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The importance of organic antimonials as trypanocides was discovered 
when Himmel' and Thomsen (Proc. Roy. Noe., 1908, 1) 80. 1) found that try- 
panosomes rapidly disappeared from the blood of infected animals on injection 
with antimony compounds. The importance of the stibinic acids as trypanocides 
has stimulated research from the standpoint, of chemotherapy. From the 
little work that has been done, very few conclusions could be drawn as regards 
the relationship between chemical constitution and therapeutic properties of 
organo-antimony compounds. 	The stibinic acid grouping —Sb0(01E) 2  has 
the characteristic trypanocide property, but it is believed that this is due to the 
formation in firo of trivalent —Sb=0 as the real trypanocide (if. Brahmachari, 
hut. Nei. Congress. Med. Nee., 1931). It is an established fact, however, that 
the subst it tient $ in the nucleus of an aromatic stibinic acid also exert a marked 
influence. Thus the introduction of an amino-group in the aryl nucleus of 

stibinie acid diminishes toxicity to a considerable extent, and acetylatiun of 
the amino-group increases the diminut ion. The acetylated product, however, 
being more unstable becomes toxic on keeping and hence useless as a therapeutic 
agent (Brahmaehari, Ind. .1. Med. Res., 1922, 10, 521 ; also toe. cit.). In the 
arsenic series the acetylation of an amino-group renders the compound more 
active. Stibinic acids substituted both by chloro- and amino-groups are also 
active anti-kala-azar remedies. Again, stibinic acids derived from aminobenzyl- 
benzoates and benzylaminobenzoate have been found to he without any marked 
curative action on kala-azar (Niyogy, •1. Ind. (!hem. Nor., 3930, 1. 577). 

Although, the discovery of the most import ant synthesis of stibinic acids 
by the diazo-reartion (first applied by Bart, 1910, to the synthesis of arsenic 
acids) is attributed to the themische Fabrik von Heyden (1912, D. R. P., 
254,421), P. May was the first to publish a paper (J. C. S.; 1912, 101. 1032) 
describing a few double salts of antimony trichloride and aryl diazochlorides. 
The alkali treatment of these double salts would have given him the corres- 
ponding stibinic acids ; but this was first mentioned in a German patent (D. R. 
P., 261,825). A thorough discussion of the reactions involving the formation 
of a stibinic acid by the diazo-reaction is due to H. Schmidt (Annalen, 1920, 
421, 174; 429, 123 ; Per., 55B, 697 ; ibid., 578, 1142 ; ibid., 59, 555). 

Urea stibamine discovered by Brahmachari (mnd. J. Med. Res., 1922, 
10, 508 ; 1924, 12, 423) to which the structure NHo.CO. 	 (0II) 
(0 -NrIf4 )-p was originally attributed, has had phenomenal success in the cure 
of kala-azar. It has now been found that it is not an individual, but most 
probably a mixture (J. Soc. Chem. Ind., 1930, 49, R00). Niyogy on the other 
hand (J. Ind. Chem. Soc., 1928, 5, 757), however, claims to have obtained a 

* Preliminary reports on this work have been published in the Proceedings of the Indian 

Science Congress (Chemistry Section, 1930, 176; 1931, 162), and have been communicated before 
the preceding 15th October of each year. 
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product by treating a hydrochloric acid solution of p-aminophenylstibinie acid 
with potassium cyanate which he considers to be identical with urea stibamine. 

The present investigation was undertaken to prepare a series of com- 
pounds the pharmacological examination of which was likely to throw some 
further light on the chemotherapy of organic antimonials. If the stibinic acid 
grouping had any influence on the I rypanocidal property it was thought worth 
while to investigate various types of aromatic compounds having more than 
one stibinie acid group in the molecule. The compounds prepared can be 
divided into five categories :—(a) where antimony is attached to one and the 
same aryl nucleus (b) where antimony is attached to different aryl nuclei 
directly connected ; (e) the same as (b) but with the aryl nuclei connected 
through one or more carbon atoms ; (d) two antimony-containing aryl groups 
connected through carbon and nitrogen atoms, and (e) antimony-containing 
aryl groups linked through nitrogen, phosphorus, arsenic or antimony. 

Although mixed arsono-stibinic acids had been prepared by several 
workers in this field (D. R. P., 296,940; Schmidt, Ber., 1924, 57B, 1147), no 
distibinie and appeared to have been known when this work was undertaken. 
Dunning and Reid (J. Amer. (Them. Soc., 1926, 48, 2959) claimed to have ob- 
tained diphenyldistibinic acid from benzieline by tetrazotisation and subsequent 
stibination, but they did not give details of their method, while the percentage 
of antimony in the compound was 4 per cent. above the theoretical value. 
During the progress of this work, however, Riddel and Basterfield's paper (Proc. 
Roy. Soc. Canada, 1930, 23, I (III), 45) came to our notice where they reported 
failure to obtain a distibinic acid from benzidine and described the preparation 
of distibinic acids from pp'-diaminodiphenylmethane and p-phenylenediamine. 

m-Phenylenediarnine, p-phenylenediamine and 1: 4-naphthylenediamine 
have now been found to give the corresponding distibinic acids (I-III) : 

0:Sb(OH) 2  

0:Sb(OH) 2  

(H) 	 (III) 

On repeating Dunning and Reid's work, it was found that the double 
compound of tetrazotised benzidine and antimony trichloride (ef. May, J. C. S., 
1912, 101, 1037).on treatment with alkali gave an orange-brown, amorphous 
mass, the insolubility in alkali proving the absence of a stibinic acid group. 
Moreover, the compound was soluble in glacial acetic acid from which it could 
be precipitated by water as a light yellow powder ; it did not dissolve in con- 
centrated hydrochloric acid but became deep violet, the colour disappearing on 
dilution with water, showing that the insoluble chloride is hydrolysed at lower 
concentration of the acid. Further, it was found that while alkaline hydrogen 
peroxide had no effect on this compound it is decomposed by more drastic 
oxidising agents. The above properties and the results of analysis support 
the distibinous oxide structure, 01211 8  (ShO)2. Sodium thiosulphate reduces the 
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compound to a red powder which is completely decomposed without colouration 
by concentrated hydrochloric acid. 

