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I. INTRODUCTION 

T h e  i n t e r e s t i n g  b i o l o g i c a l  a c t i v i t i e s  o f  t h i a z o l o b e n z ~ m i d a r o l e s  h a v e  s t i m u l a t z d  

t h e  e x p l o i t a t i o n  o f  t h e  c h e m i s t r y  o f  t h i s  c l a s s  o f  c o m p o u n d s  a n d  a n  e n o r m o u s  n u m b e r  

o f  p a p e r s  a n d  p a t e n t s  h a v e  a p p e a r e d  i n  l i t e r a t u r e .  

T h r e e  f u n d a m e n t a l  t h i a z o l o b e n r i r n i d a z o l e  s y s t e m s  h a v e  b e e n  r e p o r t e d ,  w h l c h  show 

d i f f e r e n t  f u s i o n  o f  t h e  s u l f u r  c o n t a i n i n g  r i n g  t o  t h e  e d g e s  o f  b e n z i m i d a z o l e  m o i e t y ,  

T h l ~  a r t i c l e  a p p e a r s  t o  b e  t h e  f i r s t  s u r v e y  o f  the  c h e m i s t r y  a n d  b i o l o g i c a l  

a c t i v i t y  o f  t h i s  i m p o r t a n t  g r o u p  o f  h e t e r o c y c l i c  c o m p o u n d s .  



I 1  SYNTHETIC APPROACHES TO THIAZOLOBENZIMIDAZOLES 

A. SYNTHESIS OF THIAZOL0[3,2-a1BENZIMIDAZOLES 

1 .  By r e a c t i o n  o f  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  a - h a l o c a r b o n y l  c o m p o u n d s .  

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  h a v e  r e c e i v e d  i n t e n s i v e  s t u d y  a n d  s e v e r a l  s y n t h e t i c  

r o u t e s  h a v e  a p p e a r e d  i n  l i t e r a t u r e .  T h e  e a r l i e s t  a p p r o a c h  t o  t h i a z o l o [ 3 , 2 - a l b e n z i -  

m i d a z o l e  s y s t e m  was r e p o r t e d  i n  1 9 3 7  b y  A n d e r s a g  a n d  w e s t p h a l l .  A  s y n t h e t ~ c  r o u t e  

was  d e s c r i b e d  t o  3 - m e t h y l t h i a z o l o [ 3 , 2 - a l b e n z i r n i d a z o 1 e ,  w h i c h  i n v o l v e d  t h e  c y c l i r a t i o n  

o f  2 - m e r c a p t o b e n z i m i d a z o l e  w i t h  c h l o r o a c e t o n e  a n d  s o d i u m  i n  e t h y l  a l c o h o l .  

L a t e r ,  t h e  same r e a c t i o n  was  e x t e n d e d  t o  t h e  p r e p a r a t i o n  o f  n u m e r o u s  t h i a z o l o -  

[ 3 , 2 - a ] b e n r i m ~ d a z o l e s  ( 3 )  b y  c o n d e n s a t i o n  o f  2 - m e r c a p t o b e n r i m i d a z o l e s  ( 1 1  w i t h  

v a r i o u s  a - h a l o c a r b o n y l  corn pound^^-^^, t h r o u g h  f o r m a t i o n  o f  a c y c l i c  i n t e r m e d i a t e s  

w h i c h  p r o m p t l y  c y c l i z e d  t o  2. T h e  f o r m a t i o n  o f  2,3-dihydro-3-hydroxythiazolo- 

[ 3 , 2 - a ] b e n z i m i d a z o l e  a s  i n t e r m e d i a t e  i n  t h e  c y c l i z a t ~ o n  p r o c e s s  h a v e  b e e n  a l s o  

r e p o r t e d s .  T r e a t m e n t  o f  c o m p o u n d s  1 w i t h  a l k y l  o r  a r y l  h a l i d e s Z - 2 5 - 2 6 0 r  B - h a l o c a r b o -  

x y l i c  a c i d 2  g a v e  9 - 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 r o l i u m  s a l t s .  

X = Br, C1, I 
R  = a l k y l ,  h a l o a l k y l ,  pheny l ,  a r y l ,  2-naphthy l ,  

e t h y l p i p e r i d i n y l ,  PhSCHz, CH2PO(OEt)3 
R ' =  H, a l k y l ,  Ph, PhCHz, PhNHCO, COOH, COOEt, MeCHOH, MeC=NOH 
R ~ =  H, B r ,  C1, Me, OMe a t  v a r i o u s  p o s i t i o n s  

S i m i l a r l y ,  b y  t r e a t m e n t  o f  2 - m e r c a p t o b e n r i m i d a z o l e s  ( 1 )  w i t h  p-R1C6H4COCHBrCH2C02R 

f o l l o w e d  b y  s u c c e s s i v e  c y c l i z a t i o n ,  3-aryl-2,3-dihydro-3-hydroxythiazolo[3,2-a]- 

b e n z i m i d a z o l  - 2 - a c e t i c  a c i d  d e r i v a t i v e s  (4) w e r e  p r e ~ a r e d ~ ~ - ~ ~ , w h i c h ,  b y  d e h y d r a t i o n  

i n  HC1 a n d  d i o ~ a n e ~ ~ . ~ ' ,  a f f o r d e d  3 - a r y l t h i a r o l o [ 3 , 2 - a ] b e n z i m i d a z o l - 2 - a c e t i c  a c i d  

d e r i v a t i v e s  ( 5 ) .  

4  - 
R  = H, C1-Cg a l k y l  
R I =  H, C1-Cg a l k o x y  o r  a l k y l ,  CF3, CI. Br  
R 2 =  H, C1, NH2, NO2 
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2 .  By r e a c t i o n  o f  2 - m e r c a p t o b e n z i m i d a r o l e s  w i t h  a - h a l o a c e t a l s .  

A  s t r i c t l y  r e l a t e d  r o u t e  t o  t h i a z o l o l 3 , 2 - a ] b e n z i m i d a z o l e s  was e n v i s a g e d 6 , 9 , 3 2 , 3 3 b y  

u s i n g  a - h a l o a c e t a l s  a s  s t a r t i n g  m a t e r i a l .  2 - M e r c a p t o b e n z i m i d a z o l e s  (1) w e r e  

c o n d e n s e d  w i t h  a - h a l o a c e t a l s  t o  g i v e  2,3-dihydro-3-hydroxythiazolo[3,2-a] 

b e n z i m i d a z o l e s  (6 )  w h i c h ,  b y  i n t r a m o l e c u l a r  d e h y d r a t i o n  i n  a c i d i c  medium, a f f o r d e d  

thiazolo[3,2-a]benrimidazoles 18). I n  some c a s e s 3 2 2 3 3 ,  i s o l a t i o n  o f  a c e t a l s  o f  

b e n z i m i d a z o l e - 2 - m e r c a p t o c a r b o x a l d e h y d e  ( L ) ,  as p o s s i b l e  i n t e r m e d i a t e s  o f  t h e  

p r o c e s s ,  has  been  r e p o r t e d ;  u n d e r w e n t  c y c l i z a t i o n  t o  t h e  same compounds (!I. 

