
I N V E S T I G A T I O N S  IN T H E  I M I D A Z O L E  S E R I E S .  

S Y N T H E S I S  O F  T H I A Z O L I N O - ( 3 ,  2 - a ) B E N Z I M I D A Z O L E  

A N D  S E V E R A L  O F  I T S  D E R I V A T I V E S *  

A.  N. K r a s o v s k i i  a n d  P .  M. K o c h e r g i n  UDC615.284:547.781].012.1:542.9 

It  is kno~rn that  2 - ( th iazo ly t -4 ' )benz imidazo le  (thiabendazole) has a high antihelminthic act ivi ty  [1]. 
Changing the s t ruc tu re  of this compound by coupling the imidazole  and the thiazole r ings into one he t e ro -  
cycl ic  s y s t e m  and introducing a phenyl group into posit ion 5 of this b icycl ic  compound f o r m s  6-phenyl -  
imidazol ino (2 ,1-b)- thiazol ine ( t e t ramizo le ) ,  a new anthelminthie compound having a broad spec t rum of 
effect  [2]. 
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The re  is no data in the  l i t e ra tu re  on the study in the d i rec t ion  indicated of de r iva t ives  of thiazol ino-  
(3,2-a)  benzimidazole ,  inwhich,  in con t r a s t  to t e t r amizo le ,  the benzene r ing is condensed with the imidazo-  
th iazole  group.  It  was of in te res t  to us to p r e p a r e  thiazol ino-(3,2-a)  benzimidazole  (VIII) and s e v e r a l  of its 
de r iva t ives  with the purpose  of studying the anthelminthic ac t iv i ty .*  

L i t e r a t u r e  data on the synthesis  of (VIII) a r e  v e r y  s p a r s e  and cont rad ic tory  [3-5]. In this connec-  
tion, we studied m o r e  carefu l ly  the reac t ions  of 2 - m e r c a p t o -  and 5 ,6 -d ime thy l -2 -mercap tobenz imidazo te s  
(I, II) with ethylene chloro(bromo)hydr ins  and 1 ,2-dichloro(dibromo)ethanes  as the s imples t  way of s y n t h e -  
s iz ing (VIII) and its de r iva t ives .  

2 - (P-Hydroxye thy l )mercap tobenz imidazo les  (III, IV) were  obtained upon reac t ion  of (I) and (II) with 
ethylene ch lo ro (bromo)-hydr ins  in ethanol.  T r e a t m e n t  of (III) and (IV) with thionyl chlor ide  and subsequent  
heating of the 2 - ( f i - ch lo romethy i )mercap tobenz imidazo les  (V, VI) in aqueous methanol  in the 0 re sence  of 
KOH yielded (VIII) and its 6 ,7-dimethyl  homologue (IX), c h a r a c t e r i z e d  as the sa l t s  and methiodides.  Com-  
pounds (VIII) and (IX) a r e  a lso  fo rmed  upon boiling (V) and (VI) in toluene.  The s t ruc tu re  of (VIII) was 
conf i rmed  by counter  synthes is  f r o m  l - ( /~-hydro•  (VII) by its t r e a t m e n t  
with thionyl chlor ide and cyel izat ion of the in te rmedia te  1 - ( f l - ch lo roe thy l ) -2 -mercap tobenz imidazo le  to (VIII). 

React ion of (I) with 1,2-dihaloethanes proceeds  in different  d i rec t ions .  Dichloroethane in isopropanol  
in the p r e sence  of sodium bicarbonate  by the method of [3] yielded (VIII). Dibromoethane upon heating in 
toluene and ethanol in the p r e s ence  of KOH yielded 1 ,2 -d i (2 ' -mercap tobenz imidazo ly l )e thane  (X), the s t r u c -  
ture  of which was conf i rmed  by its t r ans fo rma t ion  to the diacetyl  der iva t ive  (XI). React ion of (I) with 
d ibromoethane  in d ime thy l fo rmamide  in the p r e sence  of po ta s s ium carbona te ,  in con t r a s t  to data of [4], 
leads  to the fo rmat ion  of a mix tu re  of (VIII) and (X). 

