
SOME PROPERTIES OF 2-NITROBENZIMIDAZOLES 

A. F. Pozharskii, G. N. Pershin, ]~. A. Zvezdina, UDC 615.281/.283:547.781].074 
T. N. Zykova, S. N. Milovanova, and N. A. Novitskaya 

The c h e m i s t r y  of n i t ro imidazo les  is  a t t rac t ing cons iderable  attention in view of the biological  act ivi ty 
of many compounds of this s e r i e s .  2 -Ni t ro imidazo les  - analogs of the na tura l  antibiotic azomycin  - a re  
espec ia l ly  in te res t ing .  This  work p r e s e n t s  informat ion on ce r ta in  p r o p e r t i e s  of 2 -n i t robenz imidazo les ,  
which recent ly  have become  compara t ive ly  readi ly  avai lable  [1, 2]. 

2 -Ni t robenz imidazo le  (I) p o s s e s s e s  acid p rope r t i e s ,  pKA 6.62 (determined po ten t iomet r ica l ly  in aque-  
ous solution at 25~ I f o r m s  a s table  sodium sal t  (II) and is  readi ly  methyla ted  by diazomethane in e ther .  
N-subs t i tu ted  2-n i t robenz imidazoles  (III) can also be produced by the action of methyl  iodide, ethyl iodide, 
and d imethylphenylbenzylammonium chloride on the sal t  II  in alcohol or  aqueous solution or in an iner t  
solvent:  

"x 
N "N-O 7 I I 

T ~" ~" a) R =OH 3 ~ a)t~ = OH), 
b) 1~ =Oli-t ~ • = 09.H50 

c) I~=O6HsCH l b)l~ =OH 3 , 

The n i t ro -g roup  in III is  in an e lec t ron-def ic ien t  posi t ion and t h e r e f o r e  is dist inguished by high mobi l -  
ity in nucleophilic substi tution reac t ions .  Thus, when Ilia is  heated with sodium ethylate  in alcohol or  with 
benzylamine  in xylene, the re  is an exchange of the n i t ro -g roup  for  an ethoxy or benzylamino group, fo rming  
compounds IV. 2 -Ni t robenz imidazoles ,  especia l ly  with a f r ee  NH group, a re  re la t ive ly  unstable  compounds.  
Af ter  prolonged s torage  of a pu re  sample  of I, t r a c e s  of decomposi t ion p roduc t s  appear  on i ts  ch roma to g ram.  

We invest igated the bac te r ios t a t i e  and fungistat ic  action of four of the subs tances  obtained - I, II, Ilia, 
and IIIb (see Table  1). They p o s s e s s  weak or modera t e  g e r m i s t a t i c  act ivi ty with r e s p e c t  to all the m i c r o -  
o r g a n i s m s  tested,  with the exception of Baci l lus  pyocyaneus .  

In a study of the ant i tuberculos is  activity of these  subs tances  i t  was  es tabl i shed that  substance IIIa in 
v i t ro  r e t a r d s  the growth of tube rcu los i s  mycobac t e r i a  (s t rain H-37-Rv) in a dilution of 1 : 500,000, while 
substance  IIIb r e t a r d s  growth of this  m i c r o o r g a n i s m  in a dilution 1:2,000,000.  The addition of 10% ho r se  
s e r u m  to the nutr ient  medium only slightly lowers  the act ivi ty of the subs tances .  The t r e a t m e n t  of white 
mice  infected With tubercu los i s  with substance Ilia, admin i s t e red  in ternal ly  in doses  f r o m  0.08 to 2.5 mg 
(maximum to le rab le  dose) p e r  mouse  weighing 16-17 g, gave no therapeut ic  effect.  Thus, despi te  the high 
tuberculos ta t ic  act ivi ty in vi t ro ,  the subs tances  studied do not p o s s e s s  chemotherapeut ic  an t i tuberculos is  
act ivi ty in vivo. 