X = C I ,  Br  
R  = H, Me, Ph 
R1= H, Me 
R'= H, Me 

3 .  By r e a c t i o n  o f  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  p r o p a r g y l  h a l i d e s  

A d i f f e r e n t  k i n d  o f  a p p r o a c h  t 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  d e r i v a t i v e s  i n v o l v e d  

t h e  c y c l i z a t i o n  o f  2 - m e r c a p t o b e n z i r n i d a z o l e  d e r i v a t i v e s  (1) w i t h  p r o p a r g y l  

h a l i d e s  " 3  3 4 - 3 8  . The o b t a i n e d  2-(2-propynylthio)benzimidazoles.HBr ( 9 )  c o u l d  b e  

c o n v e r t e d ,  by h e a t i n g  i n  N ~ / E ~ o H ~ ~ , ~ ~ - ~ ~  o r  i n  A ~ O H I H ~ ( ~ A C I ~ ~ ~ .  i n t o  3 - s u b s t i t u t e d  

thiazolo[3.Z-a]benzimidazales (10). The same intermediates 9 ,  h e a t e d  i n  ( M ~ ~ N ) ~ P O ~ ~  

a f f o r d e d ,  a f t e r  3 . 3 - s i g m a t r o p i c  C l a i s e n  r e a r r a n g e m e n t ,  a  m i x t u r e  o f  2 - s u b s t i t u t e d  

thiarolo[3,2-a]benzimidazoles fl and 2; t r e a t m e n t  o f  9 w i t h  ~ t ~ ~ l ~ t o ~ ~ ~ g a v e  

2,3-dihydro-3-methylenethiazolo[3,2-a]benzimidazole (5, R=H) .  

R e a c t i o n  mechan i sms  f o r  t h e  c y c l i z a t i o n  o f  p r o p a r g y l a m m o n i u m  h a l i d e  d e r i v a t i v e s  

w e r e  d i s c u s s e d 3 4 .  



4 .  By r e a c t l o n  o f  2 - m e r c a p t o b e n z ~ m i d a l o l e s  w i t h  1 , 2 - d i h a l o e t h y l  d e r ~ v a t ~ v e s  

The s y n t h e t i c  r o u t e  w h ~ c h  u t i l i z e s  v l c ~ n a l  d1hal ides6 ,20 ,21 ,23 ,24 ,29 ,39-50  t o  p r o m o t e  t h e  

c y c l i z a t i o n  t o  2 , 3 - d ~ h y d r o t h i a r o l o [ 3 , 2 - a ] b e n z 1 m ~ d a z o l e s  (15) has  been a l s o  

e x p l o i t e d .  The a p p r o a c h  i s  b a s e d  o n  t h e  c o n d e n s a t ~ o n  o f  1 w ~ t h  d i h a l o e t h y l  

d e r ~ v a t i v e s  i n  t h e  p r e s e n c e  o f  b a s i c  r e a g e n t s ,  f o l l o w e d  b y  c y c l i z a t i o n  o f  t h e  

o b t a i n e d  2-(6-ha1oethylthio)benzimidazoles (3). If e t h y l e n e  h a l o h y d r i n s  w e r e  used41 

2-(8-hydroxyethy1thio)benzimidaroles (3, X=OHl w e r e  o b t a i n e d  as i n t e r m e d i a t e s  wh i ch ,  

b y  r e a c t i o n  w i t h  SOC12 , gave  t h e  c o r r e s p o n d i n g  c h l o r o d e r l v a t i v e s  14 ( X = C I ) ;  

f u r t h e r  c y c l i z a t i o n  a f f o r d e d  15. 

X - C 1 ,  Br 
R = H. Ph. l un ) subs t i t u t ed  ~ v r i d i n v l  . . . . 
R'= H, Me, OMe, 
I t2= H, Br, CI, CN, C02Me, NH2, NO2, OEt, OMe 
R 3 =  H, C1, CN, C02Me, NH2, NO2, OEt, OMe 
R" H, Br, Me, NO2 
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5 .  By r e a c t i o n  o f  2 - m e r c a p t o b e n r i m i d a r o l e s  w i t h  o t h e r  r e a g e n t s  

By r e a c t ~ o n  o f  2 - m e r c a p t o b e n z i m i d a z o l e  ( 1 )  w i t h  F ~ C N = C F - C F = N C F ~ ~ ~ O ~  w i t h  h e x a f l u o r o -  

b ~ t - z - y n e ~ ~ ,  2H,3H-2,3-bis(trifluoromethylimino)thiazolo[3,2-a]benzimidazole (16) 
and 2.3-bis1trifluoromethyl1thiazolo[3,2-a]benzimidazole ly) were  o b t a i n e d  

r e s p e c t i v e l y .  

T r e a t m e n t  o f  1 w i t h  a r y l h y d r a z o n e s  o f  e t h y l  y - b r o m o - a , R - d i o x o b u t y r a t e  a f f o r d e d 5 3  

thiazolo[3,2-a]benzim~dazoles 18, whereas  r e a c t i o n  o f  1 w i t h  I - b r o m o - 2 , 3 - e p o x y -  

3 - m e t h y l b u t a n e  g a v e ~ ~ 2 , 3 - d i h y d r o - 3 - l l - h y d ~ ~ ~ Y ~ s o p r o p y l l t h i a z o l o [ 3 , 2 - a ] b e n z i m i d a z o l e  

(lg) and 3-hydroxy-4,4-dimethylthiarino[3,2-a]benzim?dazole 10). 

Only one example of synthesis which s t a r t s  f r o m  1 - s u b s t i t u t e d  2 - m e r c a p t o b e n z i m i d a z o l e  was 

r e p o r t e d 5 5 ;  t h e  r e a c t i o n  w i t h  a - b r o m o p h e n y l a c e t i c  a c i d  g a v e  t h e  2 - p h e n y l - 3 - h y d r o x y -  

t h i a z o l o [ 3 , 2 - a l b e n z i m i d a z o l - 4 - i u m  s a l t .  

A German group56.57 p r e p a r e d  3-phenylthiazolo[3,2-a]benzimidazoles (22) by  t r e a t m e n t  

o f  2 - m e r c a p t o b e n z i m i d a z o l e s  (1) w i t h  m e r c u r y  b i s ( p h e n y l a c e t y 1 i d e )  and a r y l  

i s o c y a n a t e s .  A mechan ism was p o s t u l a t e d  w h i c h  i n v o l v e d  t h e  f o r m a t i o n  of  a  

d i t h i a z e p i n e  (21) and t h e  s u c c e s s i v e  t r a n s f o r m a t i o n  i n  22 b y  e l i m i n a t i o n  o f  

a r y l  i s o c y a n a t e s .  



2 2 - 

6. From 1-(D-hydroxyethyll-2-mercaptobenzimidazoles. 

Qrf'JPh 
NAr 

2.3-0ihydrothiazolo[3,2-a]benzimidazoles ( 5 1  were also prepared by cyclizatlon of 

the 1 - ( D - h y d r o x y e t h y l l - 2 - m e r c a p t o b e n z 1 m 1 d a z o l e s  (24158-60 with SOC12 or POCI3. 

Compounds 24 can be synthesized by boiling i n  a l c o h o l ~ c  KOH a mixture of 

N-(8-hydroxyethyl )-2-aminoanilines (3) with C S ~ ~ ~  , by heating a MeOH solution of 

2-chloro-1-hydroxyethylbenzimidazoles (261 with t h i ~ u r e a ~ ' . ~ ~  or by reduction of 

1 - a c y l m e t h y l - 2 - m e r c a p t o b e n z i m i d a z o l e s  (271 w ~ t h  N ~ B H ~ ~ O  . The intramolecular 

cyclization of 27 with POC13 led to t h i a z o l o l 3 , Z - a l b e n z i m i d a z o i e s  ( ~ l ~ l - 6 ~ .  

