ARYL DI- & POLY-STIBINIC ACIDS, DISTIBINOUS
OXIDES AND DISTIBINO-COMPOUNDS.*

By Sohrab M. Mistry and Praphulle Chandra Guha.

The importance of organie antimonials as trypanocides was dizcovered
when Plimmer and Thomsen (Proe. Roy. Soe., 1908, 13 80. 1) found that try-
panosomes rapidly disappeared from the blood of infected animals on injection
with antimony compounds. The importance of the stibinie acids as trypanocides
has stimulated research from the standpoint of chemotherapy. From the
little work that has been done, very few conclusions could he drawn as regards
the relationship between chemical constitution and therapeutic properties of
organo-antimony compounds. The stibiniec acid grouping ~SbO(OIl), has
the characteristic trypanocide property, but it is believed that this i due to the
formation in rivo of trivalent =Sb=0 as the real trypanocide (¢f. Brahmachari,
Ind. Nei. Congress, Med. Nee,, 1931). It is an established fact, however, that
the substituents in the nueleus of an aromatie stibinie aeid also exert a marked
influence.  Thus the introduction of an amino-group in the aryl nucleus of
& stibinie acid diminishes toxieity to a considerable extent, and acetylation of
the amino-group inercases the diminution. The acetylated product, however,
being more unstable becomes toxic on keeping and hence useless as a therapeutic
agent (Brahmachari, Ind. JJ. Med. Res., 1922, 10, 521 ; also loe. cit.). In the
arsenic series the acetylation of an aniino-group renders the compound more
active. Stibinic acids substituted both by chloro- and amino-groups are also
active anti-kala-azar remedies. Again, stibinie acids derived from aminobenzyl-
benzoates and benzylaminobenzoate have been found to he without any marked

r-‘—'

curafive action on kala-azar (Niyogy, -J. Ind. Chem. Noc., 1930, 7. 577).

Although the discovery of the most important synthesis of stibinic acids
by the diazo-reaction (first applied by Bart, 1910, to the synthesis of arsonic
acids) is attributed to the Chemische Fabrik von Ileyden (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 diazoehlorides.
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 (Aunalen, 1920,
421, 174 ; 429, 123 ; Ber., 55B, 697 ; ibid., 57TB. 1142 ; ibid., §9, 555).

Urea stibamine discovered by Brahmachari (Ind. J. Med. Res., 1922,
10, 508 ; 1924, 12, 423) to which the structure NH,.CO.NH.CgH,.SbO (OII)
(ONH,)-p was originally attributed, has had phenomenal success in the cure
of kala-azar. Tt has now been found that it is not an individual, but most
probably a mixture (J. Soe. Chem. Ind., 1930, 49, 800). Niyogy on the other
hand (J. Ind. Chem. Soc., 1928, 5, 757), however, claims to have obtained a

ar Sk

* Preliminary reports on this work have been published in the Procecdings of the Indien
Science Congress (Chemistry Section, 1930, 176 ; 1931, 162), and have been communicated before
the preceding 151h October of each year.
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product by treating a hydrochloric acid golution _of p-.a.minophenylstibinic acid
with potassium cyanate which he considers to be identical with urea stibamine,

The present investigation was undnrmkm_:l to prepgre a series of com-
pounds the pharmacological examination oiz whlc]i was likely to t}].I'O'W‘ some
further light on the chemotherapy of organic a.nt-lmoma,ls: If the stibinic acid
grouping had any influence on the 11‘}'[)111100151'&] property it was thought worth
while to investicate various types of aromatic compounds having more than
one stibinic aeid group in the molecule. The compounds prepared can be
divided into five categories :—(a) where antimony i8 attached to one and the
same arvl nucleus ; (b) where antimony is attached to different aryl nuclei
direcetly eonnected 3 {¢) the same as (b) but with the aryl nuclei connected
Hwnug,h 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. ., 296,910 ; Schmidt, Ber., 1924, 57B, 1147), no
distibinie acid appeared to have been known when this work was undertaken.
Dunning and Reid (J. Amer. Chem. Soc., 1926, 48, 2959) claimed to have ob-
tained diphenyldistibinic acid from benzidine 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. Soe. Canada, 1930, 23, T (IT1), 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-Phenylenediamine, p-phenylenediaumine and 1 : 4-naphthylenediamine
have now been found to give the corresponding distibinic acids (I-I1I):