* Communicat ion XLII.  
~The resu l t s  of biological  invest igat ions ,  c a r r i e d  out at  VNIKhFI by A. N. T a r e e v ,  will be  r epor t ed  s e p -  
a ra te ly .  
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E X P E R I M E N T A L  

2-Mercapto-  and 5 ,6-Dimethyl-2-mercaptobenzimidazoles  (I, II) were prepared ear l ie r  [6]. 

2-(f l-Hydroxyethyl)mercaptobenzimidazole (III). A. To a solution of 4 g of NaOH in 100 ml of 
ethanol were added 15 g of (I) and 10.8 g of ethylene chlorohydrin.  The mixture was heated for 1 h at 
60-65~ and for 10 min at boiling (in the presence of carbon); the solution was fi l tered,  poured into Water 
(1 liter),  and cooled to 4-5~ the separated precipitate was fil tered and washed with water .  Yield 11.54 g 
(60 %), mp 119-120 ~ Colorless  plates having mp 125-126 ~ (dec., in a sealed capil lary,  f rom a 15% solution 
of ethanol). Data of [7]: mp 126-127~ data of [8] (clearly incorrect) :  mp 220 ~ Found, %: C 55.30; 
H 5.19; N 14.66; S 16.63. CgH10N2OS. Calculated, %: C 55.64; H 5.19; N 14.42; S 16.51. 

B. To a warm (35-40 ~ solution of 7.5 g of (I) in 75 ml of ethanol was added 6.2 g of ethylene b romo-  
hydrin. The mixture was boiled for 1 h (the last  5 min in the presence  of activated carbon),  f i l tered,  
poured into water ,  and neutralized with NaHCO~; the separated precipitate was filtered and washed with 
water .  Yield 5.8 g (60.2%), mp 122-124~ after recrys ta l l iza t ion  f rom aqueous alcohol, mp 125-126 ~ 

5,6-Dimethyl-2-(f l -hydroxyethyl)mercaptobenzimidazole (IV). The compound was obtained analog- 
ously to (III) (method B). Yield 94.9%. The color less  p r i sms  have decomposit ion tempera ture  165-175 ~ 
(from a 70% solution of ethanol). Found, %: C 59.11; H 6.04; N 12.80; S 14.65. CltHitN2OS. Calculated, 
%: C 59.43; H6.35; N 12.60; S 14.42. 

2-(f l-Chloroethyl)mercaptobenzimidazole (V). A mixture of 4 g of (III) and 10 ml of thionyl chloride 
was boiled for 30 rain, the excess  thionyl chloride was distilled in vacuum, to the residue was added an 
aqueous solution of sodium carbonate,  and the precipitate was f i l tered and washed with water .  Yield 3.5 g 
(82.9%), mp 110-112 ~ The color less  pr i sms have mp 113-114 ~ (from 50% ethanol). Data of [8, 9]: yield 47%, 
mp 122-124 ~ 

5,6-Dimethyl-2-(f l -chloroethyl)mercaptobenzimidazole  (VI). The compound was obtained analogously 
to (V). Yield 96.2%. The color less  plates have mp 103-104 ~ (dec., f rom 50% ethanol). Found, %: C 55.15; 
H5.63; C1 14.84; N 11.50; S 13.59. CiiH13C1N2S. Calculated, %: C 54.87; H5.44; C1 14.73; N 11.64; 
S 13.32. 

1-(f l -Hydroxyethyl)-2-mercaptobenzimidazole  {VII) was prepared  by the method of [7]. 

