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A number of e s t e r s  of some f l - (2-azolyDaeryl ic  acids were  synthesized by means  of the 
Wittig react ion and subjected to hydrolys is .  The react ion of f l - (1-methyl -2-benzimidazolyD-  
acryl ic  acid and its der ivat ives  with bromine was studied. It is shown that 1 -me thy l -2 -  
ethynylbenzimidazole and 1,2-dimethylbenzimidazole a re  fo rmed  when methyl  a - b r o m o - f l -  
(1 -methy l -2 -benz imidazo ly l ) -ac ry la te  is ref luxed in sodium bicarbonate solution. 

We have previously  [1] descr ibed  two methods for the synthesis  of f l - (1-methyl -2-benzimidazoly l ) -  
acry l ic  acid (In) - by condensation of 1,2-dimethylbenzimidazole (Iia) with chloral  and f rom 1-methy l -2 -  
formyl-benzimidazole  (IIIa) by means  �9 of the Wittig react ion.  Continuing these investigations,  we have sub- 
jected 5-methoxy and 5-n i t ro  der ivat ives  of 2-methylbenzimidazole  (IIb and c) to condensation with chloral .  
However,  in cont ras t  to IIa [1], IIb and IIc do not r e ac t  with chloral .  On the other hand, the react ion of 

�9 formylbenzimidazoles  with resonance-s tab i l i zed  phosphoranes is apparent ly a general  react ion [1, 2]. Thus 
the react ion of aldehydes IIb, c,d with carbalkoxymethylenetr iphenylphosphoranes  IVa,b proceeds  quite 
smoothly on refluxing in benzene, and e s t e r s  of f l - (2-benzimidazolyl)acryl ic  acids (Vb,c,d) are  formed in 
good yields (Table 1): 

' r..~l~l..j..c~o(gnp~P=cucoor" (,W,b, r ~ N  L~L.c. = cncoor ".-- 
1 I 
R' R'  

IIIb-d vb-f  

I I 
R' C~H5 vl vI I  

Ib-d 
IO., l i l t ,  vc, f R=R'=CH3; Ib,111b. vb,o R=OCHs, R'=ctt3; Id, IIIC~vd R~R'=H: Ivz. vb-d  

r,,=cH3: Ivb, ye, f  R"=C2Hs; VIa R=CH3,b R~H; VII a R"=CHa,b R"=C2HS, C R"=H 

1-Pheny l -2 - fo rmyl imidazo le  (IIIe) and 2-formylbenzothiazole  (IIIg) r e ac t  just  as readi ly  with phos-  
phoranes IV; the yields of e s t e r s  Via and VIIa,b a re  quite high (Table 1). 

Somewhat more  severe  conditions a re  n e c e s s a r y  for the prepara t ion  of e s t e r  Vd: the react ion is 
c a r r i e d  out by prolonged refluxing of phosphorane IVa with aldehyde IIId in d imethyl formamide  (DMF)-  
benzene (1: 1); this is due to the polymer ic  s t ruc ture  of IIId [3, 4].* 

Es t e r s  V, VI, and VII a re  quite smoothly hydrolyzed when they are  ref luxed in a l coho l i cpo ta s s iumhy-  
droxide solution to give the corresponding f l -azolylacryl ic  acids (I). The intense absorption band in the IR 

,2-Formylbenzimidazol e is gradually depolymerized when it is refluxed in DMF and dimethyl sulfoxide 

(DMSO) [41. 
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T A B L E  1. 

Im [ Crystallization 
~ p,~ solvent ~3 ~ 

Vd 
]d 

Vb 
Ve 
lb 

Vc 
vf 
lc 

Via 
Vlb 

\.'Ila 
VIIb 
VIIc 

( 2 - A z o l y l ) a c r y l i c  Ac ids  and The i r  E s t e r s  

180 Aqueous alcohol 
240 a I Alcoho l  

185--186 Toluene 
132--133 ! Dioxane 

250 '1 Alcohol 
1 3 5 - -  136 i Aqueous alcohol 
111-- 112 ~, Aqueous alcohol 

240 ': Alcohol 
115 I Petroleum ether 
219 b iWater 
105 iAqueous atcohol 
89 ! Aqueous alcohol 