0:Sb(0H), 0:Sb(OH), 0:Sb(OH),
N\
SH(OH), O
2 0:Sb(0H), 0:Sh(0H),
() (IT) (TIT)

On repeating Dunning and Reid’s work, it was found that the double
compound of tetrazotised benzidine and antimony trichloride (ef. May, J. C. 8.,
1912, 101, 1037), on treatment with alkali gave an orange-brown, amorphous
mass, the insolubility in alkali proving the absence of a stibinie acid group.
Moreover, the compound was soluble in glacial acetic acid from whieh 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 wi!;h water, showing that the insoluble chloride is hydrolysed at lower
conceptra-tmn of the acid, Further, it was found that while alkaline hydrogen
pez_'o:_n.de had no effect on this compound it is decomposed by more drastic
ox1d1§mg _agen_ts._ The above properties and the results of analysis support
the distibinous oxide structure, C;3Hg (Sh0),. 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 distibinous 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 M, .5bO, I, ("-HH*.S‘J}O ﬂﬂH_“Sb=Sb.CﬂT~I‘
| ! l
¢, .ShO T (‘-ﬂHi.Sb(_) C!ﬂ[[,‘..Sb--—----Sb.CHI'L|
(1V) (IV a)

There being so much controversy on the strueture of dipheny!l and its deri-
vatives, nothing can be said with certainty as to whether the space relation be-
tween the two stibinie acid groups in the para-positions of diphenyl is respon-
sible for this anomalous bekaviour. 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 benzidine
were obtained froin eo-folidine and dianisidine :—

,; OCTI, OCH,

C1I, CTT,
TN/ N\ Q_/ﬂ L
OSh¥ / ¢ Z\ShO (OSb ~.. \ShO

(V) (VI)

Riddel and Basterfield (loc. ¢it.) claim to have isolated a distibinic aecid
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 stibinie acid. Our repeated experiments have only
confirmed the above disagreement, but pp-diaminobenzophenone does give the
corresponding distibinic aecid (VIII).

CH, . SbO C,IH,.SbOH,
r'u2< oo<
C,H, .8hO C,H,.SbO,H,

(VIT) (VIII)

In the cage of pp-diaminodiphenylmethane the distibinic acid is most probably
formed, but reduction leads to the stable stibinous oxide form. In t.hia con-
nection it is interesting to note that the amino-groups of pp-diaminodiphenyl-
methane react easily with camphorquinone but those of pp-diaminobenzophenone
do not (unpublished work). The influence of the methylene group in rex}der:fng
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 compounds obfained from 'p-}}-ﬂiaminod'iphenylurea;,_ pp-di-
aminodiphenylmethylenediamine, pp-diaminodiphenyloxamide and pp-diamino-
diphenylethylenediamine (XIII, XIV, XVII and XV).

subjected to the Bart-Sehmidt method of stibination, rosaniline

od tristibinic acid (IX) but leuecaniline gave only g
) to the complete exclusion of the expected stibinie acid.

On being
yielded the expect
{ristibinous oxide (N

CIT, .8DO,IT, (11, .ShO
10 .(‘Ll";l_l: DO ncéx L ,.SbO
\Cﬂ]rn (P‘”n)'HhOn][z ("1:1[3 (('IIH).R]’}O
(1X) (X)

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

A distibinie aeid (XT) and & distibinous oxide (XII) have heen isolated
from the product of stibinating pp-diaminostilbene. Formation of these dif-
ferent produets may be explained by assuming that the cis-form of the di-
amine gives the distibinous oxide and the trans-form the distibinie acid. TIn the
cis-form the two pare-positions of the phenyl nuclei being so close together
cannot retain two heavy aeidic groups, whereas the para-positions of the trans-
form being further apart ean casily accommodate the stibinic acid groups :—

cn-—¢ NSHO,H, (‘n-< piie

[ s
(‘]I—<~_\,Sb0

1120_;.31)/ N e
(XT) (XII)

N

Compounds were next prepared in which tlhie two stibinie 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-diaminodiphenylurea, 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 trypanocidal properties in 4 much more
pronounced degree. The double compound obtained bv tetrazotisation and
coupling with antimony trichloride on analysis agreed Witil the formula,

