
3032 EVERETT : TRYPANOCIDAL ACTIVITY AND 

CCCCXX-Trypanocidal Activity and Chemical Con- 
stitution. Part I I I .  New Sulphur Derivatives 
of Aromatic Organic Arsenicals (contd.). Gold 
Derivatives of 2-Thiolbenximinaxole-5-arsonic Acid. 

By JOHN GARWOOD EVERETT. 
IT has already been shown that  replacement of the hydrogen of the 
thiol group of 2-thiolbenziminazole-5-arsonic acid (I) by certain 
organic groups causes adverse modification of therapeutic activity 

AuS*C<gs>C ,H,*CO,H (Ae) 

(Part I1 : J., 1930, 2.102). The corresponding anromercaptides 
hare now been studied. 

Numeration. 

(1. ) HS*CGIt>C ,H3*As0,H, 

R = general. R, = -C@;SC6H, 

Non-arsenated compounds. Arylarsonic acids. Arylarsenic sulphides. 

R,*SAu . . . R,*SH (X) 
R,*SAu (IV) R,*SAu (11) R,*SAu (IX) 
R1.SA4u . . . R,*SH (VII) R,H (111) 
Rl*S*CH2.C0,H (VIII) R,.SAu. . . R,*SH (17) 

R,*S*CH,*CO,H (VI) 

The compound (A), known as “ triphal,” has a certain vogue in 
the treatment of tuberculosis. The quantities taken in its prepar- 
ation correspond to equimolecular proportions of 2- thiolbenzimin- 
azolecarboxplic acid and gold tribromide (E.P. 225,875/1924). 

Eqiiimolecular proportions of (I) and gold tricliloride have now 
been shown to  give 2-aurothiolbenximinaxole-5-arsonic acid (11) and 
the sulphute of benziminazole-5-arsonic acid (111), the formation of 
the latter being due to oxidation of (I) by the liberated chlorine. 
This oxidation must proceed in two stages according to  the following 
scheme, hydrolysis occurring at the intermediate sulphinic acid stage, 

C l ’ H O  H2O C1+ H,O 
RXH -% R*SO,H -+ RH + H,SO, -+ RH,H,SO, 

since 2-sulphobenziminazole-5-arsonic acid (R,*S03H) is extremely 
resistant to hydrolysis (Part 11, loc. c i t . ) .  When gold trichloride in 
excess of an equimolecular proportion was used, the excess was 
recovered unchanged, the arsonic acid (I) not forming a chloro- 
aurate. 2-Aurothiolbenziminazole-5-arsonic acid (11) is rapidly 
soluble in sodium bicarbonate solution : the solution absorbs iodine 
extremely slowly [distinction from (V)]. 
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CHEMICAL CONSTITUTION. PART 111. 3033 

The analogy with the non-arsenated compound was established 
by the production of 2-aurothiolbenxirninazole (IV) and benzimin- 
azole sulphate from equimolecular proportions of 2- thiolbenzimin- 
azole and gold trichloride. I n  this case, when gold trichloride in 
excess of the equimolecular proportion was used, the benziminazole 
was recovered as chloroaurate, the sulphuric acid formed remaining 
in solution. 

Zeise (Ann. Physik, 1834. 31, 369) found the optimum conditions 
for formation of the auromercaptide to be represented bj- equation 
( I ) ,  as also did Hermann (Ber., 1905, 38, 2813), using benzyl and 

(1)  3RSH + AuCl, = RS*AU + RS-SR + 3HCl 

isoamyl mercaptnns. The auromercaptides were amorphous. and 
Hermann identified the disulphide in the case of isoamyl mercaptan. 
Balabaii and King (J., 1927, 1859), using derivatives of 2-thiol- 
glyoxaline, found the optimum conditions to be represented by the 
same equation. They obtained amorphous auromercaptides of the 
type RS*Au, but were unable to isolate any disulphide, recovering 
instead the original mercaptan. In  the present instance. three 
molecules of (I) and one molecule of gold trichloride yielded 5-arsono- 
2 - ~urothiolbenzimi?~azole - 5 - arson0 - 2 - thiolbenxinzinazole (V). the 
mother-liquors giving unchanged 2-thiolbenziminazole-5-arsonic 
acid (I)  and a small amount of the sulphate of benziminazole-5-arsonic 
acid (111). 

(a) On treatment with excess of chloroacetic acid it gave (11), 
together with 2-carboxymethylt hiolbenziminazole-5-arsonic acid 
(W). Only one molecule of chloroacetic acid could be made to react. 

