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A number  of de r iva t ives  of m e r e a p t o m o n o -  and d in i t ro imidazoles  were  synthesized by the act ion 
of po ta s s ium sulfide on the cor responding  ha lon i t ro imidazo les .  Mono- and d ipotass ium sa l t s  of 
me reap ton i t r o i m i dazo l e s  were  obtained. It was es tab l i shed  that the m o n o p o t a s s i u m  sa l t s  of m e r -  
cap tomono-  and d in i t ro imidazoles  r e a c t  with 2 ,4 ,6 - t r in i t roeh lorobenzene  to give p i c r y l m e r c a p t o  
de r iva t ives ,  d ipo tass ium sa l t s  oi monon i t romercap to imidazo l e s  give,  depending on the ra t io  of 
the components ,  p i c r y l m e r e a p t o n i t r o i m i d a z o l e s  or S ,N-d ip i c ry lmercap ton i t ro imidazo le s ,  and 
d ipo tass ium sa l t s  of mereap tod in l t ro imidazo le  give only p i e r y l m e r c a p t o n i t r o i m i d a z o l e s .  

Of the m e r c a p t o i m i d a z o l e s ,  the syntheses  of de r iva t ives  with an alkyl substi tuent  in the 1 posi t ion have 
been best  desc r ibed  [1-4]. The a im of the p re sen t  r e s e a r c h  was to develop methods for  the p repa ra t ion  of 
" p y r r o l e "  n i t rogen-unsubs t i tu ted  m e r e a p t o  de r iva t ives  of mono-  and d in l t ro imidazoles  to e s t ima te  the nucleo-  
phi l tc i t ies  of the i r  N and S reac t ion  cen te r s  in subst i tut ion reac t ions .  As a model ,  we invest igated the reac t ion  
of the synthes ized compounds with 2 ,4 ,6 - t r in i t roch lo robenzene .  

The reac t ion  of 2 - iodo-4 (5 ) -n i t ro -  and 4 (5 ) -eh loro-5  (4 ) -n i t ro imidazo les  (Ia, b) with po tass ium sulfide 
gives the d ipo tass ium sal ts  of the cor responding  mercap ton i t r o imidazo l e s  ([Ia, b) in good yie lds .  Regard les s  
of the reagent  ra t io ,  the reac t ion  of 2 -eh lo ro -4 (5 ) -n i t ro imidazo le  (Ic) with po ta s s ium sulfide t e r m i n a t e s  with 
the fo rmat ion  of a single product ,  viz. ,  2 ,2 ' -b i s [4  (5),4'  (5 ' ) -dini t roimidazolyl]  disulfide d ipo tass ium salt  (III). 
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n=l ,2 ;  Pic-2,4,B-tr ini trophenyl;  I a 2-I-4(5)-N02, b 4(5)-CI-5(4)-NO2, c 2-CI-4(5)-N02, 
d 2-Br-4,5-(NO2)2; e 4(5)-J-2.b(4)-(NO2)2; II, V a 2-SK-4(5)-NO2, b 4(5)-SK-5(4)-NO2, 
d 2-SK-4.5-(NO2)2, e 4(5)-SK-2.5(4)-(NO2)2; III 4(5),4'(5')-(NO2)2; IV a 2-SH-4(5)-NO2, 
b 4(5)-SH-5(4)-NO2, d 2-SH-4.5-(NO2)2, e 4(5)-SH-2,5(4)-(NQ)~; Via, VIIa, VIII 
2-SPic-4(5)-NO2; vIb, v I Ib  4(5)-SPic-5(4)-NO2; VId 2-SPic-4.5(NO2)~; Vie ;  Vile 

4 (5)SPic-25 (4)- (NO2)2 

2 - B r o m o - 4 , 5 - d i n i t r o -  and 4 (5) - iodo-2 ,5 (4) -d in i t ro imidazo les  (Id, e) r eac t  with K2S so vigorously  that 
spontaneous combust ion of the reac t ion  mix tu re  occurs  in some ca se s .  The synthes is  of the d ipotass ium sa l t s  
of m e r c a p t o n i t r o i m i d a z o l e s  (IId, e) is t h e r e f o r e  rea l i zed  at low t e m p e r a t u r e s .  Some c h a r a c t e r i s t i c s  of the d i -  
po tass ium sa l t s  of n i t ro  de r iva t ives  of m e r c a p t o i m i d a z o l e s  (IIa, b, d, e) a r e  p resen ted  in Table 1. 