NIL.C,H,.N (1,501
0('< e
NH.C,H,.N,C1,ShCl,

imd on t-refbtrn_ent with alkali gave a sparingly soluble brown powder which

.lﬂcd.ltll(‘. df:e_p violet on freatment with concentrated hydrochlorie acid, regain-
o : , 13 ' :

g s oniginal colour on dilution. Analysis proved the presence of only one
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atom of antunony in the molecule, however, and the formula corresponded {o
that of a monostibinic acid. To explain this peculiar reaction, p-monoamino-
diphenylurea was stibinated by the usual method and a compound agrecing
in all its properties with the stibinic aecid prepared from sym-pp-diaminodi-
phenylurca was obtained. As is well known, it is extremely ditficult to purify
stibiniec acids, and it is impracticable to prove the identity of stibinie acids
obtained from two different sources : conclusions must bhe drawn from
solubility and other physieal propertiesin conjunction with results of analysis.

The mechanism of the reaction can be explained as follows: During
alkali treatment of the double salt one of the N,CLShCly groups is transform-
cd as usual into a stibinie acid group while the other is replaced by an atom of
hydrogen :

NIL.C I N CLSHOT NIL.C 11 ShO(OID).
o R ol ot BhOCOTL,
ANST, .C 1. N CLSHO'L ASST! LN CLSLUL,

NILLCH, SOOI,
{JU<
NIL.C I,

The replacement of a diazo-complex by hydrogen is of common oceurrence in
such reactions and is not at all unexpected (¢f. Christiansen, “Organic Deri-
vatives of Antimony 7, 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
from the hydroxyl group of the phenyl-carbamino-{-phenylstibinie acid and
the para-hydrogen atom of the other phenyl group, thus i—

NIL.CIT, . SLO(O1LD), NILC T
ocd ' U('< " Nspo. 01t
N\NILLC 1L N1/
(XI11)

Macallum (J. Soc. Chem. Tnd., 1923, 165 T) describes an analogous condensa-
tion and claims to have obtained a sccondary stibinie acid as the main product
of action between antimony trioxide and o-c¢hlorobenzenediazonium chloride.

pp-Diaminodiphenylmethylene- and ethylenediamines gave distibinous
oxides (X1V) and (XV) instead of the stibinic acids obtained from pp-
aminodiphenylurea and oxamide |

NII.C . SbO CIL,. NH.C,.SbO
e |
CONNHL L. SbO CH,. NH.CJT,.8bO
(XIV) (XV)

The formation of these two stibinous oxides is evidently due to the mpthy-
lene and ethylene groups, the directing influence of which in the formation of

i
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stibinous oxides in preference to stibinic acids having already been shown
(ef. VII-X).

Bis-acetylaminophenylazomethine was obtained by treating two mole-
cules of acetyl-p-phenylenediamine with one moleeiile o_f glyoxal, ?aﬂd_on
hydrolysis gave the corresponding .dla-mme from which on stibination
the distibinous oxide (XVI) was obtained :

CH=N.C,II,.SbO

|

(H=N.C,H,.5b0
(XVT)

pp-Diaminodiphenyloxamide, -malonamide, -succinamide and -carho-
hydrazide vielded the distibinic acids (XVII-XX):

C0. NILCH,. 800,11, . 0. NILC,H, SO,
CO.NH.C.H,.SbO,11, “\C0.NII.C,H,.Sb0,H,
(X VII) (X VIII)
CH,.CO.NH.C,H,.8hO,1I, o NILNTLC, 800,11,
 CH,.CO.NH.C,IL,.SbO,1I, \NTI.NH.C,IT,.8bO,H,
(XIX) (XX)

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

’?H CO.NI.CH,.SbO,H,
NH.CO.NH.C,H,.SbO H,

(XXT)

It will be seen that this is really a bis-compound of Brahmachari’s
urea stibamine, and as such is very likely to be a valuable trypanocide,

pp-Diaminohydrazobenzene on stibination gave a distibinous oxide :—
NH.C,H,.SbO
NH.(C,II,.5bO
(XXTI)

_pp-Diaminobenzanilide has been prepared for the first time by the in-
teraction pf p-nitrobenzoyl chloride and acetyl-p-phenylenediamine, followed
by reduction and hydrolysis.

