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Continuing work on the search for potential antituberculosis compounds, we have synthesized a ser ies  
of new benzimidazole derivatives. As starting materials we took 2-cyanobenzimidazole (I) and 1-methyl-2- 
cyanobenzimidazol~ (ID. From I and H we synthesized compounds III-XIX, indicated in the scheme. 

The thioamides of 2-benzimidazolecarboxylic acids (III, IV) presented special interest  for testing 
for tuberculostatic activity, since some thioamides are active antituberculosis preparations (ethionamide, 
protionamide) [1]. Compounds III and IV were obtained from the action of hydrogen sulfide on I and IIpyri-  
dine solution in the presence of triethylamine. Upon reaction with hydroxylamine hydrochloride, 2-ben- 
zimidazolecarboxamidoxime (V) was isolated from I; it is capable of complex formation with a number of 
metals. 

F rom III and IV the corresponding amidrazones of benzimidazole-carboxylic acids were synthesized 
upon additon of hydrazine hydrate; these served as starting materials for the preparation of hydrazones 
with 5-nitrofurfural,  cinnamaldehyde, salicylaldehyde, and vanillin (VIII, XV). 
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It is known from the l i terature that 2-(2-thiazolyl)benzimidazole possesses high antihelminthic ac- 
tivity [2]. In this connection, it would be interesting to make a thorough study of the physiological prop- 
ert ies of the tetrazolylbenzimidazoles (XVI-XVII) and the 1,2,4-triazolylbenzimidazoles (XVIII-XIX) ob- 
tained from VI and VII. Compounds XVI-XVII were obtained on reaction of VI and VII with sodium nitrite 
in acid; and XVIII-XIX, on boiling VI or VII with acetic anhydride. 

The tuberculostatic activity of the synthesized compounds, III-XI, was investigated in vitro in synthetic 
Soton medium without serum and with addition of 10% normal native serum. Laboratory strains H37 Rv and 
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T A B L E  1o 2 - B e n z i m i d a z o l y l  D e r i v a t i v e s  

Com- 
pound ~_ Mp, ~ 

III 213--5 
IV 170--2 
V 212--3 
VI 194--5 
V I I  187--9 
V I I I  219--21 
IX 241--2 
X 241 --2 
X I 208--9 
X I I  217--8 
XIII 178--80 
X IV 234--5 
XV 202--3 
XVI >300 
XVII 273--4 
XVIII >3OO 
X I X 258--9 

* P i c r a t e :  Found ,  

Found, % 

c H 

I 

Em pi rica 1 
form ula 

Calcd. % 

C H 

Bacteriostatic rite 
in Soton medium 
(u ~/mD 
strain K 1 strain 

H3~ Rv 

54,34 
56,80 
54,24 
52,03 
57,31 
52,69 
53,94 
70,56 
70,82 
62,05 
63,01 
64,22 
65,74 
51,00 
53,87 
60,32 
61,60 

3,94 I CsHTNsS 
5,11 J C~H~N3S 
4,61 [ CsHsN40 
5,46 ] CsHgN s 
5,94 [ CoHzlN 5 
3,39 [ Cz3Hz0N60 ~ 
3,91 ] C14Hz~NsO 3 
5,49 / Cl~H15N5 
5,64 / ClsH17N5 
5,01 ] C16HuN~O~ 
5,30 [ CI~HI~NsO~ 
4,74 [ C15HzsNsO 
5,41 [ C16H15NsO 
3,44 [ CsHsN 6 
4,07 I CgHsN~ 
4,75 ] CloHgN 5 
5,09 / CnHnN~ 

54,21 
56,52 
54,53 
54,61 
57,12 
52,35 
53,84 
70,56 
71,26 
62,20 
63,14 
64,55 
65,51 
51,60 
53,99 
60,29 
61,95 

3,98 
4,74 
4,57 
i, 17 ~ 
5,85 
3,30 
3,87 
5,92 
5,64 
4,85 
5,29 
4,69 
5,15 
3,24 
4,02 
4,50 
5,19 
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25{ --  / --  
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~g C, 41.35; H, 3.10o C a l c u l a t e d ,  % C, 41.58; H, 2~ 
Note .  Compounds  III, IV, VIII,  X, XII,  XIV, XV, XVIII,  and XIX w e r e  
c r y s t a l l i z e d  f r o m  d i lu te  a lcohol ;  V, VI, and VII,  f r o m  w a t e r ;  IX and XI, 
f r o m  a lcohol ;  XIII  and XVII, f r o m  aqueous  d i m e t h y l f o r m a m i d e ;  XVI, 
f r o m  d i m e t h y l f o r m a m i d e ,  a) Wi thout  s e r u m ;  b) with s e r u m .  