R = H, Me, N02, NHz, NHAc at position 6 or 7 
R ' =  H,  alkyl, phenyl, aryl, 2-naphthyl, 2-thienyl 
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7 .  F rom 2 - a c y l -  o r  2 - c y a n o m e t h y l t h i o b e n l i m i d a ~ o l e ~  

By a  s i n g l e  s t e p  r e a c t i o n  o f  2 - a c y l m e t h y l t h i o b e n z i m i d a z o l e s  c a r b o x y l i c  

a c i d  a n h y d r i d e s  i n  t h e  p r e s e n c e  o f  t h e  c o r r e s p o n d i n g  s o d i u m  s a l t s ,  2 - a c y l 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  (301 were  o b t a i n e d .  

R  = COzPh, COzEt, acyl  
R1 = Me, E t ,  Ph 
R 2 =  OH, a l k y l  

R e a c t i o n  o f  c y a n o m e t h y l t h i o b e n z i m i d a z o l e  (211 w i t h  d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t B 8  

g a v e  t h i a z o l o l 3 , 2 - a ] b e n z i m i d a r o l e  d e r i v a t i v e  (32) w h ~ c h  c o u l d  be  also o b t a ~ n e d  f r o m  

benzimidazo[l,2-d][1.2,4]thiadiazol-3(2Hl-one (33169 . A t  90°C w i t h  m a l o n o n i t r i l e ,  

compound 33 a f f o r d e d  t h e  imino d e r i v a t i v e  2 w i t h  e l i m i n a t i o n  o f  i s o c y a n a t e .  

3  4 - 3  3  - 

8 .  By r e a c t i o n  o f  p - b e n z o q u i n o n e  w i t h  2 - a m i n o t h i a z o l e s ,  

A p a r t i c u l a r  m e t h o d  t o  o b t a i n  6 - h y J r o x y 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  (22) was 

d e ~ c r i b e d ~ ~ . ~ ~  by  r e a c t i o n  o f  p - b e n r o q u i n o n e  w i t h  2 - a m i n o t h i a z o l e s  i n  a c e t i c  a c i d .  

R = Me, Ph, a r y l ,  2-naphthyl, 2 - t h i eny l  
R 1 =  H, C02Et, Me, Ph 



9 .  From 1-(2-thiazolyllbenzotriazole 

1-(2-Thiarolyllbenzotriazole ( 3 6 1  g a v e 7 3 - 7 4 9 0 %  o f  thiazolo[3,2-albenzimidazole ( 3 7 1  

on p h o t o l y s i s  and 10% on a c i d  c a t a l y z e d  t h e r m o l y s i s  a l o n g  w i t h  n o n c y c l i c  w a t e r  

s o l u b l e  compounds.  Compound 37 was o b t a i n e d  by  e l i m i n a t i o n  o f  N 2 f r o m  t h e  benzo -  

t r i a z o l y l  g r o u p  and s e l e c t i v e  r i n g  c l o s u r e  o n  t h e  n i t r o g e n  o f  t h e  h e t e r o c y c l i c  

s u b s t i t u e n t .  The p h o t o l y s i s  and t h e  t h e r m o l y s i s  we re  t h o u g h t  t o  i n v o l v e  d i f f e r e n t  

mechan isms.  

8 .  SYNTHESIS OF T H I A Z O L 0 ~ 3 , Z - a l B E N Z I M I D A Z O L - 3 ( 2 H ) - O N E S  

1. By r e a c t i o n  o f  2 - m e r c a p t o b e n z ~ s i d a z o l r s  w i t h  c h l o r o a c e t i c  a c l d  and r e l a t e d  compounds. 

C o n d e n s a t i o n  o f  2 - a e r c a p t o b e n z i m ~ d a z o l e s  ( 1 )  i n  m e t h a n o l  o r  e t h a n o l  w i t h  an  

e q u i m o l e c u l a r  amount o f  c h l o r o a c e i ~ c  a c i d  ( o r  i t s  s o d i u m  s a l t 1  i n  t h e  p r e s e n c e  o f  

AcONa a f f o r d e d  (2-benzimidazolyllthioacetic a c i d  (38) w h i c h ,  u n d e r  v a r i o u s  

c y c l i z a t i o n  c o n d i t i o n s ,  s u c h  as Dowtherm A, AczO/Py o r  d i c y c l o h e x y l c a r b o d ~ ~ m ~ d e / P y ,  

g a v e  t h i a z o l o 1 3 , 2 - a I b e n z i m i d a z o l - 3 ( 2 i l ) - o n 2 s  (39)8,14,16.19-21,24,46,48,75-93, - 

The c y c l i z a t i o n  o f  5 - s u b s t i t u t e d  l e d  t o  t h e  f o r m a t i o n  o f  t w o  i s o m e r s  w i t h  

t h e  s u b s t i t u e n t  i n  6  o r  7  p o s i t i o n ,  as e s t a b l i s h e d  t h r o u g h  nmr a n a l y s i s  o f  t h e  

r e a c t r o n  p r o d u c t s 8 8 . 8 9 .  

The c y c l i z a t i o n  o f  d e r i v a t i v e s  2, p e r f o r m e d  i n  t h e  p r e s e n c e  o f  a r o m a t i c  a l d e h y d e s ,  

g a v ? '  2 - b e n z y l i d e n e  d e r i v a t i v e s  i n  good  y i e l d s  7 6 3 8 1  s g 4 .  These compounds have  a l s o  

been  o b t a i n e d  9 5 - 9 7  by  d i r e c t l y  r e f l u x i n g  2 - m e r c a p t o b e n z ~ m ~ d a z o l e  1 w i t h  a n  

e q u i m o l e c u l a r  amount o f  c h l o r o a c e t i c  a c i d  and a r o m a t i c  a l d e h y d e s .  

R = H, Br, C1, COzMe, COPh, Me, NO2, OMe a t  var ious pos i t i ons  



S i m i l a r l y ,  t h e  r e a c t i o n  b e t w e e n  1 , 2 - d i h y d r o - 2 - r n e r c a p t o b e n z i m i d a ~ 0 1 e  and c h l o r o a c e t i c  

a c i d  a f f o r d e d 9 8  9 , 9 a - d i h y d r o t h i a z o l o [ 3 , Z - a ] b e n z i m i d a z o l - 3 2 H - o n e  ( 4 0 ) .  - 

2-la-Hydroxyethylidene)thiazolo[3.2-a]benzimidazol-3(2H)-one a c e t a t e  e s t e r  (2) was 

p r e p a r e d g g b y  r e f  l u x i n g  i n  Ac20  t h e  a p p r o p r i a t e  ( 2 - b e n z i m i d a z o l y l  t h i o l a c e t ~ c  a c i d  (411. 

2-Arylhydrazonothiazolo[3,2-a]benrimidazol-32Hl-ones ( 4 3 )  - w e r e  s y n t h e s i z e d  

i n  one s t e p  by t r 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  ( 1 )  w i t h  a r y l a z o c h l o r o a c e t y l  

c h l o r i d e  i n  an  o r g a n i c  s o l v e n t ,  e . g .  a  r n l x t u r e  o f  d i o x a n e  and b e n z e n e ,  i n  t h e  

p r e s e n c e  o f  a  HCI a c c e p t o r  as E t 3 N .  

U n d e r  s i m i l a r  e x p e r i m e n t a l  c o n d i t i o n s ,  1 r e a c t e d  w i t h  p h e n y l i m i n o c h l o r o a c e t y l  

c h l o r i d e  t o  g i v e 1 0 1 , 1 0 3  2-(phenylimino)thiazolo[3,2-a]benz1rnidazol-3(2H)-one ( H ) .  