219 e !Alcohol 

Found, ~ Calc., ~o I 
Empi r i ca l  

formula C H I N j S !  i !"~ i i C iH N s i"~ 

C,0HsN~O2 ! i 
CI3HI4N203 63,8 6,0Jl16 '63415,7~ 11,4 ! -- 68,0 
Ct4HI6N203 64,9611 109 -- 64,6 6,2[10,8' 62,0 
CI2HI2N203 619:54i 12,0' 1 6 2 , 0 i 5 , 2 ' 1 2 , 1  -- 72.0 
CI3HI4N202 6 7 , 4  6,0112,2~ - -  67,8 6,1i 11,8! -- 65,0 
C14H[6N202 69,0,6,6i112 - -  ~3,9 66i11,5: - -  81,0 
C12Hl~N202 66,515,5112,9 -- '66,7 5 , 8 i  1 2 , ~  - -  ' 75,0 
C~3H~2N202 68,85,3:12.4 ~ 68,4152112,3: -- 93,0 
C,2I-I1oN202 ! 14,5 on, ,~,,~73[VI - -  ' - -  87,0 
CuHgNO2S 60,6:4,5 6,4 6,39114,6 77 
CI=HuNO=S]61414,9 6,~ 13,3 61.814,81 6,0!13,7 78 
C,oH~NO~Sr--I--  [ . . . .  - [ -  ] -  ~7~ 

I _  

Note:  a A c c o r d i n g  to [13], m p  2390. bAccord ing  to [14], m p  218-  
219 ~ CAccording  to [15], m p  219 ~ 

s p e c t r a  of the ac ids  and e s t e r s  at  968-970 c m  -1 is  ev idence  in favor  of  the p r e d o m i n a n t  f o r m a t i o n  of the 
t r a n s  i s o m e r s  of  these  compounds .  

The r e a c t i o n  of ac id  Ia with b r o m i n e  in c h l o r o f o r m  or  ace t ic  ac id  leads  to the f o r m a t i o n  of  an e x -  
t r e m e l y  s tab le  p e r b r o m i d e .  B r o m i n e  adds to the C -  C bond of ac id  Ia only  upon the p ro longed  ac t ion  of 
e x c e s s  b romine  in the light. This  s o r t  of phenomenon  has  been d e s c r i b e d  for  4 - s t y r y t p y r i d i n e  [5] and 
5 ( 6 ) - m e t h y l - 2 - s t y r y l b e n z i m i d a z o l e  [6]. 

The m e t h y l  e s t e r  of a c i d  Ia  (Va) r e a c t s  with b romine  in c h l o r o f o r m  to give a p e r b r o m i d e ;  me thy l  
f l - ( 1 - m e t h y l - 2 - b e n z i m i d a z o l y l ) - f l - b r o m o a c r y l a t e  (VIII) is f o r m e d  in ace t ic  ac id  with e x c e s s  b romine .  

I CHCI~ Va CH3COO H CBr=CHCOOCH3 CH =CHCON(C, : H 5 }2 
I I 

CH 3 CH 3 
Vll l  IX a 

_  c6.s, p-cB,cooc.  A A 
CHBrCHBrCO I|1 a " : /  \N CH=EBrCOOCH 3 

CH 3 
X 

I i 
CH 3 N(C2Hs)2 

I X  

The r eac t i on  of the d i e thy lamide  of  ac id  Ia  with b romine  p r o c e e d s  Somewhat  m o r e  r ead i ly ;  i t  adds 
two a t o m s  of  b romine  to give d i b r o m o  de r iva t ive  IX. 

The syn thes i s  of me thy l  ~ - b r o m o - f l - ( 1 - m e t h y l - 2 - b e n z i m i d a z o l y D a c r y l a t e  (X) can be r e a l i z e d  by 
m e a n s  of  the Witt ig r e a c t i o n  - by r e a c t i o n  of  the p r e v i o u s l y  d e s c r i b e d  [7] c a r b o m e t h o x y b r o m o m e t h y l e n e -  
t r i p h e n y l p h o s p h o r a n e  (IVc) with a ldehyde  I I Ia  [ i l ] .  

The co inc idence  of  the abso rp t ion  bands in the UV s p e c t r a  of  e s t e r s  VIII  and X (Fig.  1) is ev idence  
in f avo r  of  the fac t  tha t  the b r o m i n a t i o n  of  e s t e r  Va  p r o c e e d s  in the s ide chain.  A h y p s o c h r o m i c  shift  of  
the m a x i m u m  of the long-wave  a b s o r p t i o n  as  a consequence  of  d i s rup t ion  of conjugat ion  in the c a r b o n y l -  
g r o u p - h e t e r o c y c l i e - r i n g  s y s t e m  (Fig.  2) is o b s e r v e d  in the UV s p e c t r u m  of  d ie thy lamide  IX. 