T r e a t m e n t  of aqueous solutions of the d ipo tass ium sal ts  with s t rong acids leads  to the product ion of f ree  
m e r c a p t o n i t r o i m i d a z o l e s  IVa, b, d, e in s a t i s f ac to ry  y ie lds .  
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T A B L E  1. 

Corn- IDec. temp. 
pound / ~ 

IIa 254--256 
IIb 260--261 
IId 263--265 
I I e 276--280 

tVa 114--I 15 
IVb 119--120 
IVd 163--165 
IVe 179--180 
Va 195--197 
Vb 200--202 
vd 205--206 
ve  218--221 

V i a  214--215 
Vlb 210--211 
V I d 271 --272 
VIe 279- -280 

C h a r a c t e r i s t i c s  

Found, % 

of t he  S y n t h e s i z e d  C o m p o u n d s  

c N s 

16,3 19,2 4,2 
16,4 18,7 4,4 
13,4 2I,l 2,0 
13,5 21,2 1,9 
24,6 29,2 11,8 
24,9 28,8 11,9 
18,6 29,4 7,0 
18,8 30,0 6,9 
19,4 23, l 7,4 
19,5 22,9 
15,8 24,6 3,9 
15,8 24,9 
30,6 23,3 8,9 
30,8 23,6 8,9 
27,2 24, l 7,9 
26,7 24,2 7,8 

I Empirical 
formula 

CaHK2NaO=S 

C3I(,2N404S 

CaHaNaO2S 

CaH2N404S 

CaH=KNa02S 

CaHKN404S 

CgH4N6088 

CgHaN7OioS 

Calculated % 

c N s 

16,3 1%0 4,5 

13,5 21,0 2,0 

24,6 29,0 ~2, I 

18,9 29,5 6,8 

i9,7 22,9 7.5 

15,8 24,6 4,(~ 

30,3 23,6 9,0 

26,9 24,4 8,0 

Yield, 

1% 
88 
84 
99 
99 
81 
64 
80 
72 
70 
67 
89 
94 
98 
96 
96 
94 

M o n o p o t a s s i u m  s a l t s  Va, b,  d, e w e r e  ob ta ined  by the  a c t i o n  of an  e q u i r n o l a r  amoun t  of p o t a s s i u m  h y d r o x -  
ide on r n e r c a p t o n i t r o i m i d a z o l e s  IVa, b, d, e (Table  1). M o n o p o t a s s i u m  s a l t s  Va, b, d, e r e a c t  wi th  2 , 4 , 6 - t r i -  
n i t r o c h l o r o b e n z e n e  u n a m b i g u o u s l y ,  r e g a r d I e s s  of t he  r a t i o  of the  c o m p o n e n t s :  Only the  c o r r e s p o n d i n g  p i c r y l -  
m e r c a p t o n i t r o i m i d a z o l e s  Via,  b, d, e w e r e  i s o l a t e d  in q u a n t i t a t i v e  y i e l d s  in  t h i s  c a s e .  

