
DIPHPNYLAESENIOUS CHLORIDE Ah'D CYAXIDE. 7 7 4  

LXXXIV.-D~~henyZar.senious Chloride and Cganidc. 
(Diphen ylchloroarsine and Dip hen ylc yanoamine. ) 

By GILBERT T. MORGAN and DUDLEY CLOETE VINING. 

THE employment of diphenylarsenious chloride as a military poison 
has led in reoelnt yelars to many experimelnts on the preparation 
of this compound a-nd itx intermediates. 
In one of these pro~celsses, triphenyla'mine is the starting point, 

and this intermediate is produced by Michaelis's modification of 
the Fittig reaction, in which arsenious chloride, chlorobenzene, - 
and sodium interaot in an inelrt 
medium (La Coste and Michaelis, 
Ber., 1878, 11, 1881; Annden, 
1880, 201, 215; 1881, 207, 195; 
1902, 321, 160; Philips, Ber., 1886, 
19, 1031). As practised by these 
investigators, the procas is unsuit- 
able for largescale operations. The 
introduction of the whole of the 
sodium at the commenment  of the 
process renders the operation hard 
to  regulate, and unless great care is 
taken, the condition of the metal as 
regards superfiaial oxidation is likely 
to vary considerably from one batch 
to another, so that the onset and 
course of the reaction are not easily 
controlled. Moreover, the sludgy 
form in which the sodium chloride 
is left a t  the end of the condensation 
when carried out under the earlier 
laboratory coaditions leiads to 
further diffioulties in the separation 
of triphenylarsine. The sodium 
present in large excess a t  the com- 
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mencement of the operation certainly sets up side reactions, lead- 
ing to  the formation of diphenyl and ill-defined arsenical products. 
In the small-scale plant illustrated in Fig. 1, them difficulties were 
obviateid, and the whole opeIration could be completed without the 
addition of water, another faator whioh makes for safety. 
The cylindrical, s b l  reaction vessel (3 litres oapaoity), fitted 
VOT, CXVTJ. P P  
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778 MORGAN AND VININO: 

with a stelel cover rendered gas-tight wi th  an asbestos washer, was 
supported by four upright steel rods fixed in a trough with a 
was%pipe leading t o  the sink. Round the o'utside of the reaction 
vessel, and near the top, a perforatled watelr-pipe was carried con- 
celntrically, and attacheld ta the &eel supports. By this means, a 
stream of cold water could be distributed ovelr the outer surface 
of the reaction vessel, which could also bel helated by a rose burner. 

The cover of the reaction vessel, A ,  which was pelrforated ta 
admit a thermometer, carrield the following fittings : 

(1) A central steel1 comb stirrer provided with a pulley for 
mechanical stirring. 

(2) A water-cooled steel reflux condenser. 
(3) A baffle plate projecting into the vessel to assist in the 

mixing of the content8 and to  prevent the roltating liquid from 
splashing up in the aondenser. 

(4) A sodium dropping apparatus, C, consisting of a cylindrical 
steel containeir (1 litre oapacity) with a curveld bottom pelrforated 
a t  it8 lowest point with an outlet hole (0.6 cm. in diamelter). A 
steel tap and a sightl-feed with transparent silica windows attaohed 
to  the base of the container enabled the opeIrator t o  regulate the 
flow of molten sodium. 

A ring burner placed under the base of t-he sodium container 
just above the outlet tap was used to keep the mekal in  a molten 
condition. The steel cover of the container, made air-tight with an 
asbeah  washelr, carried a thermometer and a hand stirrer, shaped 
t o  scour the botltom of the container and provideld with a sharp 
prong to didodge any obstacle in the outlet tap. 

(5) A oylindrical glass reservoir, B, for liquid (capacity, 800 c.c.) 
with steel ends, fitted with vert'ical outlet tube to  reaction vwel ,  
a needle valve regulated by a spindle, and a sight-feed witlh glass 
window. The steed covelr of this reselrvolir was fitteld with a screw- 
stoppered inlet and with a valve for introducing compressed air, so 
that  the colntained liquid was expelled under slight pressure. 

