid
acid
4-hydro%y-3-nitroazobenzene-4 stibinic
(o-chlorophenol)
acid (o-armno4-hydrotxy~3-aminoazobenzene-4'--$tibinic
(0-nitrophenol)
- 3 methylazobenzene 4' stibinic acid (o cresol)
phenol) ; 4 hydroxy
The use
acid (salicylic acid).
4-hydroxy-3-carboxyazobenzene-4'-$tibinic
The general
of pyrocatechol does not give the expected product.
formula of the compounds may be represented thus
;

;

;

;

:

/

\

/

SbO(OH)o

i
diazotised and coupled
y-Ammophenylstibinic acid has also been
2
with the following compounds, the colour of the dye being indicated
:

Dimethylaniline (brown), diethijlaniline (purple), a-naphthol-4-sulphonic
acid (dark red), 2 5-aminonaphthol~7-sulphomc acid (light reddishacid (dark brown), 1 8brown), 2-napMh<ylamine~3 C-disulphonic
salt purple), 2-naphtholacid
(sodium
6-disulphonic
aminonaphthol-3
3 6-disulphonic acid (sodium salt orange-brown), and 1 8-dihydroxi/salt purple).
naphthalene-3 6-disulphonic acid (sodium
:

:

:

;

:

:

:

HETEROCYCLIC COMPOUNDS CONTAINING ANTIMONY.
Phenylcyclotetramethylenestibine,

CH

2

CH

CH

2

CH/"

2

v

m

To the magnesium compound from 50 grams of 1 4-dibromobutane
200 c.c. of anhydrous ether, 40 grams of phenyldichlorostibme dissolved
in 3 volumes of dry ether are slowly added, the mixture being well
3
cooled and stirred, and the operation conducted in an inert gas.
Fractionation of the resulting product after decomposition gives
15 grams of the stibme, B.pt. 156 to 158 C. at 20 to 22 mm., n p 1-6313
and m?-nc 0-02T3T at 23 C.
:

1

Dunning and Reid,

2

Ibid., 1927, 49, 2869.

s

Gruttner and Krause,

/. Amer. GJiem Soc. t 1926, 48, 2959.
er

,

1916, 49, 437.
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a colourless, somewhat viscous oil, of unpleasant odour, and
When dry
in the presence of traces of oxygen,
chlorine is passed into its solution in carbon tetrachloride and the solvent
removed, the dichloride is obtained as colourless crystals, M.pt. 150 C.
The dibromide, prepared in a similar manner, yields colourless needles,
M.pt. 149 C.
It

is

becomes cloudy even

Phenylcyclopentamethylenestibine,
(PTT
A,
.0-2

PUT
L Jtl

\

2

H
CH <
X CH 2 CH/>Sb.C 6 6
2

This occurs
is

replaced

when the I 4-dibromobutane in the preceding preparation
by 1 5-dibromopentane, and 75 grams of phenyldichloro:

:

stibine yield about 87 grams of the pure stibine.
It is a colourless
viscous oil of faint unpleasant odour, boiling at 169 to 171 C. at
18 to 20 mm., density 1-4966 at 20 C., n 1-6203 and n F -n 0-02412
at 22-4 C.
It dissolves in ether, benzene and carbon tetrachloride,
is fairly soluble in hot alcohol,
sparingly soluble in water. With ethyl
iodide and mercuric chloride no addition products are formed, but
atmospheric oxygen converts it in a few hours to phenylcyclopenta-

H

H

methylenestibine oxide, C 5 10 .Sb(C 6 5 ) 0, a colourless powder, unmelted at 280 C., soluble in alcohol, insoluble in petroleum ether.
The stibine also yields a dichloride, which is a white crystalline powder,
M.pt. 141 to 142 C.
:

Derivatives of pyridme, qmnolme or ^oquinohne may be prepared
diazotised ammo-compounds of such substances to
The parent
react with antimonites or the corresponding free acids.
material may contain substituents, e.g. hydroxy-, ammo-, carboxy- or
phenyl- radicals or halogens. The most advantageous proportions
appear to be 2 to 3 molecular equivalents of antimomte to each equivalent of heterocychc compound. Reduction with suitable agents produces stibmo-compounds. 1

by causing the

BENZENEDIAZONIUM CHLORIDE-ANTIMONY CHLORIDE INTERNAL
COMPLEX SALTS. 2
p - Chloro - rn - amino - benzenediazonium

chloride - antimony

chloride complex salt,
01

rN 2 Cl

!

p-Chloro-m-aminophenyldichlorostibine hydrochloride, 7 grams, is dissolved in about 20 c.c. of methyl alcohol and cooled in ice. Treatment
with 40 c.c. of 5N hydrochloric acid, followed by 30 c.c. of normal
sodium nitrite solution, causes the separation of a deep yellow to orangeyellow microcrystallme precipitate. After standing for five minutes
1

English Patent, 250287 (1924).

2

Schmidt and Hofmann, Ber

,

1926, 59, [B], 555.
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in ice, this product is collected, washed with ice-cold 5N hydrochloric
acid and dried in vacuo over caustic alkali and sulphuric acid. About
7 grams of orange-yellow powder result, which is about 100 per cent.
somewhat purer product is isolated if an ice-cold solution
yield.
50 c.c. of methyl alcohol are
of 7 grams of the stibine hydrochloride
treated with an ice-cold solution of 7 c.c. of amyl nitrite in 30 c.c. of

A

m

the orange-yellow body immediately separates and is
washed with acetic acid and dried. The complex salt decomposes at about 100 C. and explodes with evolution of fumes of
antimony oxide when heated on platinum foil. It cannot be further
In dry ether or benzene it is insoluble,
purified by recrystalhsation
and its solution in methyl or ethyl alcohol decomposes with evolution
of nitrogen even in the cold.
Water, aqueous sodium acetate, dilute
hydrochloric acid and acetic acid cause decomposition in the cold, and

acetic acid

;

filtered,

solutions cause energetic nitrogen
stibmic acids are formed in the latter case.

alkali

m-Amino-benzenediazonium
complex salt,

evolution

Alkali-soluble

chloride-antimony

chloride

N.C1

Owing to the sparing solubility of m-ammophenyldichlorostibine
hydrochloride, the preparation of the diazo-compound is accomplished
as follows
7 grams of the hydrochloride are stirred with powdered
ice and 15 c.c. of 5N sodium hydroxide solution, when a yellow preThis is rapidly brought into solution
cipitate of the oxide separates.
50
c.c.
of
5N
ice-cold
by
hydrochloric acid and diazotised by 30 c.c.
of normal sodium nitrite solution.
The precipitated diazo-compound
:

immediately collected and washed with ice-cold 5N hydrochloric
acid (20 c.c.).
The product readily decomposes, so that only small
An alternative
It decomposes at 165 to 167 C.
quantities are dried.
method of preparation consists of treating 16 grams of m-aminophenyldichlorostibine hydrochloride in 250 c.c. of methyl alcohol and 30 c.c.
of acetic acid with 8 grams of amyl nitrite. Alkali decomposes the
complex with evolution of nitrogen and formation of stibmic acids.
is

p-Benzenediazonium chloride-antimony chloride complex
salt,

N

2

C1

This may be prepared by methods similar to the foregoing. The acetic
acid in the second method of preparation is replaced by saturated
methyl alcoholic hydrogen chloride. The product is very unstable and
reacts with alkali in the usual manner.
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4-BENzisoxAziNE. 1

A

considerable amount of research has been carried out on the
arsenical derivatives of 1 4-benzisoxazine, 2 and the present compound
appears to be the beginning of similar work on antimonials.
:

3-Hydroxy-l

:

4-benzisoxazine-6-stibinic acid,
SbO(OH) 2

C

OH

CH
6-Ammo-8-hydroxy-l 4-benzisoxazine hydrochlonde (12 grams), when
subjected to the Bart- Schmidt reaction, yields 1-25 grams of the stibinic
acid as a light brown amorphous powder, insoluble in water and the
usual solvents, but readily soluble in dilute alkali solutions.
:

ANTIMONY COMPOUNDS OF THE QUINOLINE SERIES. 3
The general method of preparation for these compounds
follows

50

c.c.

The

T

is

aminoquinoline (6 grams or T T gram-molecule)
of water and 20 c.c. of hydrochloric acid is diazotised at
:

as
in
C.

The diazo-solution is added slowly,
with simultaneous addition of 20 c.c. of QN sodium hydroxide, to an
ice-cold solution prepared from 12-6 grams of antimony trichloride,
20 c.c. of 5N hydrochloric acid and 20 c.c. of glycerol, the resulting
mixture being treated with 6N sodium hydroxide until the precipitate
which forms just redissolves, after which the whole is diluted to 800 c.c.
After standing overnight the solution is filtered and the nitrate acidified
with acetic acid. The resulting precipitate is suspended in 50 c.c. of

by 3 grams

of

sodium

nitrite.

concentrated hydrochloric acid, the product collected after one hour
and washed with concentrated hydrochloric acid. The stibinic chloride
thus obtained free from antimony oxide is decomposed by excess of
dilute alkali and the stibinic acid precipitated by acetic acid.
Quinoline-5 -stibinic acid,
SbO(OH) 2

a buff powder, very sparingly soluble in most solvents, although
moderately easily soluble in glacial acetic acid and readily soluble in
The analysis corresponds to the formula
dilute acids or alkalis.
C 9 6 2 NSb.H 2 O. The sodium salt is readily soluble in water. When
C. with concentrated
the acid in dilute hydrochloric acid is treated at
this is
hydrochloric acid, a buff microcrystalline powder results
quinohne-'5- stibinic chloride hydrochloride, M.pt. 222 C.

is

H

;

Balaban, J Chem Soc , 1930, p 1685.
See this Volume, Part II, p. 427.
Morgan and Cook, /. Chem Soc., 1930, p. 743 These compounds are similar to
those described for arsenic in this Volume, Part II, p 419*
1

2

3
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Quinoline -6 -stibinic acid,

containing a molecule of water,

is a buff powder, moderately soluble
methyl alcohol and readily soluble in dilute acids or alkalis. The
sodium salt is a straw-yellow powder, readily soluble in water or alcohol.
Qiwnoline-fi- stibinic chloride hydrochloride, C 9 H 7 NCl 5 Sb, is a buff micro-

in

crystalline powder, M.pt. 237 C.
Quinoline -8 -stibinic acid,

N
occurs

in

two forms,

S'bO(OH) 2

water-insoluble,

(a)

water-soluble.

(b)

The

prepared in the usual way and the following formula is
assigned to it, C 9 6 2 NSb.|H 2 0. The water-soluble form is prepared by dissolving ordinary purified qumoline-8-stibimc acid in Q-2N
acetic acid and evaporating the solution to dryness in a vacuum

former

is

H

desiccator.

The

residue

is

redissolved in water,

and the solution again

The

resulting light brown powder is
readily soluble in water, the addition of a drop of sodium hydroxide
The formula of
resulting in the precipitation of the insoluble form.
When concentrated
this compound by analysis is C 9 6 2 NSb.H 2 0.
hydrochloric acid is added to an ice-cold methyl alcoholic solution of
the stibinic acid, small brownish needles of quinoline-8-stibinic chloride
These decompose at 200 to 210 C. and have
hydrochloiide result.
the constitution

evaporated to dryness in vacua.

H

01

ANTIMONIAL ANALOGUES OF THE CAEBAZOLE SERIES. 1

The scheme on the next page

indicates the

compounds

dealt with

in this section.
It

should be noted in connection with the nomenclature of these

that the term
compounds
"
"

"

"

xenyl

is

for diphenylyl

employed

and

for the bivalent radical of diphenyL
xenylene
Xenyl -o- stibinic acid, C 6 5 .C 6 4 .SbO(OH) 2 o-Aminodiphenyl,
50 grams, in 300 c.c. of water and 160 c.c. of hydrochloric acid (density
1*16) is diazotised with 22 grams of sodium nitrite in 100 c.c. of water
and to the diazo-solution are added 46 grams of antimony trioxide in
200 c.c. of hydrochloric acid (density 1*126), the temperature being
maintained between
C. and 25 C.
Diphenyl-o-diazonium antimony
tetrachloride separates as a light yellow precipitate, and after washing

H

1

Morgan and Davies,

H

.

Proc. Roy. Soc. 9 1930, A, 127,

1,

AROMATIC COMPOUNDS OF ANTIMONY.

\Sb

257

St/

with water this is suspended in 1500 c.c. of water containing 300 grams
of ice, the mixture being cooled to
C.
160 to 200 c.c. of glycerin
are added and 5N sodium hydroxide slowly introduced with stirring
until the mixture is faintly acid, about 300 c.c. of alkali being required.
When frothing ceases, a further 30 c.c. of 5N sodium hydroxide are
added and the liquid stirred until a sample no longer gives an azocoloration with H-acid.
The filtered liquid is acidified with dilute
;
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the
hydrochloric acid and warmed to complete the precipitation of
stibmic acid, which is freed from inorganic antimony compounds by
The residue
repeated washing with hydrochloric acid (density 1-126).
is extracted with %-5N sodium hydroxide solution, the extract filtered
and the filtrate acidified with acetic acid. The precipitated stibmic
acid dries to a white amorphous powder, sparingly soluble in hot water,

but separating from boiling alcohol as small, colourless

crystals.

Warm

concentrated hydrochloric acid converts the acid into xenyl-o-stibine
tetrachlonde, C 6 5 .C 6 4 .SbCl 4 a yellow oil which yields xenyl-o-stibine
.SbCl 5 ]NH 4 when shaken with a
.C 6
ammonium
[C 6

H

H

,

H

H

5
4
pentachloride,
saturated solution of ammonium chloride in hydrochloric acid (density

1*126).

H

,

H

Xenyl-o-dichlorostibine, C 6 5 .C 6 4 .SbCl 2 occurs when a methyl
alcohol hydrochloric acid solution of the foregoing acid containing a
trace of potassium iodide is reduced by sulphur dioxide. The resulting
mixture is extracted with chloroform and the oil obtained from the
extraction is dissolved in ether and diluted with petroleum (B.pt. 60
to 80 C. ), when rosettes of colourless needles separate on spontaneous
evaporation, M.pt. 76 C. The product is very soluble in ordinary
organic solvents. The dichloride is converted by sodium iodide in
which
acetone solution to xenyl-o-di-iodostibine, C 6 5 .C 6 4 .SbI 2
separates from alcohol as dark yellow needles, M.pt. 95 to 96 C.
,

H

H

,

Xenylenechlorostlbine,

SbCl

obtained by heating xenyl-o-dichlorostibine at 100 C. under 25 mm.
4 grams of xenyl-0-stibimc acid are added to
pressure, or as follows
10 c.c. of cold concentrated sulphuric acid, to which 5 c.c. of the same
acid are subsequently added. After warming on the water-bath for
ten minutes the whole is poured into a large volume of water. The
greyish-white precipitate which forms is washed, dried, and dissolved
in warm hydrochloric acid with the minimum quantity of methyl
alcohol.
fragment of potassium iodide is added and sulphur dioxide
passed in until crystals appear. Excess of sulphur dioxide should be
is

:

A

avoided and the temperature kept down, otherwise the antimony is
The crystals which deposit
entirely eliminated and diphenyl results.
on standing are recrystallised from alcohol containing animal charcoal.
The chloride separates as greenish-white acicular crystals, M.pt. 209 C.,
moderately soluble in hot chloroform, alcohol, acetone or benzene,
less soluble in carbon disulphide or light petroleum.
Sodium iodide
in acetone converts the chloride into xenyleneiodostibine, lemon-yellow
needles from benzene, M.pt. 222 C.

H

Xenylenemethylstibine, (C 6 4 ) 2 Sb.CH 3 is prepared by treating
the preceding iodide with magnesium methyl iodide. It crystallises
from petroleum as pale yellowish-white leaflets, M.pt. 57 C. It yields
a dibromide as a pale yellow microcrystallme powder, M.pt. 207 C.,
slightly soluble in acetone or alcohol but not appreciably soluble in
other organic solvents.
Tetrakis-o-xenylstibine
oxide,
(C 6 5 .C 6 4 ) 2 Sb.O.Sb
(C 6 Ha,C 8 Hg) 8 is formed when crude xenyl-o-dichlorostibine is digested
,

H

^

,

H
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warm

alkali, but preferably by adding an acetone solution of
dixenyl-0-chlorostibine to a large volume of water containing sufficient
ammonia to remain alkaline after heating the mixture on the waterbath.
The oxide is washed with warm water, dissolved
hot acetone,
and the solution rendered turbid by adding water. Evaporation of the
solution yields large, colourless, flattened needles,
M.pt. 157 C,
Dixenyl-o-chlorostibine, (C 6 H B .C 6 4 ) 2 SbCl. Crude oily xenyl0-dichlorostibme is poured into water and the liquid made slightly
alkaline with sodium or ammonium hydroxide.
The mixture is then
warmed on the water-bath and the precipitate which forms dissolved
in hot alcoholic hydrochloric acid, the chloride separating in colourless

m

H

needles on cooling, M.pt. 125-5 C.
It dissolves in most organic solvents,
except light petroleum. The corresponding iodide may be obtained by
the action of hydnodic acid on the foregoing oxide or sodium iodide
in acetone on the chloride.
It separates from alcohol or chloroform
as light yellow prisms, M.pt. 156 to 157 C.
Chlorine converts the
chloride into the trichloride, small colourless needles, M.pt. 177 C.
Bis-2 2 ""Xeiiylenestibme oxide,
/

:

Sb.O.S'

When

an acetone solution of xcnylenechlorostibme is poured into water
containing a slight excess of ammonia, a white flocculent precipitate
It crystallises from alcohol as yellowish-white
of this oxide separates.
C., readily soluble in chloroform, less
spangles, M.pt. 177 to 179
soluble in alcohol, acetone or benzene, and insoluble in water or 2N

sodium hydroxide.
Xenylene - o -xenyldidtilorostibine

,

-o
When

the foregoing trichloride

point under 20

mm.

pressure,

is

heated to 50

C.

hydrogen chloride

above
is

its

melting-

evolved

;

after

the residual product is extracted with warm chloroform.
After removing the solvent the solid is crystallised from chloroformSmall white nodules separate,
alcohol containing animal charcoal.
organic solvents, except chloroform,
M.pt. 212 C., moderately soluble
2 2 -Xenylene-o~xenylstibine,
cooling,

m

/

:
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occurs when the preceding chloride is suspended in 20 parts of alcohol
and boiled for two hours with two parts of zinc dust. On filtering
the concentrated solution large rosettes of colourless needles separate,
organic solvents.
M.pt. 106 to 107 C., readily soluble

m

WATER-SOLUBLE ORGANIC STIBINOUS COMPOUNDS.
The derivatives here mentioned have the antimony atom bound
to at least one carbon atom of an organic radical (preferably phenyl)
and the remaining bond or bonds of the antimony joined to a sulphur
atom or atoms, each sulphur atom being attached to the carbon of an
organic radical containing an acid group, which has a free valency bond
1
capable of being attached to hydrogen or a metal.
^-Hydroxyphenyldichlorostibine reacts with two molecular proportions of p-mercaptobenzenesulphomc acid, yielding p-hydroxyphenylstibinous p-thiobenzenesulphonic acid, a white product which does not
similar
melt or decompose below 300 C., and yields a sodium salt.

A

product results with thioglycollic acid. p-Hydroxyphenyldi-iodostibine
with thiosalicyhc acid gives p-hydroxyphenylstibinous thiosalicylic acid,
insoluble in water or ether, somewhat soluble in acetone or absolute

an indefinite melting-point, decomposing when heated,
and forming salts with sodium, potassium, calcium and like metals, also
with ammonium. Similarly, p-acetylaminophenylstibinous thiosahcyhc
and thiopropionic acids are known, melting at about 200 and 105 to
alcohol, having

107 C. respectively. Phenyldi-iodostibine gives phenylstibinous thioC., whilst the iodide,
benzenesulphonic acid, unmelted below 800
chloride or oxide may be converted into phenylstibinous thiosalicylic
acid, M.pt. 186 C.
p-Acetylaminophenylstibinous thiolenzenesulphonic
acid, p-aminophenylstibinous thiobenzenesulphonic acid, p-aminophenyl-

stibinous

thiosalicylic

acid

hydrochloride,

the

corresponding

meta-

compound, and cysteme hydrochloride, give a white, hygroscopic product with

>-acetylammophenylstibmous chloride hydrochlonde.

THE ESTIMATION OF ANTIMONY

IN ORGANIC COMPOUNDS.

Schmidt's Process. The following procedure is due to Schmidt 2
Mono- and diaryl- stibine oxides, also triarylstibines, containing an
ammo-group substituted in the benzene nucleus, can be estimated
directly by titration with iodine in very dilute and faintly acid solution.
A more general process consists of heating to boiling about 0-001 of a
molecular proportion of the substance, 0-2 gram of sodium chloride
and 3 grams of sodium bisulphate mixed in a Kjeldahl flask with 1-5 c.c.
of nitric acid (density 1-49) and 10 c.c. of concentrated sulphuric acid,
the heating being maintained for an hour. After cooling, a gram of
ammonium sulphate is added and the whole again boiled for thirty
minutes. The mixture is then diluted to about 300 c.c., and 20 c.c.
of 57V" hydrochloric acid added, followed by reduction by sulphur
dioxide in the presence of potassium bromide. The solution is finally
titrated with N/10 iodine solution made alkaline to sodium bicarbonate.
Macallum's Process* The substance, 0-2 gram, is dissolved if
:

1

American Patent, 1684920

2

Schmidt, Annalen, 1920, 421, 244, 245.
Macallum, J. Soc. Chem. Ind., 1923, 49, 469 T

3
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and treated with one
of concentrated sulphuric
acid.
After heating for a time the mixture is decolorised
by boiling
with 10 to 15 c.c. of hydrochloric acid and diluted with 50 c.c. of water
and 75 c.c. of hydrochloric acid. The antimony is reduced in the
cooled solution by shaking for three minutes with 5
grams of potassium
iodide.
After diluting with a further 125 c.c. of water, the solution
is titrated with
N/IQ sodium thiosulphate solution, using starch as
indicator.
If a blank be subtracted, each cubic centimetre of thiosulphate solution is equivalent to 0-006 gram of antimony, or 3 per
cent.
The qumquevalent antimony in a preparation may usually be
titrated directly under the foregoing conditions,
omitting, of course,
permanganate and 10

alkali,

c.c.

the permanganate and sulphuric acid. 1

FIG

6.

