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a-Bromo-fl-(2-azolyl)acryl ic  acid esters ,  the dehydrobromination of which with alcoholic 
alkali gives fl-(2-azolyl)propiolic acids, were synthesized by means of the Wittig reaction. 
Some 2-ethynylbenzimidazoles were synthesized by thermal decarboxylation of the fl-(2- 
benzimidazolyl)propiolic acids. It is assumed that the ease of decarboxylation of these 
acids is due to the possibility of the formation by them of dipolar ions. 

We have previously [1] described the synthesis of ~-bromo-fl-(1-methy!-2-benzimidazolyl)acrylic 
acid (IIa) by reaction of 1-methyl-2-formylbenzimidazole (Ia) with carbomethoxybromomethylenetriphenyl- 
phosphorane (IH} [2]. Continuing these investigations in the azole ser ies ,  we have introduced 5-substituted 
2-formylbenzimida/oles (Ib,c) into the reaction with phosphorane IH. 
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The reaction usually commences when solutions of I and III in benzene are mixed and proceeds with 
'gentle warming of the reaction mixture. Esters  of fl-substituted a-bromoacryl ic  acids (IIa-c) are obtained 
in good yields. 1-Phenyl-2-formylimidazole (IV) [3] and 2-formylbenzothiazole (V) also reac t  readily with 
phosphorane III to give esters  VI and VII, respectively. 

The only product  in the reaction of es ter  IIa with a solution of potassium hydroxide at room temper-  
ature is the potassium salt of fl-(1-methyl-2-benzimidazolyl)propiolic acid, acidification of which gives 
acid IXa in high yield. 
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This reaction also proceeds just as readily with a number of other a-bromo-2-azolyl-f l -acryl ic  acid 
es ters  (Hb,c, VI, and VII) to give the corresponding 2-azolylpropiolic acids (IXb, c, XI, and XII). 

* See [1] for communication I. 
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Fig. 1. IR spec t ra :  1) acid XI; 2) acid IX a; 
3) po ta s s ium sa l t  of IXa; 4) po ta s s ium sal t  

of IXb. 

TABLE 1. Absorp t ion  of the CO 
Group of f l - (2-Azolyl)propiol ic  Acids 
and Thei r  Hydroch lo r ides  

P 
f 

Compound ' 

I 

IXa 
I X b  
IXC 
XII 

v c o , c m - I  

acid 

1600 
1628, 1643 
1700, 1720 

1710 

i hydro- 
chloride 

1718 
1705 
1725 
1712_ 

NH 

I o 
C H  3 

The ease  of dehydrobrominat ion  of e s t e r s  I I a -c ,  VI, 
and VII is apparen t ly  explained by the labil i ty of both the 
halogen a tom in the a -pos i t i on  re la t ive  to the carboxyl  
group and the hydrogen a tom at tached to the carbon a tom 
bonded d i rec t ly  to the he te rocyc le  ring. 

Propiol ic  acids  IXa, b and XI a r e  s table  for  s eve ra l  
hours  only as the hydra tes .  They undergo spontaneous 
decarboxylat ion on a i r  drying or over  phosphorus pent-  
oxide. However ,  the yields of the 2-ethynyl  de r iva t ives  
in this case  and when the propiol ic  acids a re  heated in 
wa te r  a r e  low (~ 20%). Decarboxyla t ion  of acids IXa-c  
and XI in vacuo m a k e s  it poss ib le  to r a i s e  the yields to 
36-40% [3]. This p r o c e s s  takes  place m o r e  smoothly  
when alcohol suspens ions  of the compounds a r e  refluxed.  
Acids IXa and XI a re  m o s t  r ead i ly  decarboxyla ted  in this 
case ,  acid IXb is decarboxyla ted  with g r e a t e r  difficulty, 
and IXc is deearboxyla ted  only on prolonged refluxing. 

The ease  of decarboxylat ion of acids IX is a p p a r -  
ently due to weakening of the bond between the carbexyl  
group and the a - c a r b o n  a tom of the acids under  the in-  
fluence of the concer ted  - I  effect  of the C = C group [4] 
and the 2-benz imidazolyI  grouping [5]. The higher  the 
t he rma l  s tabi l i ty  of acids IXa-c ,  the higher  the VCO wave 
numbers  in the i r  IR s p e c t r a  (Table 1). 

Inasmuch as the r e s i s t a n c e  of acids IXa-c  to de-  
carboxyla t ion is de te rmined  by the magnitude of the - I  
ef fect  of the benzimidazole  r ing,  e l ec t ron-donor  subs t i t -  
uents in the 5 posit ion,  by supplying e l ec t rons  into the 
r ing  of the he te rocyc le ,  p romote  a dec r ea se  in this effect  
and an i nc r ea se  in the s tabi l i ty  of the acids.  