This is the first instance in which a trivalent antimonial has been 
obtained in a reaction which usually gives stibinic acids. Although the mechan- 
ism by which the distibinons oxide is formed is not quite clear, we suggest 
that most probably the distibinic acid is formed first by analogy with the 
Bart-Schmidt reaction and becomes easily reduced to the stable distibinous 
oxide, thus :— 

C„I I 4  . Sh08 11. 2  (1) 14  .S1)0 CJI..Sb=--Sb.C aTI, 
I 1 I 	 I C I, I i 4  . M ))0,1 1 2  ( 1  II 4  • Sb0 (1 6 1E 4 . SI)=--Sb .C.1-1, 

(IV) 	 (IV a) 

There being so much controversy on the structure of diphenyl and its deri- 
vatives, nothing can be said with certainty as to whether the space relation be- 
tween the two stibinic acid groups in the pant-positions of diphenyl is respon- 
sible for this anomalous behaviour. For comparison the diarsenic acid from 
benzidine was prepared and a good yield of the acid obtained. 

Compounds 	(V 	and 	VI) 	similar 	to that obtained 	from 
were obtained from o-tolidine and dianisidine :— 

benzidine 

00113 	 OCH3  

OS< -7—ThShO OiSh: 

 

(V) 
	

(VI) 

Riddel and Basterfield (toe. cit.) claim to have isolated a distibinic acid 
from pp-diaminodiphenylmethane though they failed to purify their product ; 
our independent experiments before the paper came to our notice disagree 
with those of the above authors since we could isolate only a distibinous 
oxide (VII) and no stibinic acid. 	Our repeated experiments have only 
confirmed the above disagreement, but pp-diaminobenzophenone does give the 
corresponding distibinic acid (VIII). 

Sb0 

<Vie  Sb0 OC<C0114 .81)03112  

(VII) 

In the case of pp-diaminodiphenylmethane the distibinic acid is most probably 
formed, but reduction leads to the stable stibinous oxide form. In this con- 
nection it is interesting to note that the amino-groups of pp-diaminodiphenyl- 
meth ane react easily with camphorquinone but those of pp-diaminobenzophenone 
do not (unpublished work). The influence of the methylene group in rendering 
the substituent stibinic acid grouping liable to reduction, in contradistinction 
to the stabilising effect produced by the carbonyl group, has been observed 

• 
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in the antimony eompounds obtained from pp-tiiaminodiphenylurea, pp-di- 
aminodipliensethyienediatnine, pp -diaminodiphenyloxamide and pp-diamino- 
diphenylethylenediamine (XIII, XIV, XVI I and XV). 

On being subjected to the Bart-Schmidt method of stibination, rosaniline 
yielded the expected tristibinic acid (IX) but leucaniline gave only a  
tristibinons oxide (X) to the complete exclusion of the expected stibinic acid, 

/C4; If 4 .81)0a II2 
I 	. Cc-1 '„II 4  .61)0„11.3  

\ed .! fa  (CI Ii ) . :4+1)03 1 lc 
(1X) 

.Sb0 
I ICE—(IG 1 1 4  .S1)0 

\ 11 113  (CI 10. SW) 

(X) 

Reduction of the earbinol is evidently accompanied by a great change in pro- 
perty similar to that observed in the formation of compounds VII and VIII 
from diaminodiphenylmethane and diaminobenzophenone. 

A distibinie acid (XI) and a distibinous oxide (XII) have been isolated 
from the product of stibinating pp-diaminostilbene. Formation of these dif- 
ferent products may be explained by assuming that the cis-form of the di- 
amine gives the distibinous oxide and the trans-form the distibinic acid. In the 
eis-form the two para-positions of the phenyl nuclei being so close together 
cannot retain two heavy acidic groups, whereas the para-positions of the turns- 
form being further apart can easily accommodate the stibinic acid groups :— 

jam  
CH --(—MS1,03 II2  CII—c ;SW 
ll 

II 
 \-7 	 :1 

2 ,: /Th —C II ()a Sb
\ 	/ 	 ic IT--..< 	\ SW 

(XI) 	 (X II) 

Compounds were next prepared in which the two stibinic acid groups 
were attached to two different aromatic nuclei separated from each other by 
a link of carbon and nitrogen atoms in varying number. The first compound 
of this series was prepared from sym-pp-dia,minodiphenylurea, selected because 
the expected distibinic acid would be Brahmachari's supposed p-carbamino- 
phenylstibinic acid with one more phenylstibinie acid grouping attached to the 
carbamido-group, and should possess trypauocidal properties in a much more 
pronounced degree. The double compound obtained by tetrazotisation and 
coupling with antimony trichloride on analysis agreed with the formula, 

,NII.en114 .N,C1,Sbel a  
OCC 

and on treatment with alkali gave a sparingly soluble brown powder which 
became deep violet on treatment with concentrated hydrochloric acid, regain- 
ing its original colour on dilution. Analysis proved the presence of only one 
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atom of antimony in the molecule, however, and the formula corresponded to 
that of a monostibinic acid. To explain this peculiar reaction, p-monoamino- 
diphenylurea was stibinated by the usual method and a compound agreeing 
in all its properties with the stibinic acid prepared from sot-pp-diaminodi- 
phenylurea was obtained. As is well known, it is extremely difficult to purify 
stibinic acids, and it is impracticable to prove the identity of stibinic acids 
obtained front t wo different sources : conclusions must be drawn front 
solubility and other physical properties in conjunction with results of analysis. 