It gave on stibinatio istibi ide
(XX TIT) :— g ination the distibinous ox.
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NH.C,II,.NIIAc NH.(,I,.NH, NII.C.H,.8bO
- | = | ‘
CO .C,IL,.NO, O .CH,. NI, CO .C,IT,.Sb0
(XXTII)

To study the effect of phosphorus, arsenic and antimony in mmm-triamino-
triphenylphosphine, -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
(XXTV-XXVI).  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 modified method
of Pfeiffer and his co-workers (Ber., 1904, 37, 4621). and the yields were
considerably improved.

P (C,11,.SbO,I0,), As (C11,.SbO, L), Sh (C,H, . SbO,IT),
(XXIV) (XXV) (XXVI)

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

E-

O 0
bb(()l[)-—()—bb(()lI)—-[‘{]——‘\b{()ll)
[\]< . :31[__,0,
%b(()H)—O—bh(OII‘——[\ J—Sb(O11),
O 0
[X] repr e:auuting the bivalent organie part of the molecule.

SXPERIMENTAL.

Of all the known methods for the preparation of stibinic acids by the
diazo-reaction, the method of the D . R.I’. 201,825 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 yicld.

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 preei-
pitated by very dilute hydrochloric acid ; this is repeated several times. the
acid being allowed to settle and separated by decantation. C(Coagulation of the
colloidal acids is easily effected by saturating the solution with common salt.
Fina]ly, the acid is filtered, washed thoroughly with water and the adsorbed
inorganic matter removed by shaking repeatedly with a large qu.a,ntlty of
water for three or four days.
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When the double compound of the :n‘}’l"]i“*ﬁ““i“_‘“f’m_‘”'m“. and anti-
mony trichloride gives witl alkalt an insuluh'lu product, this I8 liltered EL{J,(I WH-SI'I-
ed with water and extracted thoroughly with a large ‘l.“‘ﬂm'_-t}’ of gla;ma.l acetic
acid : warming the mixture is not harmful as (lecomposition e YORY slight bf’lﬂw
60°. The extract is poured drop by drop Entu a large qu_annty of very ‘dllute
antmonia. when an amorphous precipifate 18 formed and is further purified by

repeating the process. Thorongh washing with ether gives finally a pure
3 L |

sample of the distibinous oxide.

Two of the best methods available for the estimation of antimony are
those of Ghosh (Ind. J. Med. Res., 1928, 16, 158) and Macallum (/. Soc. Chem.
Ind.. 1923, 42. 170). Ghosh’s method is the safer, although tedious, and the
I‘(‘S!llrfﬂ aerce very well.  In afew cases, confirmatory cstimations were earried
out by Macallum's method and the results found to be quite satisfactory, care
hving‘ always taken tv decompose the organic matter very slowly.

ni-Phenylenedistibinie  acid  (I).—A mixture ol m-phenylenediamine
hvdrochloride (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 hrown, colloidal
precipitate which was purified in the usual manner (yield, 5 g.}. The acid is
insoluble in hydrochloric acid but is casily soluble in alkalis (Found: Sb,
57.7 ; CgHgOsSb, requires Sb, 58.1 per cent.).

p-Phenylenedistibinie actd (I1).—The double salt was dark grey and dark-
cned on exposure to air (Found : Sh, 57.8 ; CglIgOSb, requires Sh, 58.1 per
cent.).

1:4-Naphthylenedistibinic acid (111).—1 : 4-Naphthylenediamine sul-
phate was prepared by the method of Griess (Annalen, 1866, 137, 60). A
solution of the diamine sulphate (5 g.) and antimony trioxide (& g.) in hydro-
chloric acid (50 c.c.) was carefully diazotised and the resulting yellow double
compound treated with 5N 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 ; C;,H,i068b, requires Sh, 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, ¢rystalline 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,
06.9 : Macallum ; Sb, 58.1, 57.3 ; mean 57.54 ; C, 29.95 ; 11, 1.91. C.HgO25by
requires Sb, 56.96 ; C, 30.1 ; 11, 2.09 per cent.).

pp-Distib-Enatetrapkenylcne (IV a).—A small quantity of the finely
pn_wdored diphenylene-pp-distibinous oxide was heated with htl-quvous sodinm
thiosulphate sohution 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.  Ilydrochloric and glacial acetic acids decomposed it, the results
of analysis being consequently variable,
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3:3-Dimethyldiphenylene-A : V'-distibinous oxide (V).—A solution of
o-tolidine (5 g.) and antimony trioxide (R g.}3 in hydrochloric acid W4
tetrazotised, and the yellow double salt treated with 53 sodium hydroxide
solution : after vigorous evolution of nitrogen a brown insoluble regidue re-
mained.  Extraction with glacial acetic acid gave an orange powder (3 £.) which
beeame a brilliant violet with hydrochlorie acid (Ifound : Sh, 53.4 : C14H15,0.8b,
requires Sh, 53.1 per ceut.).