2 .  By r e a c t i o n  o f  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  a c e t y l e n e d i c a r b o x y l a t e  

The r e a c t i o n  b e t w e e n  1 and  d i m e t h y l  o r  d i e t h y l  a c e t y l e n e d i c a r b o x y l a t e  i n  a c e t i c  

a c i d  o r  m e t h a n o l ,  w h i c h  i n  e a r l i e s t  pape rs104 ,105  was c l a ~ m e d  t o  g i v e  t h e  t h i a z o l o -  

b e n z i m i d a z o l e  45 as u n i q u e  p o l y c y c l i c  compound, h a s  b e e n  s u c c e s s i v e l y  i n v e s t i g a t e d .  

I n  f a c t ,  i t  h a s  been  p o i n t e d  a n  i s o m e r i c  compound c a n  a l s o  be  o b t a i n e d  

t o  w h i c h  s t r u c t u r e  9 was a s s i g n e d .  F i n a l l y ,  t h e  r e a c t i o n  p a t h w a y  h a s  been  f u l l y  

e l u c i d a t e d :  2 - m e r c a p t o b e n z i m i d a d e  and  d i m e t h y l  a c e t y l e n e d i c a r b o x y l a t e  r e a c t  i n  w e t  

o r  d r y  a c e t o n i t r i l e  t o  g i v e  o n l y  5 , w h i l e  i n  d r y  m e t h a n o l  46 i s  t h e  o n l y  i s o l a t e d  

p r o d u c t .  I t  has  been  shown t h a t  a d d u c t  5 can  be  c o n ~ e r t e d ~ ~ ~ , ~ ~ ~  i n t o  46 b y  r e f l u x i n g  

i n  d r y  m e t h a n o l ;  t h i s  r e a r r a n g e m e n t  i s  c a t a l y z e d  b y  b a s i c  i m p u r i t i e s  1e .g .  MeONa), 

s o  i t  d o e s  n o t  o c c u r  i n  m e t h a n o l  c o n t a i n i n g  c a t a l y t i c  amoun ts  of  a c e t i c  a c i d .  

S t r u c t u r e  5 was c o n f i r m e d l o 6  b y  X - r a y  c r y s t a l l o g r a p h i c  a n a l y s i s  and by i t s  p repara t ion  

f r o m  1 v i a  c o n d e n s a t i o n  w i t h  m a l e i c  a n h y d r i d e  f o l l o w e d  b y  s u c c e s s i v e  m e t h y l a t i o n  w i t h  

CHzN2 i n  THF, b r o m i n a t i o n  i n  AcOH and d e h y d r o b r o m ~ n a t i o n  i n  a l k a l i n e  solution. 

45 - 
R = Me, E t  

3 .  By r e a c t i o n  o f  2 - m e r c a p t o b e n r i m i d a z o l e s  w ~ t h  o t h e r  b i f u n c t i o n a l  r e a g e n t s .  

T r e a t m e n t  o f  2 - m e r c a p t o b e n z i m i d a r o l e s  1 1 )  w i t h  h e x a f l ~ o r o - l , 2 - e ~ o x y ~ r o ~ a n e ~ ~ ~  o r  

w i t h  m a l e i c  a n h y d ~ i d e l ~ ~ , ~ ~ ~  s112  gave  2 - s u b s t i t u t e d  t h 1 a z o l o [ 3 , 2 - a ]  b e n z i m i d a z o l -  

3 ( 2 H ) - o n e s  47 and 48 r e s p e c t i v e l y .  

When 1 was t r e a t e d  w i t h  2 - c h l o r o h y d r o x a m o y l  ~ h l o r i d e l l ~ , ~ ~ ~ ,  t h , a z o l o [ 3 , 2 - a ]  b e n z i -  

r n i d a z o l - 3 - o x i m e  (49) was o b t a i n e d  w h i c h ,  by r e a c t i o n  w i t h  MeCNO gave  t h e  

c o r r e s p o n d i n g  0 - m e t h y l a m i n o c a r b o n y l  d e r i v a t i v e .  
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C .  SYNTHESIS OF THIAZOL0[3,4-a1BENZIMIDAZOLES 

O n l y  few p a p e r s  c o n c e r n i n g  t h e  c h e m i s t r y  and t h e  b i o l o g i c a l  a c t i v i t y  o f  t h i a z o l o -  

[ 3 , 4 - a ] b e n z i m i d a z o l e s  h a v e  a p p e a r e d .  The c y c l o c o n d e n s a t i o n  o f  s u i t a b l e  s u b s t i t u t e d  

b e n z i m i d a z o l e s  (50) w i t h  s u l f u r  c o n t a i n i n g  compounds i s  t h e  m o s t  g e n e r a l  s y n t h e t i c  

a p p r o a c h .  

By r e a c t i o n  o f  2 - ( c h l o r o m e t h y 1 ) b e n z i m i d a z o l e s  (50)  w i t h  ammonium t h i o c y a n a t e  i n  

m e t h a n o l  l-imino-1H,3H-thiazolo[3,4-a]benzimidazoles ( 2 )  w e r e  o b t a i n e d 1 1 5 - 1 1 8  , 
w h i c h  by t r e a t m e n t  w i t h  conc .  HC1 gave115,116,118 lH,3H-thiazolo[3,4-a]ben~imidarol-l-ones (52).  - 
Compound 2 have  been  a l s o  s y n t h e s i z e d  b y  i n t r a m o l e c u l a r  c y c l i z a t i o n  o f  2 - ( t h i o -  

c y a n o a l k y l  ) b e n z i m i d a z o l e s l l g .  

R = H ,  Me, ( u n l s u b s t i t u t e d  benzylidene, th ieny l idene,  f u r f u r y l ~ d e n e  
R ' =  H, Me; R2=  H, C1, Me 

By c y c l i z a t i o n  of 1,2-dibenzoylbenzimidazole (53) w i t h  P 2 S 5 ,  1 , 3 - d i p h e n y l t h i a z o l o -  

[ 3 , 4 - a l b e n r i m i d a z o l e  (z), a  new 1 0 n - e l e c t r o n  h e t e r o c y c l e  c o n t a i n i n g  t e t r a v a l e n t  

s u l f u r ,  was p r e p a r e d 1 2 0 - 1 2 1 .  

5 3  - 54 - 

R e c e n t l y 1 P 2  a  n o v e l  one  p o t  s y n t h e s i s  o f  l H , 3 H - t h i a z o l o [ 3 , 4 - a ] b e n z i m i d a z o l e s  ( 5 6 )  - 

h a s  been  d e v e l o p e d  b y  t h e  a u t h o r s  o f  t h e  p r e s e n t  r e v J e w ,  s t a r t i n g  f r o m  v e r y  s i m p l e  

a n d  e a s i l y  a v a i l a b l e  p r e c u r s o r s .  o - P h e n y l e n e d i a m i n e  (55) was made t o  r e a c t  w i t h  a  

v a r i e t y  o f  c a r b o n y l  compounds i n  an e x c e s s  o f  2 - m e r c a p t o c a r b o x y l i c  a c i d s :  compounds 

56  w e r e  o b t a i n e d  i n  g o o d  y i e l d s .  The s p e c t r a l  d a t a  ( ' H - n m r  and  ms) o f  t h e  - 

s y n t h e s i z e d  compounds w e r e  a l s o  r e p o r t e d .  