The meehanism of the reaction can be explained as follows : During 
alkali treatment of tlw double salt one of the N0C1,SbC1 3  groups is transform- 
ed as usual into a stibinic acid group while the other is replaced by an atom of 
hydrogen : 

7N . C6 11 
C 	

4  .N 1 1 1,81.4 '1 3  
OC 

\N 1 .C ul 	N.,C1,tibel„  

zNII.C a lIf Sb0(011), 
Ot< 

\Nil AlcII 4 .N,11,SbC1.2  

oc 
 <

NH .('6  11 i  .8b0(011), 

NILW 11 

The replacement of a diazo-complex by hydrogen is of common occurrence in 
such reactions and is not at all unexpected (cf. Christiansen. "Organic Deri- 
vatives ofAntitnon,y 	p. 57). 

A priMary stibinic acid of this type would be readily soluble in alkali, 
but as has been mentioned above the product is sparingly soluble in sodium 
hydroxide solution. This fact could be better explained on the ground that 
a secondary stibinic acid is formed by the elimination of a molecule of water 
front the hydroxyl group of the phenyl-carbamino-4-phenylstibinie acid and 
the para-hydrogen atom of the other phenyl group, thus :— 

/NII.Cull i .Sh0(01), 
OC( 

\NII.C11 65 

NH.(
zi  

\NII.Cb11,7  
(XII I) 

Macallum (J. Soc. Chem. Jul., 1923, -WS T) describes an analogous condensa- 
tion and claims to have obtained a secondary stibinic acid as the main product 
of action between antimony trioxide and o-chlorobenzenediazonium chloride. 

pp-I )iaminodiphenylmethylene- 
oxides (XIV) and (XV) instead of 
aminodiphenylurea and oxamide 

zNIT.C ulf..Sb0 
(11.,‹ 

\Nil .C611 1 .6b0 
(XIV) 

and ethylenediamines 	gave distibinous 
the stibinic acids 	obtained 	from 	pp- 

C"11 2 .NII.C8 11 4 .6b0 

tiff  NII.C„11 1 .8b0 
(XV) 

The formation of these two stibinous oxides is evidently due to the methy- 
lene and ethylene groups ;  the directing influence of which in the formation of 
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stibinous oxides in preference to stibinic acids having already been shown 
(cf. VII-X). 

Bis-acetylaminophenylazomethine was obtained by treating two mole- 
cules of acetyl-p-phenylenediamine with one molecule of glyoxal, and on 
hydrolysis gave the corresponding diamine from which on stibinat ion 
the distibinous oxide (XVI) was obtained : 

CII=N . Col I 4  • 8b0 

CII=N.C611c Sb0 

(XV I) 

ppeniaminodiphenyloxamide, -malonamide, -suceinamide and -carho- 
hydrazide yielded the distibinic acids (XVII-XX) : 

CO . NI . Co l lc  Ab0311, 

CO.NII.C6H4  . SU)) I 2  

(XVII)  

/CO 
CIL( 

\CO . Nil.  C„Ile  

(X VIII ) 
• 

	

. CO . N . Colt, . Sb0311, 	 /N1T.NTI. Colic  61}03 11-2  
OCK 

	

tibOolt, 	 NI I. 	Sb0311 2  

(XIX) 	 (XX) 

pp-piaminodiphenylhydrazodicarbonamide, prepared for the first time, 
gave a distibinic acid on stibination in the usual manner 

1■ 11 .00 . IN If. C olic  8b0,112  

(XXI)  

It will be seen that this 	is 	really a bis-compound of 	Brahniachari's 
urea stibamine, and as such is very likely to be a valuable trypanoeide. 

pp-Diaminohydrazobenzene on stibination gave a distibiuous oxide 

. SW 

NH.Coll4 .8b0 

(XXII) 

pp-Diaminobenzanilide has been prepared for the first time by the in- 
teraction of p-nitrobenzoyl chloride and acetyl–p-phenylenediamine, followed 
by reduction and hydrolysis. It gave on stibination the distibinous oxide 
(XXIII) :— 
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Nil .06114 . N1IAc 

Co 

NH.Calf..NH, 

CO . C61I, N I I„ 

(XXIII) 

NII.C.te11 4  .81310 
—>  

CO• C6 I14.61)0 

To study the effect of phosphorus, arsenic and antimony in mmm-triamino- 
tripheuylphosphine, -arsine and -stibine respectively on stibination they have 
been subjected to the Bart-Schmidt method of stibination with the result that 
all of them have been found to yield the corresponding tristibinic acids 
(XXIV—XXV1). 	The combination of the three stibinic acid groups with 
other atoms of phosphorus, arsenic and antimony is likely to impart in- 
teresting pharmacological properties to these compounds. The triphenyl- 
phosphine, -arsine, and -stibine were prepared by a slightly modifleK method 
of Pfeiffer and his co-workers (Bev., 1904, 37, 4621), and the yields were 
considerably improved. 

	

P (C0114 .Sb0311,) 3 	As (C0 114 .Sb0„112) 3 	Mb (C6II4 .8bOall„) 3  

	

(XXIV) 
	

(XXV) 
	

(XXVI) 

In all eases the simple formula for the distibinie acids is given for the 
sake of saving space. According to Schmidt's complex formula for the stibinie 
acids they should be represented by a general formula of the type : 

	

0 	 0 	 0 
/si(mr)-0---Rbt01J)e[X]—:.i6(0I1) 2  . 

Ir--- 	
[X] 

\Sb(011)--0—Sb(011)—[X]---SNOII),, ' 21I,O. 