An a t t e m p t  to r e a l i z e  the t r ans i t i on  d i r e c t l y  f r o m  f l - ( 2 - b e n z i m i d a z o l y l ) a c r y l i e  ac ids  to f l - (2 -ben-  
z imidazo ly l )p rop io l i c  ac ids  by the usual  m e t h o d  ( b r o m i n a t i o n / d e h y d r o b r o m i n a t i o n ) ,  as  in the case  of fl- 
( 2 - b e n z o t h i a z o l y l ) a c r y l i c  ac id  [8], was  u n s u c c e s s f u l .  Thus,  fo r  example ,  the ac t ion of  a r e f lux ing  a lcohol  
solut ion of  p o t a s s i u m  hydrox ide  on e s t e r  VIII  g ives  r e s i n o u s  r e a c t i o n  p r o d u c t s  of p o l y m e r i c  s t r u c t u r e  (see  
[8]). Ref iuxing e s t e r  X in a lcohol ic  p o t a s s i u m  hydrox ide  solut ion g ives  1 , 2 -d ime thy lbenz imidazo l e  (IIa), ap -  
p a r e n t l y  as  a conse que nc e  of  c l e a v a g e  of  the p r o d u c t s  of d e h y d r o b r o m i n a t i o n  of  e s t e r  X under  the r eac t i on  
condi t ions .*  The use  of  a w e a k e r  base  enabled  us to change  the d i r ec t ion  of the r eac t ion :  The p r e v i o u s l y  
d e s c r i b e d  [11] 1 - m e t h y l - 2 - e t h y n y l b e n z i m i d a z o l e  (XI) was  i so l a t ed  a long  with IIa  when e s t e r  X was  re f luxed  
in sod ium b i ca rbona t e  solut ion.  

* See [9, 10] for  this  s o r t  o f  c l eavage  of the C = C bond of  2 - subs t i t u t ed  benz imidazo l e s  to give 2 - m e t h y l  
de r iva t i ve s .  
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o~x x 

~ a t c o h o l i c  KOH r e f l u x ~ - - - - / ~  

i l  a X l  

When XI is  in turn ref luxed in alcoholic po t a s s ium hydroxide solution, i t  is gradual ly  conver ted  to Ha. 

These  observa t ions  provide a bas is  for a s suming  that 1 -methy l -2 -e thyny lbenz imidazo le  is  an i n t e r -  
media te  in the c leavage of the side chain of e s t e r  X to a methy l  group. 

EXPERIMENTAL 

The [IV spectra of methanol solutions of the compounds were recorded with an SF-4A spectropho- 
tometer. The IR spectra of mineral oil pastes of acids VIII and of chloroform solutions of the esters were 
recorded with a UR-20 spectrometer. 

General Method for the Preparation of/~-(2-AzolyDacrylic Acid Esters (V). A 0.01 mole sample of 
IVa or IVb and 0.01 mole of the appropriate aldehyde were refluxed in a solution of 20 ml of benzene for 
8-12 h; the course of the reaction was monitored by means of TLC on aluminum oxide in chloroform. At 
the end of the reaction, the mixture was shaken with 40 ml of 5% hydrochloric acid. The hydrochloric acid 
extract was made alkaline with saturated sodium bicarbonate solution, and the precipitated ester was re- 
moved by filtration and washed with water. In the isolation of esters V, the solvent was first removed by 
distillation, and the reaction product was separated from the triphenylphosphine oxide by chromatography 
of the res idue  in e the r  on act ivi ty  V a luminum oxide. The yields  and mel t ing  points a re  p resen ted  in T a -  
b le  1. 

Es t e r  Vd was obtained by re  fluxing a solution of 2 - fo rmylbenz imidazo le  with phosphorane IVa in a 
mix tu re  of 3 m l  of DMF and 3 ml  of benzene for  40 h on an oil bath. The product  was ex t rac ted  with dilute 
hydrochlor ic  acid. 

Hydro lys i s  of  f l - (2-Azolyl )acryl ic  E s t e r s .  A 0.01 mole  sample  of the appropr i a t e  e s t e r  was ref luxed 
for  4 h in 15% alcoholic po tass ium hydroxide solution. The alcohol was then r emoved  by disti l lation, and 
the res idue  was dissolved in wate r .  The unsa tura ted  acid was i so la ted  f rom the solution with dilute hy- 
drochlor ic  acid. 