R2 , R' I o=c 
'R 

+ HSCHCOOH 

R 

R = a l k y l ,  phenyl 
R1= H, Me, Et; R2= H, Me 



D. SYNTHESIS OF THIAZOL0[3,2-c]BENZIMIOAZOLES 

O n l y  one e x a m p l e  o f  s y n t h e t i c  a p p r o a c h  t o  t h i a z o l o [ 3 , 2 - c ] b e n z i m i d a z o l e  s y s t e m  was 

r e p o r t e d  lZ3. C y c l o a d d i t i o n  o f  5-aryl-3-methylirnidaro[5,1-blthiazoles (57) w i t h  

d i a l k y l  a c e t y l e n e d i c a r b o x y l a t e  i n  an  a p r o t i c  s o l v e n t  gave  a  number of  p r o d u c t s  

i n c l u d i n g  e p i m e r i c  thiazolo[3,2-c]benzimidaroles 1 % ) .  

R  = Me. E t  

1 1 1  REACTIONS OF THIAZOLOBENZIMIOAZOLES 

V e r y  l i t t l e  d a t a  c o n c e r n i n g  t h e  r e a c t l v l t y  o f  t h i a z o l o [ 3 , 2 - a ]  and  [ 3 , 4 - a l b e n z i m i d a -  

r o l e s  h a v e  been p u b l i s h e d .  On t h e  c o n t r a r y ,  numerous  r e p o r t s  d e a l  w i t h  t h e  c h e m i c a l  

b e h a v i o u r  o f  t h i a z o l o [ 3 , 2 - a ~ b e n r i m i d a r o l - 3 i 2 H ) - o n e s  o w i n g  t o  t h e  m o b i l i t y  o f  

m e t h y l e n e  p r o t o n s  a d j a c e n t  t o  t h e  c a r b o n y l  g r o u p .  

I n  a s t u d y  on  t h e  t h i o c y a n a t i o n  and  b r o m i n a t i o n  o f  h e t e r o c y c l i c  c o m p o u n d s 1 5 ,  Kano 

r e p o r t e d  t h a t  t h i o c y a n a t i o n  o f  t h i a z o l o [ 3 , 2 - a ] b e n r i m i d a r o l e  d e r i v a t i v e s  (59)  d i d  

n o t  p r o c e e d ,  whe reas  2-bromo d e r i v a t i v e s  c a n  be o b t a i n e d  i n  good  yields15,124by b r o m i n e  

i n  CHCI3 s o l u t i o n .  B r o m i n a t i o n  o f  a n a l o g o u s  s u b s t r a t e s  (59) w i t h  N - b r o m o s u c c i n i m i d e  

l e d  t o  2 -b romo-  and  2 , 8 - d i b r o r n o t h i a z o l 0 [ 3 , 2 - a ] b e n z i m i d a r o l e s ~ ~ .  

Compound 59 ( R ' = R ~ = H ,  R=Me) was a l l o w e d  t o  r e a c t  w i t h  a  cephem d e r i v a t i v e  t o  g i v e  

t h i a z o l o [ 3 , 2 - a ] b e n r i m i d a z o l i u m  9-cephem s u b s t i t u t e d  ( g ) 1 2 5 .  

R = Me, Ph, p-CI-, p-BrPh 
R t =  H, Br 
R2= H, Me 

~ y c l o a d d i t i o n l 2 6 , 1 2 7  o f  3-methylthiazolo[3,2-albenzimidazole (61) w ~ t h  d i m e t h y l  

a c e t y l e n e d i c a r b o x y l a t e  f o l l o w e d  d u a l  c o u r s e s  d e p e n d i n g  on  t h e  p o l a r i t y  o f  t h e  
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s o l v e n t .  W i t h  an  a p r o t i c  non p o l a r  s o l v e n t ,  p y r r o l o [ 2 , 1 - b I t h i . 1 z o l e  (62) was 

o b t a i n e d ,  w h i l e  t h e  f o r m a t i o n  o f  pyrido[l,Z-a]benzimidazole 1%) was o b s e r v e d  i n  an  

a p r o t i c  p o l a r  s o l v e n t .  The same compound r e a c t e d  w i t h  m e t h y l  p r o p i o l a t e  i n  MeCN t o  

g i v e l Z 8  a  t h i a r a l o [ 3 , 2 - a ]  [I ,5] b e n z o d i a z e p i n e  1%): t h e  r e a c t i o n  mechan ism i n v o l v e d  

a  d i p o l a r  c y c l o a d d i t i o n  f o l l o w e d  by  a  r i n g - e n l a r g e m e n t .  

2,3-Dihydrothiazolo[3,Z-a]benzimidazoles (65) by  o x i d a t i o n  gave49 3 - o x i d e  d e r ~ v a -  

t i v e s ,  whe reas  t h e  o x i d a t i o n  o f  t h e  a n a l o g o u s  3 - h y d r o x y  d e r i v a t i v e  (R=H, Rb=OH) 

a f f o r d e d 5  thiazolo[3,Z-a]benzimidazol-3l2Hl-one. Tau to rne r i s rn  o f  t h e  2 , 3 - d ~ h y d r o -  

3-hydroxythiazolo[3,2-a]benrimidazoles was a l s o  i n v e s t i g a t e d .  Compounds 65 IR=H, 

R 1 = M e ,  O H )  u n d e r w e n t  n i t r o g e n  a c e t y l a t i o n  and r e a r r a n g e m e n t  u n d e r  a c e t y l a t i n g  

c o n d i t i o n s 5 .  

R = H, Ph, Py 
R 1 =  H, Me, OH 

The m o b i l i t y  o f  t h e  p r o t o n s  o f  t h e  m e t h y l e n e  g r o u p  a t  p o s i t i o n  2  i n  t h e  t h i a z o l o -  

13.2-a]benrimidazol-3(2H)-one d e r i v a t i v e s  was e v i d e n c e d  by  t h e  r e a c t ~ o n  w i t h  

a r y l d i a z o n i u m  s a l t s ,  n i t r o s o  compounds and a r o m a t i c  a l d e h y d e s .  



Thus,  t r e a t m e n t  w i t h  ~ r ~ 0 ~ ~ ' ~ ~ , ~ ~ , ~ ~  and A ~ N $ x - ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ , ~ ~ ~ , ~ ~ ~  a f f o r d e d  i m i n o -  

66 and d i a z o  d e r i v a t i v e s  67 r e s p e c t i v e l y .  - 

When t r e a t e d  w i t h  G r i g n a r d  reagen ts131  2 - a r y 1 a z o t h i a z o 1 o [ 3 , 2 - a ] b e n z i m i d a z o 1 - 3 l Z H ) - o n e s  

67 unde rwen t  o p e n i n g  of t h e  t h i a z o l e  r i n g  t o  g i v e  2-(1-arylazo-2,2-diaryl-2- - 
hydroxyethy1mercapto)benzimidazoles (681, whereas  i m i n o  d e r i v a t i v e s  66 showed 

a d d i t i o n  t o  t h e  c a r b o n y l  g r o u p  i n  t h e  same e x p e r i m e n t a l  c o n d i t i o n s .  

6 8  - 
R = Ph, p-MePh, PhCH2 

Compound 67 (R=H) was a l s o  r e d u c e d  w i t h  sod ium h y d r o s u l f i t e  and t h e  r e s u l t i n g  

am ine  was t r e a t e d  w i t h  a r y l  i s o c y a n a t e s  t o  g i v e  2-12-thio-3-arylureido)thiazolo[3,2-a]- 

b e n z i m i d a z o l - 3 1 2 H ) - o n e s  1 6 9 ) 1 3 0 .  