(2) RSAu . . . RSH $- CH,Cl*CO,H = RS*Au + RS*CH,*CO,H 7 HCI 
(b) On treatment with iodine in presence of excess of sodium 

bicarbonate solution, one molecule of (V) rapidly absorbed four 
atoms of iodine, with formation of (11) and (111). Beyond this point 
absorption of iodine was exceedingly slow. Four atoms of iodine 
are necessary to oxidise one 2- thiolbenziminazole residue to benzimin- 

The constitution of (V) was shown as follows :- 

(3) RSAu . . . RSH + 41+ RS*Au + RH 

azole (Part  I ;  J., 1929, 678). These two reactions show clearly 
that  one free thiol group is present. 

(c) Further, equimolecular proportions of (I) and (11) combined 
readily to give (V) when a solution of them in aqueous sodium 
bicarbonate was acidified and boiled. Since (Y) so obtained was a 
white homogeneous crystalline solid, whereas the auromercaptide 
(11) is deep olive-green and amorphous, the possibility of a mechanical 
mixture is precluded. The auromercaptide (11) breaks down when 
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3034 EVERETT : TRYPANOCIDAL ACTIVITY AND 

boiled with moderately concentrated hydrochloric acid, half the 
gold being liberated as metal, with formation of (V). 

IICl 
(4) 2 R S - h  -+ RS*Su . . . RSH -+ ,4u 

In ( c )  above, no gold was liberated, the yield of (V) agreeing with 
equation (a), hence the formation of (V) is due to co-ordination of 

(5) ~ K S * A U  + 2RSH = ~ ( R S A U  . . . RSH) 
(I) and (11), and not to decomposition of the auromercaptide (11) 
according to equation (4). 

Both the arsenated and the non-arsenated auromercaptide (11) 
and ( IV)  readily break down with hydrochloric acid according to  
equation (A) ,  a small amount of the sulphate of the corresponding 
cyclic: amidine (RH,H,SO,) being also produced in each case. In 
sharp contrast to this is the extreme stability of both the arsenated 
and the non-arsenated co-ordination compound (V) and (VII), both 
of which recrFstallise unchanged after prolonged boiling with 
1 : 1 hydrochloric acid. This difference instabilitgmakes i t  probable 
that the initial stage in equation (4) is complete breakdown of two 
molecules of anromercaptide to disulphide and gold. This is probably 

(6) 2RS.Au = RS*SR + 2Au 

followed by hydrolyvsis of the disulphide according to equation (7) 
(compare Balaban and King, Zoc. c d .  ; Otto and Schiller, Ber., 1876, 

( 7 )  2RS.SR + 2H20 = 3RSH + RH + SO, 
9, 15S9), the sulphur dioxide reducing a further portion of disulphide 
to  mercaptnn. Co-ordination of the rnercaptan and unchanged 
auromercaptide then takes place, with formation of (V) or (VII). 
The formation of the co-ordination compound (V) from three 
molecules of (I) and one molecule of gold trichloride is similarly 
explained. The auromercaptide and disulphide are formed by the 
initial reaction represented by equation ( 1 ) .  The concentration of 
acid being insufficient to decompose the auromercapt'ide, no metallic 
gold is formed in this case. 

3 -Arsono - 2-aurot hiolbenziminazole-5-arsono - 2 - t hiolbenziminazole 
(V) is slowly soluble in sodium bicarbonate solution ; this solution 
rapidly absorbs iodine [distinction from (II)]. 

The analogy with the non -arsenated compound was established 
by the preparation of 2 -aurothiolbenx iminazole-2- t~ io lbenz im~~zole  
(VII )  in a similar manner. I ts  constitution was shown in the same 
way. excess of chloroacetic acid giving 2-aurothiolbenziminazole (IV) 
and 2-carboxymethplthiolbenziminazole (VIII), and iodine and 
excess of sodium bicarbonate giving (IV) and benziminazole. 

A molecular-weight determination by Barger's microscopical 
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method (J., 1904, 85, 286) showed that  a solution containing 26 g. 
per litre in ethyl alcohol (maximum solubility) is isotonic with a 
On105M-solution of azobenzene in the same solvent. The molecular 
weight is therefore 25/0.106 = 238. Half the calculated molecular 
weight is 248, so that  the compound appears to  be completely dk- 
sociat.ed under these conditions. This result was unexpected, but 
fits in well with the modern theory of co-ordination compounds, the 
solid substance most likely consisting of a close-packed arrangement 
of RSH and RSAu ions (compare Ann. Beports, 1927, p. 282). As a 
check on the method a similar determination was carried out with 
2-thiolbenziminazole, the result gl'ving 143 as the molecular weight 
of this substance (calc., 150). 