The r e a c t i o n  of d i p o t a s s i u m  s a l t s  IIa ,  bl  e wi th  2 , 4 , 6 - t r i n i t r o c h l o r o b e n z e n e  in the  c a s e  of an e q u i r n o l a r  
r a t i o  of t h e  c o m p o n e n t s  t e r m i n a t e s  with t he  f o r m a t i o n  of t he  p o t a s s i u m  s a l t s  of the  c o r r e s p o n d i n g  p i c r y l r n e r -  
c a p t o n i t r o i m i d a z o l e s  VIIa,  b, e,  which ,  a f t e r  t r e a t m e n t  wi th  m i n e r a l  a c i d s ,  u n d e r g o  q u a n t i t a t i v e  c o n v e r s i o n  to  
f r e e  p i c r y l r n e r c a p t o n i t r o i m i d a z o l e s  Via, b ,  e ,  D i p o t a s s t u r n  s a l t  I Ie  r e a c t s  with 2 , 4 , 6 - t r i n i t r o c h l o r o b e n z e n e  to  
g ive  only the  p o t a s s i u m  s a l t  of p i c r y l m e r c a p t o d i n i t r o i m i d a z o l e  Vie ,  r e g a r d l e s s  of  t he  r a t i o  of the  s t a r t i n g  
c o m p o n e n t s .  Under  t h e s e  cond i t i ons  d i p o t a s s i u m  sa l t  IIa g i v e s  S , N - d i p i c r y l r n e r c a p t o n i t r o i m i d a z o l e  (VIII). 

The  s t r u c t u r e  of VIIa,  e was  c o n f i r m e d  by a l t e r n a t i v e  s y n t h e s i s  f r o m  the  p o t a s s i u m  s a l t  of 2 , 4 , 6 - t r i -  
n i t r o t h i o p h e n o l  and Ia,  e,  wh i l e  VIII was  s y n t h e s i z e d  by c o n d e n s a t i o n  of VIIa wi th  2 , 4 , 6 - t r i n i t r o c h l o r o b e n z e n e .  

The d a t a  ob t a ined  i n d i c a t e  tha t  of t he  two  n u c l e o p h i l i c  c e n t e r s  (S and N) in the  m e r c a p t o n i t r o i r n i d a z o l e s ,  
t he  S c e n t e r  has  g r e a t e r  r e a c t i v i t y .  An i n c r e a s e  in the  n u m b e r  of n i t r o  g r o u p s  tn t he  m e r c a p t o n i t r o i m i d a z o l e s  
l e a d s  to  l o s s  of n u c l e o p h i l i c  a c t i v i t y  by the  " p y r r o l e "  n i t r o g e n  a t o m  in the  i n v e s t i g a t e d  m o d e l  r e a c t i o n ;  t h i s  i s  
a l s o  o b s e r v e d  in t h e  c a s e  of d i p o t a s s i u m  s a l t  I Ie .  

EXPERIMENTAL 

Tile IR spectra of KBr pellets of the compounds were recorded with a UR-10 spectrometer. The starting 
halonitroimidazoles [a-e were synthesized by the methods in [4-6]. The potassium salt of 2,4,6-trinitrothio- 
phenol was obtained by the method in [7]. 

2-Mercapto-4(5)-nitroirnidazole Dipotassium Salt if[a). A 17.7-g (74 mmole) sample of Ia was added 
with vigorous stirring at room ternperature to a solution of 4.2 g (74 mrnole) of KOH in 50 rnl of methanol. 
The mixture was stirred for 20 rain, and a solution of 35 g (175 rnmole) of methanol was added at 20~ to the 
resulting solution, and the mixture was stirred for 20 h. The resulting precipitate was removed by filtration, 
washed with methanol, and air dried to give 14.5 g (88%) of the dipotassium salt. Dipotassium salt Irb was 
similarly synthesized from lb. 

4(5)-Mereapto-2,5(4)-dinitroirnidazole Dipotassium Salt {lie). A 10-g (35 rnnrnole) sample of le was added 
at 5~ to a methanol solution of 2 g (35 mmole) of KOH, and the mixture was stirred for 20 rnin. A solution of 
7 g (35 rnmole) of K2S �9 5H20 in 40 ml of methanol was added at the same temperature in the course of 1 h, and 
the mixture was stirred for another hour. The precipitate was removed by filtration, washed with methanol, 
and dried to give 9.2 g (99%) of dipotassium salt lie. Dipotassium salt lid was similarly obtained (Table i). 