The e l e c t r o c h e m i c a l  r e d u c t i o n 1 3 2  and o x i d a t i o n 1 3 3  of a  s e r i e s  o f  Z - a r y l a z o t h i a z o l o -  

[3,2-albenzimidazol-3(2H)-ones were  a l s o  examined  and t h e  o b t a i n e d  p r o d u c t s  we re  

i s o l a t e d  and i d e n t i f i e d .  

By r e f l u x i n g  thiazolo[3,2-a]benzimidazol-3(2H)-ones (70) w i t h  s u i t a b l e  a r o m a t i c  

a l d e h y d e s  i n  Py/dicyclohexylcarbodiimide o r  i n  AcOH/AcONa, 2 - a r y l i d e n e t h i a z o l o -  

[3,2-a]benzimidazol-3(2H)-ones ( 7 1 )  - were o b t a i n e d 8 3 4 8 , 7 6 , 7 8 - 8 2 7 8 4 , 8 6 , 9 5 3 1 3 4 - 1 3 8 .  

Some 2, a - d i b r o m o d e r i v a t i v e s  were  a l s o  prepared8.84 by  a d d i t i o n  o f  b r o m i n e  t o  t h e  

e x o c y c l i c  d o u b l e  bond.  
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In a similar way, reaction of 70 (R=H) with acetone in EtCH in the presence of 

piperidine gave the corresponding 2-isopropylidene derivative7$. 

~~'~ - RCHO 

N-O 

70 - 71 - 

R = Phenyl, aryl, heteroaryl 

Condensation reaction139 of 70 (R=H) with 2-nitrobenzaldehyde,followed by reductive 

cyclization,afforded quinolino[3,2:5',4']thiazolo[3',2'-a]benzimidarole (z). 

Polarographic reduction140and anodic ~ x i d a t i o n l ~ ~ o f  some 2-arylidenethiarolo[3,2-a] 

benzimidazol-3(2H)-ones were also investigated. 

Hydrolysis of derivatives both in acidic and alkaline medium afforded 

5-arylidene derivatives o f  3 - ( o - a m i n o p h e n y l ) t h i a z o l 1 d 1 n e - 2 , 4 - d i o n e  (73)79,96 and 

a-(2-benzimidazo1ylthio)-O-arylacrylic acids ( E l g 4  respectively. Analogoulsy, 

compounds 70 treated with HC1 gave7* 3 - ( 0 - a m i n o p h e n y 1 ) t h i a z o l i d i n e - 2 . 4 - d i o n e ;  

2-(2-benzimidaro1ylthio)succinic acid (75) - was obtained141 from alkaline (NaOH) 

treatment of thiazolo[3,2-a]benzimidazol-3L2H)-on-2 -acetic acid. 

By action of amines on thiarola[3,2-a] benzimidazol-3(2H)-one (21, amides of 
131 (2-benzimidazoly1thio)acetic acid (5) were available . 

R = alkyl, aryl 
7 5  - 76 - 



~ y c l o c o n d e n s a t i o n ~ ~ ~  o f  some 2-arylidenethiarolo[3,2-a]benzimidazol-3~2H)-ones (11) 
w i t h  m a l o n o n i t r i l e ,  e t h y l  c y a n o a c e t a t e  and  c y a n o a c e t a m i d e  a f f o r d e d  p y r a n o  and  

pyrido[2,3:4',5']thiazolo[3,2-a]benzimidazole d e r i v a t i v e s  (2). 

G r i g n a r d  r e a g e n t s  added  t o  t h e  e x o c y c l i c  C=C bond  i n  2 - a r y l i d e n e  d e r i v a t i v e s  II t o  

g i v e 1 3 1  t h e  c o r r e s p o n d i n g  2 - ( a - a l k y l t  and  2 - ( a - a r y l ) b e n z y l t h i a z o l o [ 3 , 2 - a l b e n z i m i d a -  

z o l - 3 ( 2 H ) - o n e s .  F u r t h e r m o r e ,  compounds II r e a c t e d  w i t h  d i a z o m e t h a n e 1 3 1  t o  g i v e  t h e  

c o r r e s p o n d i n g  a - m e t h y l  d e r i v a t i v e s .  

M a n n i c h  b a s e s  78 were  p r e p a r e d a 3  i n  goad  y i e l d s  f r o m  t h i a z o l a [ 3 . 2 - a ] b e n z i m i d a r o l -  

3 ( 2 H ) - o n e  (70). 

78 - 
R = R'= a l k y l ,  phenyl 

By h e a t i n g  w i t h  d i s u b s t i t u t e d  f o rmamides  and  P O C l 3 ,  70 g a v e  N , N - d i s u b s t i t u t e d  

a m i n o m e t h y l e n e  d e r i v a t i v e s  79143,144 . These  compounds c o u l d  be  a l s o  o b t a i n e d  b y  

r e a c t i o n  of  2-ethoxymethylenethiazolo[3,2-a]benzimidazol-3(2Ht-one (80) w i t h  

p r i m a r y  a r n i n e ~ l ~ ~ .  S u c c e s i v e  r e a c t i o n  o f  79 w i t h  POC13 a f f 0 r d e d ~ ~ ~ 3 - c h l o r o t h i a z o l o -  

[3,2-albenzimidazole-2-carboxaldehyde 181). 

8 0  - 

R = R ' =  H, Me; R2= Me, NH2. CH2CH20H, CH2COOH, Ph, p-N02Ph 
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M e r o c y a n i n e  d y e s  ( 8 2 )  w e r e  p r e p a r e d  b y  h e a t i n g ,  i n  t h e  p r e s e n c e  o f  a  c a r b o x y l i c  

a c i d  a n h y d r i d e  and a  t e r t i a r y  b a s e ,  thiazolo[3,2-a]benrimidazol-3l2Hl-one 

( 7 0 1 7 7 , 1 4 6 - 1 5 1  - o r  (2-benzimidazo1ylthio)acetic a ~ i d l ~ ~ w i t h  a  q u a t e r n a r y  s a l t  o f  a  

f i v e -  o r  s i x - m e m b e r e d  mono o r  b i c y c l i c  h e t e r o - c o m p o u n d s  c o n t a i n i n g  a  r e a c t i v e  

t h i o e t h e r  o r  v i n y l  g r o u p  i n  a - p o s i t i o n .  

7  0  - 8 2  - 
9c 

R = MeS, EtS, PhNH; PhN-; R ' =  Me, Et; n=0,1,2 

Z = res idue of imidazole,  p y r r o l e ,  t h i azo le ,  benzimidazole, i ndo le ,  benzothiazole,  
benzoxazole, qu ino l ine .  

S i m i l a r l y l S 1  70 was c o n d e n s e d  w i t h  i t s  a c e t a n i l i d o m e t h y l e n e  ( n = O l  o r  a c e t a n i l i d o -  

a l l y l i d e n e  I n - 1 )  d e r i v a t i v e s  ( 8 3 1  ( a s  q u a t e r n a r y  s a l t s 1  t o  g i v e  d y e s  84. 

8 3  - 8 4  - 
qc 

R = CH-ICH=CH),N-Ph 

n  =0,1 

A n o t h e r  r o u t e  t o  m e r o c y a n i n e  d e r i v a t i v e s  proceeded77,153-157, i ,  2 - e t h o x y m e t h y l e n e -  

thiarolo[3.2-a]benzimidazol-3lZHl-one 1 8 0 )  w i t h  1 - m e t h y l  s u b s t i t u t e d  n i t r o g e n  

h e t e r o c y c l e s .  Compound 80 was o b t a i n e d  b y  r e a c t i o n  o f  2 w i t h  e t h y l  o r t h o -  

formate 77,136,145,153-157. .  