For readily oxidised antimony compounds the following method
and apparatus is used, taking as an example dimethylstibine
bromide. 2

Owing to the difficulty of weighing out the dimethylstibine bromide
without oxidation taking place, the apparatus shown in the figure was
designed for the analysis of easily oxidised or spontaneously inflammable
liquids.

The apparatus having been filled with nitrogen, the stop-cocks A
and B are opened, and C, D and E kept closed, the stop-cocks at the
top of the U-tube also being open. A vacuum of about 60 mm. is
used and the dimethylstibine bromide or other antimonial distilled into
the U-tube. The vacuum is then released with nitrogen, and enough
1

The following

are further references to antimony estimation

:

Michaehs and Reese,

Annalen, 1886, 233, 46, Michaehs and Genzken, AnnaUn, 1887, 242, 168; Loloff, Ber.,
1897, 30, 2835, Rohmer, Ber , 1901, 34, 1565; Cahen and Morgan, Analyst, 1909, 34, 3,
Fargher and Gray, J. Pharm and Exper. Therap., 1921, 18, 356.
The following deals with the estimation of antimony in the presence of arsenic Schmidt,
Ber , 1924, 57, [BJ, 1148
:

2

Morgan and Davies,

Proc. Hoy. Soc., 1926, A,

no,

523.
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D

of the bromide for a combustion run into T, the taps C,
open. The tap
having been closed, the small tube T

D

E being
taken out,

and
is

stoppers placed on both ends, and weighed. The weight of the empty
tube has previously been ascertained. The stoppers are then quickly
removed, the tap E opened, and the tube, after being wrapped in a
little asbestos paper, is placed
an 18 mm. combustion tube.
Liquid antimomals have hitherto been oxidised with nitric acid
and the antimony estimated as Sb 2 O 4
Some of them, however, react
too vigorously with nitric acid to permit of this method being used
with success. Moreover, the process involves very careful control of
the temperature to which the Sb 2 5 Sb 2 O 4 mixture is heated in order
to obtain only Sb 2 4
Consequently, the following method has been

m

.

.

evolved and found to give very consistent results
The required amount of antmionial is weighed out and heated in a
250 c.c. beaker with 15 to 20 c.c. of concentrated sulphuric acid and
:

1 to 2 c.c. of nitric acid (density 1-42).
The amount of nitric acid
required varies with the percentage of carbon present in the compound
to be analysed.
The mixture is heated until 4 to 5 c.c. of the sulphuric
acid remain. When cool, the liquid is diluted to 50 c.c. and 20 c.c.
of concentrated hydrochloric acid are added, together with 50 c.c. of
phosphoric acid (density 1*8). The solution is then treated with
sulphuretted hydrogen at 100 C. until black antimony sulphide is
obtained, 60 to 70 c.c. of water are added, and the gas passed in until
the crystalline antimony sulphide is completely precipitated. The
sulphide is filtered into a Gooch crucible, washed with sulphuretted
The crucible is placed
hydrogen, and dried in the following manner
in the glass tube B shown
the figure, which is fitted into a copper
This cylinder is 20 cm. long, has an internal diameter of
cylinder A.
3*7 cm., and is lined on the inside with thin asbestos paper.
Carbon
dioxide is passed in, and by means of the ring burner C the crucible is
heated slowly to 120 C. for about half an hour, and then raised to
280 C., being kept at this temperature for 1-| to 2 hours.
For the estimation of antimony in trialkylsti bines the following
method has been used x The compound is heated with sodium
carbonate in a stream of oxygen in a combustion tube. The contents
of the tube are then dissolved in 10 per cent, hydrochloric acid and
antimony trisulphide precipitated from the boiling solution by passing
in hydrogen sulphide for 30 minutes.
An equal volume of hot water
is then added to the liquid and the stream of
hydrogen sulphide continued for five minutes. The precipitate is collected on a Gooch
crucible, washed, dried for two hours at 130 C., then heated for two
hours at 280 to 300 C. in a carbon dioxide atmosphere and weighed.
:

m

:

1

Dyke, Davies and Jones,

J Chem

Soc

,

1930, p. 463

CHAPTER

VI.

ORGANOMETALLIC DERIVATIVES OF BISMUTH.
THE element bismuth does not tend to form organometalhc derivatives
with the same facility as the other members of Group V. In the case

R PX

of phosphorus pentavalent compounds of the
3
2 are unknown
type
in the aromatic series, whereas these are the most stable derivatives
in the case of bismuth.
It is more than forty years since any syste-

matic research on aliphatic bismuth compounds was carried out, so
that, whilst giving the data found in the literature, the author would
not care to vouch for the correctness of some of the work described in
the light of more modern work on the aromatic series. The aliphatic
bismuthines fall into three classes,
3 Bi,
2BiX and RBiX 2 where
is a monovalent element or radical.
The chief methods of preparing aliphatic compounds of the type
3 Ri are as follows
(1) Zinc dialkyls in dry ether solution are allowed to react with
bismuth halides

R

R

R

X

,

:

:

3ZnR 2 4- 2BiX 3 = 2R 3Bi -f 3ZnX 2
(2 )

Alloys of bismuth and potassium are treated with alkyl iodides

K Bi+3RI=R
3

3

:

Bi+3KI

The tnalkylbismuthmes are highly refractive liquids which fume in air
and have a tendency to explode when heated. Concentrated sulphuric acid causes violent decomposition, concentrated hydrochloric
acid acting with less vigour but with a similar result. Treatment with
chlorine or bromine eliminates an alkyl radical forming compounds of
the type 2RiX, and with trimethylbismuthine, methyl iodide at 200 C.
Mercuric chloride converts tnethylyields methyldi-iodobismuthine.
bismuthme into ethyldichlorobismuthme, whilst hydrogen sulphide
breaks it down to bismuth sulphide.
The second class of compounds, namely
2 BiX, although represented by solid products, is a decidedly unstable class. The compounds
are prepared by the halogenation of the tertiary bismuthines

R

R

:

R Bi+X =R BiX + RX
3

2

2

The remaining type, RBiX 2J occurs when the tnalkylbismuthines
are treated with bismuth halides or mercuric halides
:

R Bi-f2BiX =3RBiX
R 3Bi + 2HgX - 2RHgX + RBiX 2
3

2

3

2

In the case of methyldi-iodobismuthine or ethyldi-iodobismuthine their
or ethyl
preparation has also been effected by the action of methyl
263
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iodide on the tertiary bismuthine at high temperatures or, in the latter
case, by treating ethyldichlorobismuthine with potassium iodide. Silver
nitrate replaces the two halogen atoms of ethyldi-iodobismuthme by
two nitrate radicals.

Far more information is available in connection with aromatic
The methods available for the preparation of compounds
R 3Bi are as follows
(1) Heating together an aryl bromide and sodium-bismuth alloy

bismuthines.
of the type

:

This method gives yields as high as 75 per cent,

for a long period.

:

Na 3Bi + 3RBr = R 3Bi + 3NaBr
(2)

The

interaction of aryl

magnesium

the yield being about 60 per cent.

halides

and bismuth

halides,

:

3MgRX + BiX 3 = R 3Bi + 3MgX 2
(3) Mixing dry ether solutions of mercury diphenyl and bismuth
bromide gives quantitative yields of triphenylbismuthine. This
method is undoubtedly applicable to other aromatic bismuthines, the
obvious drawback being the preparation of the mercury diaryls, which
would involve as much difficulty as using methods (1) or (2) above
:

3R 2Hg + 2BiX 3 = 2R 3Bi + 3HgX 2
(4) Heating mercury diphenyl with metallic bismuth in a stream
of hydrogen for ten minutes, the yield being 41 per cent.
:

3R 2Hg + 2Bi = 2R 3Bi + 3Hg
(5) The removal of the halogen from triarylbismuthme dihahdes
by means of sodium hydrosulphite, aqueous or alcoholic alkali, or

moist silver oxide.
Only one mixed tertiary bismuthine is known, namely, diphenyl- anaphthylbismuthine. It may be obtained by the interaction of triphenylbismuthine and tri-a-naphthylbismuthine, or by the following
Grignard reactions
:

H5 2BiBr + C 10H 7MgBr = (C 6 H5 ) 2 (C 10H 7 )Bi +MgBr a
C 10 H 7BiBr 2 +2C 6H 5MgBr - (C 6 H 5 ) 2 (C 10 H 7 )Bi +2MgBr 2

(C 6

)

The reactions of various substances with triphenylbismuthine are
shown in the table on opposite page, and are typical for the type R 3Bi.
Aryldihalogenobismuthmes are few in number and tend to be
unstable, especially m the presence of moisture.
They are formed
(1)

When triarylbismuthines

R
(2)

By

3

are treated with

bismuth halides

:

=R 2 BiX +RBiX 2
2R 2BiX =RBiX 2 + R 3 Bi

Bi + BiX 3

the addition of halogens to diarylhalogenobismuthmes

R BiX + X
2

2

:

= RBiX 2 + RX

By the decomposition of dry triarylbismuthme dihahdes by
All the products in this class are solids.
The compounds of the type 2 BiX share the property of instability
possessed by the RBiX 2 derivatives. They occur along with com(3)

heat.

R

REACTIONS OF TRIPHENYLBISMUTHINE.
Reacting Substance.

REFERENCES.

Resulting Products.

Chlorine or bromine

Tnpheiiylbismuthnie dichloride or
dibromide

Michaelis

Iodine

Diphenyhodobismuthme and

Gillmeister,
30, 2843,

lodo-

benzene

and Marquardt,
Annalen, 1889, 251, 323,

and

Ber

1897,
Challenger

Allpress,

Ohem Soc

,

,

(Trans.

1915, 107,

16.

Iodine monochlonde
or moiiobromide

Diphenylchlorobismuthme or diand
phenyl bromobismuthine

Challenger and Allpress.,
ibid

lodobenzene.

Cyanogen iodide

and

Diphenylcyanobismuthme

do

lodobenzene

Thiocyanogen

Thiocyamc acid

Diphenylthiocyanobismuthine, bismuth thiocyanate, polymerised
thiocyanogen and phenyl thiocyanate

Challenger and Wilkinson,
Trans.
Chem
Soc. 9

Diphenylthiocyanobismuthine

Challenger,

1922, 121, 91.

Paton,

Smith

ibid.,

and

1923, 123,

1054.

Diphenylchlorobisrnuthine
aceto- or benzo- phenone

and

Diphenylchlorobismuthine
phenyldichlorophosphine

and

do.

Arsenic trichloride

Diphenylchlorobismuthine, phenyland diphenyldichloroarsine
chloroarsme.

do.

Antimony trichloride.

Diphenylchlorobismuthine and

do

Acetyl chloride or
benzoyl chloride
tri-

Phosphorus
chloride

Challenger and Ridgway,
ibid

,

1922, 121, 104.

tri-

phenylstibine dichloride.

Bismuth

trichloride

Bismuth tribromide

Diphenylchlorobismuthine.

do.

Pheny Idibr omobismut hine

Challenger and Allpress,

.

ibid

Mercuric chloride

Diphenylchlorobismuthine

and

phenylmercunc chloride
Silver nitrate.

Diphenylchlorobismuthine
cuprous chloride.

Thalhc chloride.

Diphenylchlorobismuthine
thallium diphenyl chloride

do

and

Silicon tetrachloride

Diphenylchlorobismuthine.

do

do

and

Tin diphenyl hydroxychlonde and
tin diphenyl dichloride.

tetra-

Challenger and Ridgway,
loc. cit

Stannic chloride.

chloride.

1921, 119, 919.

Compound AgN0 3 2AgC 6 H 5 ?

Cupric chloride

Titanium

,

Goddard,

ibid. t 1922, 121,

36.

Challenger and Pntchard,
tbtd., 1924, 125, 864.
do.

do
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pounds of the type RBiX 2 when bismuth halides react with tnarylbismuthines. The lodo-compounds are formed also by treating the
type R 3 Bi with iodine. Iodine monochlonde or cyanogen iodide also
removes an aryl group from triarylbismuthines
.

R Bi+ICl=R BiCl+RI
R 3Bi + CNI = R BiCN + RI
3

2
2

Bismuth halides

interact with lead tetra-aryls to yield similar products

R4Pb + BiX
Certain tnarylbismuthine
eliminate aryl bromide

3

:

= R 2 BiX + R 2 PbX 2
when

dibromides

boiled

in

dry benzene

:

R

3

BiBr 2

=R BiBr+RBr
2

The halogen may be removed from tnarylbismuthine
salts

such as potassium cyanide or lead thiocyanate

R BiX + KCN = R
R BiX +Pb(CNS) = R
3

3

2

2

2

dihalides

by

:

BiCN + KX + RX
BiCNS + PbX 2 +RCNS
2

2

R

BiX 2 form a relatively
The pentavalent bismuth derivatives,
3
stable class of compounds.
The most important members are the
since from these
and the dibromides,
dichlorides,
3 BiBr 2
3 BiG 2
substances most of the other compounds in the class may be derived.
Chlorine and bromine add on directly to triarylbismuthines
dry
solvents
3 BiG 2 (or Br 2 )
3 Bi + Cl 2 (or Br 2 )

R

,

R

,

,

m

:

=R

R

These two halogens may be replaced by other elements or radicals by
treatment with such inorganic salts as potassium fluoride or silver
salts

:

R

R 3BiCl 2 + 2KF
3 BiCl 2 +2AgN0 3

= R 3 BiF 2 + 2KC1
= R 3 Ri(N0 3 2 +2AgCl

Solution in concentrated sulphuric
elimination of halogen acid

)

acid

produces

sulphates,

with

:

R 3BiCl

2

H-H 2 S0 4 = R 3BiS0 4 + 2HC1

Treatment with sodium hydroxide, followed by carbon dioxide, yields
carbonates

:

R

3

BiBr 2

* [R,Bi(OH) J

>

R

3

BiC0 3

The carbonates dissolve in acids to yield other salts ; in the case of
acetic acid the diacetate is formed.
The latter also occurs when an
acetic acid solution of a tnarylbismuthine dihalide is heated with lead
acetate.
Moist ammonia converts the dihalides to hydroxy halides,

R

It is noteworthy that no di-iodides have been isolated,
3 Bi(OH)X.
iodine always causing the elimination of aryl groups.
Certain of the
dihalides have been nitrated, but the investigation is as yet not
sufficiently advanced to call for special comment regarding the position
of the mtro-groups.
The following table shows the typical reactions
of the type
BiX
3
2

R

.

REACTIONS OF BISMUTHINE DERIVATIVES OF
THE TYPE R 3 BiX
2.

ORGANOMETALLIC COMPOUNDS.

268

ALIPHATIC COMPOUNDS OF THE TYPE

R Bi.
3

Trimethylbismuthine, (CH 8 ) 8Bi. This compound may be iso1
by the interaction of bismuth bromide and zinc dimethyl in
dry ether solution. The ether is distilled off in a carbon dioxide
atmosphere, and after treatment of the residue with caustic soda, the
bismuthme is distilled off in a current of hydrogen.
A more recent method of preparation 2 is as follows 50 grams of

lated

:

crystalline bismuth trichloride are dissolved in 150 grams of 20 per
cent, hydrochloric acid and shaken in a stream of carbon dioxide with
60 grams of aluminium carbide, which is slowly added in portions of
5 grams.
The reaction takes about three hours to complete, after which
an atmothe product is extracted three times with 200 c.c. of ether
sphere of carbon dioxide or hydrogen, the ether then being removed
in vacuo at 10 C. A yield of about 20 grams of trimethylbismuthine
results from the foregoing quantities.
Trimethylbismuthine is a transparent, highly refractive liquid,
distilling in an indifferent gas stream at about 110 C., but exploding
It fumes in air, and the vapours attack
violently on heating in air.
the mucous membranes. It is readily oxidised. It has a density of

m

2*30 at 18

It is easily soluble in ether,

C.

alcohol, acetic acid or

petroleum ether, insoluble in water, but decomposed on long boiling
with the latter; it is volatile in steam. Contact with concentrated
sulphuric acid causes explosion, but concentrated hydrochloric acid
reacts as follows

:

(CH 3 3 Bi + 3HC1 = BiCl 3
)

Treatment with chlorine or bromine yields compounds of the type
R 2BiHal. and the type RBiHal. 2 is produced by the action of bismuth
It does not react with methyl
chloride or bromide or mercuric halides.
iodide at 150 C., but at about 200 C. ethane and methyl di-iodo9

bismuthine are produced.
Triettiylfoismu thine, (C 2 5 ) 3 Bi, has been obtained by the action
of ethyl iodide on potassium-bismuth alloy, 3 and from bismuth bromide
and zinc diethyl. It is a fuming oil, distilling unchanged at 107 C.
at 79 mm., and exploding when heated in air at ordinary pressures. 4
Its density is 1*82.
Its solubility and behaviour towards halogens is
similar to that of the methyl compound.
Evaporation of its ether solution in the presence of air leads to the formation of bismuth hydroxide,
and if the solution be saturated with hydrogen sulphide, bismuth
sulphide separates. If to a warm dilute alcoholic solution of tnethylbismuthine a similar solution of mercuric chloride is added, a precipitate
of mercurous chloride is thrown down
but if the order of addition is
reversed, ethylmercunc chloride and ethyldichlorobismuthine are pro-

H

;

duced

:

(C 2

H

5)3

Bi + 2HgCl 2

= 2C 2H 5 HgCl + C 2 H 5 BiCl 2

H

Triethylbismuthine sulphide, (C 2 5 ) 3 BiS. It has been stated
that an ether solution of triethylbismuthine, when saturated with
hydrogen sulphide, yields bismuth sulphide. When the latter is filtered
off and the mother liquor treated with water, a
yellow powder is
1

3

Marquardt, Ber , 1887, 20, 1516
Breed, Annalen, 1852, 82, 106

2

4

Hilpert and Ditmar, 5er., 1913, 46, 3738.
Dunhaupt, Annalen, 1854, 92, 371.
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formed, insoluble in water but easily soluble in ammonium sulphide.
This approximates to the composition (C 2 5 ) 3 BiS.Bi 2 S 3
Tri-Isobutyibismiithine, 1 (C 4 9 ) 3 Bi, is prepared in a similar way
to the methyl derivative, from zinc
di-wobutyl and bismuth bromide,
the reaction mixture being treated with sodium
hydroxide, when the
bismuthme separates out as an oil. It is a colourless liquid, B.pt.
160 to 162 C. at 74 mm., having a faint odour, fuming in air and
burning with a dull yellow flame. Even when distilled under reduced

H

H

pressure

it

.

partially decomposes, with separation of metallic bismuth.

Tri-isoamylbismuthine, (C 6 H n ) 8 Bi, has similar properties to the
foregoing compound, and distils in a carbon dioxide atmosphere at
190 to 200

C. at

70

mm.

R

ALIPHATIC COMPOUNDS OF THE TYPE

2

BiX.

DimethylchlorobismutMne, (CH 3 ) 2BiCL When trimethylbismuthine in petroleum ether is chlorinated, the solution being well
cooled, the monochloro-compound separates out as a white microC. in a sealed tube.
It is
crystalline powder, which melts at 116
easily soluble in alcohol, but not in ether, and cannot be recrystallised
2

without decomposition.

Dimethylbromobismuthine, (CH 3 ) 2BiBr is obtained m a similar
manner to the chloro-compound, the operation being carried out in
s

a carbon dioxide atmosphere.

It resembles the chloride in properties.

(CH 3 2 BiOH.

Dimethylhydroxybismuthine,

)

When

trimethyl-

and bismuth bromide (1 mol.) are allowed to
react in ether solution, an oil is produced, which yields the hydroxide
when treated with water. The compound is not stable when dry, and
bismuthine

(2 mols.)

with hydrochloric acid

it

reacts as follows

:

(CH 3 2 BiOH +3HC1 =2CH 4 +BiCl s
)

+H

2

When
is
is

heated with methyl iodide at 100 C., methyldi-iodobismuthine
formed, and with ammonium hydroxide or alcohol bismuth hydroxide
precipitated.

Diethylbromobismuthine, (C 2 H 5 ) 2 BiBr, is prepared in a similar
manner to the methyl compound, and is a white powder, igniting in
air,

with the formation of bismuth oxide.

(C 4 H 9 ) 2 BiBr, is obtained by
bromination of the tertiary bismuthine in a carbon dioxide atmosphere.
It forms white crystalline tablets, which are easily soluble in alcohol,
but soluble with difficulty in ether or petroleum. On exposure to the
air or on heating it burns with formation of bismuth oxide.
Di-isoamylbromobismutfaine, (C 5 n ) 2 BiBr, has not been isolated
in a pure state, the product obtained forming white crystals, easily
soluble in alcohol, but soluble with difficulty in ether.

Di-isobutylbromobismuthine,

3

H

.

ALIPHATIC COMPOUNDS OF THE TYPE

Methyldichlorobismuthine,
formed according to the equation

CH 3 .BiCl

4
2.

BBiX 2

This

.

is

compound

:

(CH 3 ) 3Bi +2BiCl 3 =8CH 3 .BiCl 2
1

Marquardt, Ber., 1888, 21, 2035.

2

3

Marqttardt, Ber., 1888, 21, 2035.

4

Marquardt, Ber., 1887, 20, 1516.
Marquardt, Ber. f 1887, 20, 1516.

t
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To

a solution of bismuth chloride in acetic acid the calculated quantity
of tnmethylbismuthine is added, the methyldichlorobismuthine separating out as yellowish-white plates, M.pt. 242 C. These are somewhat
soluble in alcohol or acetic acid, but insoluble in ether.
.BiBr 2 is prepared in the same
Methyldibromobismuthine,
3

CH

way

as the preceding

,

compound, using bismuth bromide.

