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INVESTIGATIONS IN THE I M I D A Z O L E  SERIES 

XXXVII .  Th i azo lo [ 3 ,  2 - a ] b e n z i m i d a z o l e s *  
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Cyclization of 2-B-oxoalkylthio- and 2-8-oxoaralkylthiobenzimida- 
zotes and the reaction of 2-mercaptobenzimidazoles with a-halogeno- 
ketches in the absence of bases has given a number of derivatives of 
thiazolo[3, 2-a]benzimidazole, cyclopentenothiazolo[3, 2-a]benzimi- 
dazole, and tetrahydrobenzothiazolo[3, 2-a]benzimidazole. 

S y n t h e s i s  of d e r i v a t i v e s  of t h i a z o l o [ 3 ,  2 - a ] b e n z i m i -  
d a z o l e s  f r o m  2 - m e r c a p t o b e n z i m i d a z o l e s  and  c~-ha lo-  
g e n o k e t o n e s  h a s  b e e n  i n a d e q u a t e l y  s t u d i e d  [ 1 - 5 ] .  

To o b t a i n  c o m p o u n d s  of t h i s  s e r i e s ,  w h i c h  a r e  of 
i n t e r e s t  f o r  b i o l o g i c a l  i n v e s t i g a t i o n s ,  we h a v e  m a d e  a 
d e t a i l e d  s t u d y  of  t h e  c y c l i z a t i o n  of t he  2 - f i - o x o a l k y l -  
t h io -  and  2 - f i - o x o a r a l k y l t h i o b e n z i m i d a z o l e s  o b t a i n e d  
p r e v i o u s l y  [6]. It h a s  b e e n  e s t a b l i s h e d  t h a t  t h e s e  c o m -  
pounds ,  l i k e  t h e  2 - f l - o x o a l k y l t h i o -  and  2 - p - o x o a r a l k y l -  
t h i o i m i d a z o l e s  [7] r e a d i l y  u n d e r g o  d e h y d r a t i o n  on b e i n g  
b o i l e d  wi th  p h o s p h o r u s  o x y c h l o r i d e ,  b e i n g  c o n v e r t e d  
in to  t he  c o r r e s p o n d i n g  t h i a z o l o [ 3 ,  2 - a ] b e n z i m i d a z o l e s  
(V, I X - X V I ,  XX, XXI,  XXIII) .  An e x c e p t i o n  i s  f o r m e d  
b y  2 - p i n a c o l o n o t h i o b e n z i m i d a z o l e ,  w h i c h  u n d e r g o e s  no 
c h a n g e  e v e n  on b e i n g  b o i l e d  w i th  p h o s p h o r u s  o x y c h l o -  
r i d e  f o r  20 h r ,  t h i s  a p p a r e n t l y  b e i n g  e x p l a i n e d  by  s t e r i e  
h i n d r a n c e .  

Un l ike  t h e  2 - f l - o x o a r a l k y l t h i o b e n z i m i d a z o l e s ,  t he  
2 - p - o x o a l k y l t h i o b e n z i m i d a z o l e s  r e a d i l y  e y e l i z e  e v e n  

on t r e a t m e n t  w i th  H2SO4 in t he  co ld  and  on  h e a t i n g  wi th  
HsPO4, HC1, and  CHsCOOH, w h i l e  t h e i r  h y d r o c h l o -  
r i d e s  c y c l i z e  on b e i n g  b o i l e d  wi th  w a t e r  and  e t h a n o l  
(IV). 

The  s u b s t i t u t e d  t h i a z o l o [ 3 ,  2 - a ] b e n z i m i d a z o l e s  c an  
a l s o  b e  o b t a i n e d  in one  s t a g e - - b y  h e a t i n g  2 - m e r c a p t o -  
b e n z i m i d a z o l e s  w i t h  c ~ - h a l o g e n o k e t o n e s  in  o r g a n i c  
s o l v e n t s .  T h i s  r e a c t i o n  d o e s  no t  a l w a y s  t a k e  p l a c e  
u n a m b i g u o u s l y ,  and  i t s  r e s u l t s  d e p e n d  on t he  s t r u c -  
t u r a l  f e a t u r e s  of the  h a l o g e n o k e t o n e  and  t he  t e m p e r a -  
t u r e  and  t i m e  of  t he  p r o c e s s .  Thus ,  on b e i n g  b o i l e d  
w i th  2 - m e r c a p t o b e n z i m i d a z o l e s  in  e t h a n o l  f o r  4 - 5  h r ,  
t he  c ~ - h a l o g e n o k e t o n e s  of t he  a l i p h a t i e  and  a c y c l i c  
s e r i e s  ( a p a r t  f r o m  b r o m o p i n a c o l o n e  and  2 - b r o m o p e n -  
t a n - 3 - o n e )  f o r m  t he  h y d r o h a l i d e s  of t r i -  and  t e t r a c y -  
e l i e  b a s e s  ( I - IV ,  V I - V I I I ,  XVII ,  XVIII ,  XXIV, XXV).  
In t he  c a s e  of t he  a l i p h a t i e  a r o m a t i c  h a l o g e n o k e t o n e s ,  
t he  r e a c t i o n  c a n  b e  c a r r i e d  ou t  (el .  IX, XIII,  XIX, 
XXID o n l y  in h i g h - b o i ! i n g  s o l v e n t s  ( d i m e t h y l f o r m a m i d e ,  
hexy l  a l c o h o l ) ;  w h e n  t h e s e  c o m p o u n d s  a r e  b o i l e d  in 
e thanoI  and  b u t a n o l  the  h y d r o h a l i d e s  of t he  c o r r e s p o n d -  
ing  2 - p - o x o a r a l k y l t h i o b e n z i m i d a z o l , e s  a r e  f o r m e d  [6]. 