Z = n i t r ogen  con ta i n i ng  he te rocyc l i c  residue,  such as imidazole,  t h i ad i azo le ,  t e t r azo le ,  t r i a z o l e  
benzothiazole,  pyrazole.  



i t  was r e p o r t e d 1 4 7 t h a t  t h e  c o n d e n s a t i o n  r e a c t i o n  b e t w e e n  2 - [ ( 1 , 5 , 5 - t r ~ m e t h y l - 4 -  

methylthio)-3-imidazolyl-2-ylidene]thiazolo[3,2-a]benzimidazol-3~2H)-one (86) and 

e t h i o d i d e  o f  q u i n a l d i n e  o r  e t h i o d i d e  o f  2 - m e t h y l b e n z o t h i a z o l e  g a v e  t h e  d y e  87. 
,-., . . 

Z = res idue of qu ino l ine ,  benzothiazole.  

A l l  t h e  above  m e n t i o n e d  m e r o c y a n i n e  d y e s  and o t h e r  c o r r e l a t e d  compounds a r e  u s e f u l  

a s  p h o t o g r a p h i c  s e n s i t i z e r s  f o r  s i l v e r  h a l i d e  emulsions77,137,146-168. 

Few d a t a  o n  t h e  r e a c t i v i t y  o f  t h i a r o l o [ 3 , 4 - a l b e n z i m i d a ~ o l e ~  c o n c e r n e d  t h e  3 - i m i n o  

d e r i v a t i v e s  21; r e a c t i o n  w i t h  i s o c y a n a t e s  l1 and a c y l  a n h y d r i d e s ]  17 .1  l g a f f o r d e d  

t h i a z o l o b e n z i m i d a z o l y l i d e n e u r e a s  (88) and t h i a z o l o b e n z i m i d a z o l y l i d e n e a m i d e s  (89) 
r e s p e c t i v e l y .  

c0R3 
R = R i = H ,  C1, Me 
R 2 =  Ph, p-NePh, COCCI3 
R 3 =  Me, O E ~ ,  ~ h  
R'= Me, O E ~ ,  ~ h ,  N H P ~  

A  c y c l o a d d i t i o n  r e a c t i o n  w i t h  a l k e n e s  and  a l k y n e s l Z O  was r e p o r t e d  f o r  1 , 3 - d i p h e n y l -  

thiazolo[3,4-a]benzimidazole (2) c o n t a i n i n g  t e t r a v a l e n t  s u l f u r ,  w h i c h  o c c u r r e d  

a c r o s s  t h e  t h i o c a r b o n y l  y l  i d e  d i p o l e  i n  h i g h l y  s t e r e o s e l e c t i v e  a n d l o r  

r e g i o s p e c i f i c  f a s h i o n s .  

The r e a c t i o n  o f  54 w i t h  6 , 6 - d i p h e n y l f u l v e n e  g a v e  a  m i x t u r e  o f  r e g i o i s o m e r i c  

exo- i4+2]  and endo-[4+2] a d d u c t s  =l2l. W i t h  t r o p o n e  and  8 . 8 - d i c y a n o h e p t a f u l v e n e  t h e  

t h e  r e a c t i o n  p r o c e e d s  v i a  a  [4+2]  c y c l o a d d i t i o n  t o  t h e  C 4 - C 5  and  CI -C2 b o n d  o f  t h e  

addend  t o  a f f o r d  t h e  e x o - a d d u c t  and  d e s u l f u r i z e d  compound 5 r e s p e c t i v e l ~ ' ~ ' .  

9 0 a  Z = res idue o f  6.6-diphenylfulvene - 
9 0 b  Z = res idue of t ropone - 
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1V SPECTROSCOPY 

The f i r s t  u v ,  nmr and mass s p e c t r a  we re  r e p o r t e d  f o r  2 -  and  3 - m e t h y l  and 2- and 

3 - p h e n y l  t h i  azo lo [3 ,2 -a ]  b e n z i m i d a z o l e s  9. Uass spect ra l  f ragmentat ion pat terns  were analyzed 

and t h e  s t r u c t u r e  o f  2 -  o r  3 - s u b s t i t u t e d  thiazolo[3,2-a]benzimidazoles was c o n f i r m e d  

~ v ~ ~ ~  , i r ,  n m r 5 7 a n d  mass s p e ~ t r a ~ , ~ ~ ~  o f  o t h e r  thiazolo[3,2-albenzimidazoles were 

s u c c e s s i v e l y  r e p o r t e d ;  t h e  s p e c t r o s c o p i c  d a t a  we re  c o r r e l a t e d  w i t h  t h e  s t r u c t u r e s  

o f  t h e  examined  compounds. Pmr s p e c t r a  and e l e c t r o n  s t r u c t u r e  o f  n e u t r a l  bases and 

c a t i o n s  o f  thiarolo[3,2-albenzimidazole and i t s  m e t h y l  d e r i v a t i v e s  were  a l s o  

i n v e s t i g a t e d 1 7 1 .  A  d e t a i l e d  s t u d y  d e a l t  w i t h  t h e  dependence o f  c h e m i c a l  s h i f t s  f r o m  

t h e  c o n c e n t r a t i o n  o f  t h e  acid.  A  s a t i s f a c t o r y  l i n e a r  c o r r e l a t i o n  was n o t e d  be tween  

c h e m i c a l  s h i f t s  and  n - e l e c t r o n  d e n s i t y .  

The c r y s t a l  s t r u c t u r e s  o f  Z,8-dibromo-6,7-dimethyl-3-phenylthiazolo[3,2-a]benzimi- 

d a z o l e  (92)  5 7 ,  o f  9 - p h e n a c y l -  and 9-lp-methylphenacy1)-3-phenylthiazolo[3,2-a]- 

b e n z i m i d a z o l e  b r o m i d e s  ( 9 3 1 ~ ~ ~  were d e t e r m i n e d  by  X - r a y  me thods .  A l l  t h e  compounds 

a r e  m o n o c l i n i c  and c r y s t a l l i z e  i n  space  g r o u p  P 2 1 1 c ;  t h e  t h i a z o l o b e n z i m i d a r o l e  

s y s t e m  i s  p l a n a r .  

CH&OR R = Ph, p-MePh 

~ v 1 6 9 a n d  mass ~ ~ e c t r a ~ ~ 3 , 1 7 4 o f  2 , 3 - d i h y d r o t h i  a z b l o [ 3 , 2 - a ]  b e n z i m i d a r o l e s  have  been 

r e p o r t e d .  Mass s p e c t r a  f r a g m e n t a t i o n  p a t t e r n s  t o o k  p l a c e  v i a  t h e  o p e n - c h a i n  fo rm;  

some u n i m o l e c u l a r  d e c o m p o s i t i o n s  we re  p r o p o s e d  and a n a l y z e d .  Uv, i r  and n m r  s p e c t r a  

o f  2,3-dihydro-3-hydroxy-3-lp-chlorophenyl)thiazolo[3,2-a]benzimidazol - 2 - a c e t i c  

a c ~ d  94 and i t s  e t h y l  e s t e r  showed t h a t ,  i n  t h e  s o l i d  s t a t e , t h e s e  compounds e x i s t  

i n  t h e  t r i c y c l i c  f o r m ;  i n  s o l u t i o n  a t  n e u t r a l  o r  h i g h  pH v a l u e s  t h e  open f o r m  95 i s  

p r e s e n t  w h i l e  c l o s e d  t r i c y c l i c  s t r u c t u r e  94 i s  t h e  one assumed i n  a c i d  medium. 