The analogy of the subs tances  descr ibed  to azomycin  se rved  as  a ba s i s  for  studying the i r  an t ipro to-  
zoal  act ivi ty.  It was  es tabl ished that  these  subs tances  p rac t i ca l ly  do not suppres s  the growth of the dysen-  
t e ry  ameba  in vi t ro ,  but a re  r a t he r  effect ive with r e s p e c t  to the vaginal t r ichomonad,  r e t a rd ing  i ts  growth 
in v i t ro  in the following concent ra t ions :  I - 4 ~ g / m l ,  II - 0.5 # g / m l ;  IIIa and IIIb - 16 t tg /ml .  A study 
of the p r e p a r a t i o n s  in vivo in the ease  of t r iehomonad a b s c e s s  of white mice  indicated that  substance IIIb 
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T A B L E  1. R e s u l t s  of  M i c r o b i o l o g i c a l  T e s t s  of 2 - N i t r o b e n z i m i d a z o l e s  

M i c r o o r g a n i s m  

S t a p h y l o c o c c u s  a u r e u s  

S t r e p t o c o c c u s  h e m o l y t i c u s  

E s e h e r i c h i a  c o l i  

S a l m o n e l l a  t y p h o s a  

F l e x n e r ' s  d y s e n t e r y  b a c i l l u s  

D y s e n t e r y  b a c i l l u s  of  s t r a i n  P W  3 

B a c i l l u s  p y o c y a n e u s  

P r o t e u s  v u l g a r i s  

A n t h r a x  s p o r e s  

1 : 16 ,000 

1 : 8 ,000  

1 : 4 ,000  

1 : 8 ,000  

1 : 8 ,000 

1 : 16 ,000  

0 

1 : 8 ,000  

1 : 8 ,000  

C o m  

II  

1 : 4 ,000  

1 : 4 ,000  

1 : 4 ,000  

1 �9 4 ,000  

1 : 4 ,000  

1 �9 8 ,000  

0 

1 : 2 ,000  

1 : 4 ,000  

)ound 

IIIa 

1 : 16 ,000  

1 : 16 ,000  

1 : 8 ,000  

1 : 16 ,000 

1 : 8 ,000  

1 : 16 ,000 

0 

1 : 4 ,000  

1 : 8 ,000  

llIb 

1 : 8 ,000  

1 : 8 ,000  

1 : 8 ,000  

1 : 8 ,000 

1 : 8 ,000  

1 : 8 ,000  

0 

1 �9 8 ,000  

1 : 8 ,000  

B a c i l l u s  of  a v i a n  t u b e r c u l o s i s  1 �9 8 ,000  1 : 2 ,000  1 : 60 ,000  1 : 125 ,000  

A c i d - r e s i s t a n t  s a p r o p h y t e  B 5 1 : 8 ,000  1 : 2 ,000  1 : 16 ,000  1 : 30 ,000  

1 : 4 ,000  

1 : 4 ,000  

1 : 4 ,000  

1 : 8 ,000 

1 �9 1 ,000 

1 : 16 ,000 

1 : 8 ,000 

1 : 8 ,000  

1 : 8 ,000  

1 : 4 ,000  

1 : 4 ,000  

1 : 2 ,000  

1 : 4 ,000  

1 : 4 ,000  
1 : 1 ,000 

Myxosporon 
Triehophyton 

Aehorion 
Actinomycetes 
Yeast-like fungus (candida alb.) 

1 : 4 ,000  

1 �9 2 ,000  

1 �9 4 ,000  

1 : 4 ,000  

1 : 4 ,000  

i s  no t  a c t i v e ,  w h i l e  s u b s t a n c e  I I Ia  p o s s e s s e s  w e a k  a c t i v i t y ,  g i v i n g  no b a s i s  f o r  r e c o m m e n d i n g  t h e  p r e p -  

a r a t i o n  f o r  p r a c t i c a l  u s e .  

EXPERIMENTAL 

2-Nitrobenzimidazole (I). Produced according to [2]; mp 258 ~ (decomp.). 