Procedure. -Ameni ous oh1 o ri d e (2 7 6 grams) , c hl or obenzenef (5 1 0 
grams), and xylener (400 c.c.) were mixed; half the liquid was 
placed in the reservoir and half in the reaction vessel, where it 
was diluted with 800 C.C. of xylelne. Sodium (210 grams) was 
introduced into the sodium container and covered with xylene. 
The reaction vessel was heated to 70° and the sodium colntainer t o  
1 1 0 O .  Stirring was commenced (speeld of rotation, 250-300 revs. 
per minute), the sight-feed of the soldium apparatus warned with 
a Bunsen burner, and molten sodium dropped into the readion 
vessel, the rate being regulated by the lower thermometer, the 
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DIPHENYLARSENIOUS CHLORIDE AND CYANIDE. 779 

temperature of whidh was noit allowed to rim above TOo.  External 
cooling was applied when nemssary. 

After fifteen minutes, the solution from the liquid reservoir was 
allowed tol flow in aonaurrently with the molten sodium. When 
all the reagenh had been intmduced, stirring was contlinued until 
the temperature began to fall without external cooling by water. 
The reaation vessel was then heated to 90° and allowed to cool. 
A t  60° the mixture was filtered through a Bornett press, the 
graaular precipitats of sodium chloride was washed with warm 
xylene, and afterwards exposed to the atmoaphelre until any traces 
of unaltered sodium had been olxidised. The filtrate was distilled 
up to  220" to remove solvent and ahlorobenzene. The liquid resi- 
due, on cooling, clhanged tlo a pale yellow, crysthlline mass of tri- 
phenylarsine (m. p. 58-59.>. Yield, 383 grams=82 per cent. 

The outstanding advantages of this process are as follows : 
(1) As sodium is never in exaas during the reaotion, the prows 

is readily controlled. 
(2) Water is excluded from all stages of the preparation, thus 

eliminating danger from the explosive interaotion of sodium and 
this liquid. 

(3) The salt residue is granular and easily filtered. 
(4) The product is obtained direlctly in a s t a b  of purity without 

further treatment. 
(5) Other coal-tar hydrocarbons, such as benzene or toluene, 

a n  be subatitutetd for xyleine as the working fluid in this plant 
without any material ohange in the procedure. 

( 6 )  The foregoing apparatus can be employed with advantage 
for other appliaations of the Fittig reaction, the gradual addition 
of dean, unolxidised sodium being a useful improvement on the 
older processes. 

Very favourable results were obtained in the preparation of 
triphenylstibine. Freshly distlilled antimony trichloride (344 
grams), chlorobenzene (510 grams), and xylene (400 c.a.) were 
mixed, and the solution was divided squally between reservoir and 
reaction vwsel. In the latter case, 600 C.O. of xylene were added 
as diluent. Sodium (210 grams) covered with 500 0.0. of xylene 
was plaoed in the sodium container, and the prosas effected a t  
70° in the manner already desoribed. After filtering off in the 
Bornett press the dark grey, granular sodium chloride, the filtrate, 
on distilling up to  220°, left a residue of triphenylstibine (m. p. 
48-50'). 
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T h e  R o l t a t i n g  A u t o c l a v c .  

I. Conversion of Triphenylursine into1 Diphemylarsenious Chloride. 

This coaversion was carried out in the rotating a;utoclave, a 
v w e i  formed by boring out the steel core of a 6-inch high-explosive 
sheill until the thickness of the wall was aboat 1.9 cm. The steel 
cover, which was of similar thiakness, was fastened down with 
twelve bolts and rendelred gas-tight with a letad washer. The 
cover carried a powerful a,djustable spring safehy valve, a steel 
thermometer tubel pro'jecting into1 the cavity o f  the autoclave, and 
a hollow steel tube carrying an all-steel prelssure gauge, which 
communicated with the intlerior of the vessel by means of a narrow, 
bored steel tube dipping into and proteoted by a concentric steel 
oase partly filled with heavy oil, and having a small aperture a t  

F I G .  2. i t s  upper end folr adkit.ting the 
aornpressed gases from the auto- 
clave. The pressurekgauge h b e  
was fixed in the oentre of the 
cover and fitted with a pulley, so 
that it also served as the axle od 
rotation for the autodave, which 
was supported and spun in an 
inclined position. Rohating auto- 
slaves halve been made on theses 
lines by Mr. H. Edenborough, of 
th0 Technical College, Finsbury, 
with capacitiels ranging from 
500 C.O. t o  9 litres. 