W i t h  r e g a r d  t o  t h e  s y n t h e s i s  o f  thiazolo[3,2-a]benzimidazol-3(ZH)-ones, t h e  r e g i o -  

c h e m i s t r y  o f  t h e  o b t a i n e d  p r o d u c t s ,  w h e r e v e r  t w o  i s o m e r i c  d e r i v a t i v e s  a r e  l i k e l y  t o  

b e  o b t a i n e d ,  was e s t a b l i s h e d  t h r o u g h  d e t a i l e d  nmr a n a l y s i s E 4 .  The s t r u c t u r e s  o f  t w o  

p o s s i b l e  i s o m e r s  o f  6- o r  7 - s u b s t i t u t e d  thiazolo[3,2-a]benzimidazol-3(2H)-ones (96) 
and  (97) have  a l s o  been  d e d u c e d  o n  t h e  b a s i s  o f  Eu ldpm)3  - i n d u c e d  nmr s p e c t r a  o f  

r e a c t i o n  m i ~ t u r e ~ ~ , ~ ~ .  

9 6 - 9  7  - 
R = H, Br, C 1 ,  Me, NO?. OMe 

' H -  and  "C-nmr d a t a  o f  2-methoxycarbonylmethylenethiazolo[3,2-a]benzimidazol-3(2H)- 

o n e  h a v e  been  r e p o r t e d  and d i s c u s s e d l o B .  

Nmr d a t a  o f  1H,3H-thiazolo[3,4-a]benzimidazoles (E) 1- a n d l o r  3 - s u b s t i t u t e d  have been 

r e p o r t e d 1 2 2 .  The d e t e c t i o n ,  b y  GCIMS o f  some i n t e r m e d i a t e s ,  s u p p o r t e d  t h e  p r o p o s e d  

r e a c t i o n  p a t h w a y .  

R = H, Me; R t =  H, Me, E t  
R2=  a l k y l ,  phenyl 

V .  BIOLOGICAL ACTIVITY 

Bactericidal24,28,45,48,92,175 and f u n g i c i d a l  24328 ,48 ,97  a c t i v i t y  f o r  s e v e r a l  

d e r i v a t i v e s  99, 100, 101 and  102 has  been  r e p o r t e d .  
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Compounds 99 e x h i b i t  a l s o  a n t h e l m i n t i c 4 5 ,  a n t i n f l a m m a t o r y l 7 6  . v i r u c i d e 4 2 , 1 7 7  , 

a n t i p y r e t i c 4 2 ,  h y p o t e n s i v e 5 0 ,  a n o r e t i c s o ,  a n t i u l c e r 4 g a n d  a n t i v i r a l l 7 7 a c t i v i t y ;  some 

o f  t h e m  a r e  a l s o  a n a p h y l a x i x  i n h i b i t o r s 4 2 .  

D e r i v a t i v e s  100 a r e  u s e f u l  as h e r b i c i d e s l 0  and  t h e i r  q u a t e r n a r y  s a l t s  show 

h y p o g l i c e m i c  a c t i v i t y  30,31 . Some d e r i v a t i v e s  a r e  a b l e  t o  i n h i  b i t  a l k a l i n e  

p h o s p h a t a s e  o f  Sa rcoma  1 8 0 / ~ ~ 1 7 8 .  

S e v e r a l  compounds x w e r e  t e s t e d  a s  p l a n t  g r o w t h  r e g u l a t o r s 1 " ,  a n t ~ t r o m b o t i c s ~ ~ ~ ,  

h y p o 1  i p e m i c s l l  ? a n d  a n t i c o n v u l  s a n t s 8 3 . 1 3 0 .  

~ n t h e l m i n t i c 4 8  , i n s e c t i c i d a l  5 1 ,  p e s t i c i d a l  5 1 ,  a n t i c o n v u l s ~ n t  79 ,86sg6 , 1 3 8 ,  t i ypo -  

t e n s i v e g 6  a c t i v i t y  f o r  compounds 102 have  been  o b s e r v e d .  I n  a d d i t i o n ,  t h e y  a r e  a b l e  

t o  i n h i b i t  MA0 and s u c c i n a t e  d e h y d r ~ g e n a s e l ~ ~ .  

Numerous  s t u d i e s  h a v e  b e e n  r e p o r t e d  f o r  2,3-dihydro-3-hydroxy-3-lp-chlorophenyl)- 

thiazolo[3,2-albenzimidazol - 2 - a c e t i c  a c i d  (WY 1 3 8 7 6 )  ( 1 0 3 )  - w h i c h  shows a n t i t u m o r  

and  a n t i m e t a s t a t i c  a c t i v i t ~ ~ ~ ~ , ~ ~ ~  . F u r t h e r m o r e ,  i t  e x h i b i t s  i m m u n o m o d u l a t i n g  

e f f e c t s 1 8 1 - 1 8 3 b u t  c a u s e s  e n l a r g e m e n t  o f  t h e  t h y r o i d  o f  r a t s  and  dogs184 .  

A n o t h e r  compound l a r g e l y  t e s t e d  i s  3-(p-chlorophenyl)thiazolo[3,2-albenzimidazol- 

2 - a c e t i c  a c i d  (WY 1 8 2 5 1 )  1 1 0 4 ) .  - o b t a i n e d  b y  d e h y d r a t i o n  o f  W Y  13876 .  T h i s  compound 

shows a n t i n e o p l a s t i c  30.185 , a n t i m e t a s t a t i c  186 ,187  , i m m u n o m o d u l a t o r y  1 8 8 - 1 9 0 a n d  

antinflammatorylg0-l9lactivity. W Y  18251 ,  m i x e d  w i t h  i n f l u e n z a  v a c c i n e  and  i n j e c t e d  

i . m .  i n  m i c e ,  p o t e n t i a t e d  t h e  immune r e s p o n s e  t o  t h e  v a c c i n e 3 I  . It i s  a l s o  a n  

i n h i b i t o r  o f  mamma l i an  c o l l a g e n a s e l g 2  and  i s  a c t i v e  on t h e  g e n e r a t i o n  o f  m u r i n e  

T C e l l s  s u p p r e s s o r  lg3. C o n t r a r i l y  t o  W Y  13876 ,  i t  i s  n o t  t h y r o t o x i c l 8 4 .  B i o l o g i c a l  

f a t e  o f  W Y  18251  was a l s o  i n v e s t i g a t e d 1 9 4 - 1 9 5 ,  

W i t h  r e g a r d  t o  t h i a z o l o [ 3 , 4 - a l b e n z i m i d a z o l e s ,  1H ,3H-1 -0x0 -  and  1 - i r n i n o  d e r i v a t i v e s  

(105) showed a n t h e l m i n t i c l l 8 ,  r o d e n t i c i d e l l s ,  p a r a s s i t i c i d e 1 1 5 - 1 1 7 a n d  a n t i n f l a m m a -  

t o r y l l 5 - 1  1 7 p r o p e r t i e s .  

R 

1 0 5  - 

X = 0, NH, NHCONHR3; R3= Ph, a r y l ,  CC13C0 
R = H, ( un ) subs t i t u t ed  benzylidene, fu r fu ry l idene,  t h i eny l i dene  
R ' =  H, C1, Me; R2= H, Me 
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