It

is

a yellow

soluble with difficulty in alcohol, acetic acid or
benzene, and insoluble in ether.
Methyldi-iodobismuthine,
may be prepared by the
3 .BiI 2
usual method or by the interaction of trimethylbismuthme and methyl
It forms brick-red crystals, melting without decomiodide at 200 C.
at
225
C
somewhat soluble in alcohol, soluble with difficulty
position
in hot acetic acid, and insoluble in ether.
Methylbismuthine oxide, CH 3 .BiO. Two molecular equivalents
of tnmethylbismuthine in ether solution are treated with four equivalents
of bismuth bromide, and the precipitate obtained, after washing with
Addition of ammonium hydroxide to
ether, is dissolved in alcohol.

powder, M.pt. 214

C.,

CH

,

,

the solution precipitates the oxide, which is insoluble in water and
soluble with difficulty in ammonia, but dissolves in dilute hydrochloric
acid.
It soon decomposes on warming or standing in the air.
a
Ethyldichlorobismuthine, C 2 5 .BiCl 2 may be prepared
similar manner to the methyl compound, or by the action of mercuric

H

m

,

on alcoholic triethylbisrnuthine. It crystallises in plates,
which yield ethyldi-iodobismuthme when treated with potassium iodide.
1
Ethyldi-iodobismuthinej C 2H 5 .BiI 2 may be prepared (I) by the
action of aqueous potassium iodide on ethyldichlorobismuthine, (2) by
treating triethylbismuthine with ethyl iodide at a high temperature.
It forms seven-sided golden-yellow plates, which are easily soluble in
alcohol, soluble with difficulty in ether, and very slightly soluble in
water.
When an aqueous alcohol solution of the compound is treated
with a slight excess of sodium hydroxide, a yellowish- white precipitate
appears, which is not stable in the air when dry, and is probably ethylbismuthine oxide^ since it forms salts with acids. The alcoholic di-

chloride

,

lodobismuthine solution, treated with hydrogen sulphide, deposits
bismuth sulphide, and with silver sulphate the organic bismuth sulphate,
presumably formed, decomposes when the solution is concentrated.
Ethylbismuthine dinitrate, C 2 5 .Bi(N0 3 ) 2 When the foregoing di-iodo- compound is treated with alcoholic silver nitrate, the
silver iodide filtered off and the filtrate concentrated, the cooled liquid
solidifies to a crystalline mass, which on gentle warming explodes.
Analysis shows the crystals to be the dinitrate.
isoButyldibromobismutiii0e, C4 9 .BiBr 2J prepared from tnz'sobutylbismuthine and bismuth bromide, crystallises in honey-yellow

H

.

H

monoclimc prisms, which are readily soluble in alcohol or acetic acid,
but soluble with difficulty in ether. It is unaffected by air, and melts
at 124 C.
When heated with methyl or ethyl iodide in a sealed tube
at 150 C. the principal products appear to be trimethylbismuthme or
triethylbismuthine, not w obutyldi-iodobismuthme, which is unknown.
isoAmyldibromobi8muthine,C 6 11 .BiBr 2 The product obtained
melts at 134 C., but cannot be completely freed from bismuth bromide
th# determination of the metal is therefore high.
i

H

.

;

1

Compare Dunhaupt, Annahn, 1854,

92, 371.
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R Bi.
3

Triphenylbismuthine,

be obtained in a variety of ways
(I) By heating together equal
weights of bromobcnzene and sodium-bismuth alloy for a prolonged
The yield is about 75 per cent. 1 (2) By the action of
period.
phenyl
magnesium bromide on bismuth chloride or bromide. 2 To the solution

may

:

from II grams of bromobenzene and 2-5 grams of magnesium In
dry
ether, 10 grams of anhydrous bismuth bromide are slowly added, the
whole being cooled m water during the addition. The mixture is then
heated for two hours on the water-bath, cooled and decomposed with
water, the ether layer being separated off and dried. Distillation away
of the solvent yields 6-5 grams (53 per cent.) of the crude bismuthine. 3
(3) When 3-5 grams of mercury diphenyl and 1-5 grams of bismuth
bromide are mixed in dry ether, 1-6 grams of tnphenylbismuthme are
4
isolated, the yield being quantitative.
(4) By heating mercury
metallic
and
bismuth
in
a
stream
of hydrogen at 250 C. for
diphenyl
ten minutes a 41 per cent, yield of the bismuthine

is

obtained. 5

Triphenylbismuthme crystallises from ether or alcohol in colourless
Michaelis 6 states that it exists in two forms,
needles, M.pt. 78 C.
at
75
C.
and
78 C. respectively, but this observation has
melting
never been substantiated. When treated with chlorine or bromine in
suitable solvents it yields triphenylbisrnuthine dichloride or dibromide
respectively, but with iodine, only diphenyhodobismuthme is produced,
the pcntavalcnt derivative in this case appearing to be unstable.
With concentrated hydrochloric acid the bismuthine is decomposed,
yielding benzene and bismuth chloride, and this reaction appears to
be a general one, which may be used for the detection of aromatic
bismuthines. An ether solution of triphenylbisrnuthine, when treated
with bismuth bromide, is degraded to phenyldibromobismuthine, 7
and with bismuth chloride the diphenylchloro-compound is produced. 8
When a benzene solution of triphenylbisrnuthine is refluxed with
iodide, diphenylcyanobismuthme is formed, and acetyl and
chlorides
react with production of diphenylchlorobismuthine
benzoyl
and acetophenone or benzophenone respectively, the operation being
conducted in carbon tetrachloride.

cyanogen

Tri-p-chlorophenylbismuthine,

9

KD-]

Bi

and Polls, Ber. 1887, 20, 52
and Pietsch, Ber., 1904, 37, 4620, compare

1

Michaelis

2

Pfeiffer

9

Strip,

Inaug. Dissert.

Jtostoclc,

1910.

A slightly better yield Is obtained if, instead of decomposing the mixture after
heating on the water-bath, the ether first be distilled off and the residue baked on the
water-bath for a day before decomposing it. AUTHOR
4
Challenger and Allpress, Trans. Chem Soc. 1921, 119, 913.
5
Hilpert and Gruttner, Ber 1913, 46, 1675.
8

t

,

6

7

8

and Polls, loc. mi.
and Marquardt, AnnaUn, 1889, 251, 323
Challenger and Allpress, Trans CJiem. Soc 1915, 107, 16
Challenger and Ridgway, Trans. Chem. J3oo. 1922, 121, 104.

Michaelis
Michaelis

,

t
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prepared by treating the ether solution of magnesium p-chloropheny]
bromide from 50 grams of j>chlorobromobenzene, 6-8 grams of magnesium and 0-5 gram of iodine, with 24-6 grams of bismuth chloride in
dry ether. When the reaction subsides the ether is removed and the
mixture heated at 100 C. for four hours, then treated with water,
phenyl halides or diphenyl derivatives being removed in steam, and
the filtered residue extracted with acetone. The material deposited
from the latter solvent on recrystalhsation from ethyl acetate-acetone
mixture melts at 116 C. The bismuthine is readily soluble in most
organic solvents, but sparingly soluble in alcohol or light petroleum.
With hydrochloric acid it yields chlorobenzene, and its behaviour
towards the halogens is similar to that of triphenylbismuthine.

is

Tri-p-bromophenylbismuthine,

[-O-]

Bi

isolated as a white, granular powder, by the interaction of magnesium
^-bromophenyl bromide (3 mols.) and anhydrous bismuth bromide
It melts at 149 C. and has a similar solubility to the chloro(1 mol.).

is

derivative.

Tri - p - nitr otriphenylbis muthine

1
,

V

NO,-/

Bx

A

solution of 2 grams of tri-_p~mtrophenylbismuthme dichlonde in
C. and treated with S grams of sodium
c.c. of acetone is cooled to
C., washed
hydrosulphite. The yellow precipitate is removed at
thrice with water, dissolved in acetone and the solution allowed to
evaporate spontaneously. The residue is heated to boiling in alcohol,
the solution filtered and partly evaporated, a white powder resulting.
Recrystallisation from acetone gives a product melting at about 121 C.
The compound tends to decompose on standing.

10

Tri-o-tolylbismuthine,

is

obtained

(1)

2

by heating o-bromotoluene and sodium-bismuth

in the presence of ethyl acetate for a long time at 180

to 200

alloy

C., (2)

from o-tolyl magnesium bromide and bismuth bromide. It forms
rhombic crystals, M.pt. 128-5 C., soluble in ether, benzene, chloroform
or ligroin, less soluble in alcohol.

When

its

alcohol solution

is

treated

with mercuric chloride in the same solvent, a mercurichloride is preThis separates from hot acetic acid as
cipitated, (C 7 7 ) s Bi.HgCl 2
fine white needles, M.pt. 148 C.

H

1

Soc

,

2

.

Supmewski, Rocz. Ohem., 1925,
1926, 48, 507

5, 298,

Supniewskj and Adams,

J Amer

Gillmeister, Ber., 1897, 30, 2843, Stilp, Inaug. Dissert ttostock, 1910

(Jhem.
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from acetone or alcohol in white needles, M.pt. 65
3
Tri-p-tolylbismuthlne,

crystallises

Ko]

C.

Bi

gives transparent prisms, M.pt. 119 to 120
C., easily soluble in
benzene, chloroform or hgroin, sparingly soluble in alcohol. The yield,
using the Grignard reaction for the preparation, is about 55 per cent.
It forms a mercurichloride, which
separates from hot acetic acid in
glistening plates, M.pt. 234 C., readily soluble in chloroform, insoluble
in alcohol or ether.
The bismuthme reacts with thallic chloride to

and thallium
5
Tri-2-nItrotri-p-tolylbismutMne,

yield di-p-tolylchlorobismuthme

V

GIL-/

is

4
di-j9-tolyl chloride.

Bi

a yellow compound formed in a similar manner to the phenyl
When purified from ethyl acetate it melts at 126 C.

derivative.

Tri-o-anisylbismuthine,

6

isolated from o-anisyl magnesium bromide and bismuth bromide, using
iodine as a catalyst, may be crystallised from chloroform or benzene.
It is a white crystalline powder, M.pt. 168 to 170 C., easily soluble in
benzene, sparingly soluble in alcohol or ether.

Tri -p -anisylbismuthine, 7
3

[CH

may

be obtained

alloy at 180

(1

C.,

)

(2)

0<I>-]

Bi

by heating p-bromoanisole with sodium-bismuth
from >-anisyl magnesium bromide and bismuth

bromide, the product separating from alcohol-benzene as fine white
1

Challenger and Allpress, Trans

2

Supmewski and Adams

Ohem 8oc

913
, 1921, 119,
state that the purification of this compound from
the Grignard reaction mixture is difficult owing to the trouble caused by the low-melting
The purest product results
solid containing traces of toluene and m-bromotoluene.
when crude tn-m-tolylbismutmne is converted into its dichlonde and the latter reduced
with sodium hydrosulphite.
at 68 C.
3

(toe. ctt.)

Such a preparation, when recrystalhsed from ligrom, melts

Strip, loc. at.

Goddard and Goddard, Trans. Chem Soc 1922, 121, 256
5
Supniewski, loc cit
Supniewski and Adams, loo c^t.
6
Stilp, loc. cit.
Supniewski and Adams erroneously claim to be the first
obtain this compound.
7
Gillmeister, Ber 1897, 30, 2843, Strip, Inaug Diss&rt, Rostock, 1910.VOL. XI.
III.
4

,

;

;

to

investigators

,

.
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crystals,

M.pt. 168

C.,

which are

easily soluble in chloroform, less
of this substance as

The melting-point

soluble in petroleum ether.

prepared by method (1) was given as 190
1
Tri-p-phenetylbismuthliie,

C.

forms transparent monoclmic prisms, M.pt. 73 C.
products of this substance appear to be unknown.

Halogen addition

Tri-p-cumylbismuthine,
>-

Bi

occurs as glistening rhomboidal plates, M.pt. 159 C., readily soluble
in chloroform, benzene, ethyl acetate, petroleum or alcohol.

Tri-m-xylylbismutMne,

2

O>
CH3 J 3

The same methods may be used
as for the tolyl

compounds.

for the preparation of this derivative
snow-white felted needles

It crystallises in

from chloroform-alcohol or benzene-alcohol, M.pt. 173*5 to 175 C.
The yield is about 25 per cent., and the compound is readily soluble
in benzene, toluene, chloroform or hgroin, soluble with difficulty in
The mercurichloride separates from hot acetic acid
alcohol or ether.
in fine needles, M.pt. 160 C.

Tri-p-xylylbismuthine,

3

CH,
Bi

CH3 J
is obtained only in 15 per cent, yield using the Grignard method of
Its melting-point is variously given as 193
C. and as
preparation.
It is a snow-white crystalline substance, readily soluble in
194*5 C.
It
chloroform, benzene or ligroin, sparingly soluble in cold alcohol.
decomposes into xylene and bismuth chloride when warmed with
concentrated hydrochloric acid; the m-compound undergoes similar
decomposition in the cold.

Tri - a -napfathylbismuthine, 4

Bi
3

This

prepared by the interaction of a-naphthyl magnesium bromide
and bismuth bromide, the product being extracted from the decomposed
Grignard residue by chloroform (yield, 60 per cent,). It forms pale
1

3

is

Gillmeister, loc.

cit.

Crillrneister, loc

mt

2
;

Stilp, loc. cit.

4

Stilp, loc
Stilp, loc.

cit.
c%t.
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yellow felted needles, M.pt. 284 to 235 C., readily soluble in benzene,
toluene, carbon tetrachloride or chloroform, sparingly soluble in Iigrom,
alcohol or ether. Its mercurichlonde forms
silvery, glistening plates,
alcohol
M.pt. 193 C., soluble in chloroform or acetic acid, insoluble
or ether.
The bismuthine reacts with thallic chloride in ether solution
yielding di-a-naphthylchlorobismuthine and thallium di-a-naphthyl
chloride. 1

m

Tr i - /? - naphthylbismuthine

,

i-

Bi

when the a-bromonaphthalene in the foregoing preparation is
replaced by /3-bromonaphthalene. It separates as white, glistening

results

crystals, M.pt. 89
or ether.

C.,

soluble in benzene, Iigrom, chloroform, alcohol

Diphenyl-a-naphthylbismuthine, 2
Bi-

be isolated (1) by treating a-naphthyl magnesium bromide with
diphenylbromobismuthme, (2) from phenyl magnesium bromide and
anaphthyldibromobismuthine, (3) when triphenylbismuthine (2 mols.)
and tn-a-naphthylbismuthme (1 mol.) are heated together at 190 C.
for two hours.
The compound melts at 118 to 119 C., and is readily

may

soluble in benzene, chloroform or toluene, less soluble in alcohol or
ether.
With warm concentrated hydrochloric acid it yields benzene

and naphthalene.
3
Tri-a-thienylbismuthine,

CH CH

CH~-CH

CH

CH
=CH

CH = CH
when 20 grams of a-iodothiophene, 3 grams
of magnesium and 6 grams of bismuth trichloride in 30 c.c. of ether,
are allowed to react in 100 c.c. of ether. After boiling for two hours
to complete the reaction, the mixture is allowed to stand overnight,
then worked up in the usual manner.
slightly better yield results
when a-bromothiophene is used. The bismuthine separates as rhombic
soluble in ether, insoluble
crystals, M.pt. 137-5 C, (corr.), only sparingly
The product is best crystallised by solution in a
ether.
in
occurs in 60 per cent, yield

A

petroleum
warm benzene and addition of four parts of petroleum ether.
slowly undergoes oxidation in the presence of air.
little

1

2
3

Goddard and Goddard, Trans. Ohem. Soc., 1922, 121, 256.
Challenger, Trans. Ohem. Soc., 1914, 105, 2210.
Krause and Renwanz, Ber., 1929, 62, [B], 1710.

It
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R BiX.

ABOMATIC COMPOUNDS OF THE TYPES RBiX 2 AND
Pfaenyldibromobismiithine,

2

1

When 15

grams of triphenylbismuthme in ether are treated with
grams of bismuth bromide in the same solvent, yellow crystals of
the dibromobismuthme are deposited. These, when recrystalhsed from
benzene, melt at 202 C. The same compound when prepared from
3

diphenylbromobismuthine by the addition of one molecular proportion
of bromine in dry chloroform, melts at 205 to 206 C.

p - Chlorophenyldibromobismuthine

2
,

-BiBi 2

the decomposition product formed when di-^)-chlorophenylbromobisrnuthine is boiled in benzene ; a poor yield also occurs when tn-pchlorophenylbismuthine is treated with bismuth bromide

is

:

(C 6

H Cl) BiBr + C H CLBiBr
H Cl.BiBr +Bi(C H Cl)

H Cl)

Bi + BiBr 3 = (C6
3
4
2(C 6 H 4 Cl) 2BiBr = C 6

4

6

2

4

2

4

6

4

2

3

The bismuthine is only slightly soluble in hot benzene or hot chloroform,
and almost insoluble in all other solvents. It decomposes on standing
few hours.
3
p-TolyldicMorobismnthine,

for a

CH,-/

V-BiCL

obtained from tri-j9-tolylbismuthine and bismuth chloride, separates
from benzene as yellow needles, M.pt. 206 to 207 C., almost insoluble
It is decomposed by alcohol or moist
in most organic solvents.
solvents and with hydrochloric acid forms toluene and bismuth chloride,
During its preparation di-^-tolylchlorobismuthine is also obtained.

a - Naphthyldibromobismuthine

,

may be prepared from tri-a-naphthylbismuthine (1 mol.) and bismuth
bromide (1 mol.) in ether solution, or by heating dry tn-a-naphthylbismuthine dibromide for half an hour at 100 C,, moisture being
excluded. The compound forms deep orange crystals, M.pt. 208 C.,
is soluble with difficulty in benzene and
practically insoluble in other
solvents.
1
Challenger, Trans. Chem Boc., 1914, 105, 2210, Proc. Chem, Soc., 1914, p. 229
Challenger and Allpress, Trans Chem &oc , 1921, 119, 919.
2
Challenger and Kidgway, Trans. Chem Soc 1922, 121, 104.
3
Challenger and Allpress, Trans. Chem. Soc., 1921, 119, 913.
,

,
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1

[0]f

cl

When an ether solution of tnphenylbismuthme is treated with bismuth
chloride in the same solvent, the monochlorobismuthme is
deposited
as colourless crystals, M.pt. 184 to 185
C. readily soluble in dry
chloroform, benzene or toluene, but only slightly soluble in light petroleum or ether. The compound also results when iodine monochlonde
acts on triphenylbismuthine or diphenyl-a-naphthylbismuthme. 2 Traces
of moisture cause decomposition, and it is therefore essential to recrystalhse the bismuthme from specially dried solvents.
Dlphenylbromobismuthine, (C 6 5 ) 2BiBr, 3 may be obtained by
the foregoing methods, or by the interaction of lead tetraphenyl and
5

H

bismuth bromide
(C 6

)

4

:

H

5 )4

Pb +BiBr s = (C 6H 6 2 PbBr 2 + (C 6H5 2BiBr
)

)

a heavy yellow powder, M.pt. 157 to 158 C., readily soluble in
dry chloroform, but not soluble in ether, and decomposed by alcohol,
which converts it into bismuth oxybromide. Triphenylbismuthine
dibromide, when boiled with dry benzene, gives a good yield of diphenylbromobismuthine.
5
This compound occurred
Diphenyiiodobismiztfiine, (C 6 5 ) 2 BiL
as the result of an attempt to prepare triphenylbismuthine di-iodide
from triphenylbismuthine and iodine
It is

H

:

(C 6

H

5)3

Bi

+I 2 = (C 6 H5 ) 2BiI + CeH 5 I

forms yellow needles, M.pt. 133 C., which may be recrystalhsed
unchanged from dry chloroform, benzene or acetic acid, but are decomposed by moisture, yielding bismuth oxyiodide and benzene
It

:

+H O =2C H +BiOI
Diphenylcyanobismutfaine, (C H BiCN. When
(C 6

H

5)2

BiI

muthine and cyanogen iodide

2

6

6

triphenylbis6
5)2
(Ij mols.) are refluxed in benzene, the

cyano-denvative is isolated as small transparent needles melting with
decomposition at 210 C. The same product is obtained when an
aqueous alcohol solution of triphenylbismuthine dichloride is heated
with potassium cyanide. 6 It is sparingly soluble in benzene or alcohol

and practically insoluble in ether or light petroleum. If its alcohol
solution be concentrated, the compound is decomposed, triphenylbismuthine being produced.

Diphenylthiocyanobismuthine, (C 6 H 5 2BiCNS, obtained from triphenylbismuthine dichloride and lead thiocyanate, forms pale yellow
)

the axial ratios a b c =2-4969 1
crystals of the monoclinic system
It melts at 122 to 122-5 C.
=75
54'.
the
axial
and
8-0590,
angle
:

;

1

2
3

4
5

Michaehs and Beese, Annahn> 1886, 233, 58.
Challenger and Allpress, loc C'iL
Michaehs and Marquardt, Annalen, 1889, 251, 327.
Goddard, Ashley and Evans, Trans. Ohem Soc. f 1922,
Gillmeister, B&r., 1897, 30, 2843,

:

:

121, 978

Challenger and Allpress, Trans. Chem. Soc., 1915,

107, 16
6

:

91.
Challenger and Wilkinson, Trans. Chem. Soc., 1922, 121,
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and

is

soluble in the usual organic solvents with the exception of light

petroleum.

Di-p-chlorophenylbromobismuthine,

1

BiBr

occurs together with jp-chlorophenyldibromobismuthme when tri-j9chlorophenylbismuthme (2 mols.) in dry ether is treated with a similar
When crystallised from ether
solution of bismuth bromide (1 mol.).
it melts at 159
C., and is readily decomposed by water and moist
Warm alcoholic ammonia regenerates the tri-p-chlorophenylsolvents.
solution of the bromo- derivative in hot dry benzene
bismuthine.
deposits a yellow solid, M.pt. 244 C.

A

Di-p-chlorophenyliodobismuthine, (C 6 H 4 Cl) 2 BiI,

results

the interaction of iodine and tri-_p-chlorophenylbismuthine. It
yellow solid, M.pt. 113 C., readily soluble in chloroform or ether.

from
is

a

On

recrystallisation from chloroform-light petroleum, dry solvents (free
from alcohol) being used, a red solid containing organic matter and
readily soluble in most solvents is deposited with yellow crystals
melting at 189 C.

Di-p-tolylchlorobismutMne,

2

-v

1

Bid
obtained in the usual manner, crystallises from dry chloroform- ether
in transparent crystals, M.pt. 181 C., moderately soluble in hot benzene
or chloroform, and almost insoluble in ether or light petroleum.

H

Di-a-naphthylchlorobismuthine, (C 10 7 ) 2 BiCl, forms fine yellow
needles, M.pt. 168 C., moderately soluble in dry benzene or chloroform,
but only soluble to a slight extent in light petroleum or ether. The
compound is extremely susceptible to traces of moisture, and even
after keeping for a short time in a closed vessel loses its yellow colour
and smells of naphthalene.

AROMATIC COMPOUNDS OF THE TYPE
Triphenylbismuthine dlfluoride,

R 3BiX 2

.