Consider ing the high dissocia t ion constants  of p r o -  
pielic acids [6] and the quite high bas ie i t ies  of benzimid-  
azole der iva t ives  [7], one might  a s s u m e  that  acids IXa-c ,  
like 2 - imidazo ly lca rboxy l i c  acids [8], a r e  decarboxyla ted  
through the i n t e rmed ia t e ly  fo rmed  unstable  dipolar  ion A. 
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The betaine s t ruc tu re  of acids IXa-c  is apparen t ly  the r eason  for mask ing  of the absorpt ion of the 
C = C group in the IR s p e c t r a  of these acids .  In fact ,  the absorpt ion  bands of the betaine s t ruc tu re  vanish 
in the spec t r a  of the i r  po ta s s ium sal ts ,  and the C = C bond shows up usual ly  quite dis t inct ly at  2200 cm -1 
(Fig. 1). The d i sappea rance  of the betaine s t ruc tu re  when acids IXa-c  a re  conver ted  to the hydrochlor ides  
has a substant ia l  e f fec t  on the s tabi l i t ies  of the compounds:  hydroch lor ides  XIII can exis t  for  a long t ime  
without undergoing change. An i nc r ea s e  in the f requenc ies  of the s t re tch ing  v ibra t ions  of the carboxyl  
group is obse rved  in the IR s pec t r a  of the hydroeh lor ides  of acids IXa-c  (Table 1). 

2 -Benzoth iazoly lpropio l ie  acid (XII) is c rys t a l l i zed  f rom alcohol and does not undergo changes on 
prolonged refluxing.  As a consequence of the low bas ic i ty  of benzothiazole,  the fo rmat ion  of a zwit ter ion 
is  apparen t ly  hindered; this is r e spons ib le  for  the r e s i s t a n c e  of this acid to decarboxylat ion,  jus t  as in the 
case  of t h i azo l e -2 -ca rboxy l i c  acids [8]. The absence  of betainizatien of this acid is  conf i rmed  by the IR 
spec t r a l  data: there  is a l m os t  no shift  in uCO on pass ing  f rom the acid to i ts  hydrochlor ide  (Table 1). 

The decarboxyla t ion  of acid XII at i ts  me l t ing  point gives a dark  v iscous  product  of po lymer i c  s t r u c -  
ture;  this is  p robab ly  a s soc i a t ed  with the low t h e r m a l  s tabi l i ty  of the 2-ethynylbenzothiazole  that  is fo rmed  
in the p r o c e s s  (see [9]). 
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TABLE 2. a - B r o m o - f l - i 2 - a z o l y l ) a c r y l i c  Acid E s t e r s  

Corn imp i Solvont   mpirical I Found o I talc% 
pound ! ~ iEfllyl acetate ~ formula [~_ ~ ~  -B~ 
lib ]186 CmH13BrN2Oa 48,314A[24,~8,9 48.(] ,4.0 94,6 
lIc I 175 i Alc~ ] C~aH~3BrN202 50,214,5t25,5j8,7 50,5]4,2 25,8 

CI~HsBrNO~S* 46,913,0128,114,9 46,812,9 28,3 VII ! 76 Alcohol ] 

*Found:  S 11.0%. Calculated: S 11.3%. 

i Yield, 
Niq o 

8,6 66,7 
9,1 70 
5,0 75 

TABLE 3 .  f l - (2-Azolyl)propiol ic  Acids 

Corn- imp, I 
Solvent 

pound i~ i 

J 
IXb 142 -- 
IXc 218 Alcohol 
XII 203 Dioxane 

Empirical 

formula 

CI~HmN203 
C12HIoN2Oe 
CloH~O~S~f 

i Found, % 

i C [ H N 

l i 
i62,2 14,3 112,0 
i670 4,4 i 12,8 
59,2 i 7,2 i2, 8 

Calc., ~ !IR spec- 
itra, cm-I 
GmC* C ]Hi N i 

Yield, 
qo 

62,6i44' 122' 2290 85 
67.3 4 7~ 13 1 2200 80 
59,1 2'51 ~'- -- 76 

* The IR s p e c t r u m  of the po tass ium sa l t  in mine ra l  oil. 
~Found: S 15.5%. Calculated: S 15.8%. 

E X P E R I M E N T A L  

The IR s p e c t r a  of ch lo ro form solutions or  m ine ra l  oil pas t e s  of the compounds were  r e c o r d e d  with a 
UR-20 s p e c t r o m e t e r .  