Co-ordination compounds of the type (RSAu . . . RSH) do not 
amear  to be formed in the glyoxaline series (compare Balaban arid L I  

King, Zoc. cit.). 
The foregoing react'ions are sunimarised as follows :- 

CET,CI.CO,H 
. . . RSH) -- + RS*CH,*CO,H 

+ 

Gold Der ica t i ves of A ryla menic Sdphides  .-2 - Aurothiolbenximiri - 
azole-5-arsenic disulphide (IX) was prepared by passing hydrogei 
sulphide into a suspension of 2-aurothiolbenziminazole-5-arsonk 
acid (11) in cold water. The co-ordinated 2-aurothiolbenxirninuzo7e- 
5 -arsenic d isulph ide-2 - thiolbenx iminaxole - 5-ursenic d isulphide (X) was 
obtained by dissolving the co-ordinated arsonic acid (V) in boiling 
hydrochloric acid (1 : l),  passing hydrogen sulphide into the nearly 
boiling solution, and treating the precipitate with sodium bicarbon- 
ate. It was an amorphous yellow powder which on treatment with 
iodine and water regenerated the co-ordinated arsonic acid (V). 

Therapeutic Results.-The above-mentioned compounds have been 
tested against an  experimental infection of T. equiperdum in mice 
with the following results : T = maximum tolerated dose in mg./g. 
of mouse ; C = minimum curative dose in mg. /g. of mouse, and is the 
smallest single dose which will cause thedisappearance of all try-pano- 
somes from the peripheral blood stream of all eight mice within 72 
hours ; r = average number of days elapsing between disappearance 
and reappearance of trypanosomes in the peripheral blood-stream ; 
i = intravenous ; o = oral. 
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Arylarsenic Sulphides. 
2-Thiolbenziminazole-5-arsenic disul- 

2 -Aurothiolbenziminazole -5 -arsenic 

2 -,4u~othiolbenziminazole -5 -arsenic 

phide, R,*SH 

disulphide (IX), R,.SAu 

disulphide- 2-thiolbenziminazole -5 - 
arsenic disulphide (X), 
(R,*SAu . , . R,-SH) 

Arylarsonic Acids. 
2 -Thiolbenziminazole - 5 -arsenic acid 

(11, R,*SH 
2-~4urot~iolbenziminazole-5-arsonic ' 

acid (11), R,,.SAu 
5-A4rsono-2-aurothiolbenziminazole-5- 
arsono-2-thiolbenziminazole (V) ,  
R,-SAu . . . R,*SH 

C 
T. (8 mice). T;'C'. r .  

i 0.05 0.006 8.0 >30 
0 10.0 0.2 50.0 14 
i 0.05 0.005 10.0 5 
0 >5-0 0.4 > 1 2 4  12 
i 0.025 0.005 5.0 6 
0 >5*0 0.025 >200.0 11 

i 0.5 0.5 1.0 >30 
0 10.0 0.1 100.0 13 
i 0.125 0.1 1.25 5 
0 >5*0 0.1 >50.0 7 
i 0.25 0.05 5-0 >30 
0 10.0 0 . 1  100*0 6 

Non-arsenated Compounds. 
1-ThiolbenziminazoleY R ,-SH i 0.1 >0*1(0) ( 1 . 0  - 

0 1.0 >1*0(0) (1-0 - 

2 - Auro thiolbenziminazole- 2 - thiol- i 0.01 >0.01(0) ( 1 4 )  - 
benziminazole (VII ) ,  0 0.5 >0.5 (0) (1.0 - 
R,.SAu . . . R,*SH 

Conclusions.-The very marked therapeutic activity of the 
co-ordinated arylarsenic disulphide (X),  when administered orally, 
is the only outstanding feature. The introduction of gold causes 
increased toxicity when administered intravenously, which is com- 
pensated by increased therapeutic activity. The toxicity remains 
practically una,ltered in oral administration, as does therapeutic 
activity, with the one exception mentioned above. The non- 
arsenated gold compounds were all inactive. 

The author is indebted to  Dr. Levaditi, of the Pasteur Institute, 
for kindly testing the gold arsenical (V) against B. Tuberculosis. 
It was quite inactive. 

2 -Auro thiolbeiiziminazole ( I V  ), i insoluble 
R ,.SAu o 0.15 >0*25(0) (1.0 - 

E x P E R I 113: E N T A L. 

2- AurothioZbe?zziminazoZe-5-arsonic Acid (11) .-( 1 ) 2 -Thiol benzimin- 
azole-5-arsonic acid (2.74 g.) was boiled with water (600 c.c.) till 
dissolved, and gold trichloride (3 g.) in water (25 c.c.) added gradually 
to the hot solution. The precipitated acid (11), which was at first 
brown, then white, and finally green, was removed by filtration, the 
filtrate being retained (A). It was washed well with water. and dried 
in a vacuum over sulphuric acid, forming a shining black cake, which 
was olive-green when powdered. Traces of metallic gold were 
removed by dissolution in sodium bicarbonate solution, filtration, 
reacidification, and drying as before (yield, 3.5 g.) (Found : As, 15.0 ; 
N, 5.6 ; S, 6.3 ; Au, 40.3 ; loss at 120", 4.7. C,H,O,N,SAsAu,l~H,O 
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requires As, 15.2; N, 5.7 ; S, 6.5; Au, 40.0; H,O, 4.6g0). The 
dried acid may be heated to 120" without decomposition. The 
damp, freshly prepared acid liberates gold when heated. 