The vessel used in the following experiments had a, working 
capaaity af 1 litre. A glass lining blown t o  fit into the cavity of 
the autoclave was employed in  lieu of an enamelled lining. 

Proced~re.-Triphenylarsine (250 grarms) was heated for three 
hours with 75 grams of arsenious chloride at 250-280°, the 
pressure attained beJng about 4-2-7 kilos. peir sq. cm. The con- 
tente of the autofclave welre then distilled in a current of aarbon 
dioxide under a prwsura of 20-30 mm., the following fractions 
being collected : 

(ai) 150-190° : 68 grams, consisting of phenylarsenious 
dichloride with 32 per oent. of diphenylarsenious chloride. 

( b )  190-2200: 180 grams of diphsnylarsenious ohloride, 93 per 
Cat. 

( c )  220-250O: 7 grams of triphenylarsine with 30 per cent. of 
diphenylarsenious chloride. 
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DIPHENYLARSENIOUS (IHLORIDE AND UYANIDE. 781 

(d) Residue in  still when extracted with ohlorofom yielded 
2 7 grams of unchanged triphenylarsine. 

Fraction ( b )  was cooled and drained, when it yielded 155 grams 
of colourless, crystalline diphenylarsenious chloride (m. p. 39-40'). 
The total yield of diphenylarsenious chloride was 66 per cent., of 
which 53 per cent. was isolateld in a state of purity. 

Fraotiolns (a) and ( c )  and the triphenylarsine extiracted from 
( d )  were heated to 150" to remove volatile impurities, and returned 
t o  the autoclave for a subsequent operation, when 60 per oent. of 
this material was converted into crystalline diphenylarsenious 
chloride. 

The residues from the second operation were available f o r  
furtlher treatment, and the t o h l  yield of diphenylarsenious chloride 
was correspondingly increased. It was also found that  25 per 
cent. of this product could be frozen out from the contents of the 
autoclave without distillation. 

By the foregoing dry procewm, chlorobenzene and arsenious 
chloride can be converted into crystalline diphenylarsenious chloride 
without the intervention of water or the use of any aqueous 
reagent, the overall yielld of this produd being upwards of 60 per 
cent. 

11. Diphenylarseniows Chloride from Phemylameniow Dichlo&c. 

The foregoing operations showed t'hat the rotating autoclave can 
also bO used with advantage in  produung diphenylarsenious 
chloride from triphenylarsine obtained by the dry  prolcess, and 
phenylarsenious dichloride prepared by Bart's diazo-process 
(D.R.-P. 250264; Chem. FaBrik. von Heyden, D.R.-P. 264924). 

These two reagents when heated for three hours a t  250-280' 
gave a 60 per cent. yield of diphenylarsenious chloride, separat'ed 
by the abovedesaribod fract,ional distillation. 

111. Diphenylstibha Chlol.ide. 

Triphenylstibine, when heatred with redistilled antimony tri- 
ahloride f o r  three hours at 250-280' in this autoclave, was con- 
verted into a mixture of diphenyl&ibine chloride (m. p. 68-70O) 
and phenylstibine dichloride (Morgan and Micklethwait, T., 191 1, 
99, 2295). 

IV. Diphenylwseniolus Cyanide. 

(1) From Diphenylarsmious Oxide .-Diphenylarsenious oxide 
immersed in pure anhydrous hydrogen oyanide and left in contact 
with excess of this reagmt for twenty-far hours yielded a yellow 
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7 82 MORGAN AND VTNING: 

oil which, on seeding with oryst,als of diphenylarsenious qanide, 
solidified to a crystalline solid melting at 28-30° (Sturniolo and 
Bellinzoni, Boll. chim. farm., 1919, 58, 409, give m. p. 35O); this 
product contained 84 per cent. of diphenylarsenious cyanide and 
12 per cent. of diphenylarsenious oxide. A similar experiment 
carried out with 90 per cent. hydrogen cyanide gave a product 
melting a t  29-30°, and coataining 87.5 per celnt. of dipheayl- 
arsenious ayanide. 