	

6 	o 	•• 
0 

[X] representing the bivalent organic part of the molecule. 

EXPERIMENTAL. 

Of all the known methods for the preparation of stibinie acids by the 
diazo-reaction, the method of the D.R.P. 261,825 has been found to be the best. 
The amine is fully diazotised, a solution of antimony trichloride is added, the 
crystalline double salt is filtered and freed from inorganic antimony as much 
as possible by washing with dilute hydrochloric acid. The compound thus 
purified is treated with excess of 5N sodium hydroxide solution and vigorously 
stirred with cooling to ensure the maximum yield. 

Various methods of purifying the stibinic acids are known but most of 
them are either wasteful or unsuitable. After many trials, the following method 
has been adopted for purification of the stibinic acids described in this paper. 
The crude acid is dissolved in very dilute sodium hydroxide solution and preci- 
pitated by very dilute hydrochloric acid : this is repeated several times. the 
acid being allowed to settle and separated by decantation. Coagulation of the 
colloidal acids is easily effected by saturating the solution with common salt. 
Finally, the acid is filtered, washed thoroughly with water and the adsorbed 
inorganic matter removed by shaking repeatedly with a large quantity of 
water for three or four days. 
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When the double compound 1)f the aryl-diazonitunchIoride and anti- 
monv trichlori de gives with alkali an insoluble product, this is littered laregdrial acetic 

with water and eN tritei 	thoroughly with a large quantity o  
acid warming the mixture is not harmful as decomposition is very slight below 
6(1°. The extract is poured drop by drop into a large quantity of very dilute 
ammonia, when an amorphous precipitate is formed and is further purified by 

repeating the process. 	Thorough washing with ether gives finally a pure 
sample of the distibimms oxide. 

Two of the best nn‘thods available for the estimation of antimony are 
those of Ghosh (lad. J. Med. Res., 1928, 16. -158) and Maeallum (J. Soc. Chem. 

list!., 19•23. 42. .170). Ghosh's method is the safer, although tedious, and the 
results agree very well. In a few cases, confirmatory estimations were carried 
out by Macallum's met hod and the results found to be quite satisfactory, care 
being always taken to decompose the organic mailer very slowly. 

m-Phenylenedistibi air arid (I).—A mixture of in -phenylenediamine 
hydrochloride (10 g.) and antimony chloride (28 g.) was diazotised and the dark 
red double salt treated with alkali. A dark red solution was obtained when 
evolution of nitrogen ceased, and on acidification gave a dark brown, colloidal 
precipitate which was purified in the usual manner (yield, 5 g.). The acid is 
insoluble in hydrochloric acid but is easily soluble in alkalis (Found : Sb, 
57.7 ; C011806Sb2  requires Sb, 58.1 per cent.). 

p-Phenylenedistibinie acid (II). The double salt was dark grey and dark- 
ened on exposure to air (Found : Sb, 57.8 ; (' 611 806Sb2  requires Sb, 58.1 per 
cent.). 

1 : 4-2Caphthylenedistibinie acid (III).-1: 4-Naphthylenediamine sul- 
phate was prepared by the method of Griess (A nnalen, 18(16, 137, 60). A 
solution of the diamine sulphate (5 g.) and antimony trioxide (S g.) in hydro- 
chloric acid (50 c.c.) was carefully diazotised and the resulting yellow double 
compound treated with ON sodium hydroxide solution. The greenish brown 
distibinic acid obtained on acidification (yield, 0.5 g.) was purified in the usual 
manner (Found : Sb, 50.8 ; CiolltoOsSbl requires Sb, 51.9 per cent.). 

Diphenylene-pp-distibinous oxide (IV). —A mixture of benzidine (20 g.) 
and a solution of antimony trioxide (30 g.) in concentrated hydrochloric acid 
was diazotised with sodium nitrite (10 g.). The double salt was soluble in 
concentrated hydrochloric acid from which it was precipitated by water as a 
bright yellow, crystalline powder ; alkali treatment gave an insoluble orange- 
brown product which on extraction became a light yellow powder (5 g.). Con- 
centrated hydrochloric acid produces an intense violet colouration which dis- 
appears on dilution with water (Found 	Ghosh ; Sb, 57.9, 57.5, 57.3, 57.8, 
56.9 : Macallum ; Sb, 58.1, 57.3 ; mean 57.54 ; C, 29.95 ; 11, 1 .91. C 1211 804Sb2, 
requires .Sb, 56.96; C, 30.1 ; 11, 2.09 per cent.). 

pp-Distibinotetraphenylene (IV a). —A small quantity of the finely 
Powdered diphenylene-ppedistibinous oxide was heated with aqueous sodium 
thiosulphate solution on the water bath for three hours when the colour changed 
to deep red ; the filtered product was washed with carbon bisulphide to remove 

• 	traces of sulphur, but isolation of the pure distibino-compound was extremely 
difficult. Hydrochloric and glacial acetic acids decomposed it, the results 
of analysis being consequently variable. 
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3 : 3-Dimethy/diphertylene-4 : i'-distibinotis 	oxide 	(V). - A 	solution 	of 
o-tolidine 	(5 	g.) 	and 	antimimy 	trioxide 	(s 	g.) 	in 	hydrochloric 	acid was 
tetrazotised, and the yellow double salt treated with 5N sodium hydroxide 
solution : after vigorous evolution of nitrogen a brown insoluble residue re- 
mained. 	Extraction with glacial :wet ie acid gave an orange powder (3 g.) which 
became a brilliant violet with hydrochloric acid (Found : Sb, 53.4 ! ( 1 	(I Sth . ....14 T4„ 12,-2-.0 
requires 	Sb, 	53.1 	in ' r 	effiit.). 