Sodium Salt of 2-Nitrobenzimidazole (IIT. Into a solution of sodium ethylate (from 0.031 g of sodium 
and 5 ml of alcohol) we introduced 0.19 g of I. The salt II thereupon formed precipitated when ether was 
added to the alcohol solution. The salt II is readily soluble in w'ater, and does not melt when heated to 350 ~ 
Found, %: C 45.24; H 2.27; Na 12.63. CTH4N3NaO 2. Calculated, %: C 45.42; H 2.18; Na 12.42. 

l-Methyl-2-nitrobenzimidazole (Ilia). A. To a solution of 0.163 g I in 4 ml of alcoholic alkali, con- 
taining 0.08 g potassium hydroxide, we added 0.35 ml of methyl iodide. The mixture was boiled for 1 h, 
cooled, and the crystals of IIIa filtered off and washed with water. Yield 0.15 g (85%7, mp 170 ~ (from alco- 
hol). kma x (in methanol); 335 nm, log r 3.40; kmax (in 8.25 M solution of sulfuric acid). 340 nm, log r 
4.06, u 1326, 1546 cm -i (NO 2 group). Found, %.- C 53.91; H 4.15. CsHTN302. Calculated,%: C 54.23; H 3.98. 

B. A solution of 0.156 g diazomethane in 40 ml of ether was added to 0.26 g I. Thereupon vigorous 
evolution of nitrogen was observed. On the following day the ether was distilled off. Yield of IIIa 0.27 g 
(96%7, mp 170 ~ 

l-Ethyl-2-nitrobenzimidazole (IIIb). Produced by alkylation of I in alcoholic alkali with ethyl iodide 

analogously to IIIa. Yield 79.3%, mp 105 ~ (from methanol). Found, %: C 56.51; H 4.87. C~HgN302. Calcu- 
lated, %: C 56.54; H 4.75. 

l-Benzyl-2-nitrobenzimidazole (IIIc). A saturated aqueous solution of 0.25 g dimethylphenylbenzyl- 
ammonium chloride was added to a solution of 0.163 g I and 0.i g potassium hydroxide in 3 ml of water. 
The mixture was heated for 30 min on a water bath, and then the dimethylaniline that separated out was 
distilled off. The viscous red oil isolated after cooling was extracted with chloroform. The extract was 
passed through a column with aluminum oxide (eluent - chloroform). IIIc travels with the solvent front and 
is readily separated from impurities. Yield 0.13 g (52%), mp 107 ~ (from methanol). Found, %: C 66.32; 
H 4.30. Ci4HiIN302. Calculated, %: C 66.39; H 4.38. 

Interaction of l-Methyl-2-nitrobenzimidazole (IIIa) with Sodium Ethylate. A mixture of 0.15 g Ilia 
and sodium ethylate (from 0.08 g of sodium) in 7 ml of absolute alcohol was boiled for 15 h. The solution 
was filtered, the alcohol distilled off, and the residue washed with water. The yield of technical 1-methyl- 
2-ethoxybenzimidazole (IVa) was 0.12 g (80.5%). Picrate: mp 163-164 ~ (from alcohol), according to the lit- 
erature data [3], mp 152-153 ~ Found, %: C 47.40; H 3.86. CIoHI2N20. C6H3N3OT. Calculated, %: C 47.41; H3.37. 
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In terac t ion  of 1 -Methy l -2 -n i t robenz imidazo le  (IIIa) with Benzylamine.  A mix tu re  of 0.25 g IIIa, 0.32 g 
benzylamine,  and 5 ml  of xylene was heated for  2 h at 90-100 ~ and for  2 h at 120-130 ~ Af te r  cooling, c r y s t a l s  
of 1 -me thy l -2 -benzy laminobenz imidazo le  (IVb) prec ip i ta ted  f rom the solution. Yield 0.25 g (75%), mp 167 ~ 
(from methanol).  A mixed sample  with known IVb showed no depress ion  of the melt ing point. 

1. 
2. 
3. 
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