The filtrate (A) after concentration gave a syrupy residue, which 
crystallised on being scratched and was then stirred with cold 
alcohol, dried at loo", and proved to be the sulphate of benziruinazole 
3-arsonic acid (II l ) ,  m. p. and mixed m. p. 210", with preliminary 
softening a t  190" (yield, 0.6 g. ; calc. 0.885 g.) (Found : AS. 22.0 ; 

(2) 5-Arsono-2-aurothiolbenziminazole-5-arsono - 2 - thiolbenzimiii- 
azole (V) (1.86 g.) was dissolved in water (10 c.c.) and 2X-sodium 
hydroxide (6.4 c.c.). Chloroacetic acid (0.5 g.) in wat'er ( 3  c.c.). 
containing sufficient sodium hydroxide to neutralise i t  was added, 
and the solution boiled gently for 2 hours, water being added as 
required. The development of acidity could not be followed owing 
to  the excess of sodium hydroxide necessary for solution. The 
solution was cooled, filtered (charcoal), and made distinctly acid 
(Congo-red) with hydrochloric acid. 2-,4urothiolbenziminazole- 
5-arsonic acid (11) was precipitated as a yellow mass, which changed 
slowly to olive-green. It was removed by filtration, the filtrate being 
retained (A), and treated as in (1 )  above (yield, 1 g.) (Found : As, 
15.1 ; N, 5.6; S, 6.5; Au, 40.2; loss at 120", 4.3%). 

The filtrate (A) was filtered (charcoal) and made just acid (Congo- 
red) by addition of sodium hydroxide solution ; 2-carbosymethyl- 
thiol benziminazole-5-arsonic acid (VI) crystallised slowly (yield, 
0.63 g.) (Found : As, 22.5; N, 8.4; S, 9.8. Calc. : As: 22.6; T, 
8.5; s, 9.7%. 

(3) 5-Arsono-2-aurothiolbenziminazole-5-arsono - 2 - thiolbenzirnin- 
azole (V) (3.71 g.) was dissolved in water (25 c.c.) containing an 
excess of sodium bicarbonate (20 g.), and iV/2-iodine (40 c.c.) was 
added, which was absorbed rapidly. The solution was made just 
acid (Congo-red) with hydrochloric acid, the precipitated 2-auro- 
thiolbenziminazole-5-arsonic acid (11) being removed and the filtrate 
retained (A). The precipitat,e (11) was treated with sodium bicarbon- 
ate solution, filtered from the deposited gold (0.2 g.), reacidified, and 
dried as in (1)  above (yield: 1.5 g.) (Found : As, 15.0 : S. 5.7 ; S, 
6.4 ; Au, 40.5 ; loss at 120", 4.8y0). 

The filtrate (A), after removal of deposited gold (0.115 g.), was 
evaporated to low bulk and filtered (charcoal), benziminazole- 
3-arsonic acid (111) crystallising slowly (yield, 0.6 g.) (Found in acid 
dried a t  80" : As, 31.0; N, 11.4. 

This is 
formed owing to the relatively very slow reaction between iodine and 
the auromercaptide (11) (see below). The yield of (11) obtained 

N, 8.2 ; s, 9-5Y0). 

Compare Part 11, loc. c i t . ) .  

Calc. : As: 31.0; N, ll .So/,). 
The total amount of metallic gold obtained was 0.315 g. 
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(1.5 g.) leaves 0.83 g. unaccounted for. This would react with iodine 
to  give 0.3563 g. of gold, agreeing fairly closely with that  actually 
obtained. 

2-~4~~rothiol6enziminaxole-5-arsonic acid (11) prepared by the above 
three met hods was an olive-green amorphous powder insoluble in 
water or organic solvents. 

Treatment of (11) with Hydrochloric Acid.-2.82 G. were boiled 
with hydrochloric acid ( 1  : 6 ; 200 c.c.) for 10 minutes, the deposited 
gold removed, and the filtrate retained (A).  The precipitated gold 
mas boiled with dilute sodium hydroxide solution, collected on a 
Gooch crucible. washed, ignited, and weighed (yield, 0.58 g. ; calc., 
0.591 g.). The filtrate was acidified with hydrochloric acid and 
aclcled to (9) ; 5-arsono-2-aurotliiolbenziminazole-5-arson0-2-thi0l- 
benziminazole (V) was deposited on cooling (yield, 1-9 g.) (Found in 
acid dried a t  80" : As, 19-6; N, 7.4; S, 8.6; Au, 26.0; loss a t  120", 
- 9.30' lo). In  a separate experiment the filtrate (A) was worked up  
without the gold washings. After removal of (V), the mother- 
liquors mere evaporated to dryness and the residue was treated with 
alcohol. The sulphate of benziminazole-5-arsonic acid (111) remained 
(0.08 g. ; m. p. 210" with preliminary softening a t  190"). 

