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2-Alkynylbenz imidazo les  were  obtained by a lkylat ion of 2 -benz imidazo ly lacc ty lenes  with 
atkyl  hal ides  in liquid a m m o n i a  in the p r e s e n c e  of sodium meta l .  The s t rong - I  effect  of 
the 2-benz  imidazolyl  group hindered a t tack  of e lec t rophi l ic  reagen ts  in alkylat ion and hy- 
dra t ion  reac t ions  of 2 -benz imidazo ly lace ty l enes .  Condensat ion of 2 -e thynylbenz imidazo les  
with b romophenylace ty lene  under  the conditions of the Cad io t -Chodk iewicz  reac t ion  gives un-  
s y m m e t r i c a l  diynes.  

Li t t le  study has been devoted to ethynyl de r iva t ives  in the condensed azole  s e r i e s .  Only the synthe-  
s is  of 2-e thynylbenzoxazole  by reac t ion  of 2 -ch lo robenzoxazo le  with sodium acetyl ide  in liquid ammonia  
[2] and the synthes is  of a number  of subst i tu ted  2 -e thyny lbenz imidazo les  (Va, c) by means  of the Wittig r e -  
act ion [1, 2] have been descr ibed .  Continuing these  invest igation,  we subjected subst i tuted 2 - f o r m y l b e n z i -  
midazo les  (Ia-c) to r eac t ion  with ca rbe thoxybromomethy lene t r ipheny lphosphorane  (II). This  r eac t ion  p r o  
ceeds  mos t  smoothyl  in methanol ,  but the y ie lds  of e s t e r s  d id  fo rmed  in this  case  a r e  somewhat  lower 
(see [1]). T r e a t m e n t  of I I Ia -c  with alcoholic alkali ,  which was c a r r i e d  out as p rev ious ly  desc r ibed  [1], 
g ives  2 -benz imidazo ly lp rop io l i c  ac ids (IVa-c), the decarboxyla t ion  of which gives  2 -benz imidazo ly ! -  
ace ty lenes  (Va-c). 
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A disadvantage of this as yet  unique method fo r  the p repa ra t ion  of 2 -e thyny l - subs t i tu ted  benz imida-  
zoles  is the mul t i s t ep  c h a r a c t e r  of the p roce s s .  At tempts  to use 2 -ace ty lbenz imidazo le s  fo r  this purpose  
as in the case  of 2-  and 4-acety lquinol ines  and 2-  and 4 -ace ty lpy r id ines  [4] we re  unsuccessful .  Halogen 
is e l iminated  to give 1 -me thy lbenz imidazo le  in the r eac t ion  of 1 -me thy l -2 - iodobenz imidazo le  with sodium 
acetyl ide  in liquid ammonia .  At tempts  to use the condensat ion of o -phenylenediamine  with propiol ic  acid 

* See [1] fo r  communica t ion  II. 
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(compare this with the condensation of o-aminophenol ' [2 ]) for  the synthesis  of 2-e thynylbenzimidazoles  
were  also unsuccessful .  The uti l ization of 2-vinytben~imidazoles  for  this purpose is r e s t r i c t ed  by the fact  
that they a re  difficult to obtain [4]. 

The 2-e thynylbenzimidazoles  (Va-c) that we obtained a re  quite stable crys ta l l ine  compounds. In con- 
t r a s t  to ethynylquinolines and ethynylpyridines [5], they remain  prac t ica l ly  unchanged on long s torage but 
a re  rapidly polymer ized  at t empera tu res  close to their  melting points to give a dark-viole t  bri t t le  mass .  
Compounds Va-e  r eac t  with ammoniaca l  solutions of s i lver  oxide and cuprous oxide to give the c o r r e s -  
ponding acetyl ides [3], which do not explode on impact but burn with fulmination in a burner  flame. 

A bathochromic shift of the maximum of the long-wave absorpt ion (~20 nm) relat ive to benzimidazole 
is observed  in the UV spect ra  of 2-ethynylbenzimidazoles ;  this is evidence for  the presence  of conjugation 
of the heterocycl ic  ring with the acetylene group. It might have been assumed that the ext remely  high 
e lectrophi l ic i ty  of the 2-benzimidazoly l  group [6] would have a substantial  effect on the react iv i ty  of 2-ben-  
z imidazolytacetylenes .  In fact, the shift of the e lec t ron density of the acetylene group under the influence 
of the s trong - I  effect of benzimidazole hinders attack of electrophil ic reagents .  Thus sodium Z-benzi-  
midazolylacetyl ides ,  in con t ras t  to acetylenes  of the aliphatic se r ies  [7], r eac t  with difficulty with ethyl 
bromide  and do not r eac t  with propargyl  bromide in liquid ammonia.  Alkylation proceeds successful ly  only 
with methyl iodide. 