Distibinotetramethyltetraphenglene.— 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"-Dimethorydiphenylene-1 : 4'-distibinous oxide (VI), prepared from
dianisidine in the nsual manner was obtained after extraction with glacial
aceric acid as an orange powder (2 g.), and gave a violet colouration with
hydrochlorie acid (Found : Sh, 49.5; €41 ,0,8b, requires Sb, 19.9 per
cent.).

Diphenylmethane-pp-distibinous  oride (VII).—pp-Diaminodiphenylme-
thane wags prepared according to the method of Kaufler and Borel (Ber., 1907,
40. 3254), the 2: 4-and {: {-isomerides being separated by the method of
King (J.C.N., 1920, 117, 988). The diamine was diazotised in presence of
antimony trioxide dissolved in hydrochlorie acid and the deep vellow double
salt on alkali treatment gave a product insoluble in alkali. The glacial acetic
acid extract was red, vielding the distibinous oxide as a light yellow powder
(yield, about 5 per eent.). It dissolved in concentrated hvdrochlorie acid giving
a red solution from which the distibinous oxide could be precipitated by
ammonia (IFound : Sb, 55.0: C311,,0.8b. requires Sb, 55.2 per cent.).

LDenzophenone-pp-distibinic acid (VIII).—pp-Diaminobenzophenone was
prepared from pp-diaminodiphenylmethane by the method of Rivier and IFarine
(Helr. Chem. Acta, 1929, 12, 866). Stibinated as in the case of pp-diamino-
diphenylmethane, the bright vellow 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: 8b, 46.2; C;3H;50;Sbs
requires Sb, 16.5 per cent.).

Diphenyl-m-tolylmethylcarbinol-ppp-iristibinic  «cid  (IX).—Rosaniline
(5 g.) was diazotised and combined with antimony trichloride, the orange
double galt being treated with alkali under ice-cooling ; a red solution of the
sodium salt was obtained from which the free tristibinic acid was precipitated
a8 a brown colloidal mass (1.5 g.). The usual method of purification was
employed (Found : Sb, 45.9; CyH.,0,08bs requires Sb, 46.5 per cent.).

Diphenyl-m-tolylmethane-ppp-tristibinous oxride (X).—lLeucaniline (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 yicld of
an insoluble amorphous brown residue which dissolved in glacial acetic acid
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: ion, thus ling diphenylmethane-pp-distibinoyg
th a deep purple colouration, thus resembling . 4
:;idle (Vlf).p %he tristibinm;s oxide was a dark grey powder (Found : Sh,

55.0 ; CaoH 5038bs requires Sb, 54.6 per cent')t o
Siilbene-4 : 4’-distibinie acid (XI) and stilbene-4 :}_-dwttbmous oxide
(X11).—~pp’-Diaminostilbene was prvlm.rod from the pp-(%lmtro compoun‘(} by
rednetion with tin and hydrochloric acid (florman, q{ . p: Chem., 1889, i, 39,
502), the dinitro-compound having been 1‘11'(*;131‘{:43 in 1is t-ur:n‘from P-nitro-
benzyl chloride (Ber. 1876, 6. 328 ¢ 1890, 23, 1'9;)‘)). The dlmtro-(:or{]po}md
melied at 2819, not at 280-285° as stated by previous workers, and pp-diamino-

.}..’_‘ﬁ

stilbene melted at 226-22¢ .

Preparalion of the antimony compounds.—The diamine (2 ‘g.) wag mixed
with antimony trichloride dissolved in concentrated hydrochloric acid (30 c.c.)
and diazotised. The bright yellow double salt purified in the usnal 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 ; Cy4IT1,404Sb, requires
Sbh, 45.8 per cent.).