Treatment of (11) with sOdit6m Hydroxide Solution.-1 G.  was 
boiled under reflux with sodium hycl---:Jn solution (25%, 50 c.c.) 
for 5 hours, the deposited gold reml +n retained 
(A). 
0.19 g. ;  calc., 0-2096 g.). The filtrate (A) wab -- 
hydrochloric 5 - arsono- 2 - aurothiol benziminazole-5 - a r s o n ~  - 
2-thiolbenziminazole (V) being deposited (yield, 0-65 g.) (Found in 
acid dried at 80" : As, 1 9 4  ; S, 8.5 ; Au, 26.1 ; loss at 120", 2-2yo). 

Treutme?zt of (11) with Iodi?te.--1-2 G. were dissolved in water 
(5 c.c.) containing excess of sodium bicarbonate (10 g.) and AT/2-iodine 
(20 c.c.) mas added gradually in portions of 1 C.C. The first 3 C.C. 

were absorbed in about 1 hour, absorption of the whole 20 C.C. 

occupying about 24 hours. The liquor was decanted (A), and the 
residiie of gold and sodium bicarbonate treated with a large volume 
of water. The residue of gold was boiled with dilute sodium 
11)-clroxicie solution, collected on a Gooch crucible, washed, ignited, 
a d  weighed (yield, 0-475 g. ; calc. for RSAu + 41 + RH + Au, 
0.4925 g.). The liquor (A) was concentrated and made just acid 
(Congo-red) with hydrochloric acid ; benziminazole-5-arsonic acid 
(0.2 g.) was slowly precipitated (m. p. of sulphate, 209" with pre- 
liminary softening at 190"). 

The  Sz~lphate of Benximinazole-5-arsonic Acid.-A solution of 
benziminazole-5-arsonic acid (1.2 g.) in water (10 c.c.) containing 
snlphuric acid (0.5 g . )  was filtered and evaporated to  dryness; the 

- -  

The precipitated gold was trer,- - 

acid. 
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residual thick syrup crystallised on being scratched. It was treated 
with alcohol, recrystallised from water, and dried at 100"; m. p. 
210" with preliminary softening at 190" (Found : As, 22.0; N, 8.1 ; 
S ,  9.5. 

2-AurothioZbenximinaxoZe (IV) .-( 1) 2-Thiolbenziminazole ( 1.5 g . ) 
was boiled with water (300 c.c.) till dissolved, and gold trichloride 
(3 g.) in water (25 c.c.) added gradually to the hot solution. The 
precipitated 2-anrothiolbenziminazole (IV) was removed, the filtrate 
retained (A), and the precipitate treated with dilute sodium hydr- 
oxide solution, re-washed, and dried in a vacuum over sulphuric 
acid. Decomp. 235" (yield, 2.5 g.) (Found : N, 8.0; S, 9.3; Au, 
57.2. C,H,XT,SAU requires N, 8.1 : S. 9-2 : Au, 56.9%). The filtrate 
(A), after removal of further traces of (IV), was evaporated to dry- 
ness; the residue consisted of benziminazole sulphate, rn. p. 165" 
(alone or mixed with an authentic specimen) (yield, 0.5 g . ;  calc., 

In  a second experiment excess of gold trichloride (4 g.) was used. 
The yield of (IV) was again 2-5 g .  The filtrate (A) was evaporated 
to dryness, traces of gold which separated being removed during the 
concentration. The yellow residue was extracted with ether, giving 
gold trichloride (0.3 g.). The still yellow residue was extracted with 
alcohol. giving yellow prisms of benziminazole chloroaurate (0.6 g.), 
m. p. 204" (alone or mixed with an authentic specimen). The final 
residue mas white and soluble in water; the solution gave a strong 
react ion for sulpha te. 

(2) A solution of 2-aurothiolbenziminazole-2-thiolbenziminazole 
(VII) (2.5 g.) in water (25 c.c.) and 2X-sodium hydroxide (30 c.c.) 
was treated with chloroacetic acid (0.94 g.) in water (13 c.c.) and 
sodium hydroxide as in the case of the non-arsenated analogue. 
The precipitated 2-aurothiolbenziminazole (IV) was treated as in 
( 1 )  above (yield. 1.6 g.); decomp. 234" (Found : N, 8.2 ; S, 9.3; 
ALI: 57.1%). The filtrate was filtered (charcoal) and made just acid 
(Congo-red) by addition of sodium hydroxide solution. 2-Carboxyv- 
methylthiolbenziminazole (VIII), which crystallised at once (1.0 g.), 
was recrystallised from 50% alcohol; m. p. 190" with preliminary 
softening a t  140" (alone or mixed with an authentic specimen) 
(Found in acid dried at 80" : N, 12.3 ; 8, 14.2 ; loss a t  l l O " ,  7.8%). 