It was next found that it was quite unnecessary to work with 
anhydrous hydrogeln cyanide in order to  obtain diphenylarsenious 
cyanide. The following three methods, whioh are bawd on the 
use of ayanides of  the heavy metals, rendemd it poasible to  
dispense entirely with concentrated aqueous solutions of hydrogen 
cyanide or its alkali salts. 

(2) From Di~he~yZcacorEyZ.-Diphenylarsenious chloride (53 
grams) was stirred a t  looo with 30 0.0. of oommercial hypophos- 
phorous acid (30 per cent.). Diphenylcacodyl (tetraphenyldi- 
arsine) separated in a yield of 83 per aent. This prduat was 
heated at 250° with mercruria cyanide in the rotating autoclave, in 
the proportions demanded by the following equation : 

P$As*AsPh, + Hg(CN), = 2Ph2As*CN + Hg. 

The organio produot was ext+ra& with benzene, and the yield of 
diphenylarsenious ayanide was 94 per cent. of the calculated 
amount. 

A similar experiment wae carried out with silver oyanide, 
according to the equation 

Ph&AsPh, + 2AgCN = 2Ph,As.CN + 2Ag. 

The result obtained was not so satisfaotory. 
(3) From Diphmykwseniow SzcLpl~~e.-Diphenylarseniou6 

chloride was dissolved in benzene and shaken for fifteen minutes 
with a saturated aqueous solution of sodium sulphide (19 mols.). 
The benzene solution, washed with water, dried with anhydrous 
calcium chloride, and conoentrated, yielded a ma= of colourless 
needlea of diphenylarsenious sulphide; yield, 93 per cent. After 
one recrystallisation, the substance melted at 6 4 O .  

The foregoing sulphide was mixed with meraurio cyanide in the 
following proportions and heated for two hours at 160-200°: 

Ph,As*SmAsPh, + Hg(CN), = 2Ph2As.CN + HgS. 

The organio product wa.s separated from merouric sulphide with 
dry benzene, the yield of diphenylarsenious oyanide being 71 per 
cent. 
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DIPHENYLARSEMOUS CHLORIDE AND CYANIDE. 783 

Experiments were1 also carried out, using silver cyanide, according 
to t,he equation 

Ph,As*S*AsPh, + 2AgCN = 2Ph2As*CN + Ages. 

The temperature was kept at 160° and the pro,duct extracted with 
dry  benzene as before, the yield of diphenylarsenious cyanide 
beting 69 per cent. 

(4) F r m  Diphenylarseniom Chloride.-After preliminary ex- 
periments, the following method was adopted in the preparation of 
74 kilos. of dry, alkali-free dipheaylarsenious cyanide. Silver 
cyanide was prepared quantitativelly from silver nitrate by pre- 
cipitation with a dilute aqueous solution of hydrogen oyanide and 
dried at 120°. 

Diphenylarsenious chloride w i ~ s  heated with a 10 per cent. excw 
of dry silver cyanide in the glass-lined rotating autoclave for three 
hours a t  150-160°. The contelnts of the autoslave were allowed 
to cool t a  40°, and filtered through a heated filtering apparatus. 
When the liquid had been thoroughly drained from the silver 
chloride, the lattfeir was extracted with warm, dry benzene, and the 
clear solution distilled. The total yield of diphenylarsenious 
oyanide was about 92 per cent. of the oalaulated mount. The 
product, without further purification, melted at 2 8 O ,  and mn- 
tained 90 per cent. of the cyanide, the remaining 10 per cent. 
aonsisting of diphenylarsenious oxide and chloride. 
In this operation, 5 k i h .  of silver cyanide were employed, and, 

after washing with hot benzene until free from organic arsenioals, 
the residual silver chloride was reduo& to silver by fusion with 
sodium aarbonate. Even with an improvised smelting apparatus, 
the tdd loss of this metal was lessi than 2 per cent. 

This paper is published with the consent of the Chemical War- 
fare Seotion of the War Office, ts w h m  the authors tender their 
thanks for faoilitiea accorded in the carrying out of this 
investigation. 

CITY AND G m D s  TECHNICAL COLLEOE, 
PINSBURY, LONDON, E.C.2. [Received, May Itilh, 1920.1 
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