In this reaction, besides the browu filtrate a large quantity of an insoluble
product was obfained and extracted with glacial acetic acid giving a pale brown
distibinous oxide (0.4 g.) with ammonia (Found: Sb, 54.3; C;;H,;,0:5h,
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 liferature (m.p. 226-22%7°)and no
attempt was made to prepare the antimony compound by Schmidt's modifie-
ation of Bart’s method.

The double sall, CO(NH.CgH,.N,Cl,SbCly,HCl),.—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
vacunm desiccator over calcium chloride (Found : Sb, 25.9 ; C;3H 2 ON;Cl;oSb,
requires Sb, 28.0 per cent.). '

The secondary monostibinic 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 amalysis ( Found: Sb, 32.9; C, 42.4; H, 2.9;
C13H,105N55b requires Sb, 33.3 ; C, 42.8; H, 3.0 per cent.).

The same monostibinic acid (XT11) from p-aminodiphenylurea.—The amine
was prepared according to the method of Mistry and Guha (loc. ¢it.), and the
method of preparing the antimony compound was the same as in the foregoing
cxperiment (Found: Sb, 33.1; (, 42.4; H, 3.1). The product (0.5 g.)
was identical in appearance and chemical behaviour with the antimony com-
pound obtained from pp-diaminodiphenylurea.
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4o V-Diacetylaminodiphenylmethylenediamine—~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 wag
heated under refiux for three hours. The solid formed on cooling was washed
with water and boiled with alcohol ; the grey, insoluble product (m.p. 220°,
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-phenylencediamine 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 mmethod is convenient.

Methylenediaminophenylene—4 : 4'-Distibinous oxide (XIV).—Diumino-
diphenylmethylenediamine hydrochloride (2 g.) was tetrazotised and coms-
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 colouration with hydrochloric acid (Found :
Sb, 51.2; CiH;20,N,8hs requires Sb, 51.6 per cent.).

1 1 4'-Diacetylaminodiphenylethylenediamine. — This  compound  was
prepared from cethylene dibromide (1 mol.) and acetyl-p-phenylenediamine
(4 mol.), the purified product melting with decomposition at 284° (Found :
N, 14.0: C1gH1:0.N, requires N, 14.11 per cent.). The diacetyl compound on
hydrolysis gave the hydrochloride which was used for stibination.

Ethylenediaminodiphenylene-pp-distibinous oxide (XV).~—~The deep yellow
antimony chloride double salt produced an insolubie browin mass on alkali
treatment ; the glacial acetic acid extract gave when poured into ammunia,
a very poor yield of the brownish distibinous oxide showing the violef coloura-
tion with hydrochloric acid (Found: Sb, 50.4; C;,H,;;0,N,Sbh, requires
Sb, 50.2 per cent.).

Big-p-aminophenylazomethine.—Glyoxal sodium bisulphite (5 g.) was
warmed with 25 c.c. 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 golution 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 ; C;gH,30,N; requires N, 17.28
per cent.).

Bis-phenylazomethine-pp’-distibinous ozxide (XVI1).—The free bgse (53 g.)
mixed with antimony trichloride and hydrochloric acid was czhazot-ls-ed,
the orange yellow double salt on being treated with glkali under 1th-cool{ng
giving a very poor yield of a reddish brown powder which on extraction rw1th
glacial acetic acid became a dirty red (Found: Sb, 49.1; C1H 002N 2Sby
requires Sb, 50.57 per cent.).
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svm-().ralamin,of?iplmeylmrr-pp-distibiu.it.‘ acid (XVII).—sym-pp-Diamino-

diphenyloxamide was prepared according 10 the mo'thnd of Mistry and
Guha ('Ior. cit.). The orange coloured double salt obtained from the diamine

bv diazotisation and combination with :.mtinmn:f tric!llf}ride was_tl"eat(*(.l with
alkali under ice-cooling and stirring, the solntion giving on _aacldlﬁcatwn an
orange-grey eolloidal precipitate (yield, about 35 per cent.) which was furtl_rmr
purified. The dry acid is not very stable but the slightly a-lk*a!me E?lutlun
can be kept for a very long time without :Lppreclszhr decomposition (Found :
Sh, 41.9: ¢, 28.1: H, 2.%; ("14111504NoSby requires Sh, 41.88; €, 28.9;
II, 2.1 per cent.). ‘