3

When triphenylbismuthme dichloridc is boiled with excess of potassium
fluoride in alcoholic solution containing a little water, the dichloridc
gradually disappears and is replaced by the difluonde. The latter
melts at 158*5 to 159 C., is readily soluble in chloroform, acetone or
The crystals, which belong
ether, but less soluble in light petroleum.

to the monoclmic system, give the axial ratios a b c- 2-0201 1
The fluorine may be removed
1*1168, and the axial angle /3 = 85 42'.
from the compound by boiling with calcium or barium oxide in aqueous
solution, and with sulphuric acid hydrogen fluoride is liberated.
:

1

3

Challenger and Ridgway, loc cit.
Challenger and Wilkinson, Trans

2

Chem Soc

,

Challenger and AUpress,

1922, 121, 91.

:

:

loo. cit.

;
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1

Tripheeylblsmuthine

occurs when
dichloride, (C^^BiCl^
passed into a solution of tnphenylbismuthine in ether,
petroleum ether, chloroform or carbon tetrachlonde. It crystallises in
stout needles, M.pt. 126 C., soluble in alcohol, chloroform or
benzene,
ether or petroleum ether.
Moist silver oxide,
practically insoluble
alcoholic potassium hydroxide, 2 potassium
cyanate and other inorganic
salts react with the dichlonde
giving varying yields of tnphenylbismuthine. When a chloroform solution of the dichlonde is treated
with moist ammonia, one chlorine atom is removed and
tnphenylbismuthine hydroxychlonde results. When the dichlonde is added to
concentrated sulphuric acid it yields tnphenylbismuthine
sulphate and
hydrogen chloride is evolved. A dry benzene solution of the dichlonde
when boiled undergoes partial decomposition with formation of diphenylchlorobismuthme.
Triphenylbismuthine dibromide, (C 6 5 ) 3BiBr 2 is obtained by
direct brommation of tnphenylbismuthine.
It melts at 122 C. and
the value 128 to 124 C. has also been recorded, the rate of heating
appearing to account for the discrepancy. It forms yellow crystals
which are unstable in the presence of moisture, and even when heated
at 100 C. for twenty minutes in a sealed tube the odour of bromobenzene is apparent. When boiled in dry benzene, diphenylbromobismuthme is produced, and with moist ammonia the hydroxybromide
With ammoniacal hydrogen sulphide bismuth sulphide
is obtained.
If the dibromide is treated with the
is quantitatively precipitated.
Grignard reagent, compounds of the types R 3 Bi and R 2 BiX are isolated.
3
Tripfaenylbismuthine hydroxy chloride, (C 6 5 ) 3Bi(OH)CL
When the corresponding dichloride is dissolved in chloroform containing a little light petroleum and moist ammonia is passed in, a white
This is collected and washed first with cold water
solid is deposited.
and then with hot water to remove the ammonium chloride formed.
The hot water produces effervescence and evolution of chloroform,
"
chloroform of crystallisation." The
which is apparently present as
is
a
white
powder, M.pt. 160 to 161 C., completely
pure compound
soluble in cold chloroform, hot alcohol or nitrobenzene, moderately
soluble in benzene, xylene, acetone or ether, and insoluble in water
When treated with methyl magnesium iodide only
or light petroleum.
triphenylbismuthinc and its dichlonde are obtained.
chlorine

is

m

H

,

5

H

Triphenylbismuthine hydroxybromide,

(C e

H

Bi(OH)Br,

6)8

is

prepared by the method detailed for the preceding compound. It is
a yellow powder, M.pt. 147 to 148 C., resembling the hydroxychloride
in solubility.

Tripheaylbismuthine dinitrate, (C 6H 5 ) 3Bi(N0 3 2 is deposited
when alcohol solutions of the dichloride or dibromide and silver nitrate
It crystallises in
are mixed, filtered, and the filtrate concentrated.
colourless needles which explode on heating and are soluble m chloroform or benzene, less soluble in cold alcohol. With hydrochloric acid
4

)

the dichloride

is

regenerated.

Triphenylbismuthine

carbonate,

(C 6

H

5) 3

,

BiCO 3

5
.

Triphenyl-

1

Michaelis and Marquardt, Annalen, 1889, 251, 323
2
762.
Challenger and Goddard, Trans. Chem. Soe., 1920, 117,
3
Challenger and Goddard, ibid,
4
Michaelis and Marquardt, Annalen, 1889, 251, 323.
5
Michaelis and Marquardt, ibid.; Challenger and Goddard, Trans.
117, 766.

Chem Soc

,

1920,
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with an
bismuthine dibromide is suspended in alcohol and treated
whole
the
being vigorously shaken
excess of solid sodium hydroxide,
dioxide is then passed through the
Carbon
the
operation.
during
with cold water and then
solution, the precipitate filtered off, washed
the
of
test
a
until
water
liquor is halogen-tree.
with
boiled
portion
The carbonate is a white powder, insoluble in organic solvents and
dioxide being evolved.
yielding other salts with acids, carbon
\ TnTriphenylbismuthine diacetate, (C 6 5 ) sBi(OCOCH 3 ) a
hot glacial acetic acid, the
is dissolved
carbonate
phenylbismuthme
obtained
solution cooled and treated with water. A white precipitate is
warm
in
acetate,
soluble
is
ethyl
C.
and
162
which melts at
completely
in
cold chloroform, nitrobenzene or warm xylene, moderately soluble
insoluble
or
tetrachloride
alcohol,
carbon
warm benzene, acetone,
is
water or light petroleum. If the acetic acid solution of the acetate
of
the
addition
water,
without
long
several
allowed to stand for
days
which soften at 130 C. and melt at
transparent needles separate,
136 to 137 C. This substance is an acid acetate, 2C 22 2 i0 4Bi.C 2 4 O 2
and when triturated with water the normal acetate (M.pt. 162 C.) is

m

H

m

H

H

obtained, which, if dissolved
again yields the acid acetate.

m

acetic acid

and allowed to

Triphenylbismuthine sulphate, (C 6 H 5 ) 3 BiS0 4

.

,

crystallise,

The correspond-

m

concentrated sulphuric acid, the temperaing dichloride is dissolved
ture being maintained at about 10 C., and after drawing air through
the solution to remove hydrogen chloride, the mixture is poured on
The solid is well washed with water and extracted with boiling
ice.
C,,
is a white solid, not melting at 300
chloroform. The
sulphate

and practically insoluble in organic solvents.
Dinitrotriphenylbismuthine d i ni t r a t e,

H

H N0

6)
2 ) a (C 6
(C 6 4
or
nitrating triphenylbismuthme dimtrate
"
"
mixed acid (2 parts 2S0 4 1 part
dichloride with
3 ), efficiently
The mixed mtro-compounds thus obtained are
cooling the mixture.
extracted with hot chloroform, and from 10 grams of the mixed com-

Bi(NO 3 ) 2

2

,

is

isolated

by

H

:

HN0

It crystallises
pounds 3 grams of the pure dimtro-compound result.
from chloroform in pale yellow prisms which explode at about 150 C.
and are soluble in acetic acid, but insoluble in ether, petroleum ether
It soon decomposes in contact with cold alcohol,
or carbon disulphide.
the odour of nitrobenzene becoming apparent. The addition of am-

monium sulphide to an alcoholic ammonia
pound causes complete decomposition.

solution of the nitro-com-

Dinitrotriphenylbismuthine dichloride, (C 6 H4N0 2 ) 2 (C 6 H 5 )BiCl 2

,

m

acetic acid solution is treated
foregoing compound
concentrated
with
hydrochloric acid. The white precipitate
dropwise

occurs

when the

washed with water and crystallised from
On rapid heat136
C., being deposited.
benzene, fine needles, M.pt.
in
chloroform or
It
dissolves
the
readily
ing
compound explodes.
petrobenzene, is sparingly soluble in ether or acetic acid, insoluble
leum ether. When treated with ammonium sulphide it decomposes.
which

is

formed

is

filtered off,

m

TrinitrotriphenylbismBthine dinitrate, (C 6 H 4N0 3 ) 3 Bi(N0 3 ) 2
To 100 c.c. of fuming nitric acid, previously cooled to
C., 10 grams

3

.

1
2
3

JSoc.,

Challenger and Q-oddard, loc cit
GiUmeister, Ber , 1897, 30, 2843
Supmewski, fiocz* Chem., 1925,
1926, 48, 507.

5,

298,

Supmewski and Adams,

J.

Amer Chem,
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of triphenylbisnnithinc duutratc arc added and the mixture placed in
an ice-chest for twelve hours. The precipitate then produced by pouring the solution into 500 c c. of ice water is filtered off, washed with
water, dried and recrysialhsed from ethyl acetate.
pale yellow

A

which explodes when heated at about 147 C. Further
rcerysUilhsation from acetic acid lowers the melting-point to about
140 C., and the compound no longer explodes. Subsequent crystallisaproduct

results,

tions cause further falls in the melting- point, indicating decomposition
of the compound.

H

Trinitrotriphenylbismuthine
dichloride,
(C 6 4 N0 2 ) 3 BiCl 2
occurs when the preceding compound in acetone is boiled with concentrated hydrochloric acid. The dichloride is precipitated by the
addition of a large bulk of water, dried, and reerystalhsed from ethyl
acetate, when it melts at 132 to KH C.
,

1

Triphenylbismuthine dicyanate, (C 6 H B ) 3 Bi(OCN) 2 1 The corresponding dichloride (1 mol.) and silver eyanatc (2 mols.) are shaken
together in dry el her for four hours. The insoluble residue is ex.

tracted with chloroform and the resulting solid is twice crystallised
from chloroform-light petroleum, the product melting at 128-5 to
120 C. The dieyanate evolves ammonia when warmed with aqueous
alcohol (1 1), and when heated to 150 C. it decomposes, yielding a
:

oil.

pungent

H

Triphenylbismuthine dibenzoate, (C 6 H 6 aBi(OCOC 6 6 ) 2 is the
product of reaction between triphcnylbismuthme and benzoyl peroxide
It is
or between triphenylbismuthine dichloride and silver benzoale.
a pale yellow solid, *M.pt. 171-5 ('.
2
Tri-o-tolylbismuthine dichloride,
)

,

Bid,

occurs when dry chlorine is passed into an ice-cooled solution of triIt separates from alcohol-chloroform as
o-tolylbismuthine in alcohol.
white, rhombic, crystals, M.pt. 1053 C., soluble in warm benzene, chloroform or acetic aejd, insoluble in cold alcohol or petroleum ether.

Tri-o-tolylbismuthine dibromide, (C II 4 .CII 3 )jjIWBr 2 separates
from benzene in pale yellow needles, ]VLpt. 127 C., slowly decomposing
,

in the air.

Tri-o-tolylbismuthine dinitrate, (C! 6 lI 4 .CH 3 ) 3 Bi(NO 3 ) 2 is prepared in the usual manner and decomposes with explosion and without
melting on heating. It separates from, chloroform or benxene in
rhombic crystals,
dichloride,
(CH 3 .C C H 3 .N0 2 ) 3
Trinitrotri-o-tolylbismuthine
4
mixture of 10 grains of dry tri-0-tolylbismubhine dichloride
BiClgu
and 10 grams of finely powdered silver nitrate is dissolved in 00 c.c* of
After twelve hours water is added, the
C.
fuming nitric acid at
precipitate filtered off and extracted with acetone to remove organic
matter from the silver chloride. The acetone solution is boiled with
hydrochloric acid and the precipitate which forms is reerystalhsed
3

,

"A

x
a

3

4

Challenger and Wilson, J. Ghem, $oc. 1927, p. 209,
UiUmofetor, /ter., 1897, 30, 2843; Stilp, Inaug. DisseH.
GiUmoistoi'y

loc, cit.

^tipmewski and Adams,

loc.

wt.

Jlostoclc,

1910.
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from ethyl acetate. The product thus obtained melts at 149 to 150 C.
and is very unstable, decomposing on standing and always possessing
an odour of nitrotoluene.
Tri-o-carboxytriphenylbismuthine dichloride, (C 6 H4 .COOH) 3

BiQ 2

is the oxidation product of tn-o-tolylbismuthine dichloride using
chromic acid in glacial acetic acid solution at 68 to 70 C. for the
purpose of oxidation. The yield is only about 15 per cent. The
product is white and melts at 157 to 159 C.
Tri-m-tolylbismuthine dichloride,
,

obtained in the usual manner, separates from acetone as white crystals,
M.pt. 132 to 133 C.
Tri-m-tolylbismuthine dibromide, (C 6 H4.CH 3 ) 3BiBr 2 melts at
52 C. and cannot be purified by crystallisation, as it rapidly decom1
poses in the air.
Tri-m-tolyibismuthine diacetate, (C 6 4 .CH 3 ) 3Bi(OCOCH 3 ) 2
A solution of 10 grams of tri-m-tolylbismuthine dihalide in 150 c.c. of
glacial acetic acid is heated under reflux with an excess of a saturated
,

a

H

.

The lead hahde is
solution of lead acetate in glacial acetic acid.
Purififiltered off and the filtrate, on cooling, deposits white crystals.
cation from acetone gives a product of melting-point 148 to 149 C.
Tri-p-tolylbismuthine dichloride,
3

|CH

-<(

2

2

)>-JBiCl

crystallises in fine white needles from chloroform- alcohol, M.pt. 147 C.,
readily soluble in benzene, chloroform or hot alcohol, but sparingly
soluble in ether, petroleum ether or cold alcohol.
Tri-p-tolylbismuthine hydroxychloride, (CH 3 .C 6 4 ) 3Bi(OH)Cl,
is obtained by prolonged boiling of the foregoing dichloride in very
dilute alcohol.
It is a white crystalline powder, M.pt. 154 C. with

H

decomposition.

Tri-p-tolylbismuthine dibromide, (CH 3 .C 6 H4 ) 3 BiBr 2J crystalglistening yellow needles from a mixture of benzene and alcohol.
It melts at 111 to 112 C. and has a similar solubility to the corresponding phenyl compound.
lises in

Tri-p-tolylbismutMne hydroxybromide, (CH 3 .C 6 H 4 ) 3
Bi(OH)Br, is a yellow powder, M.pt. 140 C.
Tri-p-tolylbismuthine dinitrate, (CH 3 .C 6 H4 ) 3 Bi(N0 3 2 prepared in a similar manner to the phenyl compound, forms glistening
needles or leaflets, exploding on heating and readily soluble in chloro)

,

form, sparingly soluble in alcohol.
Tri-p-tolylbismuthine diacetate, (CH 3 .C 6 4 ) 3 Bi(OCOCH 3 ) 2 3 is
obtained by a similar method to that detailed for the corresponding
m^a-compound. It forms white crystals, M.pt. 162 C.

H

1

pomt

Challenger and Pritchard (Trans. Chem. Soc
as 92 C.

2

Michaehs and Marquardt,

3

Supmewski and Adams,

loc

cit.

loc, cit.

;

Supmewski,

,

1924, 125, 869) give the
loc

cit.

,

meltmg-
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Tri-p-carboxytriphenylbismuthine dichloride, (C 6 H 4 .COOH) 8
A solution of 2-2 grams of tn-jp-tolylbismuthine dichlonde in
BiCl 2
30 c.e. of acetone is prepared, and also a 2*5 per cent, aqueous solution
of 4-4 grams of potassium permanganate.
These two solutions are
added alternately in small quantities at a time to 50 e.c. of water in
a flask until the reaction is complete. During the operation the temperature must be kept below 20 C. The reaction mixture is finally
shaken for half an nour, filtered from manganese dioxide, and the
organic matter precipitated from the filtrate by the addition of 10 per
cent, hydrochloric acid.
The yield is about 1 gram, and the meltingpoint 130 C. When the compound is dissolved in water containing
sodium or potassium hydroxide, the addition of acetone or alcohol
precipitates the corresponding alkali salt in crystalline form.
.

^

Tri-p-carbomethoxytriphenyibismuthine

dichloride,

(C 6 II 4 .C0 2 CII a ) 3 BjCl 2 occurs when the foregoing acid in absolute
methyl alcohol saturated with hydrogen chloride is allowed to stand
The yield is poor and the product forms white crystals
for two hours.
,

from methyl alcohol, M.pt. 103
on warming with alcohol.

C.,

which precipitate bismuth hydroxide

dinitrate,
Trinitrotri-p-lolylbisiiiuthlne
(CH 3 .C & H 3 .N0 2 ) 3
Tins is prepared in a similar manner to the phenyl comBi (NO 3 ) 2
pound, by nitrating tn-'/;-tolylbismuthme dmitratc. The nitration
The product is a white
requires two hours at room temperature.
crystalline powder, which, after crystallisation from acetone or ethyl
acetate, explodes at about 100 C.
dichloride,
Trinitrotri-p'-tolylbismulhine
(CH 3 .C 6 3 .N0 2 ) 3
Bi01 a isolated in the usual manner, is a white powder, which can be
purittod from acetone, and melts at 156 C.
Trinitr otri - p - carbomethoxy triphenylbis muthine
dinitrate
(N0 2 .C 6 3 X'0 2 ClI 3 ) 3Bi(NO 3 ) 2 is formed by nitration with fuming
nitric acid at
C., and separates from acetone as a white crystalline
powder which explodes at 150 to 100 C.
.

H

,

,

H

,

Trinitrotri-p-carboxytriptienylbismuthlne

(NO 8 .C 6 H 3 .C!0 2 II).,BiCl 2

dichloride,

when the foregoing dinitrate is boiled
The product is filtered
for an hour with 10 per cent, hydrochloric acid.
off, dissolved in acetone and boiled with concentrated hydrochloric
As the solution cools a white precipitate is deposited, which is
acid.
It mells with decomposition
purified by crystallisation from acetone.
at 250

to 260

,

eeimi

C.
1

dichloride, (CII 3 O.C 6 II 4 ) 3 BiCl 2J
prepared by passing chlorine into a solution of tri-o-amsylbismuthme in
dry carbon tctraehlonde, is a white crystalline substance, M.pt. 174 C.
Tri-o-anisylbismuthine dibromide, (CH 3 O.C 4 ) 3 BiBr 2 M.pt.
101 C., cannot be rccrystalliscd owing to its tendency to change to
the hydroxybromicle. It is readily soluble in. benzene, ligroin or
chloroform, sparingly soluble in alcohol, insoluble in ether or petroleum

Trioanisylbismuthine

*

H

,

ether.
2
is
Tri-p-anisylbismiithine dichloride, (CIl 3 O.C 6 H4 ) 3BiCI 2J
readily soluble in benzene or chloroform and melts at 188 C., but
treatment with alcohol causes decomposition with formation of bismuth

oxyehloride*

Tri-p-anisylbismuthine dibromide, (CH 3 O.C 6 H 4 ) 3 BiBr 2 has a
,

A

tStilp, loo. cit.

2

Qillmexster,

loc. cil.
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It forms yellow needles,
similar solubility to the foregoing dichloride.
alcohol, and is stable
not
It
is
boiling
decomposed by
M.pt. 103 C.
it with formation of bismuth
Ammonium
in air.

sulphide decomposes

sulphide.

H

pared

m

organic solvents.

Tri-p-cumylbismuthine dibromide,
at 150

H

predichloride, (C 3 7 .C 6 4 ) 3 BiCl 2
at 208 C. and is soluble in most
melts
the usual manner,

Tri-p-cumylbismuthine

(C 3

H

7

.C 6

H4

)

,

3

BiBr 2

,

melts

C.
1

Tri-m-xylylbismuthine dichloride,

obtained by the ehlorination of the bismuthme in dry ether, chloroform
or carbon tetrachlonde, forms small, glistening prisms, M.pt. 161 C.
occurs
Tri-m-xylylbismuthine dibromide, [(CH 3 2 C 6 H 3 ] 3 BiBr 2
,

)

are brought together in petroleum ether.
in fine needles, M.pt. 117 C.
alcohol-benzene
from
separates

when the components

It

[(CH 3 2 C 6 H3] 3
hydroxybromide,
Tri-rn-xylylbismuthine
2
of tn-w-xylylbismuthme
brommation
the
when
isolated
is
Bi(OH)Br,
)

Crystallisation
carried out in alcohol instead of in petroleum ether.
from alcohol-benzene yields a pale yellow crystalline powder, melting
at 250 C. with marked decomposition.
is

3
Tri-p-xylylbismuthine dichloride,

BiCL

167-5
crystallises in fine white needles, M.pt.

C.

If its

chloroform or

benzene solution be treated with warm alcohol, decomposition gradually
takes place with deposition of bismuth oxychlonde.
BiBr 2 yields
Tri-p-xylylbismuthine dibromide, [(CH 3 ) 2 C 6 3 ] 8
with
warty yellow needles, M.pt. 180 C., which are affected by heating

H

,

same way as the dichloride.^
4
Tri-a-naphthylbismuthine dichloride,

alcohol in the

BiCL

The ehlorination of tn-a-naphthylbismuthine is carried out in dry
chloroform and the dichloride precipitated by the addition of light
a product
Crystallisation from chloroform-petroleum gives
petroleum.
melting sharply at 166 C. It is a yellow, crystalline powder, readily
soluble in chloroform, moderately soluble in acetone or benzene, and
insoluble in light petroleum. Heating for several hours at 100 C.
does not affect it, and it is also stable towards hydrochloric acid. When
1

Michaohs and Marquardt,

2

Stilp, loc cit.

3
4

Ghllmeister,

loc.

loc

cit

at

Challenger and Goddard, Trans.

GUm.

Soc

,

1920, 117, 772.
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moist acetone the two atoms

silver oxide in

Tri-a-naphthylbismuthine dibromlde, (C 10 H 7 3 BiBr 2
)

1
,

is

pre-

pared by the brommation of the bismuthme in dry chloroform. It is
precipitated by the addition of an excess of dry ether, and crystallisation
from dry benzene-absolute alcohol gives a yellow crystalline powder,
C.
readily soluble in benzene or chloroform, sparingly
M.pt. 1*2
1<

9

soluble in cold alcohol, insoluble in ether.
It tends to lose bromonaphthalene on warming at 100 C., and when treated with phenyl
magnesium bromide (2 mols.) it gives principally tri-a-naphthylbismuthmc and traces of diphenyl-a-naphthylbismuthme, but when
only one equivalent of Gngnarcl reagent is used unchanged dibromide

and a-naphthyldibroniobismuthme are the only products isolated.
Methyl magnesium iodide merely removes the bromine from the dibromide, and mercury diphcnyl yields tri-a-naphthylbismuthine and
a

little

diphcnyl-a-naphthylbismuthme.