Distibinoldramethyfictraphengle»e.— A small quantity of the distibinous 
oxide (V) was finely powdered and heated on the water bath with an aqueous 
solution of sodium thiosulphate for two hours, when the colour changed from 
orange to brilliant red. The substance was filtered, washed with water, alcohol 
and then with carbon disulphide to remove all traces of sulphur, but the sub- 
stance was found on analysis to be impure. It is insoluble in all organic solvents 
and is decomposed by mineral acids, liberating inorganic antimony instead of 
becoming violet. 

3 : 3'-Dimethoxydiphenylene-I 
dianisidine in the -usual manner 
acetic acid as an orange powder (2 
hydrochloric acid (Found : Sb. •1 
cent.). 

: 1 1 -distibinous oxide (VI), prepared from 
i'as obtained after extraction with glacial 
g.), and gave a violet colouration with 
.5 ; CH111.20 4 Sb., requires SI), 19.9 per 

Diphettplmethane-pp-distibitionS oxide (VII).—pp-Diaminodiphenylme- 
thane was prepared according to the method of Kautler and Bowl (Ber., 1907, 
40. 3254), the 2 : 4- and -1: 4-isomerides biking separated by the method of 
Icing (J.C.N., 1920, 117, 988). The diamine was diazotised in presence of 
antimony trioxide dissolved in hydrochloric acid and the deep yellow double 
salt on alkali treatment gave a product insoluble in alkali. The glacial acetic 
acid extract was red, yielding the distibinous oxide as a light yellow powder 
(yield, about 5 per cent.). It dissolved in concentrated hydrochloric acid giving 
a red solution from which the distibinous oxide could be precipitated by 
ammonia (Found : Sb, 55.0 ; (2 1311. 1002Sb4 requires Sb, 55.2 per cent.). 

Den:opheizone-pp-distibinic acid (VIII).—pp-Diaminobenzophenone was 
prepared from pp-diaminodiphen3,,imethane by the method of Itivier and Farine 
(Heir. Chem. Ada, 1929, 12, 866). Stibinated as in the ease of pp-diamino- 
diphenylmethane, the bright yellow double salt on treatment with alkali gave 
a scarlet solution which on acidification gave the brown distibinic acid (yield, 
about 50 per cent.). The free acid does not show any colouration with hydro- 
chloric acid and is quite stable when dry (Found : Sb, 46.2; C 13H 	Sb 12- 7 - -2 
requires Sb, 48.5 per cent.). 

Diphertyl-m-tolylmethylearbinol-ppp-tristibittie acid (IX).—Eosaniline 
(5 g.) was diazotised and combined with antimony trichloride, the orange 
double salt being treated with alkali under ice-cooling ; a red solution of the 
sodium salt was obtained from which the free tristibinie acid was precipitated 
as a brown colloidal mass (1.5 g.). The usual method of purification was 
employed (Found : Sb, 45.9; C2 01121010Sb3  requires Sb, 46.5 per cent.). 

hiphenyl-m-tolylmethane-ppp-tristibinous oxide (X).—Leucaniline (2 g.) 
was mixed with the required quantity of antimony trichloride and diazotised. 
The orange double salt with alkali under ice-cooling gave a very poor yield of 
an insoluble amorphous brown residue which dissolved in glacial acetic acid 
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with a deep purple colouration, thus resembling diphenylmethane-pp-distibinou s  
oxide (VII). The tristibinons oxide was a dark grey powder (Found : sb, 
55.0 ; C20111503Sb3 requires Sb, 54.6 per cent.). 

Stilbene-4 : 	 arid (XI) and stilbene-4 : c-distibinous oxide 
(X1I).----ppi-Diaminostilbene was prepared from the pp-dinitro compound by 
reduction with tin and hydrochloric acid (norms', J. pr. (hem., 1889, ii, 39, 
502), the dinitro-eompound having been prepared in its turn from p-nitro- 
benzyl chloride (Bet. 1876, 6, 328 ; 1890, 23, 1959). The dinitro-compound 
incited at 281°, not at 280-285 °  as stated by previous workers, and pp-diamino- 
stilbene melted at 226-227 n . 

Preparation of the antimony enmpounds.—The diarnine (2 g.) was mixed 
with antimony trichloride dissolved in concentrated hydrochloric acid (30 c.c. ) 
and diazotised. The bright yellow double salt purified in the usual manner 
was treated with 5N sodium hydroxide solution under ice-cooling. The brown- 
ish red filtrate gave on acidification a colloidal distibinic acid (0.2 g.) which 
did not develop the violet colouration (Found : Sb, 45.8; C 1 4IT1 406Sb2  requires 
Sb, 45.8 per cent.). 

In this reaction, besides the brown filtrate a large quantity of an insoluble 
product was obtained and extracted with glacial acetic acid giving a pale brown 
distibinous oxide (0.4 g.) with ammonia (Found : Sb, 5t.3; C1 4T11 0O2Sb2  

requires Sb. 53.6 per cent.). The quantity of the distibinic acid was much 
less than that of the distibinous oxide and the conditions of experiment did not 
seem to have much effect on the yield of the distibinic acid. The diamino- 
compound used was the one described in literature (imp. 226-227°) and no 
attempt was made to prepare the antimony compound by Schmidt's modific- 
ation of Bart's method. 

The double salt, CO (NH .C6114  . N4C1,SbC14,11C1) 2 .—sym-pp-Diamino- 
diphenylurea was prepared by the improved method of Mistry and Guha 
(J. Ind. Chem. Soc., 1930, 7, 793). The diamine (4.5 g.) was diazotised and 
combined with antimony trichloride, the bright yellow double salt being washed 
repeatedly with dilute hydrochloric acid and with water, and then dried in a 
vacuum desiccator over calcium chloride (Found : Sb, 25.9 ;ON el sh 3_14_ _ 6 _ _10 
requires Sb, 28.0 per cent.). 