(3) 2-Aurothiolbenziminazole-2-thiolbenziminazole (1711) (248 g.) 
was dissolved in cold ethyl alcohol (400 c.c.) and water (250 c.c.). 
Sodium bicarbonate (40 g.) was added, followed by A7/2-iodine 
(40 c.c.), added gradually with shaking, and more water at intervals 
to hasten absorption, which was complete after several hours. The 
slow absorption was due to presence of alcohol. After filtration, 
the filtrate was retained (A), and the precipitate treated with much 

C,H,O,N,As,H,SO, requires As, 22.1 ; N, 8-2 ; S, 9.4%). 

0-6 g . ) .  
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water to  remove sodium bicarbonate. The residue was 2-aurothiol- 
benziminazole (IV), which was treated as in (1) above (yield. 1.1 g.) ; 
decomp. 235" (Found : N, 8-0 ; S, 9.4 ; Au, 57.2%). 

The filtrate (A) was evaporated to dryness, unchanged initial 
material (VII) and metallic gold being removed during the con- 
centration. The white residue was treated with just enough water 
t o  dissolve the salts. benziminazole (0.4 g.) remaining undissolved. 
It was recrystallised from dilute alcohol; m. p. 170". 31. p. of 
chloroaurate, 204". (Owing to its insolubilit'y, 2-aurot hiolbenzimin- 
azole does not react with iodine in presence of sodium bicarbonate.) 

2- Aurothiolbenziminazole (IV) prepared by the above three 
methods was a brown amorphous powder insoluble in water, organic 
solvents or sodium hydroxide solution. 

Treatment of 2-Aurothiolbenximimxole (IV) with Hydrochloric Acid. 
-2.1 G. were boiled with hydrochloric acid (200 C.C. ; 1 : 6) for 10 
minutes, the deposited gold was removed, and the filtrate retained 
(A). The gold was boiled with dilute sodium hydroxide solution, 
washed, ignited, and weighed (yield, 0.572 g. ; calc., 0-591 g.). The 
filtrate was acidified and added to (A),  trhe precipitate which formed 
on cooling was removed, and the filtrate retained (B). The pre- 
cipitate was treated with cold dilute sodium hydroxide solution ; 
0.1 g. of 2-aurothiolbenziminazole, decomp. 230°, remained undis- 
solved (Pound: Au, 56.2%). The filtrate was acidified, giving 
2-aurothiolbenziminazole-2-thiolbenziminazole (VII) (1 -1  g.) 
(Found : S, 12.8; Au, 39.6%). The filtrate (B) was filtered (char- 
coal) and evaporated to dryness, the residue dissolved in a little 
water, and the filtered solution neutralised with sodium bicarbonate ; 
benziminazole (0.05 g.) slowly crystallised, m. p. 170" (alone or mixed 
with an authentic specimen). 

Treatment of (IV) with Sodium Hydroxide Solution.-1 G. was 
boiled under reflux with sodium hydroxide solution (250;b, 50 c.c.) 
for 5 hours. No reaction occurred, (IV) being recovered unchanged. 

5-Arson0 - 2 - aurothiolbenziminaxole - 5 - arson0 - 2 - thiolbenzimimxole 
(V) .-( 1 ) 2-Thiolbenziminazole-5-arsonic acid (4.93 g.) was dissolved 
in boiling water (1500 c.c.), and gold trichloride (1.82 g.) in water 
(30 c.c.) added gradually. An immediate white precipitate formed, 
which was removed from the hot solution, the filtrate being retained 
(A). It was purified by solution in sodium bicarbonate and repre- 
cipitation (yield, 4.4 g.) (Found in acid dried at 80" : As, 19.5; 
N, 7-4 ; S, 8.3 ; Au, 26.0 ; loss at 120", 2-4. C,,H,,O,N,S,As,Au,H,O 
requires ,4s, 19.7 ; N, 7.3 ; S, 8.4 ; Au, 25.8 ; H,O, 2.4%). 