2

H

Diphenyl-a-naphthyiblsmuthine

H

dichloride,
(C 6 6 ) a (C 10 7 )
separates in pale yellow crystals from dry alcohol- free chloroform on the addition of light petroleum, M.pt. 141 to 142 C., insoluble
Moist silver oxide in acetone suspension removes the
in acetone.
chlorine atoms.

BiQ 2

3

,

Diphenyl-a-naphthylbismuthine dibromide, (C 6 H 5 2 (C 10 H 7 )
MiUr 2 d M.pt. 11<1 to H2 C., forms pale yellow crystals from chloroform-petroleum solution, which are insoluble in acetone. The halogen
is removed by moist silver oxide, the bismuthme being regenerated.
5
oi-Tristyrylbismuthine, (C 6 TI 5 CH CH) 3Bi, has been isolated
small
in
very
quantity, and its physical constants have not
only
been determined. The scheme for the production of this derivative
+ C 6 H 5 .CHBr.CHBr.COOH
C e II 5 .CII CIICOOH
is
as follows:
> C II .C1I
> C H .CII
CHBr
CHMgBr + (C 6 H 5 .CH CH) 3 Bi.
6
B
6
6
During the preparation some chphenylbufcadiene is produced.
)

,

:

~

:

-

:

:

:

HKTKROCYCLIC SYSTEMS CONTAINING BISMUTH.
Ethylcyclopentamethylene bismuth,

XH^CBU
en/
>Bi.c H
\CH ^CH/
2

5

2

This compound is produced by the interaction
muthine and the Grignard reagent derived from 1

of ethyldibromobis-

5-dibromopentane.
108 to 112 C., heavier than water and
in
possessing an unpleasant and persistent odour. It becomes turbid
the presence of traces of oxygen, is actively oxidised in the air, igniting
If a piece of paper be saturated with the oil, it inflames after
readily.
a few seconds, emitting dense yellow fumes.
It

is

a viscous

1

a

8
4

5

6

oil,

:

distilling at

SlUp, lor,, cit.
Challenger and AJlpross, Trms* Ohcm. #oc., 1921, 119, 913.
Challenger and Wilkinson, Tram. Chm. $oc., 1922, 121, 91.
Challenger and Goddard, Trans. Ohem. floe., 1920, 117, 772.
pharm. htf Polund, No, 2, 1927, p. 1,
Fabrykant,

ML

Gruttner and Wicrmk, Her., 1915, 48, 1473.
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ARSENIC-BISMUTH DERIVATIVES.
1
4-Acetylamiii0phenyiarsenobismiitfa bromide,

CH 3 CO.NH4-Acetylammophenylarsine (2-1 parts) is dissolved in 30 parts of methyl
alcohol containing hydrogen bromide, and 4-5 parts of bismuth tribromide in methyl alcohol added. Addition of ether precipitates a
heavy black powder, decomposed by acids and alkalis.
3 -Amiao -4 -hydroxyphenylarsenobismiith chloride hydro chloride,
As = BiCl

This derivative is obtained by condensing 3-ammo-4-hydroxyphenylarsme with bismuth chloride in methyl alcohol solution in the presence
of hydrogen chloride. It is a black powder, decomposing in a similar
manner to the preceding compound, and even boiling its aqueous solution leads to decomposition.
Tris -3 -amino -4-hydroxyphenylarsenodibismutli

chloride,

dihydro -

2

This

compound is prepared by mixing S-ammo-4-hydroxyphenylarsine
methyl alcohol with a similar solution of bismuth trichloride. It
is black in colour, its aqueous solutions are decomposed on boiling,
and hydrogen peroxide in alkaline solution instantly causes decomposition, with formation of 3-amino-4-hydroxyphenylarsimc acid and
bismuth oxide. 3
in

THE DETERMINATION OF BISMUTH

IN

PENTAVALENT

BISMUTH COMPOUNDS. 4
The substance

(0-2-0-3 gram) is treated with about 10 c.c. of an
solution of hydrogen sulphide and the mixture evaporated
to dryness in an air-bath at 115 to 125 C., the hydrocarbon formed
during the decomposition being driven off and the residue of bismuth
sulphide and sulphur boiled for a few minutes with 10 c.c. of concentrated hydrochloric acid. The solution is then filtered, diluted
with water, hydrogen sulphide passed in, and the precipitated bismuth

ammomacal

sulphide filtered off on a Gooch crucible, washed with carbon clisulphidc,
and weighed.

dried,
1

German

Patent, 269745.
Ehrlich and Karrer, Ber., 1913, 46, 3564.
3
When an alkali bismuth tartrate and the disodium salt of " Salvarsan " arc mixed in
aqueous solution and the whole poured into ether-methyl alcohol solution, a complex
is
precipitated which is said to have the general formula, K.As Bi.As(E).Bi As Kj, where
2

.

R

js
4

an ammoaryl radical (American Patent, 1605691).
Challenger and Goddard, Trans. Ohem floe., 1920,

117, 762.

;
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MIXED

H

S-

H

Ethyldi-n-butylstibine, (C 2 B )(C 4 9 ) a Sb. 50 grams of ethyldi-iodosfcibmc in 200 c.c. of ether arc added to the Gngnard reagent from
12 grains of magnesium and 69 grams of n-butyl bromide in 300 c.c.
of ether.
The ]>reparaiion is earned out in an atmosphere of hydrogen,

the resulting mixture treated with ammonium chloride solution, the
ether layer dried, the solvent expelled In a stream of carbon dioxide,
and the residual liquid fractionally distilled under reduced pressure.
The yield of stibine is about 4 grams. It boils at 147 C. at 43 mm.,
and the density is 1-155 at 17 C.
The following compounds were prepared in a similar manner to the
above stibme Ethyldi-n-amylstibine> U.pt. 107 C. at 51 mm., density
1*094 at 23 C.
eihyldwydohemjlstibine, B.pt. 122-~126 C. at 15 mm.,
density 0-9U at 13 C.'; di-o-tolylethylstibine, B.pt. 196-210 C. at
10 mm.; di-m-tolylctJiylfttibine, B pt. 211-216 C. at 15 mm.; di-p:

;

tolylethi/lstibine,

B.pt. 22(3

0. at 5

mm.

Tri-isobutylstibine oxide, (C 4 II 9 ) 3 SbO, occurs when the stibme
in alcohol solution is shaken with red mercuric oxide, but air oxidation
of the stibine yields a double oxide, (C 4 9 ) 3 SbO.Sb 2 O 3
Tri-is0buty^ st iiM ne dichloride, (C 4 9 ) 3 SbCl 2 obtained in the
usual way, crystallises in rhombs from ether or carbon tetrachloride,
melting at 91 C. ; the dibromide, M.pt. 88 C., forms white rhombic
plates from acetone, and the di-iodide gives pale yellow crystals melting
at 70 C.

H

.

H

,

Methyltri-isobwtylstibonium iodide, (CH 3 )(C 4 H 9 ) 3 SbI, is slowly
formed in a concentrated ethereal solution of the stibine and methyl
C.
The rnethiodide and
iodide.
It melts indefinitely above 155
mercuric iodide in hot alcohol form methyltri-isobutyUtibonium mercuriA mercurichloride is known, and
iodide, yellow needles, M.pt. 119 C.
a ckloroplatinate, orange needles, M.pt. 158

C,

NAPHTHYL ANTIMONY COMPOUNDS. 2
96 grams of 0jS-Naphthylstibinic acid, C 10 H 7 .SbO(OH) 2
naphthylamine in 3 litres of 2 per cent, hydrochloric acid are diazotised,
and 300 e.e. of 30 per cent, hydrochloric acid added, followed, with
continued cooling and stirring, by a solution of 96 grams of antimony
The precipitate
trioxidc in 300 e.c. of 30 per cent, hydrochloric acid.
sodium hydroxide.
is washed with water and added to 6 litres of
It takes about four days for the evolution of nitrogen to be complete,
1
Brmnand, Dyke, W. H. Jonea and W. J. Jones, J. Chem. Soc., 1932, p. 1815.
2
Biinnand, Dyko, W, H. Jones and W. J. Jones, loc.
.

N

ci>t,
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when the brown by-product is removed, and the filtrate acidified with
acid is washed,
hydrochloric acid. The precipitated /3-naphthylstibinic

excess of solid amdissolved in concentrated hydrochloric acid, and
monium chloride added. Ammonium fi-naphthykhloroantimonate separates as a yellow powder, is washed with concentrated hydrochloric
water. The latter effects hydrolysis, and
acid, and added to 1 litre of
acid separates.
a pale salmon-coloured precipitate of j8-naphthylstibinic
The acid does not melt below 200 C.
A solution of the foregoing
fi-Naphthylstibmoxide, C 10 7 .SbO.
acid is diluted with aqueous
concentrated
in
hydrochloric
compound
saturated with sulphur dioxide, after
methyl alcohol, cooled with ice,
hours on ice and
addition of sodium iodide, and poured after several
voluminous
a
as
oxide
precipitate,
separates
aqueous ammonia. The
which commences to decompose when heated to 160 C.

H

ANTIMONYL ^-TARTRATES

x
.

obtained in
Tetraethylphosphonium antimony! d-tartrate is
of tetraethylphosphonium iodide
when
solution
equivalents
aqueous
is
and silver antimonyl d-tartrate are mixed in solution. The solution
in quantitative yield by evaporating
filtered, and the tartrate isolated

but
the solvent. It forms a white powder, very soluble in water,
or chloroform.
insoluble in ether, acetone, benzene, carbon disulphide,
d-tat irate is
By a similar process tetra-n-propylphosphonium antimonyl
obtained.
antimonyl d-tartrate occurs
off

Methyltri-n-propylstibonium
are replaced by methyltnforegoing phosphorus compounds
is very soluble in water.
n-propylstibonmni iodide. The salt
The specific rotations of a number of these antimonyl tartrates
have been measured in 2 per cent, aqueous solution, and the molecular
In the third column are the
in the following table.
rotations are

when the

given

>

H values of N/1QQ aqueous

solutions of these salts of antimonyl tartanc

acid.

Antimonyl

L^D

d-tartrate

Tetraethylphosphonium
-n-propylphosphonium
ethylarsonium
Methyltnethylarsonium
Dimethyldi-n-propylarsomum

.

Methyltri-

.

.

.

....
.

,,

Potassium

.

.

.

.

.

,,amyl
,, propylstibomum

.

.

.

.

......

TRI-n-ALKYLBISMUTHINES.

456-7
449-3
467-7
458-9
459-0
466-7
457-5
468 2

40
38

458

40

4-0
4-0

36
3-0
3-2

2

Tri-n-propylbismuthine, (CH 3 .CH 2 .CH 2 ) 3 Bi.

The Grignard

re-

16-2 grams
magnesium
agent from 61 c.c. of n-propyl bromide and
in 200 c.c. of ether, is treated with 30 grams of bismuth chloride in
350 c.c. of ether. The preparation is carried out in a hydrogen atmoan apparatus very similar to that described on p. 171. The
sphere
1
J Jones, loc. cit
Brinnand, Dyke, W. EL Jones and

of

m

2

Pavies, Norvick and

W

W

J. Jones,

Bull

floe

chim

,

1931,

[4], 49,

187.

APPENDIX.
bismuthinc boils at 86 to 87

C. at 8

291

mm., and has a density

of 1-621

atl7C.
Tri-n-butylbismuthine, (CH s .CH a .CH a .CH 2 a Bi, is obtained in a
way to the foregoing compound!" The product boils at 124 C.
at 7 mm., and has a density of 1-456 at 17 C.
)

similar

(CH 3 .CH .CH a .CH a .CH a ) 8Bi, boils at
mm.; density 1-381 at 17 C. This product is

Tri-n-amylbismuthirie,
157

to

158

C. at 7

distinctly yellow in colour, indicating nascent decomposition.

The following three tables give interesting comparisons of the alkyl
derivatives of Group V elements of the Periodic Classification:

TABLE I.-BOILING POINTS.

TABLE

TABLE

IL

III.

BOILING POINTS AT

50

DENSITY IN GRAMS PER

mm.

G.C.

1
ANTIMONY AND BISMUTH TIIIENYL COMPOUNDS.

Antimony

tri-2-thienyl,

V"

Sb

8

1

Kratiso and JFtenwaaus, Ber. } 1932, 65, [B], 777.
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prepared in a similar manner to the corresponding arsenical com
pound (this Volume, Part II, p. 413). It is very sensitive to air, and
melts at 49 to 49-5 C. Its solution in ether in the presence of air
slowly deposits pure antimony oxide. The reaction with hydrogen
peroxide seems rather uncertain, but at least one thienyl group is
A solution of iodine in ether gives 2-iodothiophene and
eliminated.

is

antimony tn-iodide.
Chlorine reacts with antimony tri-2-thienyl to form the dichloride,
The corresponding diC. (corr.) with decomposition.
M.pt. 229
bromide melts at 182-5 C. Treatment of these dihahdcs with potassium hydroxide transforms them into the oxide, M.pt. 217 C. (corr.)

with decomposition.

H

Bismuth tri -2 -thienyl, (C 4 8 S) 8Bi, in benzene solution is not
The halogens in
affected particularly by air or hydrogen peroxide.
carbon tetrachloride solution, however, split out the bismuth completely.
ANTIMONY DERIVATIVES OF
l-p-ToIylcyclo-2

:

5-dithio~3

1

2-DiMEBCAPTOETHANE. 1

4-dimethylenestibine,

>Sb.C 7 H 7

|

CH

:

:

2

S/

p-Tolyldichlorostibine (9 grams) and 3 grams of 1 2-dimercaptoethane
in 30 c.c. of methyl alcohol give 6 grams of precipitate and a further
The compound is
2-5 grams on standing (total yield, 88 per cent.).
washed with methyl alcohol and recrystalhsed from light petroleum,
when a mixture of long needles and small nodules, M.pt. 90 C., is
The former pass into the latter on standing with the
deposited.
mother liquor. By seeding solutions with either form, the compound
easily crystallises in that form alone.
:

1

:

2-Dimercaptoethane has also been condensed with $>-earboxyC.), but no definite results have

phenyldi-iodostibine (M.pt. 120 to 132
been obtained.

DISTILLATION OF SOME ANTIMONY DERIVATIVES IN

HIGH VACUA. S

Phenyldimethylstibine cyanobromide, C 6 H 6 (CH 8 ) a Sb.CNBr,

is

isolated by slowly adding 18 -4 grams of phenyldimethylstibinc in
90 c.c. of ether to a solution of 8-5 grams of dry cyanogen bromide in
42 c.c. of ether, the reaction being carried out in a nitrogen atmosphere

with good cooling. The cyanobromide which separates, melts at
135 C., and at 150 C. methyl bromide splits out. The residue when
rectified in a nitrogen vacuum yields 5 grams of phenylmethylcyanostibine, B.pt. 115 to 118 C.
Phenyldimethylstibme reacts with chlorine in carbon tetrachloride
solution to give a dichloride which, heated in vacuo, decomposes at
210 C. into dimethylchlorostibine and diphenylchlorostibme. Methylcyclopentamethylenestibine, B.pt. 73 to 73-5 C. at 17 mm., yields a
dichloride, which decomposes in vacuo at 160 to 185 C, into methyl
chloride and antimony cyclopentamethylene chloride, B.pt. 110
to
111 C. at 13 mm.
1
Clark, J Chem Soc., 1932, p, 1826.
2

Stemkopf, Schubait and Koch, Ber., 1932, 65, [B], 409.
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APPENDIX.
MISCELLANEOUS ANTIMONY COMPOUNDS.

The following

are

derivatives

isolated

from the corresponding

l

amines

:

m- and p-phenykne and

1

:

4-naphthylene-distibinic acids;

diphenyl-

3 3~d^methyldiphenylene-4 4'-,
ene-pp-(pp-distibinotetraphemjlene),
3 3~dimethoxydiphenylene~4 4'-, and
diphenylmethane-pp-di$tibinous
ac'id ;
oxides ;
diphenyl-m-tolylmethylbenzophenone-pp-distibinic
stilcarbinol-ppp-tristibinic add and -methane-ppp-tristibinous oxide;
and
distibinom
acid
and
4'-di$tibinic
owde;
bene-4
ethylenemethyleneoxides ;
bisphenylazomethine-pp'
diaminophenylene-4 4 -distibinous
acid
;
oxide ;
dwtibinous
s-carbohydrazine-diphenyletie-pp-distibinic
acid ; hydrazobemenehydra^odicarbonamino-diphenykne-pp'di^tibinic
and benzanilide-pp'-distibinow oxides ; triphenylphosphine-mmm-trisodium 3-carbostibinic acid, triphenylytibine-mmm-tnstibinic acid ;
sodium
3-carbobenzyloxy-4beMzyloxy-4~acetamidophenylstibinate,*
propionamidophenylstibinate, sodium 3"Carbobenzyloxy-4-isobutyramido:

:

:

:

:

f

:

'

phenylstibinate.
1

Mistry and Gulia,

J Indian

2

Niyogi, J. Indian

Ghem

Inst 8ci>, 1932, 15 A, 25

Uoc., 1931, 8,

59

NAME

INDEX.

272, 273, 280-282.
Allpress, 265, 267, 271, 273, 276-278, 285
Ananoff, 56, 57, 66, 67, 81, 98, 103
Arbusoff, 12, 33, 80, 91, 97-99, 103, 104,
125, 149, 152-154
Arzruni, 40.
Ashley, 277.
Auger, 4, 5, 19, 20.

DAKMSTADTER,

BALABAN, 230, 234, 235
Basterfield, 237, 242, 244, 250.

Dodonov,

Becker, 33
Benzinger, 107, 108
Berghegger, 84
Bergmann, 163

Drechsel, 8
Dttdek, 149.
Dunhaupt, 268, 270.
Dunning, 230, 237, 252
Dyke, 171, 177, 183, 262, 289, 290.

ADAMS,

4, 19,

G R

Des Cloizeaux,

12.

Ditmar, 268.
Dittler, 48, 80
52, 61
91, 121.

20

EHBLICH, 247-249, 286.

Billy, 19, 20.

Blomstrand,
Bondi, 163.
Bowles, 80.

W

C., 13, 14, 23, 28, 58-60, 66-69,
85, 171, 184, 185, 187, 262, 290
261.
, 256,
Davies,
Delacroix, 225.

Dorken, 50, 54, 55,

Berle, 9, 176, 187.

Berthaud,

5.

Das, 230
Davies,

9,

Engler, 10, 16.

12

Etzelmiller, 231.

Evans, 277

Boyd, 149, 150.
Brahmachari, 230-232, 250.
Braverman, 139.

FABBYKANT,

Bredig, 19, 179
Breed, 268.

Fireman,

Brienl, 228.
Brindley, 60, 69, 70, 84, 91
Brmnand, 289, 290.
Broeker, 72

8, 9, 19,

20.

Fleissner, 96.
Fleming, 146.

Fock, 180
Fossek, 34, 36, 37, 132, 162.
Fnedlander, 182.

Broglie, 81.
Buekton, 171, 173, 174, 176, 181.
Bump, 134.

CAHOITBS, 8-13, 16, 17, 19-22, 24, 25, 28.
Carius, 16, 21.
Carre, 192.
Challenger, 53, 95, 96, 122, 192, 197, 200,
202-207, 265, 267, 271, 273, 276-282,

284-286.
Charner, 228.

GAL, 9, 12.
Gandheker, 36, 142.
Genzken, 193, 200, 206, 207, 261.
Ghira, 192, 200.
Gibson, 69, 70, 80, 91, 124.
Gillmeister, 265, 272-274, 277, 280, 281,
283, 284.
Gimborn, 74, 76

Gleichmann, 50, 52, 54, 62, 66, 94, 95.
Goddard, A. E., 119, 189, 192, 194, 195,

Chignell, 149, 150.
Christiansen, 223.
Clark, 292
Coffmann, 22, 63.

197, 201, 202, 207, 208, 218, 221, 236,
242, 265, 267, 273, 275, 277, 279, 280,

Collie, 9, 15, 16, 20, 22-25, 28, 56, 57, 63,

65, 66, 96, 99
Conant, 34-37, 127, 130, 132, 134, 136, 138,
139, 142.
Conen, 57, 65, 77.
Cook, 127, 218, 229, 233, 235, 255.
Coyne, 138.
Crafts, 16, 21
Czimatis, 56, 57, 75.

285.

Fargher, 227, 237, 261.
Fenton, 19, 20, 155.
Fmkelstein, 8, 9.

284-286.

Goddard, D., 273, 275.
Graeff, 121

Gray, 227, 237, 261.
Gronover, 5, 13, 26.
Groth, 10, 12, 17, 21, 25-27, 40, 180.
Gruttner, 147, 148, 171, 183, 184, 198, 209,
211, 216, 252, 271, 285.

Guha, 293.
294
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295

Loloff, 195, 201, 207, 221, 242, 261
Lowig, 170, 175, 176, 180, 181
Lowry, 168, 176.

Guichard,
Gundcroiann, 83, H)4,
Gunfcher, 216-218, 221, 239
Gupta, 232, 250.
Guaewell, 86, 120.
5,

Luxembourg,

MAOALLUM,

VAN HAAKISN,

19-21, 22.

MacDonald,

73.

225, 227, 228, 239, 260.
34, 35-37, 130, 136

Halevy, 205
Hamilton, 231

Maecker, 83
Magiclson, 204,

Hamman,

Mahla,

143.

Kantzsch, 9-11, 17, 27, 169, 373, 174, 200.

Hasenbaumcr, 200, 211, 213,

214, 216, 219,

221, 226,236,
Halt, 150, 151

Hooker, 85, 106.

Henmger, 5
Hibhert, 9-H,

17, 27, 16S, 169, 173, 174,

200
Hilport, 268, 271.
Hofman, 3-6, 8-30, 32-34, 38, 39, 44, 45,
49, 50, 66, 165, 170, 212, 213, 253.
Hollo, 56, 125

Holt, 134

38
137, 161.

Marquardt, 265, 268, 269, 271, 277, 279,
282, 284
Marvel, 22, 63
Masson, 16, 21-23.
Mathais, 107

Matsimuya, 197, 202, 209.
May, 203, 204, 206, 214, 216, 225.
Medox, 52, 61
.

Melohiker, 84, 112.
Merck, 175-177.

Meyer,

9, 11, 13, 24, 44, 57, 85, 157, 159,

160,

IhiSHoy,
y, 139.
19, 20, 155, 156, 184.
Ipatiev, 53.