Me thy l  ~ - (1 -Methy l -2 -benz imidazo ly l ) - f l -b romoac ry l a t e  (VIII). A 1.2 g (60 mmole)  sample  of e s t e r  
Va [1] was d isso lved  in 5 ml  of acet ic  acid, and 0.62 ml  (12 mmole)  of bromine  in 3 ml  of acet ic  acid was 
added dropwise  with v igorous  s t i r r ing .  As the color of the bromine d isappeared ,  a l ight-yel low prec ip i ta te  
(the pe rbromide)  fo rmed.  The mix tu re  was s t i r r e d  for  another  4 h, and the prec ip i ta te  was r emoved  by 
f i l t rat ion,  washed  with acet ic  acid, shaken with sodium metab isu l fa te  solution (to decompose  the p e r b r o -  
mide) and a sa tu ra ted  sodium bicarbonate  solution, a f te r  which it was ex t rac ted  with ch lo roform.  The ex-  
t r a c t  was dr ied  with sodium sulfate,  and the solvent  was r e m o v e d  by dist i l lat ion to give 1.1 g (73%) of co l -  
o r l e s s  p la tes  ( f rom water)  with m p  200-201 ~ (dec.). The product  was soluble in alcohol,  benzene,  and di-  
oxane. The R f  value in CHC13 on a thin l ayer  of act iv i ty  V a luminum oxide was 0.8 (the R f  value of the 
s ta r t ing  e s t e r  was 0.6). The product  decolor ized  a po t a s s ium pe rmangana te  solution, did not contain tone-  
genie halogen, and showed l igh t -green  f luorescence  in UV light (C = C conjugated with the ring).  Found: 
C 48.8; H 4.2; Br  26.3; N 9.7%. Cl~HIiBrN202. Calculated: C 48.9; H 4.1; Br  26.8; N 9.6%. UV spec t rum,  
•max, nm (log ~): 263 (3.57), 323 (4.37). 

B- (1-Methy l -2 -bonz imidazo ly l ) -~ , f l -d ib romoprop ion ic  Acid N,N-Diethylamide (IX). This  compound 
was obtained in 76% yield as co lo r l e s s  needles  ( f rom aqueous alcohol) with mp 140 ~ (dec.) by brominat ion 
of IXa [1] in ch loroform,  as in the case  of e s t e r  VIII. The product  did not decolor ize  aqueous po ta s s ium 
permangana te  solution, did not contain ionogenic halogen, and did not f luoresce  in UV light. Found: C 
43.4; I-I 4.9; Br  38.1; N 10.3%. CisH19Br2N30. Calculated: C 43.2; H 4.6; Br  38.3; N 10.1%. UV spec t rum,  
Xmax, nm (log ~): 262 (4.04), 290 (4.2). 

Methyl ~-Bromo-fl-(1-methyl-2-benzimidazolyl)aerylate (X). A 2.1 g (5 mmole) samples of bromophos- 
phorane IVc was dissolved in 15 ml of benzene, 0.8 g (5 mmole) of llla was added, and the mixture was 
stirred to dissolve the solid completely. The mixture began to heat up, and light-yellow crystais of ester 
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X began to precipi tate  immediately.  The mixture was heated on a water  bath to dissolve the precipitate,  
and the mixture was allowed to stand in warm water for a brief t ime. It was then cooled, and the prec ip i -  
tated c rys ta l s  of the es te r  were removed by filtration. Prolonged heating often led to resinif icat ion of the 
react ion products.  The yield was 1.1 g (68%). The yellow p r i sms  with a pa le -green  tint had mp 186 ~ (dec., 
benzene) and were readi ly  soluble in chloroform and dioxane and only slightly soluble in alcohol [11]. 

Reaction of Es te r  X with Sodium Bicarbonate.  A 0.6 g (20 mmole) sample of X was refluxed in a so-  
lution of 1.4 g of sodium bicarbonate in 20 ml of water  for 9 h, after  which the dark oil (a mixture of IIa 
and XI) was extracted with ch loroform and chromatographed on aluminum oxide. The solvent was removed 
by distillation, and the mixture of IIa and XI was separated on aluminum oxide in ether with collection of 
XI in the f i r s t  port ions of the eluate. The yield of XI with mp 100 ~ (petroleum ether) (rap 100 ~ [11]) was 
0.075 g (24%). The yield of IIa with mp 112 ~ [12] was 0.10 g (42%). 
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