Thiazolino(3,2-a)benzimidazole (VIII). A. To a mixture of 100 ml of isopropanol,  13.6 g of NaHCO 3, 
and 18.8 g of 1,2-dichloroethane heated to boiling was added over 1 h a solution composed of 5 g of (I), 
15 ml of a 207o solution of KOH, and 85 ml of isopropanol. The mixture was boiled for 3 h, the solvent and 
excess  dichloroethane were  distil led in vacuum, to the residue was added 30 ml of a 15% solution of KOH, 
the mixture was extracted with chloroform,  the ext rac t  was washed with a dilute solution of KOH, then 
water ,  and dried over MgSO 4 and the solvent was distilled. Yield 2.5 g (42.2%), mp 93-100 ~ The color less  
plates have mp 108-109 ~ (from aqueous methanol). F rom data of [3] (yield not indicated), mp 141-142 ~ 
Found, %: C 60.99; H 4.42; N 15.84; S 17.96. CgH8N2S. Calculated, %: C 61.33; H 4.57; N 15.89; 
S 18.19. The hydrobromide has mp 219-220 ~ (dec., f rom a 10% solution of HBr). Data of [4]: mp 220-222 ~ 
The picrate  has mp 230-231 ~ (dec., f rom CH3COOH). Found, %: C 44.30; H 2.66; N 17.15; S 7.77. 
CgH8N2S �9 C6H3N30?. Calculated, %: C 44.44; H 2.73; N 17.28; S 7.91. The methiodide has mp 239-240 ~ 
(dec., precipitated f rom ether with ethanol). F rom data of [4]: mp 185-187 ~ Found, %: C 37.92; H 3.29; 
J 40.10; N 8.55; S 10.20. C10HIlIN2S. Calculated, %: C 37.74; H 3.48; I 39.89; N 8.80; S 10.08. 
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B. To a s o l u t i o n  of 3.2 g of (V) in 40 ml  of m e t h a n o l  was  added  a so lu t i on  of  2 g of  KOH in 10 ml  of 
w a t e r ,  the m i x t u r e  was  b o i l e d  fo r  3 h, the s o l v e n t  was  d i s t i l l e d  in v a c u u m ,  to the  r e s i d u e  was  added  10 ml  
of  a 10% s o l u t i o n  of KOH, and the  b a s e  (VIII) was  e x t r a c t e d  wi th  c h l o r o f o r m .  Yie ld  1.86 g (70.4%), m p  108- 
109 ~ ( f r o m  aqueous  me thano l ) .  

C. A s o l u t i o n  of 2.12 g of  (V) in 20 m l  of  to luene  was  b o i l e d  fo r  30 min ,  the  s o l v e n t  was  d i s t i l l e d  in 
v a c u u m ,  and to the  r e s i d u e  was  added  30 ml  of  e thanol ;  the so lu t i on  was  p o u r e d  into w a t e r ,  n e u t r a l i z e d  
wi th  NaHCO3, and e x t r a c t e d  wi th  c h l o r o f o r m .  The r e s i d u e  a f t e r  d i s t i l l a t i o n  of the  c h l o r o f o r m  was  d i s -  
s o l v e d  in e thano l ,  a so lu t i on  of p i c r i c  a c i d  was  added ,  and the p r e c i p i t a t e  was  f i l t e r e d  wi th  w a t e r .  We 
o b t a i n e d  1.82 g (44.8%) of  the  p i c r a t e  of  b a s e  (VIII) hav ing  mp 230-231 ~ (dec . ,  f r o m  CH3COOH). 

D. A m i x t u r e  of 2.91 g of  (VII) and 5 ml  of th iony l  c h l o r i d e  was  hea t ed  fo r  7 min  on a b o i l i n g  w a t e r  
ba th ,  the e x c e s s  th iony l  c h l o r i d e  was  d i s t i l l e d  in  v a c u u m ,  and to the  r e s i d u e  was  a d d e d  10 m l  of  c h l o r o -  
f o r m  which w a s  d i s t i l l e d  in v a c u u m  (this  o p e r a t i o n  was  r e p e a t e d  an add i t i ona l  two t i m e s ) .  The  r e s i d u e  was  
d i s s o l v e d  in 10 m l  of  e thano l  and b o i l e d  fo r  2-3 ra in  with ca rbon ;  the  s o l u t i o n  was  f i l t e r e d ,  p o u r e d  into 
w a t e r ,  n e u t r a l i z e d  with NaHCO3, and e x t r a c t e d  with  c h l o r o f o r m .  Yie ld  2.08 g (79%), mp 108-109 ~ ( f rom 
aqueous  me thano l ) .  A m i x e d  s a m p l e  wi th  (VIII) p r e p a r e d  b y  m e t h o d s  A - C  d id  not  g ive  a m e l t i n g  po in t  
d e p r e s s i o n .  The p i c r a t e  has  mp  230-231 ~ (dec . ,  f r o m  CH3COOH). 