INQOLD,

60, 67, 69, 85.

JACKSON, 59,
JamcH, 80.
Jan tier, 225.

Johnson, 124
Jones, W. 1 289, 290
Jones, W. J., 13, 14, 23, 28, 58-60, 66-69,
i

1

6,

Mannheim, 180, 181
Mane, 35-37, 41-43,

,

85, 171, 177, 183, 262, 289, 290.

Jorgonsen, 22, 23, 181.
Jonssen, 9.

KAIOHB, 32, 72

Kamai, 103, 152.
Hammerer, 82, 108.
Karror, 247-249, 286.
Kawfmann, 204.

Miehaehs, 29, 31-33, 39, 40, 47-50, 52-58,
60, 62, 64-69, 72-76, 78, 80-95, 97-99,
103-115, 117, 120-122, 124, 125, 143,
146, 148, 149, 190, 193, 200, 203, 204,
206, 207, 216-218, 221, 239, 261, 265,
271,277,279,282, 284.

Micklethwait, 192, 193, 201, 203, 204, 206,
207, 211, 216, 217, 221, 228, 239, 240

Miethmg, 98.
Mmgoia, 162
Mistry, 293.
Monthul6, 165.

Moore, 123
Morgan, 123, 168, 169, 173, 184, 185, 187,
191-193, 200-202, 204, 206, 207, 211,
216-218, 221, 228, 229, 233, 235, 239,
240, 255, 256, 261.

Moslmger, 5.
Motlek, 29, 33.

Kelbc, 86, 106, 120, 123.

Kenyan, 15-17,

94, 96.

Keating, 160
Kinnoy, 34-37, 136.
Kirkiand, 16, 21-23
Kjdsborg, 95, 159.
Klason, 9, 12, 13.
Kohlor, 47, 56, 66, 78, 80-83, 92, 103, 107,
148
Kolitowska, 62.
Krauflo, 147,252,275,291.
Kuhlmann, 88.

LANBOLT,

169, 173, 174, 179, 180, 187,

Lango, 84, 112,
Lederman, 62.
Lemoult, 10, 53
Letts, 9, 20, 22, 23, 96.

Levi-Malvano, 11.
Lewsohmski, 85, 105.
Lindner, 84, 86, 120, 165.

Lmk,

55, 64, 81.

Litthauer, 96, 115, 122.

NllSBENST BIN, 228.
Niyogi, 231, 235, 293.
Norvick, 290
Nylen, 152-154.
53.
Oster, 81, 86.

OHM,

PAGJB, 35, 37, 130.
Paneck, 48, 84, 85, 105, 110, 112, 113, 117
Partheil, 5, 13, 19-22, 26, 180, 181.
Paton, 95, 204, 265.
Pearse, 13, 14, 23, 28, 58, 66, 68.
9, 16, 17, 22
Peters, 96, 122, 205, 207.
Pfoiffer, 52, 175, 192, 194, 200, 271.
Pickard, 15-17, 94, 96.

Pebal,

Pietsch, 271.
Piper, 112,
Polis, 271,
Pollack, 132.

Pope, 69, 70, 80, 91, 124,
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Pringsheim, 165.
Pntchard, 53, 192, 197, 202, 206, 265, 282.

RADCLOTE,

vom

Rath,

60, 69, 70, 84, 91
173.

Rathsam, 95,
Ray, C., 23.
Ray, N 23.

Sochtig, 91.

Soden, 52, 94, 95, 97, 98, 103

Staudmger, 11, 13, 57, 96, 157, 159, 160.
Stemkopf, 149, 181, 292
Strip, 271, 273, 274,

283-285.

Strccker, 86, 120, 175, 176.
Supmewflki, 272, 273, 280-282.

159.

Susskind, 204

,

Razubaiev, 53

Razumov,

153, 154

THENABD,

Reese, 52, 190, 200, 202, 204, 216, 221, 239,
261, 277.

USTER,

8

85, 106, 117, 122

Reid, 230, 237, 252

Renwanz, 275, 291.

VILLE, 42.

Riddell, 237, 242, 244, 250
Ridgway, 265, 271, 276, 278.
Roch, 292.

Rocher, 89

191, 211,216.

WALLTNGFOKD,
Wanselin,

Rohmer, 261.
Rothe, 82, 85, 92, 93, 106, 107, 117, 123
SACHS, 160
Schlenk, 143.
Schmidt, 192, 193, 203, 206, 211-214, 216220, 223, 225-228, 230, 232-234, 236,
237, 239, 240, 243-246, 251, 253, 260,
261.

Schnurmann,

Vinmg,

175.

Schroeder, 106, 107, 120, 121.
Schubart, 292.
Schweizer, 170, 176

Schwen, 181.
Sella, 10, 12, 17, 24-26, 29,

30

Wedekmd,

36, 142

9, 12,

13

60, 69, 84, 91

Weissberg, 10
Weller, 85, 106, 116, 117

Werner, 12
Westphal, 180
Whitby, 200, 203, 204.
Wichelhaus, 16
Wiernik, 148, 171, 183, 184, 198, 209, 21],
216, 285
Wild, 10, 16
Wilkinson, 200, 265, 267, 277, 278, 285.
Wilson, 156, 184, 203, 204, 281
Worrall, 54, 64, 78, 96, 97, 99, 198, 202,
209, 214, 218, 221, 237, 242

Senderens, 225.

Shaw, 156,

184.

Silva, 16, 21.

Simon, 168.
Simons, 176
Smith, 95, 204, 265

YAESLEY,

168, 169, 173, 185,
207, 218, 221, 236, 242

ZECCHINI, 10, 21, 52, 81.
Zepharovich, 37

189,

194,

SUBJECT INDEX.
NB

-Index

is

ai

ranged under headings

of

m their order of appearing
where the preparation and

elements placed

in the Periodic, Classification.
References in italics indicate
properties of the compound in question may be found

Phosphorus
Allyldi-biphenylphosphme oxide, 1)9.
Allylpheuylphosphimc acid, 115.
Allyltn-biplienylphosphomum bromide, 6<J, 99
Ammonium diethyldithiophosphmate, 38.

m-AminophenylphoHphmic acid and
r>-

salts, 108.

-o-toiyl

*

HO.

-p~

,

113

'

3-

ifloAmyldichlorophospnine, 31
ttwAnivldiphenylphosphiiie oxide, 98.
sulphide, 99
,,

,,

thiophosphmito, 92.

,,

,,

phosphme, 5, 34.
phosphmie acid and salts, 5, 32, 34.
phoHphmous acid and sali-s, 32, 34.

,,

,,

thioclichlorophoRphine, 31.

,,

phosplnnio acid, 34
tri])henyiphoHphomum iodide, 62

,,

,,

Anhydro-a-hydroxybcnssylpliosphuiic acid, J 31
'/>-Anisyldichloro])hosphino and derivatives, 84.
l-Anisyli(ieneind(^nyl-2-p]iosphime acid, 164.

,

2>"Anisylphosplnnie aeid and salts, 115
,,
phosphinous acid and derivatives, 105

phosphinoxide, 93,

BoiiKophonoue, reaction with liypophosphorous acid, 161.
,,
phosphmic acid and derivatives, 120.
/?-Ben7,oyl-a-4methoxyp]tenylothylphosphinic acid and
,,
r })henylethylphosphmic acid, 129
*

salts, 129.

,

,,-styrylethyl

,

136.

J-Benzyhdenoinclenyl-2-phosphinic acid, 164.
Bonssylphosphme, 49.
,,
phosphinic acid, 115.
,,
phosphmoacetic acid, 153
tii-biphenyiphosphonmm bromide, 64.
iodide and derivatives, 64.
,,
tnphonyl
Bis-a-hydroxywoamylhypophosphoroxis acid and derivatives, 43
*

,43.

-w-heptyl,,
,,
,,
wopropyl,,
Biatnothylphosphino dichloroplatinum compounds, 11.
Bromo-j^-bonzoyl-a-phonylotbylphosphimo acid, 129.
Bromomothonyltris-tnothylphospbonium bromide, 27.

p-Bromophenyldichloropbosphme and derivatives,
^-Bromo-a-phonylotbylpbosphmic acid, 138.

83.

jp-Bromophenylphosphine, 48.
pbosphinic acid, 109.
,
phospkinous acid and derivatives, 104.
297

,41,42.
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Bromophenyiphospmnoxide, 93
/^Bromo-a-phenylvinylphosphimc acid, 138
6-

-m-tolylphospmmc

,,

acid, III

triphenylmethoxyphospliorus dichloride, 151
,,
methylphosphinic acid, 151
tsoButyldicHorophosphme, 31
diphenylphospmnate, 92
phosphme oxide, 98
sulphide, 92, 99
phosphimte, 92, 98.
,,
thiophosphimte, 99.
phosphine, 5
p-

,,

phosphmic acid and

salts, 34.

, 32.
phosphuious
tmodicmorophosphine, 3 1
.

9i

,

ph.osph.inic acid, 34.

triphenylphosphomum. iodide, 62.
a)-Carbethoxytrimethylphosphomum. hydroxide and derivatives, 156
5-Carboxy-2 4-dimethylphenylphosphimc acid, 118

Chloro2-soamylphosphimc acid, 37
,,
-^-carboxyphenylphosphimc acid and denvatives, 112
,,
methenyl-tris-triethylphosphonium chloride, 27
,,
methyltriethylphosphomum chloride, 27
6-3-mtro-2 4 5-trimethylphenylphosphinic acid, 118.
,,
,,
phenyldichlorophosphme and derivatives, S3, 89
,,
di-p-tolylphosphme, 55
,9
,,.,,
,,
oxide, selemde, sulphide, 95.
-a-phenylethylphosphmic acid, 138.
phenylphosphenphenylhydrazone, 87
P"
phosphmic acid and salts, 48, 109.
3-

9

o5-

,

,

,,

phosphmous acid and

,,

phosphmoxide,

derivatives, 104.
93, 109
84.
tolyldichlorophosphine,
-ophosphmic acid, 110.

HIand derivatives, 112
tf
39
5,
-2*4: 5-trimethylphenylphosphime acid,

-*-,
.

6-

,

,

-p-

117, 118

triethylphosphonram dithiocarboxylic acid, 11, platmichloride, 11
f
ptriphenylmethoxyphosphorus dichloride, 151
55
9,
methylphosphinic acid, 151.
/9-Cinnampyl-a-phenylethylphosphimc acid, 129
Cumyldichlorophosphrne and derivatives, 85
,

,,

phosphmic acid and
phosphmous acid

salts, 114.
,

106.

Cyanurdi-triphenylphosphinimme monoazide, 160.
tn160
Cymyldichlorophosphme and derivatives, 84.
,

phosphmic acid and
phosphmous ,,

salts, 114.
,,

,

106.

Diacetone chlorophosphine, 39, 40

phosphmic acid and salts, 40
phosphorus chlorobromide, 39.
*>
,,
trichloride, 39
3'-Diammodiphenylphosphimc acid, 121
Di-^-amyl-p-anisylphosphme and derivatives, 59
,,

3

.
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DK//-amyl(^-ethylphenyl)phosphme and derivatives, 60.
mcthyl-p-raethoxyplienylphosphomum iodide, 69, chloroplatinate,

cMoroplatmate, 68

(p-othylphenyl)
68.

phcnylphospfionmm iodide,
,,

-IftO

,,

-n-

,,

-ino

>1

99

>J

99

-yj-tolyl

phcnylpliospliine

and

9

68

,

68.

derivatives, 58.

-'ISO

phosphme, 6
phosphimc acid, 39
-jp-tolylphosphino and derivatives, 59
9)

99

99

KGJ
"*

9

Dibenzyklichlorophosphine and denvativos, 86.
isobutyldiphenylphoaphomum iodide, 99
,,

bonzylmothanophoaphmamio acid and

derivatives, 146

phosphinio

,146

,,

phoaphmoxido, 146.
phosphme, 47, 49, 50.
phosphimc acid, 120.

phosphmous

,,

,

106

a/?- l)ibionio-a-pbonylothylphophiaio acid,

,

,

,

138

-i^obutylamino-dipipondmo-N-methylphosplionmm iodide, 29
29,
,,
,,
,,
-N-phonoxymothyl
-;/-buiyl(^>-othylphoiiyl)phoflphmo and derivatives, 60
metliyl-p-mcthoxyplionylphosphonium cMoroplatmate, iodide, 69.
,

phony Iphosphomum

ethiodicle, iodide, 68.

-y)-toiyl

iodide, 68.
, 68.

,68.

,/

ph(*nylphosphmo and derivatives, 58.

-n-

-*w

9

58.

phoHphimte, W4, 125.
9

phosphmo, 6

99

-i)-tolylphoHphmo and derivatives, 58.
,58.
99
>,

n-

Dioamphorylphosphmic

2.5
5J

:

acid, 123, 124.

Dicarboxydimothyldiphenylpliosphmic acid, 123.
"4-mothylphonylpbosplunic acid and salts, 119.

6

a/5

Dichloro-a-phonylothylphosphinic acid, 138.
-o-tolylphosphimc acid, 110
Dicumylpliosptomic acid, 123.

Diethoxypsoudooumylphosphine, 58.
Diothylaniino-N-othoxymotbylplioaphomum iodide,
tdoamylphosphmo, 15, 28.
,,

,,

15.

Kydrochloride,

,,

29.

and

derivatives, 57.
, 57, 99.
benzyl
bronaophenylphosphino, 58.

anisyl

chloro

,

67, 67

cymylphosphino, 58.
dibonzylplxosphonium chloride, platmichlorido, 65.
,64.
iodide,
diphenyl
dithiophosplnmc acid and derivatives, 38.
(othylphonyl)phosphme, 57.
methylanisylpliQsphonmm iodide, 67.
bromophonylpliosphoniuni iodide, 67.
ohloro

,

cymylphosphonium

,

,,

67.

iodide, 68.

(ethylphenyl)phosplxonium iodide and derivatives, 67.

mesitylphospnonium iodide, 68
-a-naphthyl
phenetyl
phenyl

,

68.

platmichloride, 67.
and derivatives, 67.
,

69.
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Diethylmethylpseudocumylphosphonittm iodide, 68
-o-tolyi

,

-w-xylyl

,

67.

platimchlonde, 67,

-a-naphthylphosphme, 58
,57.
phenetyl
Di-(p-ethylphenyl)phospmmc acid and derivatives, 122
Diethylphenylphosphimte, 103.
.,
phosphine and derivatives, 57, 66, 67.
oxide, 98.

phosphine,

,,

6.

hydrochlonde, hydriodide,
platimchlonde, 6.
phosphinic acid and salts, 38.
propylphosphine, 15.

6.

,,

pseudocumylphosphme,

58.

-o-tolyl

57, 67.

,

,57
oxide, 98.

,58

xylyl

Di-zsohexylphenylphosphme, 59.

Dihydroxydmiethylphosphmic

acid, 30.

-a-phenylethylphosphmic acid, 138.

i-

Dimethylammophenyldichlorophosphine and derivatives, 143, 144, 145
diethylmethylphosphomum iodide and derivatives, 145
phosphine and derivatives, 145
dimethylethylphosphomum iodide, 145.
phosphine and derivatives, 144.
diphenylmethylphosphonmm iodide and derivatives, 145.
phosphine, 145.
phosphinic acid, 144.
phosphinous acid and derivatives, 144.

trimethylphosphonmm iodide, 144.
,68.
,,
Di(<5-methylamyl)methylphenylphosphomum
,68
-jp-tolyl
phenylphosphine, 59.
, 59

-#-tolyl

Dimethylbromoethylphenylphosphomum bromide and derivatives, 66.
Di(^-^-methylbutyl)methylphenylphosphonmm iodide, 68.
99

,9

99

,9

99

9,

99

99

-JO'toty!

99

-#-tolyl

diethylphosphonmm

,,

68.

,

59.

oxide and derivatives, 98.

Dimethyl-p-carboxypheny]

2.43:5-

,

phenylphosphine and derivatives, 59.

,,

chloride, 14, 24, 28; iodide, 28.

,64.

platimchlonde, 64,
diphenyl
ethylphosphine, 14, 24
phenylphosphmic acid, 116
,116.

ethylphenylphosphomum

iodide, 66.

phosphine, 6, hydrochloride, 6; platimchlonde, 6
phosphinic acid and salts, 6, 38.

phosphomum

iodide, 3.
and derivatives, 56, 65, 76
oxide and derivatives, 56, 98.
phosphorbetaine and derivatives, 76
-m-xylylphosphme and derivatives, 57, 65.
Dinaphthapyrylphosphmous acid, 162.
-a-naphthylphosphmic acid, 123.
/
4 4 -Dmitrodibenzyl
, 122.
/
3 : 3'-4 4 -diinethyldiphenylphosphmic acid, 121.
diphenylphosphmic acid, 121.
3 5and salts, 113.
-jp-tolyl
,,

-^?-tolylphosphine

.

3:6-

-2.4- 5-tnmethylphenylphosphinic acid and
Diphenoxychlorophosphine, 36, 142, 143.
pseudocumylphosphme,

salts, 118.

55.

Diphenyl-jp-anisylmethoxyphosphorns dichloride, 151.
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Diphonyl-w-anisyJmethoxyphosphorus dichlonde, 151.
,,
-pniethylphosphimc acid, 151.
-/^-benzoyl-a-phenylethylphosphmate, 130.
bcnzylphosphino dichlonde and derivatives, 91.
oxide, 91, 98

,,

-^-jj-chlorobenzoyl-a-phenylethylphosphme oxide, 140.
ohlorophosphine, 47, 55, 90, 92, 97, 98, 139, 140; trichloride, 90
dichloro
,,
,86
ethane-a-phosphmic acid, 165

,,

(iff-

-a-hydroxybonzylphosplunate, 142.
,,
phosphino oxide, 140

,,
,,

-jff-chloroisopropylphosphinato, 143.
-a-methylbenzylphosphmato, 143.

,i

,,

,,
t

,

propyl

,,

9

143

,

wopropylphosphmate, 142
niethanedichlorophosphine and derivatives,
,,
phosphme, 49.

>,

,,

,,
,,

phosphme

,,

85.

oxide, 93

phosphimc acid and salts, 120
,,
phosphinous acid and salts, 107
-a-naphthylmcthoxyphosphorus dichlonde, 151.
,,

,,

-a-

,,

niethylphosphimc acid,

,,

151.

151.
-a-phonyl-/?-bonzoylethylphosphinate, 143.

-P,,

,,
phosphme oxide, 140.
14.1.
,,
vinyl
,,
,,
,, bromo-/S-bc3i55oylothylphospliine oxide, 140, 141.
,,
,,
,,
,,
-jp-chloiobenzioylethylphosphine oxide, 141.
,,
,,
-^-chlorobonzoylvmylphosphuie oxide, 141,
phosplnno and derivatives, 47, 50.

,,

,,

,,

,

,,

phosphimc

acid, 92,

J2L

-_^4olylmoihoxy phosphorus dichlonde, 151.

,

methylphoBphimc

,,

acid, 151.

phoaphino, 55.
/?/j-Diphenylvmylphosphimc acid and salts, 165.
Di-ft-propyl-)-anisylpho8phinc and derivatives, 59.
,,

,,

(^ethylphenyljphoBphme and derivatives, 60.
mothyl-^-mothoxyphcnylphosphomum iodide,
*

iodide, 68.
68.
,
-jp-toiyl
phosphino and derivatives, 58.

phonylphosphonmm

phoHphimo

acid, 39.

tolylphoBphine, 58.

DipseudoeumylehlorophoHphme and derivatives,

90.

acid, 12$, 123
,)lylbon55yJphofiphino, 55.
,,

phospmmo

and derivatives, 90.
acid, 121, 125
thioohlorophoB]>hino, 90.
chloro

,,

,,

,,

,,

?>

phosphimc
,,

phosphimc acid and derivatives,

122.

Ethoxydichlorophosphino, 142.
Ethylbonzylaminophenylchchlorophoaphine, 146.
phosphinous acid, 146.
diethylphosphmoacetate, 153,
carbazole-3-phosphmous acid, 161.
dibenzylphosphme, 55, 63.
dichloro

,

31, 32.

-a-diethylphosphinopropionato,

1 54.

diphenyloxythiophosphmate, 90,
,,

92.

91.
phosphine, 55.

phosphmat,

oxide, 55, 63, 90, $7.
sulphide, 99,

69.
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Ethyldiphenylphosphmite, 9 1
thiophosphunte, 90, 91, 99.
Ethylene-bis-triethylphosphomum bromide, 30.
.

chloride and derivatives, 30.
trimethylphosphomum bromide and derivatives, 29
hexaphenylphosphomum bromide, 63
tetramethyldiphenylphosphomum biomide and derivatives, 67
trimethylammomum hydroxide tnethylphosphonmm hydroxide
,,

,,

,,

and

derivatives, 26, 27

phosphonmm hydroxide tnethylphosphonmm hydroxide and
derivatives, 29.

Ethyl hydrogen triphenylmethylphosphmate, 151
p-Ethylphenyldichlorophosphrne and derivatives, 85
ethylphosphmate, 92, 103
125.
methyl
,

p-

phosphme and

derivatives, 48.
phosphimc acid and salts, 92, 114
derivatives, 105
,,
phosphmous ,,

,,

a-phosphone piopionate, 104
pseudocumylphosphmic acid and derivatives, 60.
-p-tolylbenzylphosphomum bromide, iodide, 69
,,
phosphme and derivatives, 60, 69
4,

32

,,

phosphine,

,,

hydrochloride, hydriodide, platmichloride,
phosphimc acid and salts, 32, 33
phosphnioacetate, 152.

,,

-/?,,

,,

formate and derivatives, 153.

,,

propionate, 154.

phosphmous

5.

acid, 32.

i<sopropyh<?obutylphosphme, 29
thiodichlorophosphme, 31

tnbenzylphosphonium chloride and derivatives,
triphenylphosphomum iodide, 62
tn-^-tolyl

63.

63.