The filtrate (A) was evaporated to  dryness, the residue (B) 
extracted with water, and the extract evaporated to dryness. This 
gave a sticky materia,& which was treated with cold alcohol; the 
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sulphate of benziminazole-5-arsonic acid (111) (0.1 g.) remained 
undissolved, m. p. 210°, softening at 190". The combined filtrates 
gave with barium chloride 0.25 g. of barium sulphate. The re- 
mainder of the residue (B) (insoluble in water) was extracted with 
dilute hydrochloric acid ; benziminazole-5-arsonic acid crystallised 
slowly from the neutralised extract (0.2 g. ; m. p. of sulphate, 210", 
softening a t  190"). The ultimate remainder of residue (B) was 
dissolved in sodium bicarbonate solution, filtered (charcoal), and 
reacidified , yielding 3-thiolbenziminazole-5-arsonic acid (I) (1 g.) 
(Found in acid dried a t  80" : As, 27.3; N, 10-2; Calc. : 
As, 27.4: N, 10.2: S, 11.70/6). 

( 2 )  By treat,ment of 2-aurothiolbenziminazole-5-arsonic acid with 
hydrochloric acid. See under (11). 

(3) By treatment of 2-aurothiolbenziminazole-5-arsonic acid with 
sodium hydroxide solution. 
(4) By direct co-ordina t ion. 2-Aurot hiolbenziminazole-5 - arsonic 

acid (1.18 g.) and 2-thiolbenziminazole-5-arsonic acid (0.69 g.) were 
dissolved together in water (Id0 c.c.) and sufficient sodium bicarbon- 
ate. The solution was filtered (charcoal), acidified (Congo-red) with 
hydrochloric acid, and boiled, the precipitated acid (V) coagulating 
to form masses of long white threads. Water (50 c.c.) and hydro- 
chloric acid (25 c.c.) were immediately added and the whole was 
boiled, solution occurring. On cooling, (V) crystallised in long white 
prisms (1.7 g.) (Found in acid dried a t  80" : As, 19.6 ; N, 7 4  ; S, 8.5 ; 
Au, 25.9 : loss a t  120", 2.4%). 

5-Arsono - 2 - aurothiolbenxirninaxole - 5 - arson0 - 2 - thiolbenximinaxole 
(V) obtained by the above four methods consisted of long white 
prisms (or matted white threads) insoluble in water or alcohol. It 
was slou-ly soluble in sodium bicarbonate solution, the solution 
rapidly absorbing iodine (distinction from 11). It was readily 
soluble in cold dilute sodium hydroxide solution, and moderately 
easily soluble in boiling hydrochloric acid (1  : l ) ,  crystallising un- 
changed on cooling. It was stable towards mineral acids and 
alkalis, but was decomposed by chloroacetic acid and by oxidising 
agents, which attack the thiol half of the molecule. 
2-Aurothiolbenximinaxole-2-thiolben~iminaxole (VII).-( 1)  2-Thiol- 

benziminazole (2.7 g.) in boiling water (500 c.c.) was treated with 
gold trichloride (1.82 g.) in water (30 c.c.). The precipitate was 
removed, dissolved in cold dilute sodium hydroxide solution, repre- 
cipitated, dried a t  80°, and crystallised twice from alcohol, forming 
slender white prisms ( 2 4  g.), softening and shrinking a t  193" (Found : 
N, 11.2, 11.4; S, 12-9, 12-8 ; Au, 39.9,39.8. C14H11N4S2Au requires 
R', 11.3 ; S, 12.9; An, 39.7%). 

The original filtrate was evaporated to  dryness, the residue 

S, 11.9. 

See under (11). 
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extracted with water, and the extract evaporated to dryness. This 
gave benziminazole sulphate (0.2 g.), m. p. 165". The remainder of 
the residue (insoluble in watcr) was extracted with dilute hydro- 
chloric acid; benziminazole (0.03 g.), m. p. 170", crystallised from 
the neutralised extract. The ultimate remainder of residue was 
dissolved in sodium hydroxide solution, filtered (charcoal) and 
reacidified, giving 2-thiolbenziminazole (0.5 g.), m. p. 296" (Found : 
N, 18.6; S, 21.4. Calc. : N, 18.7; S, 21.3%). 

(2) By treatment of 2-aurothiolbenziminazole with hydrochloric 
acid. See under (IV) . 

(Direct co-ordination experiments were unsuccessful, owing to the 
insolubility of 2 - aurot hi01 benziminazole. ) 

2-AurothioEbenximinaxole-2-thiolbenziminazole (VII) obtained by 
the above two methods consisted of long white prisms (or matted 
white threads), softening and shrinking at 193". It was readily 
soluble in cold dilute sodium hydroxide solution and sparingly 
soluble in boiling 1 : 1 hydrochloric acid, recrystallising unchanged 
on cooling. It was moderately easily soluble (2.5:/,) in alcohol but 
insoluble in benzene. It resembled (V) in its behaviour towards 
mineral acids, alkalis, chloroacetic acid, and oxidising agents. 
2-Carboxyrnethylthiolbenzimi?.zaxole (VIII) (compare Stephen and 