The secondary monostibinie acid (XIII).—The foregoing double salt was 
treated with alkali and when the evolution of nitrogen had ceased the reaction 
mixture was warmed on the water bath for a few minutes and then filtered. 
The residue was extracted repeatedly with warm dilute alkali until no more 
dissolved, the alkaline extract on acidification giving a brown colloidal product 
(1.0 g.), sparingly soluble in alkali and coloured deep violet by hydrochloric 
acid. Samples of different preparation were identical in appearance and 
gave concordant results of analysis (Found: Sb, 32.9; C, 42.4 ; II, 2.9; 
C13111 103N2Sb requires SI), 33.3; C, 42.S; H, 3.0 per cent.). 

The same monostibinic acid (XIII) from p-aminodiphenylurea.–The amine 
was prepared according to the method of 3listry and Guha (loc. cit.), and the 
method of preparing the antimony compound was the same as in the foregoing 
experiment (Found : Sb, 33.1 ; C, 42.4; II, 3.1). The product (0.5 g.) 

* was identical in appearance and chemical behaviour with the antimony com- 
pound obtained from pp-diaininodiphenylurea. 
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4: 4 cfilacetylaminorliphotglittethylertedianzine.— Although known in the 
literature, no details are given for its preparation. A solution of acetyl-p- 
phenylenediamine (12 g.) and methylene bromide (3.5 g.) in amyl alcohol was 
heated under reflux for three hours. The solid formed on cooling was washed 
with water and boiled with alcohol ; the grey, insoluble product (m.p. 220 0 , 
yield 2 g.) was hydrolysed by boiling with hydrochloric acid and the resulting 
solution on evaporation gave the desired dihydrochloride. The quantity of 
acetyl-p-phenylenediamine should always be in sufficient excess for absorbing 
the hydrochloric acid formed in this reaction as otherwise this might cause 
premature hydrolysis. 	The yield is very low but the method is convenient. 

Methyl eardiaminophotylene-4 : 4' -Distibinous oxide (XIV).—Diamino- 
diphenylmethylenediamine hydrochloride (2 g.) was tetrazotised and com- 
bined with antimony trichloride, the bright yellow double salt being treat- 
ed with alkali in the usual manner. The brown, alkali-insoluble residue in 
very poor yield, was purified by extraction with glacial acetic acid, when the 
pale brown powder gave a violet eolouration with hydrochloric acid (Found : 
Sb, 51.2 ; C 131l)204N4Sh2 requires Sb, 51.6 per cent.). 

4 : 4' -Diacetylaminodiphenylethylenediamilte.— This compound 	was 
prepared from ethylene dibromide (1 mol.) and acetyl-p-phenylenediamine 
(4 mol.), the purified product melting with decomposition at 284° (Found : 
N:  14.0; C 18114402 N4  requires N, 14.11 per cent.). The diacetyl compound on 
hydrolysis gave the hydrochloride which was used for stibination. 

Ethyl enediaminodi phenylene-pp-distibinous oxide (XV ).—The deep yellow 
antimony chloride double salt produced an insoluble brown mass on alkali 
treatment ; the glacial acetic acid extract gave when poured into ammonia, 
a very poor yield of the brownish distibinous oxide showing the violet coloura- 
tion with hydrochloric acid (Found : Sb, 50.4 ; C14}11 402-N.)Sb2 requires 
Sb, 50.2 per cent.). 

Bis-p-antinophotylir:omethine.—Glyoxal sodium bisulphite (5 g.) was 
warmed with 25 e.e. of water and 3 or 4 drops of sulphuric acid for four hours, 
a little more acid being added at the later stage of the decomposition, when a 
clear solution of the free glyoxal was obtained. This solution, together with 
the required quantity of an alcoholic solution of acetyl-p-phenylenediamine, 
was heated under reflux for an hour when crystals began to separate. The 
crystals were filtered, and the filtrate yielded two more crops on concentration, 
the assembled product crystallising from alcohol in silvery plates, m.p. 279° 
(decomp.). The free base was prepared by hydrolysing the diacetyl compound 
with aqueous-alcoholic hydrochloric acid on the water bath till the reaction mix- 
ture left no insoluble residue on being diluted with water. The solution on 
being treated with dilute ammonia deposited silvery crystals of the free di- 
amine m.p. 258° (decomp.) (Found : N, 17.31; 013111802N4 requires N, 17.28 
per cent.). 

Bis-phenylazomethineepp'-distibinous oxide (XVI).—The free base (2 g.) 
mixed with antimony trichloride and hydrochloric acid was diazotised, 
the orange yellow double salt on being treated with alkali under ice-cooling 
giving a very poor yield of a reddish brown powder which on extraction with 
glacial acetic acid became a dirty red (Found : Sb, 49.1 ; C14H10a2N2Sb2 
requires Sb, 50.57 per cent.). 