,

-Heptylphosphimc acid, 34
Hexamethyltnammotiiphenylphosphme, 145
Hydrindyl-2-phosphunc acid, 163.
-Hydroxyisoamylphosphmic acid and salts, 37.
42.
,,
,,
,,
phosphuious ,,
,,
benzylphosphimc acid, 13 1 136.
,

9

-sec-butyl-a-hydroxy-w-heptylhypophosphorous acid, 44
-isobutylhypophosphorous acid and salts, 42,
44
-sec,

phosphimc acid and

-iso

salts, 36.

diphenylmethylphosphinic acid, 137
-a-ethylbntylphosphmic acid and salts, 36, 137
ethylhydroxy^s0propylhypophosphorol^s acid, 41.
-%-heptylhypophosphorous acid and derivatives, 43.
,,
,,
phosphimc acid, 34, 37.
methylbutylhypophosphorous acid and salts, 42
-aphosphimc acid, 36.
-^-chloroethylphosphmic acid and salts, 37.
,,

,,

dimethylpropylphosphinic acid, 37.

methylene camphor phosphimc acid and derivatives, 146.
methylphosphimc acid and salts, 35.
-apropylphosphimc acid and salts, 36, 137.
phenanthraquinone phosphimc acid, 132
-/9-phenyl-a-benzylethylphosphimc acid, 137.
-a(p-phenylethyl)-y-phenylpropylphosphmic acid, 137.

^opropyl-a-hydroxy-w-heptylhypophosphorous acid, 44.
hypophosphorous acid and salts, 35, 41, 44.
,,
phosphimc acid and salts, 35, 41, 136.
tnethylphosphomum dithiocarboxylic acid, 11.

-a^/5-tnmethylpropylphosphmic acid, 137.

tnphenylmethylphosphmic acid and derivatives, 151.
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163
,,
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salts, 163.

,

Mosityldichlorophosphino and derivatives, 85
phoHphenphenylhydrazone, 87
,,
phosphinc and salts, 49.
,,
phoHphmic acid and salts, 119

phoHphmous

,,

,,

,,

,

106

phosphiiioxide, 4)3
Moihoiiyl-tns-tricihylphosplioiimm chloride, iodide, 27.
MethylaUylphenyl-^-tolylphosphonmm iodide and derivatives, 09.
,,

,)

9-

,,

4-

,,
,,
,,

bonzjylaminophcnyldichloiophosphine, 145
,,
phosphmous acid, 145
carbazole-3-phosphinous acid, 161.
4'- car boxy diphenylphosphimc acid, 121.
chlorophenylth^-tolylphosphonmm iodide and derivatives, 64,

diothylphosphnie, 15.
diplienylphosphinc, 55, 65, 97

,,

oxide, 97.
basic carbonate
,,

,,

,,

,,

,

ditolyl

,

of,

63.

55

Mothyloiio-biH-tnothylphosphonjLum chloride, 29.
,,
hoxaothyldiplioaphonxunx dicliloxide, 29.

phony 1

,,

iodide, 63

, picrato, platmichlonde, 65.
Mctliylothyldiphoiiyl
,,
,,
'M'opropyl'M'obutylphoHphoinum iodide, 28
and derivatives, 69.
,,
plienylpseudocumyl
,,
,,
,,
-jp-tolyl
rf-camphor sulphonate, 69
iodide and derivatives, 69
,,
5,
it
99
99
99

,,

2-

oxy^.voprop^lphonylphoHphmic acid, 115.
pciiianonc"(t)-phophiiuo acid-(3) and salts, 40.
phonylamuiopheuyldujhlorophoHphino, 146

phosphinous acid,
dl-

,,

,,

,,

14(>

and
rf-a-bromooamphor-Tr-sulphonate
derivatives, 70
bromide, 70; iodide, platmichlonde, 71.

-jw-toJylbeiiKylphosphomum

,

,,

plioHphmc, 60.
phoHphme, 3 9 6
,,
hydriodido, hydrochloride, platmichlonde,
phoBplnmc acid and salts, 32, 33
,,

,,

,

^-oresyl,

m-cresyl,

4.

pscudocumenol and jp-chlorophenol

cstcJH, 72, 73.
trtopropylplwnylphoflphimo acid, 114.

styjyl-/j-phophmi acid and salts, 164.
-^-tolyldipipondine-K-phosphoninm iodide, 125.

tn-biphonyJphoHphonium iodide, 64, 97
29.
,,
,, t^butyl
tiiothylphosphonium chloride, 29; picrato, 155.
,

hydroxide,

1

J

27,

!

55.

inmoBitylphosphonium iodide, 64.
chloride, 62, iodide,
triphonyl
tripHOXKioouniylphoHphonium iodide, 04

and

tri-p-tolyJ

6'J,

63, 97,

derivatives, 62.

ethiodulo, iodide, platinichlonde, 64.
,j
-w-xylyl
64
/
"P(J-Monoothyl phosphmoacotato aad donvativos, 15.1.
p
159
i
I y>
f
7?
9t
,,

-

*->

J '

a-Naphthyldichlorophosphino and derivatives, 86.

phosphimc acid, 86, J20>
phosphmous acid, 106

123.

3-Nitro-4-methoxyphonylphosphinic acid and
benzylphospbinic acid, 115.

salts, 115, 116.

,,

o-

tnmothylphosphonium

picrate, 156.
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m-]STitro-j>-bromophenylphosphimc acid and
chloro
,,
,,
,,
,,

109
109.

99

112, 113
-ptriphenylmethoxyphosphorns dichloride, 151.

,,

,

?a-Octylphosphine, 5.
,,
,,
,,
hydriodide,
,,

,

,,

,,

,,

p-

,,

phenyltrimethylphosphonmm piciate, 156
,,
phosphinic acid and salts, 108.
-0-tolylphosphinio acid and salts, 110.

,,

53-

salts,

phosphinous acid,

,,

5.

5.

O;xy^<sopropylpnenylphospn:lnic acid, 115.

Phosphlnoaeetic tnanilide, 153
153.

acetyl trichloride, 153,
-n-butyric acid and derivatives, 154
butyroratrile ethyl ester, 154

pa-

propiomc acid, 153, 154

and

,,

derivatives, 154.

PhosphoarsenolDenzene, 149.
benzene, 148.
,,
l-Piperonylidenemdenyl-2-phosphinic acid, 164.
Propane- /9-carboxylic acid a-phosphinic acid and
TZ-Propyldichlorophosphine, 31
o

,

salts, 40.

31.

diphenylphosphinate, 92.
pbosphine oxide, 63, 98.
,,

sulphide., 92, 99.

,,

phosphinite, 92, 97.
thiophosphinite, 99.
phosphine, 5.
, 5
phosphinic acid and salts, 33
,,

n,-

s ,

^so

n*so
n>-

^so

n,,

,,
,

,,

9

34.

,

,,

phosphino-carboxylic acid and

,,

phosphmons

salts,

,,

, 32
thiodichlorophosphine, 31.

,,

triphenylphosphonium iodide, 62.

,,

40

acid, 32.

bromide, 63, iodide, 62
iodide, 63.
^so
,,
,,
,,
,,
93
y 63.
Pseudocumyldichlorophosphme and derivatives, 122.
,,
,,
phosphine and salts, 49.
,,
,,
phosphinic acid and salts, 117 y 118.
jp-Phenetyldichlorophosphine 85.
,
,,
phosphinic acid and salts, 116.
,,
phosphinous acid, 105,
Phenoxydichlorophosphme, 142.
Phenyl /?-benzoyl-a-phenylethylphosphinate, 130.
j?
>?
99
,,
phosphinic acid, 133.
*50

n-

,,

,,

,,

tri-^>-tolyl

,,

,,,,

styryl
,,
,,

>7

,

136

benzylmonothiophosphinic acid, 104*
-^-bromo-j5-benzoyl-a-phenylethylphosphmic acid, 133.
-^(a'-bromocmnamoyl)-ethylphosphmic acid, 135.
*^obutylphosphimc acid, 125.
cyclopentamethylenephosphine and derivatives, 148.
ethylphosphoniura iodide, 147

methyl

,

147.

phosphine and derivatives, 147.
-n-propylphosphonium iodide, 147,
-.sec-

di-'M-amylphosphine, 68

y>

,,

99

f

147.

dibenzylphosphine and derivatives, 54.
-y5(dibronaohydrocinnanaoyl)-ethylphosphinic acid, 135
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a- Plienyl-/?(a7^-dibromo-^'-phenylpropionyl)-etliylphosphmic acid, 135.
,
dibromophosphme and derivatives, 82.
diehloro
54, 55, 80-83, 86, 87, 103, 125, 133-135.
ft
sulphophosphmc and derivatives, 83.
,

,,
,,
,,

dicyanophosphme, 83
diethylphosphine benzophenone azine, 158.
fluorenono
,,
,,
, 158.
!](/- /3-methylbMtyl)-phosphme, 68,
chloride, 73.
and derivatives, 73.
, 73.

dipipondmebenzylphosphonmm
ethyl

,,

methyl
-N-phosphme, 87

,

,,

sulphide, 99

,,

,,

1-

iodide

,,

ditetrahydToquinolme-mothylphosphomum iodide, 73.
,,
-N-phosphme, 87, oxide, 87.
dithiocyanophosphmo, 83.
,

cli-jp-tolylphosphmc, 54.

ethylmonothiophosphmic

acid, 104

hydroxybonssylphosphinio acid, 125.
125
ethyl
-a- ,,
-y-phenylpropylphosphmio acid, 137.
mcthylphosphinanilido, 125.
phosphmic acid and salts, 124.
phoRphinyl chlonde, 124
,

-

-a-phenyl-^-cinnamoylothylphoaphmic acid, 135.
-^(a'jS'-dibromophonylpiopionylJ-othylpliosphinic acid, 135

phoBp h onbonzy Ihy draxono, 8 7
,86; dihyclrazide, 86
phenyl
.

tolyl

,

86.

phosphino, 47, 80, 148.

phosphmio acid and derivatives, 107 108.
y

,,

,,

anihdo arid derivatives, 87.
diamide, 87.
diamhde, 87
phonyHiydrassido, 87.

phosphmous acid and

derivatives, 82, 103.

plioaphmoxide, 92
phosphonoacotic acid and derivatives, 104.
-a-

9f

propionie acid, 104.

phosphomum

iodide, 47.

phosphorxiH Biilphido, 83*
pHoudocumylclilorophoHphino and derivatives, 91.
,,
phosphmio acid, 125,
-p-tolyloliloroplxosphiuo, 60, 69, 9J, trichloride, 91.
69, 70.
,
,
mothyl
phosphimc acid, 125
tnaiulidophoaphonium chloride and derivatives, 88
tnphenylmothylphosphinio acid, 125.
79.
,, ^-tolylphoflphorketobetame and derivatives,

vinylphosphmic acid, 136,
Phosphonyl bromide and derivatives, 82
80-82.
chlonde
,

Phosphonylic acid
Fbosphmoacothydrassido, 153.

,,

,

107.

acetic acid and salts, 153.
Psoxidocumylphosphmic dianilide, 88.
,,
diphenyl ester, 89.

hydrazide, 88.

phosphinous acid, 55, 106.
phosphmoxide, 93.

trianihdophosphomnm chloride and
Styryl-/?"phosphmic acid and

Totra-iwamylphosphonium
benzyl

VOL. XI.

:

III.

derivatives, 89

salts, 164.

iodide, 24.

and

derivatives, 64.

20
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Tetra-i^obutylphosphonium iodide, 23.
,,
chlorotetramethylphosphomum chloride, 30.
,,
ethylphosphonmm hydroxide and derivatives, 20-23, 25, 290.
,,
hydroxytetramethylphosphonium chloride, 30.
methyldiaminobenzhydrylphosphmous acid, 162.
,,
,,
phosphonium hydroxide and derivatives, 4, 8, 19, 20.
,,
phenyldiphosphme, 50.
phosphonium hydroxide and derivatives, 61, 62.
,,
phosphorketobetaine and derivatives, 78
,.
-^-propylphosphonmm antimonyl <#-tartrate, 290 bromide, 23.
,,
-tsopropylphosphomum iodide, 23
Thienyldichlorophosphme and derivatives, 160.
diethylmethylphosphonium iodide, 161.
;

phosphine, 161.
phosphinic acid, 161.

phosphmous

acid, 161.

triethylphosphomum iodide, 161.
Tolylbenzylphosphmic acid, 125, 126.
p- 99 cyclopentamethylenephosphme and derivatives, 148.
dibromophosphme, 84
dichlorophosphine and derivatives, 84.
mP~

dipiperidmebenzylphosphomum
tsobutyl
ethyl

iodide, 73.

,,

,,

methyl
N-phosphme, 88.

,73.
,

73

,

73.

oxide, 95.
sulphide, 95

,,

di-7i-propylphosphine, 66.
ditetrahy droquinohne-N-phosphine, 88
oxide, 88.
,,
.

methyldiethylphosphorketobetame and derivatives, 79.
,,

,,

o-

w-

,,
phosphinic acid, 125
phosphine and derivatives, 48
phosphinic acid and salts, 110

P-

V,

anilide

and

113.
, 112,
derivatives, 88

diamide, diamhde, 88
diphenylhydrazide, 88
di^-tolmdide, 88.

phenyl

m-

derivatives, 105.

,

P-

99

,

o-

P-

ester, 88, 89.

phosphmous acid and

o-

,,

9,

,

105

9

105.

phosphmoxide, 93

93
99
trianilidophosphonium chloride and derivatives, 89.
Tri-w-aniinotriphenylphosphme oxide and derivatives, 94.
99

,

,,

,,

-50amylmethylphosphonram
-n-

iodide, 28.

phosphine, 14.

,,

,

compound with carbon

,

U,

,

compound

disulphide, 14.

24.
,,

,

14.

oxide, 18

benzoyloxytrimethyl phosphine oxide, 31.
benzylphosphine oxide and derivatives, 96.
-biphenylphosphme, 53, 64.
oxide, 96; sulphide, 99.
,

,

,

phosphorbetaine, 78.
-w-butyl-/?/J-diphenylethylphosphonium hydroxide, 156.
,,
ethylphosphonium iodide, 28
,,

,

methyl

?

phosphine, 13,

,

28,

SUBJECT INDEX.
Tn-w-butylphosphme, addition products
-wo
99

--

,,

U,

9

99

99

,,
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of, 14.

29.

addition products of, 14.
oxide and derivatives, 18.
-w-piopylphosphonmm hydroxide, 156
,

>

Tnchlorophenoxy phosphine, 72.
"p-chlorophonoxymothylphosphonmm

iodide, 72.

2:5:6-,, chloro-m-tolylphosphimc acid, 111.
,,

tiimethylphosphme, 31

,,

oxide, 31

,,

Triothylallylphosphomum iodide, 28.
iodide, 29
25, 26, chloride, 26
itfoamylphosphomum. chloride, 15, 28, iodide, 28.
amsylphosphonium iodide, 66
chloride and derivatives, 66.
benzyl

amme-N-methylphosphomum

,,

-^-ammoethylphosphonium bromide,

,,

,,

,,

,,
,,

,,

-/3-bromoethylphosphomum biomido and
iodide, 66
,,
bromophenyl
chloride, 26.
carbcthoxy methyl
26
,,
,,
carboxy

,,
,,

,,

,,
,,

derivatives, 25-29.

,

, 24, 25, 27,
hydroxide, 25
diethylaininoethylphosphoniuni chloride, bromide, hydroxide, 27
ethyl
, 27
,, hydroxyothylphosphonmm chloride, hydroxide, iodide, 26.
,,
,,
methyl
hydroxide, iodide, 27.
loclomothylphosphoruum chloride, hydroxide, iodide, 27.
-j8-melhylaminoethylphof5phonmm bromide, chloride, hydroxide, 26.
mothylphosphonram chloride, 15, hydroxide, 25, iodide, 24.
-/j-phenylethylphoBphomum hydroxide, 156.
phony Iphosphomum iodide and derivatives, 66.
phosphine, O 12, 13, 17, 23-25, 27-30, 90.
compound with carbon disulphide, 10.

-/5-chloroethyl
,,

,,

,,

,,
,,
,,

,,

,,
,,

,,

,,

,,
,,

t

,

bonzophenono azmo, 157.

azme and, derivatives, 157.
mothioclido, 10, 17
oxide and derivatives, 16, 17, 27, 29, 66, 155.

lluorenone

platimchloride, 11, 12.
,

salts of, 13.
solenido, 17.

sulphide, 17.
chloride, 15, 27, hydroxide, iodide, picrat, 155,

-wpropylphosphomum
-o-tolyl

iodide, 66.
acetate, 25,

,,

bromide, 25, 28;
hydroxide, 26, 28.
66
iodide,

vmyl
-w-xylyl

chloride, 26, 28;

Trihydroxytnmothylphosphino oxide, 31; tnbonzoato, 31.
Tri-1-indolylphosphmo, 362.
*3,

,

,

metbyb-soamylphosphonium
,,

,

,

,

,

162.

mositylphosphine, 53.
chloride, 25; iodide,

24

hydroxide, 156.
benzyl
-/9-bromoethylphosphonmm bromide, 24.

(^/.^-methylbutyl)phosphine, 14.
see Tri-woamylphosphme.
, 14;
(y-methylbutyl)

methyl-carboxymethylphosphomum chloride, iodide, 24.
ethylphosphonium chloride, 24; hydroxide, 155;
-^-hydroxyethylphosphomum chloride, 24.

iodide, 24.

-2-mothyl-l-indolylphosphme, 162.
-2,162.

,-32:4:5-

,

methylphenylphosphmic acid, 117.
methylphenylphosphonium hydroxide, 156; iodide, 65.
phosphine,

8, 24, 25, 29, 99.

compound with carbon

disulphide, 9.
derivatives with alkylene bromides and thiocyanates, 9.
hydriodide, 7.
oxide and derivatives, 15.
,

,
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Tnmethylphosphme

platimchloride,
selemde, 16.
sulphide, 16.

9.

phosphorbenzobetame and derivatives,

75.
77.
carboxylic acid, 77.

tolu

,

-3?-tolylphosphonrum iodide and derivatives, 65.
65.
,,
,,
,,
,,
-m-xylyl
,

Trmitrodiphenylbenzylphosphine oxide, 91.
96.
,, -^-mtrotnbenzylphosphme oxide,
94.
,, -w-mtrotriphenylphosphine oxide,

Triphenoxybenzylphosphonmm
,,
,,
methyl
phosphine, 72

,,

,,

chloride, 72.
iodide, 72

phenylacetonylphosphomum chlonde, 78
benzhydrylphosphonium hydroxide, 159.
156
,,
benzylphosphonmm
diphenylmethylphosphomum bromide, 64
methoxyphosphorus dichloride, 149, 150, 151.
methylchlorophosphimc acid, 152.
phosphimc acid and derivatives, 149-151
,

,,
,,
,,
,,

phosphinous acid, 162
phosphorketobetame and derivatives, 78.
phenacylphosphonium bromide, 78.

,,

phospmne and

derivatives, 51-53, 61-63, 74, 75, 78, 79, 94, 95, 160.
azine, 158

benzophenone

dihydroxide, 94.
dimtrate, 95.

diphenylmethylene, 64, 159.
fluorenone azine, 158.
glyoxyl ester azine, 158

hydroxymtrate, 95.
oxide and derivatives, 63, 94.
phenylimine, 159.
selemde, 95.
sulphide, 95.

-m-xylykmine, 159
iodide, 53

phosphonium

phosphorbetaine and derivatives, 74, 75
75
cholme
Tripiperidine-benzylphosphonium chloride, 74
iodide, 74
isobutyl
, 74
ethyl
hydroxide and derivatives, 73.
methyl
,

-n-propylamine-N-methylphosphonram iodide,
~iso

,

29.
29.

-%-butylphosphomum hydroxide, 155.

~n-

ethyl

,

iodide, 28.

octyl

hydroxide and derivatives, 156.
bromide, 66.

phenyl
phosphme, 13, 28.
,

,

13, 23.

-n-

,

,

addition

-iso

,

-iso

-n~

155.

methyl

,

compound with carbon

hydnodide, 13.
mercurichlonde,

disulphide, 13.

13.

oxide and derivatives, 17, 18.
-^-tolylphosphonium bromide, 66.
,

,,

,,

,,

iodide, 72.

oxide, sulphide, 97.

,,

,,

,,

pseudocumenolmethylphosphonium
cumylphosphme, 53.

tetrahydroquinolmemethylphosphonium iodide and derivatives,
-jp-tolylmethylphosphorketobetame and derivatives, 79.
-m-JP-

oxymethylphosphomum

iodide, 72
72.
,,
,

73.

SUBJECT INDEX.
Tritolyloxyphosphme,
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72,

jt)-tolylphenacylphosphonium chloride, 79.
,,

phosphmc,

9>

,,

,,

,,
,

9

53, 125.
oxide, 95.
selemde, 95.
sulphide, 95.

phosphorbetame and derivatives, 76
phosphorketobetame and derivatives,

,,

79.

-w-xylylphosphlne, 53.
p-

and

derivatives, 53.
oxide, 96

,

>

-w-P-

,

-M-

97.

sulphide, 96

P-

o-Xylono tuothylphosphonium hydroxide and denvatives,
Xylyldichlorophosphme, 85.
P"

,,

1-2:41*3:5in-

and derivatives,
,116
,116
phosphnnc acid and salts, 116
,,

,,

p-

,,

85.

derivatives, 117

,,

m-

13.

phosphmous

acid, 105.

3"AcetamidO"4-hydroxyphenylstibimc
2-

mothoxy

acid, 233.

237.
237.

,

-5-

,

phonylaraonoantimonious bromide, 248.
di-ioclostibine, 248.

,,

stibmoaraeno-4-phenylglycme, 247.
Acetophenone-4-Htibime acid, 237.
jy-Aootylammophonyldiohlorostibino hydrochlonde, 212.
stibmic acid, 212, 229, 231, 247
4 or pp-

,,
,,

,,

4

OT:

,,

,,

HtibniouH chloride hydroohlorido, 260.
thiobenzenesTulphonic acid, 260
salicylic acid,

,,

260

stibmoxido, 193, 214, 246.
AllyHhiooarbaiuino-^-ammophenylfltibiBno acid, 231
S-Anuno-^-aootamido-^-hydroxyarsonosi/ibinobonzono, 246.

p-

w3-

4-

bonzonodiaKomum chlondo-antimony

chloride

complex

salt, 254.

-4-chlorophonyldichlorostibme hydrochlorido, 213 9 241, 246.
,,
stibmoxide, ^/3, 246,
acid, 239,
diphonylstibmic
/
4 -stibmic acid, 237.

Htibmoxido, 241,
/

-4-hy droxyphonylarBono-4 -acotamidostibmobonzen6 hydrochlonde, 248
iintimomous acetate hydrochlonde, 248.
,,
chloride
, 249.

.

stibmobenzene, 247, 248.
dicblorostibme hydrochlowde, 212,
stibimo acid, 233 9 240.
3 or

w-

phonyidiohlorostibino, 21, 239.
hydrochloride, 210,

P-

,212.