The  d e r i v a t i v e s  of e y e l o p e n t e n o t h i a z o l o [ 3 ,  2 - a ] b e n -  
z i m i d a z o l e  (XX1TI) and  of  t e t r a h y d r 0 b e n z o t h i a z o l o [ 3 ,  2 -  

* F o r  p a r t  XXXVI,  s e e  [6]. 

a ] b e n z i m i d a z o l e  (XXIV, XXV) t h a t  we h a v e  s y n t h e s i z e d  
h a v e  b e e n  o b t a i n e d  fo r  the  f i r s t  t i m e .  Only  o c t a h y d r o -  
b e n z o t h i a z o l o [ 3 ,  2 - a ] b e n z i m i d a z o t e  i s  known in the  l i t -  
e r a t u r e  [2]. 

The  s t r u c t u r e  of  a l l  t h e  t r i -  and t e t r a c y c l i c  c o m -  
p o u n d s  was  c o n f i r m e d  by  t h e i r  Il l  s p e c t r a ,  w h i c h  
l a c k e d  a b s o r p t i o n  b a n d s  of NH, OH, and  CO g r o u p s  
(with the  e x c e p t i o n  of VIII).  

s 4 5 4 5 
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I n f o r m a t i o n  on t he  s y n t h e s i s  of t h i a z o l o [ 3 ,  2 - a ] b e n z -  
i m i d a z o l e s  o b t a i n e d  p r e v i o u s l y  [6, 8] and  in  t h i s  w o r k  
p e r m i t  the  c o n c l u s i o n  t h a t  the  c l o s u r e  of the  t h i a z o l e  
r i n g  t a k e s  p l a c e ,  as  in t he  c a s e  of t he  i m i d a z o [ 2 ,  l - c ]  
t h i a z o l e s  [9], in  t he  fo l l owing  way:  
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The r e a c t i o n  i s  c a t a l y z e d  b y  a c i d s .  Thus ,  2 - a c e -  
t o n y l t h i o b e n z i m i d a z o l e  (XXVII) u n d e r g o e s  no c h a n g e  
on b e i n g  b o i l e d  in e t h a n o l  (4 h r )  wh i l e  the  h y d r o c h l o -  
r i d e  of t h i s  c o m p o u n d  i s  c o n v e r t e d  in to  I in  h igh  y i e ld  
u n d e r  the  s a m e  c o n d i t i o n s .  

EXPERIMENTAL 

Thiazolo[3,  2 -a ]benz imidazo le  derivatives,  a) A mixture of 0.01 
mole of a 2-8-oxoalkylthio- or 2-~-oxoaralkylthiobenzimidazole [6] 
and 20-50 ml of POCI 3 was boiled for 1 hr (V), 4 hr (XV), i0 hr (IX, 
XIII, XVI, XX), 12 hr (XII)', 16-18 hr (X, XXI), or 22 hr (XI). The 
solvent was distilled off in vacuum, and the residue was decomposed 
with water and neutralized with NH 3 or Na2COa, and the precipitate 
was filtered off and washed with water. In the isolation of XVI, after 
cooling, the reaction mixture was poured onto ice and neutraiized 
with KOH solution and then with NaHCO s to pH 8, and the precipitate 
was filtered off. 

b) A solution of 0.01 mole of 2-(a-methylacetonylthio)benzimida- 
zole (XXVI) [6] in 10 ml of concentrated H2SO4, in 10 ml of 85-89% 
H~PO~, or in 15 ml of galcial CHsCOOH was kept at, respectively, 
18-20"Clot  24hr, 95-100 ~ for lhr ,  or at the boil for4hr .  The 
reaction mixture was poured into water and neutralized with NHs, or 
the solvent CHsCOOH was distilled off in vacuum, and the residue was 
washed with water. This gave IV in 89, 99, and 96.8% yield, respec- 
tively. 

c) A solution of 0.01 mole of XXVII [6] in 20 ml of concentrated 
HC1 or in 20 ml of ethanol with the addition of 2-3 drops of concen- 
trated HC1 was boiled for 4 hr, the solvent was distilled off in vacuum, 
and the residue was dissolved in water and neutralized with NH s. This 
gave I with yields of 96 and 78%, respeeti, vely. When the hydrochlo- 
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ride of XXVII was boiled in water (20 ml) and the solution was then 
neutralized with NHa, I was obtained with a yield of 95%. 