36 

(XVII ).—synt-pp-Diatnino- sym-aratant iitodiphenylenc - pp -distibink and 
diphenvloxamide was prepared according to the method of Mistry and 

Guha (bor. cit.). The orange coloured double salt obtained from the diamine 
by diazotisation and combination with antimony trichloride was treated with 
alkali under in•-cooling and stirring, the solution giving on acidification an 

• orange-grey colloidal preeipitate (yield, about 35 per cent.) which was further 
purified. The dry acid is not very stable but the slightly alkaline solution 
can lw kept for a very long time without appreciable decotnposition (Found : 
sh, 11.9 ; 	08.1 ; 	2.8 ; r 14 11 1 ,408 N281m requires Sb, 41.88 ; (3, 28.9 	; 

II, 2.4 1)0!'cent.). 
3f don am in odi phcis yl en e-pp-d istib ini 	acid (XVIII 	m ).—The sy-pp-di- 

antinodiphenyltnalonamide prepared according to the method of Mistry and 

Guha ((y. (bit.), was diazotised and combined with antimony trichloride to a 
light orange coloured double salt, gi ving on treatment with alkali a dark-red 
solution from which acids precipitate the product (yield, about 50 per cent.). 
The distibinic acid in slightly alkaline solution is quite stable, but in the 
dry state tends to decompose ; it gives with strong hydrochloric acid a violet 
colouration which disappears on dilution (Found : Mb, 41.2 ; C, 30.4 : II, 2.2 
Ci5H 1 608N4Sba requires Sb. 40.83 ; C, 30.2 ; 	'2.7 per cent.). 

Sucein i odi ph enyl en e -pp -distibi nie acid (XIX) . - sym -ppa Diatnino- 
diphenylsuceinamide (Mistry and Gulta, loc. ('it.) gave a deep orange antimony 
double salt which on alkali treatment and subsequent acidification yields (about 
50 per cent.) a brown colloidal acid (Found : Sb, 40.1 ; C, 30.9 ; H, 2.9 ; 
C wHitiO8N4Sb.) requires Sb, 40.0 ; C, 31.3 ;II , 3.0 per cent.). 

sym-Carbohydrazinodiphettylent-pp-distibinie acid (XX ).--ppi-Diamino- 
diphenylcarbohydrazide, prepared from the corresponding dinitro-compound 
(Mistry and Guha, toe. cit.) by reduction with zinc dust and acetic acid, was tetra- 
zotised and combined with antimony chloride. The bright orange double salt on 
alkali treatment and subsequent acidification gave a dark brown colloidal pre- 
cipitate (yield, about 30 per cent.) which was further purified. In all its proper- 
ties it resembled the previously described distibinic acids (XVII-XIX), except 
that the dry acid decomposed much more rapidly titan the other compounds 
(Found : Sb, 41.6; C, 26.4 ; H, 2.8; 01311 1007N4Sb2  requires Sb, 41.6; 
0,26.7; II, 2.74 per cent.). 

sym-pp' - Diaminodi phenylhyd razodiearbonami de .
- A mixture of hydrazo- 

dicarbonamide (1 mol.) prepared according to Thiele (Annalen 1899 9  271, -.0 
128) and acetyl-p-phenylenediamine (2 mol.) was heated with amyl alcohol 
under reflux till the evolution of ammonia, vigorous at first, came to an end. 
The solid was extracted with alcohol, boiled with dilute hydrochloric. acid for 
one hour, and the extract freed from unchanged hydrazodiearbonamide by 
filtration. The filtrate on evaporation to dryness gave the hydrochloride as 
violet plates. The free base, liberated by sodium acetate, is greyish-blue, nt.p. 
above 3700; yield, 40 per cent. (Found : N, 27.92 ; C 	0 N requires -14-16- 4 - 6 N, 28.0 per cent.). 

sym-pp' -Diacetyldiaminodiphenylazodicarbonamide was obtained and 
purified as in the foregoing case by the action of azodicarbonamide with acetyl- 

' 	p-phenylenediamine (m.p. above 370 0  •, yield, 40 per cent.). The free base was • deep blue and did not melt at 350° (F-  ound : N, 27.8 ; 014111 j0aN6 requires N, 28.1 per cent.). 
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ft ydrazodic«rbonaminodiphenylene-pp-distibinie acid (XXI).—The yellow 
double salt obtained in the usual way was treated with alkali under ice-cooling, 
awl the brown solution on acidification gave a very poor yield of the brown 
colloidal distibinic acid (Found : Sb, 39.9 ; (' 14111608N4 Sb2  requires Sb, 39.8 
per cent.). 

Hydrat'obenzene-pp'-distibinnulf Oride (XXIn. —pp - Diaminohydrazoben- 
zene was prepared from the azo-eompound which in its turn was prepared 
by the method of \netting and Binder (Bey.. 1887, 20, 3015). The reduction 
of the azo-compound was effected by alcoholic ammonium sulphide, and the 
hydrazo-compound after crystallisation from alcohol melted at 144°. The 
hydrazo-eompmind was mixed with antimony trichloride and diazotised, the 
brownish yellow double eompound on alkali treatment giving a dark brown, 
insoluble product, 1114) glacial acetic acid extract of which gave the distibinous 
oxide (also in very poor yield) as a brown amorphous powder (Found : Sb, 
54.5 ; C 1 a1l 10 )4N4Sb2  requires Sb, 53.2 per cent.). 

p-Nitrobenznyl-p'-acetylam 	 NO2 . C611 4 . CO . NH . C6114 . N HAc.— 
A mixture of p-nitrobenzoyl chloride (12 g.) and acetyl-p-phenylene diamine 
(7 g.) was heated in a hard glass tube at 125° for two hours, the product being 
extracted several t imes with dilute sodimn hydroxide solution until a sample 
ceased to give a precipitate of nitrobenzoic add with hydrochloric acid. The 
greenish yellow residue after being washed with alcohol, in which it was com- 
pletely insoluble, was crystallised from pyridine, m.p. 293° (decomp.). Hydroly- 
sis and reduction was effected by heating it on the water bath for two hours 
with stannous chloride and hydrochloric acid. Tin was removed from the 
filtered solution by hydrogen sulphide and the clear solution after removal of 
stannous sulphide gave the hydrochloride on evaporation. 