2-

3 or

m

4 or p-

di-iodo
stibmic acid

212-ZU, 216, 228,

244, 245, 254.

hydriodido, 212.
derivatives, 228.

and

220, 228, 229, 237,
220, 227,
#-231, 250-252.
azo dyes from, 252.
,
chloride hydrochloride, 220.
220.
stibinous thiobenzenesulphonie acid, 260.
,

,

,
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m-Aminophenylstibinous

thiosalicylic acid hydrochloride,

-P-

>

m3-

260
26 <>

stibmoxide, 193, 213, 237, 245
-4-piperidinophenylstibmic acid, 235.
Ammonium chlorophenyl chloroantimonate, 220
/3-naphthyl

,

phenyl

,

290
219

p-Anisylstibimc acid, 236.

Antimony

cacodyl, 187.
cyclopentametliylene chloride, 292
tn-2-thienyl, 291.

dibromide, 292
dichlonde, 292.
oxide, 292.

4-Arsenophenylstibinous oxide, 249.
Benzamlide-#2/-distibiiious oxide, 293.

^-Benzenediazonium chloride-antimony chloride complex

salt,

254

sulphonyl-jp-aminophenylstibimc acid, 231
Benzophenone-j3p-distibinic acid, 293,

Bis-4-ammo-3-carbomethoxyphenylarsenoantimonide, 249.
249.
-3-4-hydroxy
,

,

,

,

dimethylstibine trisulphide, 187.
/
phenylazomethine-^p -distibmous oxide, 293.
tri-w-butylstibinedichloroplatmum, 1^0.
trimethyl
palladium, 170.
platinum, 170.
x
-2 2 -xenylenestibine oxide, 259.
:

4-Bromophenylstibimc

acid, 227.

Carbamide ^-acetamidophenylstibinate, 232
, 232.
^-hydroxy
^-co-sulphomethylamuiophenylstibmic
m-Carbamidophenylstibimc acid, 231.
Carbethoxy-jp-ammophenylstibimc acid, 231, 237.
4amniodiplienyl-4 -stibinic acid, 237

acid, 232.

/

phenylstibinic acid, 237.

jp-

Carbobutoxy-jp-ammophenylstibinic acid, 231
isobutoxy-^-ammophenylstibmic acid, 231
-jff-chloroethoxy-jp-ammophenylstibinio acid, 231.
s-

hydrazme-diphenylene-^-distibinic acid, 293
-y-chloropropoxy-jp-ammophenylstibimc acid, 231.

methoxy

,

propoxy

,

,,
isopropoxy
Carboxymethyleneoxyphenyl-4-stibimc acid, 232.

,

231.
231.
231.

pmethylphenylstibuiic acid, 237.
4:4'stibuiobenzene, 244.
,,
pphenyldi-iodostibine, 292.
^)-Chloro-m-ammo-benzenediazonium chloride-antimony chloride complex
4'-3'-4-hydroxyarsenostibinobenzene, 245, 246
-3 S'-diammo^-hydroxyarsenostibmobenzene, 246.
:

4,9

4-

3

:

4

.

-3-nitrophenylstibmic acid, 235.
chloride hydrochloride, 235, 253.
,,
-m-phenylenestibunc acid, 241.
phenylstibmic acid, 226, 227, 234.

220

p-

chloride,

4-

oxy chloride, 226.

S'-Diacetanndostibinobenzene, 244
Di-jp-acetylaminodiphenylbromostibine hydrobromide, 217.
chloro
hydrochloride, 216, 217.
stibimc acid, 240
4'-Diacetylamino
chloride, 241
stibinous hydroxide, 218
stibmoxide, 210, 212, 240.

salt, 253.

SUBJECT INDEX.
x

/

3 3 -Diammo-4 4 -dihydroxyarsenostibmobenzene, 246.
,,
,,
,,
stibmobenzene, 245.
:

m- Diammodiphenylchl orostibinc, 210
Di-m-ammodiphenylchlorostibme, 212
,

3

3

,

dihydrochloride, 216.

,

S'-Diammodiphenylstibmic acid, 217, 221, 240.
chloride hydrochlonde, 221, 240
JDi-m-ammodiphenylstibmous hydroxide, 217.

.

stibmoxide, 217, 240.
3'-T)iammo-4-hydroxyarsenostibinobenzene, 245.
stibmobenzene, 243.

*

A,'"x

T
4.

,,

,,

,,

94.4.
A'x'x

,

Di-biphenylchlorostibino, 218, 221.
atibmic acid, 242.
chloride, 221.

stibmoxide, 218

3.5- Dichloro-4-acetanndophonylstibinic
2

,,

4
3

acid, 235.

diphonylstibmic acid, 239.

2'-

,,

,,

chloride, 239.

,,

247.
4'-Dihydroxystibmoarsenobonzone,
/
3 -Dimethoxydiphcnylene-4 4 -distibmous oxide, 293.
Dimethylbromostibme, 185, 187.
:

:

chioro

185.

,

,185.
/
diphonylene-4 4 -distibmous oxide, 293.

cyano
3

3

,

:

lodostibine, 185, 187,
stibine oxide, 187

oxybromide, 185, 187.
,,

,,

,,

chloride, 185.
cyamdo, 186.
iodide, 185.

stibmic bromide, 184, 183, 261.
chloride, 184, 185.

3

-

iodide, 184
3M)imtro<liphenylstibmic acid, 240.

2.4-

plienylstibmic acid, 236.
16, 217, 221.

Diphonylchlorostibme,
I

)i phe nyle thy lati bine,

199.

dibromide, 210.
dichlonde, 210
mothanodistibmic acid, 237.
,,

4

:

4',,

-^jp-distibmous oxide, 293.

"p^-tristibmous oxide, 293.
,,

methyktibme, 198.
dibromide, 209.
diohlondo, 209.
Btibmxo acid, 220, 238, 230, 240
chloride, 216, 220, 238, 239.

stibmo us acetate, 218.
sulphide, 218.

stibmoxido, 213, 216, 217, 218.
m-tolylmethylcarbinol-jpjpjp-tristibmic acid, 293.

Di-^-tolylbromostibine, 218.
chioro
218.
,
289.
-oethyl
289.
m289.
,
218.
lodo
,
stibmic acid, 242.
chloride, 221.
Dixenyl-o-chlorostibine, 259.
,

,

,259,
,,iodo
stibimc chloride, 259.

311
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289.
Ethyldi-w-amylstibine,
*
289.
butyl
289
,, cyclohexylstibine,
,

/

Ethylenediammophenylene-4 4 -distibmous oxide, 293.
.

Ethyltn-w-propylstiboDium chloroplatinate, 183.
hydioxide, 183.
iodide, 183

Hydrazobenzene-jop'-distibinous oxide, 293.
,,
dicarbonammo-diphenylene-pjp-distibmic acid, 293.
l-Hydroxy-2-acetophenone-4-stibimc acid, 237.
4-3-aminoazobenzene-4'-stibinic acid, 252.
azobenzene-4'-stibmic acid, 252
/
ben.zeneazo-4 -methoxyphenyl-2''-stibinii; acid, 250.
,,
,,
4-benzisoxazme-6-stibmic acid, 255.
3-1
,,
.

4.

-3-carboxyazobenzene-4'-stibimc acid, 252.
252
-2-chloroazo
,,
,,

t9

,,

,

ethylaminophenylstibmic acid, 231.

p~p-

4-

,,

-3-methylazobenzene-4'-8tibinic acid, 252
nitroazo
, 252
phenylarsenostibinobenzene, 247.
dichlorostibine, 260.
di-iodostibme, 260.
phenylene-1-arsmic acid-3-stibmic acid, 251.

,,

,,

phenylstibmearsme, 250

,,

stibimc acid, 232, 247.
stibinous jp-thiobenzenesulphomc acid, 260.
,,
thiosalicylic acid, 260.
propylammophenylstibmic acid, 231.

4-

,,

,,

p,,

4(or p)p-

,,

<p-y~

3-Methoxy-6-acetamidophenylstibinic acid, 250.
Methylcyclopentamethylene stibme, 292.

ibromostibme, 184.
dichloro
di-iodo

,,

184.

,

,184.
/

Methylenediaminophenylene-4
stibme sulphide, 185

.

4 -distibmous oxide, 293

stibmoxide, 184.

tri-w-amylstibonmm chloroplatinate, hydroxide, iodide, sulphate, 183.

,,

,,
,,

,,

chloroplatinate, hydroxide, iodide, 183.
iodide,
mercurichloride,
chloroplatinate,

butyl

-iso

,,

mcrcuri-

289

iodb.de,

acid oxalate, butyrate, carbonate, chloride,
formate, hydrosulphide, hydroxide, iodide, nitrate, normal oxalate,
sulphate, tartrate, 182
tri-?i-propylstibonmm antimonyl <i-tartrate, 290.
chloroplatinate, hydroxide, iodide, sulphate, 183.
,,

1

:

ethylstibomum acetate,

4-Naphthylene-distibimc acid, 293.
ct-Naphthylstibimc acid, 237, 244.
P-

,

^89.

stibmoxide, 290
3-Nitro-4-acetylammophenylstibmic acid, 233, 234
,,ehloro
,213,220,232,234.
stibme tetrachlonde, 233.
stibimc acid, 235
ethylamino
,,

2
34o-

m3-

,,

hydroxy

,

212, 232, 233, 245, 246.

methylammo

,

235

phenylene-1-arsimc acid-4-stibimc acid, 251.
phenylstibmic acid, 220, 227.
210, 212, 220, 227.
228, 244
chloride, 220.
,

,

220
,,
tnmethylstiboruum picrate, 184.
,

-4-piperidmophenylstibmic acid, 235.
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o-Oxybenzylidenc-p-ammoplienylstibmic acid, 231.
jp-Phenctylstibmic acid, 236.
,,

chloride, 236.

,,

Phenyl- L-arsenoxide-4-stibinoxido, 249.
arsinicstibinic acid, 250.

cyclopenlamethylenc stibmo, 253.

,

t)

tt

,,

,,

H

dichlonde, 253.
oxide, 253.

99
,,

,,

tetra
25^
dichlorostibmo/198, 77,"213, 219, 248, 252, 253.
184, 198
dioibyl
,,
dibromide, 209
dichlonde, 209.
,

,,

,,
,,

di-iodidc, 209.
di-iodostibine, 211.
diraethyleUiylstibomum iodide, 184
atibme, 183, 198, 209

,,

cyanobromido, 292.

,,

,,

dibromide, 209.
dichlonde, 209.
di-iodide, 209.

^-Phonylcncaismicstibimc acid, 250.
m-Vheiiylenedislabmic acid, 293

,293

P-

N-Phenylglycineamicle-m-stibmic acid, 229.
,,

,,

,,

,,

,,

,,

-p-

,,

,,

,

2>1.

melhylamidc-m-stibimc acid, 229.
mothylcyanostibmc, 292.
,,
diethylBtibomum iodide, 184
-w-phenylcneslibmic acid, 24 L
,,

atibimo acid, 213, 214, 219, 224-22G, 243.
c.hlonde, 219

oxyohlondo, 225.
213
tlnobcuKonoHulphomo acid, 260.

stibinoxis Hulplnde,
,,

tlnosalicylic acid, 260,

Htibinoxido, 192, 211, 213, 217, 239, 243, 247.
trimothylstibomum iodide, 183
3-mtro-4-hydroxyphenylsiibinate, 233.

Qumolme-5-stibimc

acid, 255.

-6-8-

.5-6-8-

1-

,

256

250.
chloride hydroohlondo, 255.
256.
, 256.
r,

,

Stibmobonzcno, 43.
,,
naphthalene, 244.
4'-distibimo acid, 293.
difllibmoiiH oxido, 293.
2-acelamidoaxobeiizoixo-5 : 4'-distibmale, 250.
4-acotylammophonylstibmate, 234, 250.

tttiibono-4

Sodium

boiwylbonzoalc-2-siibinato, 231
-3,231.
-4,231.
-r/,231.

3-bromO"4-acolamidoph,enylstibmate, 236.
293.
,, parbobonzyloxy-4-acolamidophonylstibinat,

3

:

5-dibromo

di-iodo
-3-iodo

,,

wobutyramidophenylslibmate, 293.
, 293.
propion
acetamido
, 236.
,236.

-^-w-snlphometlxylanimopheiiylst ibinate, 232.

,

,

236.
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Tetra-amyldistibine, 187
,,

3.3'. 5
,

,,

oxide, 187

,,
/

4 -dianisylstibimc chloride, 221.
,,
dimethoxydiphenylstibimc acid, 242
Tetraethylstibonram hydroxide and derivatives, 180, 181.

5'-Tetrachloro-4

,,

kistrimethylstibmepalladous chloride, 170.
,,
platmous chloride, 170

,,

,,

,,

,,

,,

,,

palladochloiide, 170
platmochloride, 170

kis-o-xenylstibine oxide, 258
,,

methyldastibme, 187.
stibonium hydroxide and derivatives, 179, 180
iodide, 179, 187
phenyldistibme, 216, 217.

,,

propylstibomum hydroxide and derivatives, 18 1, 182

l-#~Tolylcyclo-2 5-dithio-3 4-dimethylenestibme, 292
p-Tolyldichlorostibine, 214.
stibimc acid, 236
,,
,,
oxychloride, 236.
.

Tri-#-acetylaminotnphenylstibine, 193, 206, 216
,,
hydroxide, 206.
-m-aminotriphenylstibine, 189, 193, 206.
,

194.

,

189, 196, 208, tribenzoyl derivative, 196.

-<p-tolyl

-5-

-m-xylyl
-%-amylstibme, 172, 187.
-iso

,
,

,

,

172, 178.

,

dibromide, dichloride, oxide, 178.
oxide and derivatives, 178.
-n- ,
stibmic metantimonate, 178
-j3-amsylstibine, 195, 221, mercurichlonde, 195.
,
dibromide, dichloride, di-iodide, 201
,
dimtrate, oxide, 207

-n-

,

-iso

,

Tribenzylstibme dichloride, 201.
,,
dihydroxide, oxide, 207.
Tri-4-biphenylstibme, 198, 214
dibromide, dichloride, di-iodide, 202
,,
,,
,,
dihydroxide, sulphide, 209
-6-bromotn-5-mtrotn-w-xylylstibme dibromide, 202.

oxide, 189, 208.
-Ti-butylstibine, 172

-wo

,

-n-

dibromide, dichloride, di-iodide, 177

172,

-wo

,

289.

oxide, 177.
, 289.

-n
-iso

stibimc metantimonatc, 177, 183
Tricamphorylstibine dichloride, 203.
Triethylstibme, 170, 174-176, 181, 182.
di-iodide, 175, 189
,,

-n-

oxide, 174, 176.
salts,

175-177.

Tri-^-hexylstibnie, 172
-w-iodotri-^p-tolylstibme, 189, 194
-5, 189, 196
-m-xylyl
-dZ--methylbutylstibine, 172.
-tf.,
* 172.

methylstibine, 168, 169, 170, 174, 179, 187.
,

,

compoiind with cyanogen iodide, 174.
dibromide, 113, 185; dichloride, 168, 173, 185
other salts derived from, 173, 174.

-a-naphthylstibme, 197.
dichlonde, 202.
oxide, 209.

-w-mtrotriphenylstibme dihydroxide, 205.
dinitrate, 192

di-iodide, 168.
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Tri~w-nitrotnphenylstibmic acid, 189, 193
,,
tn-^-tolylstibme dimtrate, 194, 207.
,,

-5,,

,,

,,

oxide, 207.
,
189, 196
diacetate, oxide, 208
dimtrate, 189, 196, 208.

,,

tn-m-xylyl

,,

,,

-^-phonotylstibmo dichlonde, 201
dimtrate, 207

phenylphosphme-mmw-tristibimc

acid, 293.

atibmo, 189, 190-192, 200, 203-205, 216, 217
dichlonde, 191, 192, 200 205.
derivatives irom, 200-205
1

,

,,
,,

-wm?n-tristibinic acid, 293.
,,
picryltri-5-aminotn-m-xylylstibine, 197, potassium salt, 197.
*

dibromide, 202

,j

-/i-propylstibme, 171, 177, 183
,,
,,
,,
derivatives, 177.

stibmic metantimonate, 177.

,,
,,
,

,,

metatkioantimonate, 177

,,

-o-tolylstibme, 193, mcrcunchlonde, 189, 194.
194.
194,
,
194, 207, 214, 221, 242, merounohloiide, 194
dibromide,
dichlonde,
di-iodide, 200.
, 201.
, 201,
200,
,

,

,

,201,218;,,

,201,

,201;

hydroxyiodide,

201.
oxide, 206.
and derivatives, 206, 207.

-o-TO-

,207
-m-xylylstibme, 195; mercunchlonde, 196.
, 197
-p-7/idibromide, 202, dichlonde, 201.
-p-

,,

dichlorido, 202.

&8 9 259

Xonyl-o-dichlorostibmo,

258.
Xonylowochlorostibmo, 258, 259.
258.
lodo
,,
,
,,
, 258.
,,
methyl ,,
,,

di-iodo

:

,

,,
dibromide, 258.
,,
-o-xenyldiehlorostibine, 259.
stibme, 259.

,,

2

,,

2'-

,,

,,

ammonium

pontachlorido, 258.
tetraohlonde, 258.
Htibimo acid, 256, 258.

Xenyl-o-Btibino

Bismuth.
4-Acetylammophonylar8enobismuth bromide, 286.
3-Ammo-4-hydroxyphen,ylarsenobismuth chloride hydrocMoride, 286.
e,

Bismuth

270.

tn-2-thxenyl, 292,

^voButyldibromobismuthine, 270.

^>-Chlorophcnyldibromobismuthmo, 276, 278.

Di-*^oamylbromobismuthmo, 269
, 269.
butyl
-jp-chlorophenylbromobismuthine, 276, 278.
iodo
,278.

Biethylbromobismuthmo, 269.
269.
Dimethyl
,

chloro

hydroxy

,
,

269.
269.
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Di-a-naphthylchlorobismuthme, 275, 278.
Dimtrotriphenylbismuthine dichloride, 280.
dimtrate, 280.

Diphenylbromobismuthme, 265, 277.
265, 277.
265, 277.
lodo
265, ,277.
-a-aaphthylbismuthine, 275, 285

chloro

,

cyano

,

,

dibromide, dichlonde, 285.

,,

thiocyano

,

265, 277.

Di-jp-tolylchlorobismuthme, 278.

Ethylbismuthuie dimtrate, 270.
oxide, 270.

cyclopentamethylene bismuth, 285.
dibromobismuthme, 285

,,

dichloro
di-iodo

,

,

270.
270.

Methylbismuthine oxide, 270.
dibromobismuthine, 270
dichloro
di-iodo

,

,

269.
270.

a-Naphthyldibromobismuthine, 275, 276.

Phenyldibromobismuthine, 265, 276.
^-Tolyldichlorobismuthine, 276.
Tn-^oamylbismiithme., 269.
-n291
,

,,

-o-amsyl

,,

273, 283.

,273.
dibromide, dichloride, 283.
,283.
-P-^-broinophenylbismuthme, 272
291.
-^-butylbismuthine,
-wo
, 269, 270
-P-

,,

,

.

-^-carbometlioxytnphenylbismuthine, 283.
,,
,,
dichloride, 282
-o-carboxy
283
-P,

chlorophenylbismuthme, 271, 276, 278.

cumylbismuthme,

274.

dibromide, dichloride, 284,

,,

Tnethylbismuthme, 268.

Tnmethyl

,

sulphide, 268.
268, 269.

Tri-a-naphthylbismuthine, 274, 275, 276, 284, 285.
275
,
-P-adibromide, 267, 276, 284, dichloride, 267, 284.
mercunchloride, 275.
Trmitrotn-^?-carbomethoxytriphenylbismuthme dimtrate, 283.

carboxy

,

283.

-^>-nitrotriphenylbismuthme, 272
dichloride, 272.

Trimtro

,

tn-o-tolyl
,,

-2-mtrotri-jp-tolyl

,

dimtrate, 280.
281.

,273.

Truutrotndichloride, dimtrate, 283
Tri-jp-phenetylbismuthme 274.
Triphenylbismuthine, 267 271, 272, 275-277, 280, 281.
carbonate, 279, 280; diacetate, sulphate, 280;
dicyanate, 281, dimtrate, 279.
dibromide, 265, 267, 277, 279.
dichloride, 265, 267, 277-279.
difluonde, 267, 278.
hydroxybromide, hydroxychloride, 267, 279.

dibenzoate,
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Tri-M-propylbism'ulhme, 290.
co-Tratyrylbismuthinc, 285
Tri-a-thienylbismutliine, 275,
-o-tolylbismutlune, 272, 281
-m~
273.
,
-P-

,

-0"

273, 276
di bromide,

281,

diohlonde,

281,

282,

dimtrate,

281,

mercunchlonde, 272
-MI*

cliacetate,

,,

-p-

dibromide, dichlonde, 282.
di282;
diohlonde,
282,
283;
nitrate, 282, 283, hydroxybromide,
,

hydroxychlonde, 282
-m-xylyl
-p-

-m-2>-

,

274, mercunchlonde, 274,

bismuthme, 274.
dibromide, dichlonde, hydroxybromide, 284.
2 4
M
.

-

Tns-3-amino-4:-hydioxyphonylarsenodibismuth dihydrochloride, 286.

PATENT INDEX.
AMERICAN PATENTS
106076
126070
142229
160711

4
5, 231.
6.
4.

1635169, 146.
1682269, 230
1684920, 260.

BRITISH PATENTS.
9234 (1915), 149, 165.
16350 (1912), 226, 231.
244746 (1925), 237.

250287 (1924), 253
258744 (1925), 161.

GERMAN PATENTS
214421,
223694,
240316,
254421,
257641,
259875,
261285,
261825,
262236,
267083,
268451,
269205,
269206,
269700,
269743,
269744,
269745,
270255,
270259,
270488,

248.
204.
204.
226,
155.
233,
226.
226.
233,
226.
213,
240,
217.

230, 231, 232

234.

234.
215, 243, 244
241.

165.
247, 248.

247-249
286.
247, 249.
247, 249.
228, 230, 233.

271158,
271159,
273219,
284231,
287709,
296940,
299992,
360973,
389151,
396697,
396864,
397079,
397151,
397275,
397458,
431202,
433105,
466364,
469327,
1268541,
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