K 1 of  t he  t u b e r c u l o s i s  m y c o b a c t e r i u m  w e r e  u s e d .  A s  a r e s u l t  of the  t e s t s ,  i t  was  o b s e r v e d  tha t  s o m e  c o m -  
pounds  have  a m e d i u m  t u b e r c u l o s t a t i c  a c t i v i t y  in the  abse r / ce  of s e r u m .  In the  p r e s e n c e  of s e r u m ,  the  
a c t i v i t y  i s  r educed~  The  m o s t  a c t i v e  c o m p o u n d  p r o v e d  to b e  the  n i t r o f u r f u r y l i d e n e  compound ,  VIII.  I t  is  
i n t e r e s t i n g  to  no te  tha t  when the  NH group in the  r i n g  in  VIII  i s  r e p l a c e d  by  an NCH 3 g roup  (compound  IX), 
a c t i v i t y  i s  s h a r p l y  r e d u c e d .  F o r  VIH, which showed  the  g r e a t e s t  a c t i v i t y ,  we d e t e r m i n e d  t o x i c i t y .  S tud ies  
on whi te  m i c e  m a d e  i t  p o s s i b l e  to  conc lude  tha t  100 m g  of  the  p r e p a r a t i o n  i s  t o l e r a b l e  in an acu te  e x p e r i -  
men t .  The  c h e m o t h e r a p e u t i c  a c t i v i t y  of VIII  was  s t u d i e d  on gu inea  p i g s  i n o c u l a t e d  s u b c u t a n e o u s l y  with 
l a b o r a t o r y  s t r a i n  H3~ Rv in a dose  of 0.001 rag.  M e d i c a t i o n  was  s t a r t e d  on the  s e c o n d  day a f t e r  i nocu l a t i on  
and was  con t inued  fo r  one month .  When  the  a n i m a l s  w e r e  d i s s e c t e d ,  i t  was  a s c e r t a i n e d  tha t  VIII  does  not  
d i s p l a y  m e d i c a l  ac t ion .  

EXPERIMENTAL 

Analyses, rap, crystallization solvents, and results of investigation of antitubercular properties are 
given in Table I. 

2-Cyanobenzimidazole (I) and l-methyl-2-cyanobenzimidazole (II) were prepared in accordance with 
the procedure of [3]. 

Thioamides of 2-Benzimidazolecarboxylic and l-Methyl-2-benzimidazolecarboxylic Acids (III andIV). 
Compound  I o r  I I  (0.0185 mole)  was  d i s s o l v e d  in 27 ml  of p y r i d i n e ,  5.5 ml  of t r i e t h y l a m i n e  was  added,  and  
h y d r o g e n  su l f i de  was  p a s s e d  th rough  fo r  2 h.  The  so lu t ion  was  p o u r e d  into  a s m a l l  amount  of w a t e r  (50 ml ) .  
The  y e l l o w - c o l o r e d  p r e c i p i t a t e  which  f e l l  was  f i l t e r e d  off and w a s h e d  with w a t e r .  

2 - B e n z i m i d a z o l e c a r b o x a m i d o x i m e  iV). To a ho t  s o l u t i o n  of 0 . 0 1 / m o l e  of I in 50 m l  of a l c oho l  was  
a d d e d  0.01 m o l e  of h y d r o x y l a m i n e  h y d r o c h l o r i d e  and 0~ m o l e  of  s o d i u m  c a r b o n a t e  d i s s o l v e d  in 16 m l  
of w a t e r .  The  m i x t u r e  was  b o i l e d  f o r  i h. T h e  p r e c i p i t a t e  which  s e t t l e d  was  f i l t e r e d  off and  r e c r y s t a l l i z e d .  

A m i d r a z o n e s  of 2 - b e n z i m i d a z o l e c a r b o x y l i c  and 1 - M e t h y l - 2 - b e n x i m i d a z o l e C a r b o x y l i c  A c i d s  (VI and 
VH). H y d r a z i n e  h y d r a t e  (11.5 ml)  was  added  to 0.013 m o l e  of III  o r  IV. H y d r o g e n  su l f i de  was  evo lved  
t h e r e u p o n .  A f t e r  one day ,  the  p r e c i p i t a t e  was  f i l t e r e d  off, w a s h e d  with  a s m a l l  amoun t  of w a t e r ,  and  r e -  
c r y s t a l l i z e d .  

H y d r a z o n e s  f r o m  the  A m i d r a z o n e s  of  2 - B e n z i m i d a z o l e c a r b o x y l i e  A c i d  and 1 - M e t h y l - 2 - b e n z i m i d -  
a z o l e c a r b o x y l i c  A c i d  (VIII -XV).  Compound  VI o r  VII  (0.0011 mole )  was  d i s s o l v e d  in 12 m l  of a l coho l ,  a 
s o l u t i o n  of 0.0011 m o l e  of  the  a p p r o p r i a t e  a l d e h y d e  in 2 ml  of  a l coho l  was  added ,  and the  m i x t u r e  was  
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boiled for a few minutes.  The precipi ta te  which fell af ter  cooling was f i l tered off and rec rys ta l l i zed .  

2- (5-Tet razolyl )benzimidazole  and 1-Methyl-2-(5- te t razolyl )benzimidazone (XVI and XVII). Corn- 
pound VI or  VII (0.0017 mole) was dissolved in 10 ml of 2N hydrochlor ic  acid, the solution was cooled, and 
0.0037 mole of sodium ni t r i te  dissolved in 2 ml of water  was added dropwise with s t i r r ing .  The reac t ion  
mixture  was allowed to stand for  i h at room tempera ture .  The prec ip i ta te  was f i l te red  off and r e c r y s t a l -  
l ized. 

2- (3-Methyl - l ,2 ,4- t r iazoly l -5)benzimidazole  and 1 -Methy l -2 - (3 -methy l - l ,2 ,4 - t r i azo ly l -5 )benz imid-  
azole (XVIII and XIX). To 0.0017 mole of VI or  VII was added 10 ml of acetic anhydride and the mixture  
was boiled for  2 h. The reac t ion  solution was evaporated to one-half  its volume at room tempera tu re ,  and 
the res idue was diluted with water .  The precipi ta te  which fell  was f i l te red  off and rec rys ta l l i zed .  

1. 
2. 
3. 
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