ﬂ[azn"(”nf”ndfph{‘H.yh‘ﬂ1"-]}[]-(”3”!liﬂif' aeid (X‘rIII).'—-l‘TllG sy'm-pp-di-
aminodiphenylmalonamide prepared according to the method of Mistry and
Guha (loe. e¢it.), was diazotised and combined with antimony trichloride to a
licht orange coloured double salt, giving on treatment with alkali a dark-red
solution from which acids preeipitate the product (yield, about 50 per cent.).
The distibinie acid in slightly alkaline solution is quite stable, but in the
drv state tends to decompose ; it gives with strong hydrochloric acid a violet
colouration which disappears on dilution (Found : Sh, 41.2; ¢, 30.4: H, 2.2
C;11;40sN28ba requires Sh, 40.88; (7, 30.2; I, 2.7 per cent.).

Succinaminodiphenylene-pp-distibinic acid (XIX).—sym-pp-Diamino-
diphenylsuccinamide (Mistry and Guha, loc. cit.) gave a deep orange antimony
double salt which on alkali treatment and subsequent acidification yields (about
50 per cent.) a brown colloidal acid (Found: Sh, 40.1; C, 30.9;: H, 2.9;
CigH 150 N28Sba requires Sh, 40.0: €, 31.3 ; H, 3.0 per cent.).

sym-Carbohydrazinodiphenylene-pp-distibinie acid (XX).—pp'-Diamino-
diphenylearbohydrazide, prepared from the corresponding dinitro-compound
(Mistry and Guha, loe. ¢it.) 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 than the other compounds
(Found : Sh, 41.6 ; C, 26.4 ; H, 2.8; C;3H,40,N,;Sb, requires Sb, 41.6;
C,26.7; H, 2.74 per cent.).

. sym-pp’-Diaminodiphenylhydrazodicarbonamide.—A mixture of hydrazo-
d;carbanamide (1 mol.) prepa.rftd according to Thiele (Annalen, 1892, 271,
128) and acetyl-p-phenylenediamine (2 mol.) was heated with amyl alcohol
under r?ﬂux till the evolution of ammonia, vigorous at first, came to an end.
The solid was extracted with alcohol, boiled with dilute hydrochloric acid for
E?ter a;:,;ggr’ 'falind ﬁtill? extract*freed f;rorn unchanged hydrazodicarbonamide by
above 370°; yield ‘;;;' peajt’celn:mt(ti:‘lohdeOdl‘_]ilqm ~afet:a;te, is greylsll-Tblue, m.p.
N, 28.0 per cent.)i ' und: N, 27.92; CH;30,:Ng requires
Imrititzgys,tl:;.1 .ill}lptilglf‘:}?{:yf:il;amf M-{ féphﬂﬂylamfz iﬂarbonam.idc s obt a:ined )
p-phenylensdisiing (ﬁl g case ?,.t'hf ac.tmn of azodicarbonamide with acetyl-

-p. above 370° . vield, 40 per cent.). The free base was

deep blue and did not melt at 35 :
z ¥ & OO p - T . v : ol
N, 28.1 per cent.). o0% (Found : N, 27.8; CyH,0.N; requires
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Hydrazodicarbonaminodiphenylene-pp-distibinie acid (XX1).—The vellow
double ralt obtained in the usual wuy was treated with alkali under ice- cooling,
and the brown solution on acidification gave a very poor yield of the bro“n
colloidal distibinie acid (IFound : Sb, 39.9; (4 60gN4Sba requires Sb, 39,8
per cent.).

Hydrazobenzene-pp’-distibinous oride (XXII).—pp-Diaminohydrazoben-
zene was prepared from the azo-compound which in its turn was prepared
by the method of Noclting and Binder (Ber., 1887, 20, 3015). The reduction
of the azo-compound was effected by alcoholie ammonium sulphide, and the
hydrazo-compound after crystallisation from aleohol melted at 144°. The
hydrazo-compound was mixed with antimony trichloride and diazotised, the
brownish yecllow double eompound on alkali treatment giving a dark brown,
insoluble produet, the glacial aectic acid extract of which gave the distibinous
oxide (also in very poor yield) as a brown amorphous powder (Found: Sb,
54.8 3 Cpllp0.N8b, requires Sb, 53.2 per cent.).