2,21-Bis[4(5),4'(5')-dinitroimidazolyl] Sulfide Dipotassium Salt (Ill). A 1.9-g (13 mrnole) of Ic was added 
with vigorous stirring at room temperature to a solution of 0.7 g (13 rnrnole) of KOH in 15 rnl of methanol. 
After 20 rnin, a solution of 2.6 g (13 rnmole) of K2S �9 5H20 in 10 rnl of methanol was added dropwise to the re- 
sulting solution, and the mixture was maintained at 20~ for 20 h. The resulting precipitate was removed by 
filtration, washed with methanol, and dried to give 1.8 g (84%) of dipotassiurn salt Ill. IR spectrum: 1350, 1545 
(NO2); 720 cm -i (S-C). Found: C 21.9; H 0.6; N25.2; S 9.5%. C6H2K2N604S. Calculated: C 21.7; H 0.6; N 
25.3; S 9.6%. 
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2-Mereapto-4(5)-ni t roirnidazole  (IVa). Hydrochlor ic  acid (20%) was added with s t i r r ing  at no higher than 
20~ to a solution of 4.4 g (20 rnmole) of dipotassium salt Ha in 20 ml of water  until the mixture was slightly 
acidic.  The yellow precipi ta te  was removed by fil tration, washed with water ,  and a i r  dried. Recrys ta l l iza t ion 
f rom ethyl acetate gave 2.3 g (81%) of f ree mercaptoni t roirnidazole  IVa. Compounds IVb, d, e were synthesized 
by the method descr ibed above (Table 1). 

2-Mercapto-4(5)-n i t ro imidazole  Monopotassiurn Salt (Va). A solution of 1.1 g (20 rnmole) of KOH in 10 
ml of methanol was added slowly with vigorous s t i r r ing  at 0~ to a solution of 2.9 g (20 rnrnole) of IVa in 30 rnl 
of dirnethylforrnamide (DMF), and the resul t ing l ight - red  react ion mixture was s t i r red  at the same tempera tu re  
for 1 h. It was then diluted with 10 rnl of ether,  and the da rk - r ed  precipi tate  was removed by fil tration, washed 
with ethyl acetate and ether,  and dried.  The product was purified by reprecipi ta t ion f rom DMF by the addition 
of ethyl acetate to give 2.6 g (70%) of product .  Salts Vb, d, e were s imi la r ly  synthesized (Table 1). 

Reaction of Monopotassiurn Salts of Mercaptonitroirnidazoles with 2 ,4 ,6-Tr in i t rochlorobenzene.  A solu- 
tion of 7 rnrnole of p icryl  chloride in 5 rnl of DMF was added with s t i r r ing  to a solution of 7 rnmole of the mono-  
potass ium salt of the corresponding rnereaptoni t roimidazole  (Va, b, d, e) in 25 rnl of DMF, af ter  which the mix-  
ture  was s t i r red  at 50~ for  3 h. The KC1 was removed by filtration, the mother  l iquor was diluted with water,  
and the precipi ta te  was removed by fil tration, washed with a srnM1 amount of water ,  and air dried. All of the 
react ion products were purified by rec rys ta l l i za t ion  f rom ethyl acetate.  The experimental  resul ts  are  p r e -  
sented in TaMe 1 (Via, b, d, e). 