React ion of 2 - F o r m y l a z o l e s  with Carbomethoxybromomethylene t r iphenylphosphorane  (IID. A 0.01 
mole  sample  of the appropr ia te  aldehyde I was added to a solution of 0.01 mole  of III in 15-20 ml  of ben-  
zene, and the mix tu re  was s t i r r e d  until al l  of the solid had dissolved.  The mix tu re  heated up apprec iably ,  
and yel lowish Crys ta ls  of II began to fo rm immedia te ly .  To comple te  the react ion,  the mix tu re  was allowed 
to stand on a wa te r  bath at 40-60 ~ for  a ce r ta in  t ime,  a f t e r  which i t  was heated to the boiling point and 
cooled. The c r y s t a l s  of e s t e r s  II were  r em o ved  by f i l t ra t ion and washed with benzene.  IIighly pure  r e -  
a6tion products  were  obtained. This reac t ion  p roceeds  so smoothly  that i t  can be used for  the quali tat ive 
determinat ion of 2 - fo rmylbenz imidazo les .  

No prec ip i ta te  f o rm ed  in the reac t ion  of aldehydes IV and V with phosphorane III,  and e s t e r  VI was 
the re fo re  ex t rac ted  at  the end of the reac t ion  with dilute hydrochlor ic  acid and t r ea t ed  with sodium b i c a r -  
bonate. In o rde r  to i so la te  e s t e r  VII, the solvent  was r emoved  by dist i l lat ion,  and the react ion  product  
was ch romatographed  with a column fil led with a luminum oxide in e ther  to sepa ra t e  the t r iphenylphosphine 
oxide; the f i r s t  por t ions  of the eluate were  collected.  

f l - (2-Azolyl)propiol ic  Acids.  A 0.01 mole  sample  of II was mixed with a solution of 4 g of po tass ium 
hydroxide in 30 ml of alcohol,  and the mix tu re  was allowed to stand overnight  a t  r oom t e m p e r a t u r e .  I t  
was then f i l te red  to r em ove  the prec ip i ta te ,  which was a mix tu re  of the po tass ium sa l t  of the acid (only 
sl ightly soluble in alcohol) and p o t a s s i u m  bromide .  The prec ip i ta te  was washed with alcohol and dissolved 
in water ,  and the solution w a s  acidif ied with dilute hydrochlor ic  acid. The prec ip i ta ted  acid was r emo v ed  
by f i l t ra t ion and dried a t  60 ~ . The mel t ing  points and the yields a r e  p resen ted  in Table 3. 

Acids XI and XII were  obtained in the same  way as acids IXa-c ,  but, inasmuch as thei r  po tass ium 
sal ts  a r e  quite soluble in alcohol,  the react ion  mix tu re  was f i l te red  to r emove  the po tass ium bromide,  the 
solvent  was evapora ted  without heating, and the res idue  was dissolved in water .  The aqueous solution was 
then acidified with hydrochlor ic  acid. 

Acids I I a -c  and XI gradual ly  decarboxyla ted  on s torage .  The i r  hydra tes  (in water) ,  hydrochlor ides  
(in IIC1 solution), or  sa l t s  (in alkaline solution) a re  m o r e  stable.  They were  pur i f ied by reprec ip i t a t ion  
f rom aqueous alkali  solutions.  Compound IXc can be r e c r y s t a l l i z e d  f rom alcohol by care fu l  heating. Com-  
pound XII can also be obtained by t r ea tmen t  of VII with boiling alcoholic po tass ium hydroxide solution (see 
[2]) and, a f ter  isolat ion,  can be r e c r y s t a l l i z e d  f rom alcohol or  dioxane. 

1 -Methy l -2 -e thyny l -5 -methoxybenz imidazo le  (Xb). A 2.3 g (0.01 mole) sample  of IXb was heated in 
20 ml  of alcohol on a wa te r  bath until the solid had dissolved comple te ly  and v igorous  ca rbon  dioxide evo-  
lution had ceased.  The alcohol solution was evapora ted  without heating in a s t r e a m  of a i r ,  and the res idue  
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was ch roma tog raphed  on a luminum oxide, in ch lo roform.  The solvent  was evapora ted  to give 1.65 g (89%) 
of shiny p a l e - r o s e  p la tes  with mp 162-163 ~ (ethyl acetate) ,  which were  quite soluble in benzene, alcohol, 
and ch lo ro fo rm.  Found: C 70.6; H 5.5; N 15.2%. CllHIoN20. Calculated:  C 70.9; H 5.4; N 15.0~0. IR spec -  
t r u m  (CHCI3): 3310 cm -1 (C-- CH). 

1 ,5 -Dimethy l -2 -e thyny lbenz imidazo le  (Xc). This compound was obtained by prolonged ref luxing of 
acid IXc in alcohol.  I t  was i so la ted  (in 52% yield) in the s ame  way as Xb. The l ight-yel low sh iny  pla tes  
had mp 138 ~ ( f rom a l c o h o l - e t h e r ) .  Found: C 77.5; H 6.2; N 16.8%. CllHIoN 2. Calculated:  C 7%6; H 6.3; 
N 16.5%. The IR s p e c t r u m  (CHC13) contained an intense absorpt ion  band at 3310 cm -I  ( C - C - H ) .  
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