d) A solution of 0,05 mole of 2-mercaptobenzimidazole or 5, 6- 
dimethyl-2-memaptobenzimidazole [8] in 50-70 ml of ethanol was 
treated with 0.05-0.051 mole of an a-halogenoketone, the mixture 
was boiled for 4 hr and cooled, and the precipitate was filtered off and 
washed with water. The ethereal-ethanolic mother solutions were evap- 
orated and an additional amount of the substance was obtained. In this 
way, the hydrohalides of II-IV, VI, VII, XVII, and XVlII were 
obtained with yields of 72, 65, 42, 93, 76, 98, and 88%, respectively. 
The bases were isoIated from the hydrochlorides in the usual way. In 
the preparation of I and VIII, after cooling, the reaction mixture was 
poured into water and neutralized with NH a or NaHCOa, giving yields 
of 73 and 95%, respectively. Compounds IX, XIX, and XXii (yields 
40, 39, 51%, respectively) were obtained by performing the reaction 
in hexyl alcohol (boiling for 6 hr, distillation of the solvent invacuum, 
neutralization of the residue with aqueous ammonia), and Xlii (yield 
20%) in dimethylformamide (boiling for 5 hr, pouting of the solution 
into water, neutralization with NHs, extraction with chloroform). The 
ehloroketones were used for the synthesis of I, VIII, XVII, and XXlI, 
and the bromoketones for ali the other compounds. 

Cyclopentenothiazolo[8, 2-a]benzimidazde (XXIII). A mixtUre of 
2.32 g of 2-(a-cyclopentanonyithio)benzimidazole [6] and 20-25 ml 
of POC1 a was boiled for 20 rain and cooled, and the viscous mass was 
poured onto ice and treated as described for XIV (a). This gave 2.05 g 
(95.?%) of a substance with mp 178-180 ~ C. Colorless elongated prisms 
with mp 181-182 ~ C (from ethanol). Found, %: C 67.50; H 4.74; 
N 13.11; S 14.98. Calculated for CIzHr0NzS , %: C 67.26; H 4.70; 
N 13.07; S 14.96. Picrate with mp 236-238 ~ C (deeomp., fromglaeial 
CHsCOOH). 

I, 2, 8, 4-Tetrahydrobermothiazolo[3, 2-a]benzimidazole (XXIV). A 
solution of 0.08 mole of 2-mercaptobenzimidazole in 50 ml of ethanol 

was cooled to 20-40 ~ C and treated with a solution of 0.08 mole of 

2-bromocyclohexanone in I0 mI of methanol; then the mixture was 
boiled for 4 hr and was worked up as described for the preparation of 
I (d). The yield of hydrobromide was 5.54 g (92.6%). Colorless prisms 
with mp 273-275 ~ C (decomp,, from ethanol). Found, %: Br 25,96, 
Calculated for CIsH~NzS �9 HBr, %: Br 25.84. The base XXIV was iso- 
lated from the hydrobromide by the usual method. Colorless leaflets 
with mp 144-145~ (from ethanol--water, 1 : 2). Found, 7o: C 68.53; 
H 5.32; N 12.36; S 13.99. Calculated for CIaHtzN2S, %: C 68.38; 
H 5.30; N 12.27; S 14.04. Picrate, mp 246-248 ~ (deeomp., glacial 
acetic acid). 

7, 8-Dimethyl-1, 2, 3, 4-tetrahydrobenzothiazolo[3, 2-a]benzimida- 
zole (XXV). This was obtained from 2-mercapto-5, 6-dimethylbenz- 
imidazole and 2-bromocyclohexanone in a similar manner to XXIV. 
The yield of the hydrobromide was 64%. Colorless prisms with mp 306- 

307 ~ C (decomp., from ethanol--water, 1 : 1). Found, %: Br 23.98. 
Calculated for C15H16N2S �9 HBr, %: Br 23.70. The base XXV was 
obtained by the decomposition of the hydrobromide. Colorless crystals 
with mp 207-208 ~ C (from ethanol-water, 2 : 1). Found, %: C 70.49; 
H 6.31; N 10.88; S 12.79. Calculated for CIsHI6NzS ' %: C 70.27; 
H 6.29; N 10.93; S 12.51. Picrate, mp 262-%3 ~ C (decomp., glacial 
acetic acid). 

Properties of compounds I-XXV: white or yellow (in the case of the 
nitro compounds) crystalline substances of a basic nature, soluble in 
organic solvents and mineral acids, insoluble in water. The analyti- 
cally pure substances were obtained by crystallization from: methanol 
(XXIl), anhydrous ethanol (VII), ethanol (VIII), aqueous ethanol (I, 
III, IV, V, VI, XIII, XIV, XV, XVII, XVIIt, XIX), butanol (X, XlI, 
XVI), dioxane-water, 1 : 1 (IX), dimethylformamide-water, 2 : 1 
(XI), and dimethylformamide (XX, XXI). The bases II and VII formed 
oily liquids. 
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