2 -P iery lmercapto-4(5) -n i t ro i rn idazole  (Via). A) A solution of 1.7 g (7 mmole) of pieryl  chloride in 5 ml 
of DMF was added with s t i r r ing  to a solution of 1.5 g (7 rnmole) of salt IIa in 25 ml of DMF, during which KC1 
precipi tated irnrnediately. The mixture  was s t i r red  at 50~ for 3 h, and the precipi ta ted KC1 was removed by 
fi l tration. The mother  l iquor was diluted with water ,  and the yellow precipi ta te  was removed by filtration, 
washed with a small  amount of water ,  and air dr ied to  give 1.95 g (72%) of product.  Found: C 27.3; N 21.2; 
S 8.0%. CgH3KN~Os8. Calculated:  C 27.4; N 21.3; S 8.1%. 

This amount of the salt was dissolved in 50 rnl of water  at 50~ and 50% H2SO ~ was added until the mix-  
ture  was slightly acidic.  The precipi tated substance was removed by fil tration, washed with water, and dried. 
Recrys ta l l iza t ion f rom ethyl acetate gave 1.6 g (90%with respec t  to the salt) of Via with rnp 214-215~ (dee.). 
IR spec t rum:  1345, 1540 (NO2); 790, 680 ern -1 ( C - S - C ) .  Found: C 30.3; N 23.5; S 8.9%. CgHaNGOaS. Calcu-  
fated: C 30.3; N 23.6; S 9.0%. 

No rnelting-point depress ion  was observed for a mixture  of this product with a sample obtained f rom 
rnonopotassium salt Va. 

B) A l - g  (4 rnrnole) sample of Ia was added with vigorous s t i r r ing  at room tempera tu re  to a solution of 
0.24 g (4 rnmole) of KOH in 15 rnl of methanol.  After the Ia had dissolved cornplctely, a solution ~f 2 g (7 
mmole) of potass ium 2,4,6-tr ini trophenoxide in 100 rnl of methanol was added, and the mixture was s t i r red  
at room tempera tu re  for 10 h. The precipi tate  was removed by filtration, washed with methanol, and dried 
to give 1 g (58%) of salt VIIawith rnp 257-258~ (dee.). Found: C 27.3; N 21.4; S 8.1%. C~H3KN~OaS. Calcu-  
lated:  C 27.4; N 21.3; S 8.1%. 

4(5)-Pierylrnercapto-5(4)-ni t rot rnidazole  (VIb). This compound was obtained in the same way as Via 
by method A. The product had mp 210-211~ (dec., f rom ethyl acetate) and was obtained in 65%yield. IR 
spec t rum:  1350, 1545 (NO2); 785, 680 em -1 ( C - S - C ) .  Found: C 30.8; N 23.6; S 9.0%. C~H4N~OaS. Calcu-  
lated: C 30.3; N 23.6; S 9.0%. Potass ium salt VIIb was obtained in 47%yield and had mp 266-267~ (dee.). 
Found: C 27.5; N 21.3; S 8.2%. C~H3KN~OsS. Calculated: C 27.4; N 21.3; S 8.1%. 

4(5)-Pierylrnercapto-2,5(4)-dinitroirnidazole (Vie). A) A solution of 0.95 g (3.8 rnrnole) of picryl chlo- 
ride in 5 ml of DMF was added to a solution of 1 g (3.8 rnrnole) of dipotassiurn salt lie in 16 ml of DMF, and the 
mixture was stirred at room temperature for 24 h. The precipitated KCI was removed by filtration, the filtrate 
was diluted with water, and the precipitate was removed by filtration, washed with ice water, and air dried to 
give 0.65 g (40%) of potassium salt VHe with rnp 315~ (dec.). Found: C 24.5; N 22.0%. CDH2KNTOI0 S. Calcu- 
lated: C 24.6; N 22.3%. The salt was decomposed by the method described above to give Vie with rnp 279-280~ 
(dec., from ethyl acetate) in 94%yield. IR spectrum: 1350, 1535 (NO2); 760, 680 crn -i (C-S-C). Found: C 
27.1; N 24.4; S 7.9%. CgHaNTOi0S. Calculated: C 26.9; N 24.4; S 8.0%. No melting-point depression was ob- 
served for a mixture of this product with the substance obtained from rnonopotassiurn salt Ve. 