Wilson, J., 1926, 2631 ; 1928, 1420).-A solutior, of 2-thiolbenzimin- 
azole (1.5 g.) and chloroacetic acid (0.94 g.) in water (4 c.c.) and 
sufficient 2N-sodium hydroxide was boiled gently for 1 hour, filtered 
(charcoal), and made just acid (Congo-red) with hydrochloric acid. 
The precipitated acid, recrystallised from 507; alcohol and dried at  
8O0,formed bunchesofwhiteprisms (1*8g.),m. p. 190"withpreliminary 
softening a t  140" (Found : N, 12.3; S, 14.3; loss at 110", 8.1. 
Calc. : N, 12.4; S, 14.2; 1H,O, 84%). It was moderately easily 
soluble in hot water or alcohol and rcadily soluble in 50% alcohol 
and in sodium bicarbonate solution. The last solution did not 
absorb iodine, showing that t'he CH,*CO,H group is attached to 
sulphur and not to nitrogen. The acid was readily soluble in dilute 
mineral acids. After being dried to  constant weight at 110", i t  
melted a t  190" without preliminary softening, this being due to 
sudden loss of water a t  140". 

2- A urothiol benxirninuzole -5-arseTLic D isulph ide (IX) .-2-Auro t hiol- 
benziminazole-5-arsonic acid (11) (2.35 g.) was suspended in water 
(200 c.c.), and hydrochloric acid (25 c.c.) added. Hydrogen sulphide 
was passed for 30 minutes into the cold suspension, which was then 
kept for 12 hours. The precipitate was washed, pressed on a porous 
plate, and air-dried, 2-aurothiolbenzirninaxole-5-arsenic disulphide 
thus being obtained as a brown amorphous powder, readily soluble 
in dilute sodium hydroxide solution (yield, 2.4 g.) (Found : As, 14.7 ; 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
31

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

T
ol

ed
o 

on
 9

/1
7/

20
19

 1
0:

44
:0

3 
PM

. 
View Article Online

https://doi.org/10.1039/jr9310003032


TRYPANOCIDAL ACTION AND CHEMICAL CONSTITUTION. PART x. 3043 

N, 5 .5 ;  S, 19.3; Au, 39.4; loss a t  120°, 4.0. C,H,N,S3AsAu,H,0 
requires As, 14-9 ; N, 5.6 ; S, 19-1 ; Au, 39.2 ; H,O, 3.6%). 

2 - Aurothiolbenximinumle - 5 - arsenic Disulphide - 2 - thiolbenximin- 
axole-5-arsenic Disulphide (X).-5-,4rsono-2-aurothiolbenziminazole- 
5-arsono-2-thiolbenziminazole (V) (2-5 g,) was dissolved in boiling 
hydrochloric acid (1 : 1 ; 700 c.c.), and hydrogen sulphide passed in 
for 10 minutes. The yellow precipitate was,washed with water and 
dried at 60". Several repetitions always gave a product containing 
4.0-5.0 % of hydrochloric acid. This monohydrochloride was 
treated with sodium bicarbonate solution and dried at 60" (yield, 
2.5 g.) (Found : As, 19.3 ; N, 7-0 ; S ,  25.0 ; Au, 26.0. CI4H9N4S6As2Au 
requires As, 19.4; N, 7.2;  S, 24.9; Au, 25.5%). 2-Aurolhiol- 
b e m  iminaxole-5-arsen ic disulpli ide-2-tli iolbenx ina inaxole- 5-arsenic d i -  
sdphide (X) so obtained was a yellow, amorphous powder, readily 
soluble in dilute sodium hj-droxide solution. On treatment with 
iodine and water the mercaptan sulphur was not removed (Part I ; 
J., 1929, 672), the product being the co-ordinated arylarsouic acid 

Treatment of (X) with, Iodine and Water.-The disulphide (X) 
(2.6 g.) was stirred with water, Xle-iodine being added till no more 
was absorbed (35 c.c.). A solution of the precipitate in aqueous 
sodium bicarbonate was filtered (charcoal) and acidified (Congo-red) 
with hydrochloric acid. 5 - Arsono-2- surot hiolbenziminazole- 
5-arsono-2-thiolbenziminazole (V) crystallised at once in long white 
threads (1.8 g.) (Found in acid dried at  80" : As, 19.5; N, 7.3;  

(V) * 

S, 8.5 ; Au, 25.6 ; H,O, 2.2%). 

My thanks are due to the Directors of Messrs. Nay & Baker, Ltd., 

RESEARCH LABORATORIES, MESSRS. XAY & BAKER, LTD., 
for permission to publish this and preceding papers. 

LONDON, S.W. 1s. [Received, July 22nd, 1931.1 
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