6 , 7 - D i m e t h y l t h i a z o l i n o ( 3 , 2 - ~ )  b e n z i m i d a z o l e  (IX). A.  A so lu t i on  of  3.6 g of (VI) in 20 ml  of  to luene  
was  b o i l e d  for  3 h, c o o l e d ,  and  30 ml  of  e t h e r  was  added;  the r e s i d u e  was  f i l t e r e d ,  w a s h e d  wi th  e t h e r ,  
d i s s o l v e d  in 50 m l  of  e t h a n o l ,  and  n e u t r a l i z e d  with aqueous  NaHCO 3. The r e s i d u e  was  f i l t e r e d  and w a s h e d  
wi th  w a t e r .  Y ie ld  2.8 g (91.5%). The  c o l o r l e s s  p r i s m s  have  mp 167-168 ~ ( f rom a 65% e thanol  so lu t ion ) ,  
and  a r e  s o l u b l e  in o r g a n i c  s o l v e n t s  and  i n s o l u b l e  in w a t e r .  Found,  %: C 64.54; H 5.93; N 13.30; S 15.93. 
CttH12N2S. C a l c u l a t e d ,  %: C 64.67; H 5.92; N 13.71; S 15.69. 253-254  ~ (dec . ,  f r o m  CH3COOH). Found,  
%: C 16.09; CIIH12N2 s .  C6H3N3OT. C a l c u l a t e d ,  U: N 16.16. The m e t h i o d i d e ,  c o l o r l e s s  p l a t e s ,  has  
mp  245-246 ~ (dec . ,  p r e c i p i t a t i o n  f r o m  e thanol  wi th  e t h e r ) .  Found,  %: J 37.00; N 7 . 8 2 ;  S 9.50.  C12HI5IN2S. 
C a l c u l a t e d , % :  I 36.66; N 8.09; S 9.26. 

B.  To a s o l u t i o n  of 3.6 g of (VI) in 40 ml  of  m e t h a n o l  was  a d d e d  a so lu t i on  of  2 g of  KOH in 10 ml  of 
w a t e r .  The m i x t u r e  w a s  b o i l e d  and t r e a t e d  as  in the p r e p a r a t i o n  of (VIII) (method B ). Yie ld  2.48 g (81%), 
m p  166-168 ~ The p i c r a t e  has  mp  253-254 ~ (dec . ) .  

1 , 2 - D i - ( 2 ' - m e r c a p t o b e n z i m i d a z o l y l ) e t h a n e  (X). A. A m i x t u r e  of  7.5 g of (I), 32.7 g of  1 , 2 - d i b r o m o -  
e thane ,  and 50 g of t o luene  was  b o i l e d  f o r  8 h, then  c oo l e d ,  and the p r e c i p i t a t e  was  f i l t e r e d ,  w a s h e d  wi th  
e t h e r ,  s u s p e n d e d  in w a t e r ,  n e u t r a l i z e d  with  aqueous  a m m o n i a ;  the p r e c i p i t a t e  was  f i l t e r e d ,  w a s h e d  with  a 
10% s o l u t i o n  of  KOH, then w a t e r .  Y ie ld  2.3 g (28.2%), m p  190-195 ~ The  c o l o r l e s s  c r y s t a l s  have  mp 228-  
230 ~ (dec . ,  f r o m  a m i x t u r e  of e t h a n o l - w a t e r ,  1:1),  and a r e  so lub l e  in m e t h a n o l ,  e thano l ,  g l a c i a l  CH3COOH, 
and i n so lub l e  i n w a t e r .  Found,  %: C 58.60; H 4.33; N 17.14; S 19.60. Ci6H14N4S 2. C a l c u l a t e d ,  %: C58.87;  
H 4.32; N 17.16; S 19.65. 