p-Nitrobenzoyl-p'-acetylaminoanilide, NO,.Cglly . CO.NH.Cgll; . NHAe.—
A mixture of p-nitrobenzoyl chloride (12 g.) and acetyl-p-phenylene diamine
(v 2.) was heated in a hard glass tube at 125° for two hours, the product being
extraeted several times with dilute sodinm  hydroxide solution until a sample
ceased to give a precipitate of nitrobenzoic acid with hydrochlorie acid. The
greenish yellow residue after being washed with alcohol, in which it was com-
pletely insoluble, was erystallised from pyridine, m.p. 293° (decomp.). Hydroly-
fis and reduction was eftfected by heating it on the water hath 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’-distibinous 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.
Extrarction with glacial acetie acid left the pure distibinous oxide (Found :
Sb, 50.7 : C)3HyO4NSb, requires Sb, 51.8 per cent.).

T: iphenylphosphine-mmm-tristibinie acid (XXI1V).—Triphenylphosphine
was prepared according to the method of Pleiffer, Heller and Pitsch (Ber.,
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 (Annalen, 1885, 229, 324). The nitrated product tended to
form a sticky mass which, however, on heing triturated with an aqueous solu-
tion of urca became quite loose and flocculent and after erystallisation from
acetic acid melted at 241-242°, Michaclis 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 zine 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 alechol, 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 E:a]t thus t_}b_taine.d tl‘e_&ted
with 5N alkali under ice-cooling. The brf)wn solution on acidification yielqd-
ed the colloidal tristibinic acid which required nearly two d_aya to sgttle, but
addition of common salt hastened the process of coagulation considerably ;

it was further purified in the usual manner.

Fstimation of antimony was effeeted by niixing the substance (about
¢d sulphurie acid (10 c.c.) and anhydrous potassium
sulphate (3 g.), then heating the mixt}lre very gently and cautiously till t}fe
solution hecame colourless.  On dilution mt.h_ wc.vater, 1{:‘) c.c. of hydrochlo'nc
acid was added and the antimony sulphide precmlta!;e(_i with _hydrogen _sulplude
was dissolved in very dilute sulphuric acid and f)l:tldlseil with pota,ssu-lm per-
manganate, excess of which was removed by boiling ‘Wlll'.]l. hydrochloric _acid;
the colourless solution was cooled, mixed with potassinm 1ur:11de (2 g.) and titrat-
ed against standard thiosulphate using starch as an indicator (Found: 8b,
46.8 : Cy5111504PSby requires Sb, 47.2 per cent.).

Triphenylarsine-mmme-tristibinie actd (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 5N 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. €. §., 1919, 115, 992, Tound: Sb-+As, 54.2%:
CisHs09AsSbs requires Sb+As, 53.8 per cent.).

Triphenylstibine-mmm-tristibinic «cid (XXVI).—Triphenylstibine was
prepared by the method desceribed in Organic Synthesis, Vol. VII, 80, while
the nitration and reduction were effected by the method of Morgan and Miec-
klethwait (J. C. §., 1911, 99, 2299). The yellow double salt on alkali treatment
gave a brown solution which on acidification gave the tristibinie acid which did
not show the colour reaction of the distibinic acids (Found: Sb, 55.9;
C18H1809Sb, requires Sb, 56.3 percent.). The tristibinic acids here described
are all very unstable and in the dry state decompose very easily.

0.2 &) with concentrat

SUMMARY.

With a view to throwing some further light on the chemotherapy of
organic antimonials a large number of aromatic di- and polyamines 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-XVI,
XX1I, XXTII). The distibinous oxides are not affected by mild oxidising
a,genfiﬁ 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 (XITI).
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The work is being continued, and although it is not possible at this stage
10 formnulate any definite rule underlying the formation of stibinous oxides and
stibinic acids, it can, however, be said that—

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

(2) The groups ('O and C(O1l) connecting two or more phenyl radi-
cals aid in converting p-amino-compounds into stibinic acids,
whereas the C'II, group favours the formation of stibinous

oxides.

F (3) Connectling links involving nitrogen besides carbon, when oxy-
venated, 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.

F Department of Organic Chemistry,
' [Aceepted, 1-3-32.] Indian Institute of Science,
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