Benzanilide-pp'-distibinon oxide (XXIII).—The hydrochloride (2 g.) 
was mixed with antimony trichloride and diazotised, the yellow double salt 
on alkali treatment giving an insoluble brown product in very poor yield. 
Extraction with glacial acetic acid left the pure distibinous oxide (Found : 
Sb, 50.7 : C i3H903NS134 requires Sb, 51.8 per cent.). 

Triphenylphu.s.pkinc-mminstriRtibinic acid (X X 1V).--Triphenylphosphine 
was prepared according to the method of Pfeiffer, Heller and Pitseh (Bee., 
1904, 37, 4621) giving with the following modification a better yield. Addition 
of the ethereal solution of phosphorus trichloride to phenyl magnesium bromide 
was made under ice-cooling during four hours. The product, m.p. 78°, was 
obtained in 95 per cent. yield. 

Nitration of triphenylphosphine was effected by the method of Mi- 
chaelis and Soden (Annalcn, 1885, 229, 324). The nitrated product tended to 
form a sticky mass which, however, on being triturated with an aqueous solu- 
tion of urea became quite loose and flocculent and after crystallisation from 
acetic acid melted at 2:11-242°. Michaelis and Soden regarded it (m.p. 242°) 
as a para-substitution product, but Challenger and Wilkinson showed it to be 
the meta-derivative (J. C. S., 1924, 125. 2675). 

Reduction of the trinitro-compound was conducted by heating it on the 
water bath with zinc dust and acetic acid. On dilution with water and addi- 
tion of alkali the precipitate of triamine was practically pure and was crys- 
tallised from alcohol, m.p. 255 ° . A hydrochloric acid solution of mmm-tri- 
aminotriphenylphosphine (5 g.) and antimony trioxide (7 g.) was diazotised 
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with sodium nitrite (3 g.) and the yellow double salt thus obtained treated 
with 5K alkali under ice-cooling. The brown solution on acidification yield- 
ed the colloidal tristibinie acid which required nearly two days to settle, but 
addition of common salt hastened the process of coagulation considerably ; 
it was further purified in the usual manner. 

Estimation of antimony was effected by mixing the substance (about 
0.2 g.) with concentrated sulphuric acid (10 c.c.) and anhydrous potassium 
sulphate (3 g.), then heating the mixture very gently and cautiously till the 
solution became colourless. On dilution with water, 15 c.c. of hydrochloric 
acid was added and the antimony sulphide precipitated with hydrogen sulphide 
was dissolved in very dilute sulphuric acid and oxidised with potassium per- 
manganate. excess of which was removed by boiling with hydrochloric acid ; 
the colourless solution was cooled, mixed with potassium iodide (2 g.) and titrat- 
ed against standard thiosulphate using starch as an indicator (Found : Sb, 
46.8 : C18li1809PSba requires Sb. 47.2 per cent.). 

Tripheitylarsine-mmtn-tristibinie acid (XXV).—Triphenylarsine was pre- 
pared in the same manner as the phosphine, nitration and reduction being 
carried out by the method of Michaelis (Annalen, 1902, 321, 180). A mixture 
of the hydrochloric acid solution of the triamine and the required quantity .  
of antimony trichloride on diazotisation gave a yellow double compound which 
on treatment with 53" alkali under efficient ice-cooling gave a brown solution 
from which the colloidal acid was liberated and purified in the usual manner. 
Estimation of arsenic and antimony was conducted according to the modified 
method of Fargher (J. C. 8., 1919, 115, 992. Found : Sb+As, 54.28; 
C16H 1 809AsSb3  requires Sb+As, 53.8 per cent.). 

Triphenylstibine-rnmm-tristibinic acid (XXVI).—Triphenylstibine was 
prepared by the method described in Organic Synthesis, Vol. VII, 80 1  while 
the nitration and reduction were effected by the method of Morgan and Mic- 
klethwait (J. C. 8., 1911, 99, 2299). The yellow double salt on alkali treatment 
gave a brown solution which on acidification gave the tristibinic acid which did 
not show the colour reaction of the distibinic acids (Found Sb, 55.9; 
C18H1809Sb4  requires Sb, 56.3 per cent.). The tristibinic acids here described 
are all very unstable and in the dry state decompose very easily. 

SUMMARY. 

With a view to throwing some further light on the chemotherapy of 
organic antirnonials a large number of aromatic di- and polyarnines having the 
amino-groups attached to the same or different phenyl radicals have been sti- 
binated according to the well-known method of Bart and Schmidt. Contrary 
to the general rule that aromatic amines on stibination yield only the corres- 
ponding stibinic acids, quite a large number of di- and polyamines have now 
been found to yield di- and poly-stibinous oxides (IV-VII, X-XII, XIV-X.VI, 
XXII, XXIII). The distibinous oxides are not affected by mild oxidising 
agents such as hydrogen peroxide, and are decomposed when subjected to more 
drastic processes of oxidation. On reduction, however, they give rise to highly 
coloured products which could not be sufficiently purified owing to their 
unstable nature, but are probably distibino-compounds. 

In one case, namely, pp-diaminodiphenylurea, a compound has been 
obtained which in all probability is a secondary monostibinic acid (XIII). 
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The work is being continued, and although it is not possible at this stage 
to formulate any definite rule underlying the formation of stibiuous oxides and 
stibinic acids, it can, however, be said that 

(1) pp-Amino-groups in diphenyl give stibinous oxides. 

(2) The groups CO and COW connecting two or more phenyl radi- 
cals aid in converting p-amino-compounds into stibinic acids, 
whereas the C11 2  group favours the formation of stibinous 
oxides. 

(3) Connecting links involving nitrogen besides carbon, when oxy- 
genated, also yield stibinic acids, whereas in absence of oxygen 
the stibinous oxides are produced. Only one exception to 
this rule, namely, diaminobenzanilide, which yields the di- 
stibinous oxide, has yet been observed. 
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