B. To a s o l u t i o n  of 2.24 g of  KOH in 30 ml  of e thano l  and 10 m l  of w a t e r  was  a d d e d  6 g of (i) and 
4.13 g of  d i b r o m o e t h a n e .  The m i x t u r e  was  h e a t e d  fo r  1 h a t  60-65 ~ and fo r  10 m i n  at  the b o i l i n g  po in t ,  then  
coo led ,  and 20 m l  of a 10% s o l u t i o n  of  KOH was  added;  the m i x t u r e  was  p o u r e d  into w a t e r ,  and the p r e -  
c i p i t a t e  was  f i l t e r e d  and w a s h e d  wi th  a 10% so lu t i on  of KOH, then w a t e r .  Yie ld  3.82 g (58.6%), mp  204-  
206 ~ and a f t e r  r e c r y s t a l l i z a t i o n  f r o m  aqueous  e thano l ,  the mp  i s  228-230 ~ 

C. To a s o l u t i o n  of  3 g of  (I) in 30 ml  of d i m e t h y l f o r m a m i d e  was  added  2.76 g of  a n h y d r o u s ,  f i ne ly  
pulverized K2CO 3 and 3.74 g of d i b r o m o e t h a n e .  The m i x t u r e  was  l e f t  a t  20-22  ~ for  24 h wi th  p e r i o d i c  s t i r -  
r i n g ,  then  p o u r e d  onto w a t e r ;  an  aqueous  s o l u t i o n  of  NaHCO 3 was  added ,  and the p r e c i p i t a t e  was  f i l t e r e d  
and w a s h e d  wi th  w a t e r .  We ob ta ined  1.5 g of  a m i x t u r e  of (VII]) and (X). F r a c t i o n a l  c r y s t a l l i z a t i o n  of the  
p r e c i p i t a t e  f r o m  a 50% so lu t ion  of  e thano l  y i e l d e d  p u r e  (X) hav ing  mp 228-230 ~ To the  m o t h e r  a q u e o u s -  
a l coho l  s o l u t i o n s  was  a d d e d  a so lu t i on  of  p i c r i c  a c i d ,  and  the r e s i d u e  was  f i l t e r e d  and c r y s t a l l i z e d  f r o m  
CH3COOH. The  p i c r a t e  of  the  b a s e  (VIII) hav ing  mp 230-231 ~ (dec.) was  s e p a r a t e d .  A m i x e d  s a m p l e  wi th  
the  p i e r a t e  of (VIII) p r e p a r e d  as  d e s c r i b e d  above  d id  not  g ive  a m e l t i n g  po in t  d e p r e s s i o n .  

1 , 2 - D i ( l ' - a c e t y l - 2 ' - m e r c a p t o b e n z i m i d a z o l y l ) e t h a n e  (XI). A so lu t i on  of 1.1 g of (X) in 10 ml  of  a c e -  
t i c  a n h y d r i d e  was h e a t e d  on a bo i l i ng  w a t e r  ba th  for  30 ra in ,  then  c oo l e d ,  and the p r e c i p i t a t e  was  f i l t e r e d  
and w a s h e d  wi th  e thano l .  Yie ld  1.35 g (97.8%), mp  207-209 ~ The  c o l o r l e s s  p l a t e s  have  mp 214-215 ~ (dec . ,  
f r o m  a m i x t u r e  of  d i m e t h y l f o r m a m i d e - a c c t i c  a n h y d r i d e ,  4:1),  and a r e  s p a r i n g l y  so lub l e  in the  m a j o r i t y  of 
o r g a n i c  s o l v e n t s .  
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C O N C L U S I O N S  

The react ion of 2 -mercap to -  and 5 ,6-d imethyl -2-mercaptobenzimidazoles  with ethylene chloro 
(bro o)hydrins and 1,2-dichloro(dibromo)ethanes was studied. With dihaloethanes,  the p rocess  proceeds  in 
two direct ions ,  formation of thiazolino(3,2-a)benzimidazoles and 1 ,2-di- (2 ' -mercaptobenzimidazolyl)  
ethanes.  Thiazolino(3,2-~)benzimidazole and severa l  of its der ivat ives  were  synthesized by cyclizat ion of 
2-( f i -chloroethyl)mereapto-  and 1-(f i -chloromethyl)-2~mercaptobenzimidazoles .  
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