B) a 1.4-g (5 rnrnole) sample of le was added with vigorous stirring at room temperature to a solution of 
0.28 g (5 rnrnole) of KOH in 15 ml of methanol. After the le had dissolved completely, a solution of 2.8 g (10 
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mmole)  of po t a s s ium 2,4 ,6- t r in i t ro thiophenoxide  in 120 ml  of methanol  was added, and the mix tu re  was heated 
to 50~ and s t i r r e d  at this  t e m p e r a t u r e  for  1 h. The prec ip i ta te  was r e m o v e d  by f i l t ra t ion,  washed with m e t h a -  
nol, and dr ied to  give 1.8 g (82%) of po t a s s ium sal t  VIIe with mp 314-315~ (dec.). Found: C 24.5; N 22.0%. 
CgH2KNTO10S. Calcula ted:  C 24.6; N 22.3%. Decomposi t ion  of the indicated amount of the salt  gave 1.5 g (92% 
with r e spec t  to the salt) of Vie with mp 279-280~ (dec., f r o m  ethyl ace ta te) .  IR s p e c t r u m :  1350, 1535 (NO2); 
760, 680 cm -1 ( C - S - C ) .  Found: C 27.1; N 24.6; S 8.1%. C9H3N7Oi0S. Calcula ted:  C 26.9; N 24.4; S 8.0%. 1~o. 
mel t ing-poin t  dep re s s ion  was observed  for  a mix tu re  of this product  with the product  obtained by method A. 

1 - P i c r y l - 2 - p i c r y l m e r c a p t o - 4 ( 5 ) - n i t r o i m i d a z o l e  (VIII). A) A solution 3f 5.0 g (20 mmole )  of p icryl  chlo-  
r ide  in 30 ml  of DMF was added to a solution of 2.2 g (10 mmole)  of d ipo tass ium sal t  IVa in 40 ml  of DMF, and 
the mix tu re  was s t i r r e d  at r oom t e m p e r a t u r e  for  24 h. The KC1 was r emoved  by f i l t ra t ion,  the mothe r  l iquor 
was diluted with wa te r ,  and the p rec ip i t a te  was r emoved  by f i l t ra t ion,  washed with hot water ,  and dr ied.  It 
was then ref luxed thoroughly and succes s ive ly  in ch lo ro form and alcohol and dr ied again to give 2.4 g (42%) of 
a p r o d u c t  with mp 317-318~ (dec.). IR s p e c t r u m :  1350, 1570 (NO2); 800, 685 cm -1 ( C - S - - C ) .  Found: C 32.0; 
N 22.4; S 5.6%. Ct5HsNgOi4S. Calculated:  C 31.7; N 22.2; S 5.6%. 

B) A solution of 1.25 g (5 mmole )  of p ic ry l  chloride in 10 ml  of DMF was added at r o o m  t e m p e r a t u r e  to a 
solution of 2.5 g of 2 - p i c r y l m e r c a p t o - 4 ( 5 ) - n i t r o i m i d a z o l e  p o t a s s i u m  sal t  (VIIa) in 30 ml  of DMF, and the m i x -  
tu re  was mainta ined at the s ame  t e m p e r a t u r e  for  24 h. All of the subsequent  opera t ions  for  the isolat ion of the 
reac t ion  product  we re  s i m i l a r  to those in method A. The yield of product  with mp 317-318~ (dec.) was 2 g 
(70%). [R s p e c t r u m :  1350, 1570 (NO2); 800, 685 cm -1 ( C - S - C ) .  Found: C 31.7; N 22.2; S 5.5%. C15HsN9Ot4S. 
Calculated:  C 31.7; N 22.2; S 5.6%. No mel t ing-poin t  dep res s ion  was obse rved  for  a mix tu re  of this product  
with the subs tance  obtained by method A. 
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