The substituents in the benzene ring of 2-e thynylbenzimidazole  have a definite effect on electrophil ic 
substitution. Thus Va and Vc reac t  with bromophenylacetylene in n-butylamine solution to give unsym- 
me t r i ca l  diacetylenes (VIIIa,c), while Vb does not undergo this reac t ion  under s imi la r  conditions; however, 
ra is ing the t empera tu re  and increasing the react ion t ime promote the occur rence  of side t ransformat ions  
to give res inous substances.  We were  also unable to obtain 2-ace ty lbenzimidazoles  by hydration of 2-ben-  
z imidazoiylacetylenes  (Va-c), inasmuch as the format ion  of the cation of 1X under the conditions of the 
Kucherov reac t ion  promotes  an increase  in the - I  effect of the 2-benzimidazolyl  radical ,  and this evidently 
hinders electrophil ic  addition (see [8, 9]). 

X- 

i 

EXPERIMENTAL 

The IR spectra of chloroform solutions or mineral-oil pastes of the compounds were recorded with a 

UR-2 0 spectrometer. 

Ethyl fl-(5-R-i-Methyl-2-benzimidazolyl)-a-brornoacrylates (Ilia-c, TaMe i). A l-mmole sample of 
the appropriate 2-formylbenzimidazole and 1 mmole of carbethoxybromomethylenetriphenylphosphorane 
(If) were dissolved in 5 ml of methanol. The solution was held at room temperature for 1 h, after which it 

was refluxed for 5 rain and cooled. The resulting precipitate was removed by filtration and crystallized 

f rom alcohol. 

2 -Benzimidazoly lace ty lenes  (Va-e) .  These compounds were  obtained f rom IIIa-c by the method in [1]. 

1 - (5 -R-1 -Methy l -2 -benz imidazo ly l ) -2 -R ' - ace ty i enes  (VIa,b and VIIa,b, Table 2). A 0.1-g (4 mmole) 
sample  of sodium metal  was added to 30 ml of liquid ammonia  at - 6 0  ~ af ter  which 4 mmo!e of V was 
added. A solution of 4 mmole  of alkyl halide in 3 ml of dry  e ther  was then added dropwise with s t i r r ing.  
The solution was gradual ly  decolor ized and became clear .  It was s t i r r ed  until the ammonia  had evaporated 
completely,  and the res idue was decomposed with water .  The l iberated oil was extracted with chloroform.  
The solvent was removed  by distillation, and the res idue  was chromatographed on aluminum oxide with 
elution by ether  or  chloroform.  

4 -Pheny l - l - (1 -me thy l -2 -benz imidazo ly l ) - l , 3 -bu t ad iyne  (VIIIa). A solution of 0.4 ml (2.35 mmole) of 
bromophenylacetylene  in 0.5 ml of methanol was added dropwise with s t i r r ing  to a mixture of 0.31 g (2 
mmole) of Va, 1 ml of n-butylamine,  0.024 g of hydroxylamine hydrochloride,  and 0.006 g of cuprous chlo- 
r ide in 2 ml of methanol at 40 ~ in a nitrogen a tmosphere .  The mixture was s t i r r ed  at 40 ~ for  8 h, af ter  
which water  was added, and the l iberated oil was extracted with chloroform.  The ch loroform extract  was 
washed with water  to remove  n-butylamine and dried with potassium carbonate.  The solvent was removed 
by distillation, and the res idue  was chromatographed on aluminum oxide with elution by ch loroform to give 
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T A B L E  1. E thy l  f l - 5 - R - 1 - M e t h y l - 2 - b e n z i m i d a z o l y l - a - b r o m o -  
a c r y l a t e s  

corn- I~m~, Empirical 
pound_ ~ [*C formula 

Ilia H 150 iC~3HlsBrN202 
I l lb  OCH3[ 1,54" [CI4HIsBrN203 
ItIc CH3 174" iC~4H~sBrN202 

Found, % . Calc., % 

N C i H Br CiHiBr 
50,3t 4,0 25,5 
50,2i 4,4 23,7 
52,3' 4,6 [ 24,9 

19,3 i 50.5 [ 4,2 25,9 
8,51 502 4,4 23,3 
8,9, 52,0 4,6 24,8 

i 

IYield, 
ND~0 

i 

19.1! 55 
8,2 { 52 
8,9 i 59 

* T h e s e  c o m p o u n d s  m e l t e d  wi th  decomposition. 

T A B L E  2. 1-  ( 5 - R - 1 - M e t h y l - 2 - b e n z i m i d a z o l y l ) - 2 - R ' - a c e t y l e n e s  

Via ]H 
vi  fi' ]OCH3 

vIIfl [H 
VII i) IOCH3 

H ~ ] i778 I C 3 i 104 C~tH~oN2 [72311 6,0 
CH3 i 139--140 C~2HEzN20 6,1 
C~Hs ! 55 C12HI2N2 '~ 78,0 ] 6,7 
C2H5 i 98 [C13HI4N20 i 73,l I 6,6 

i talc.,  qo 
N [ C H 

16,2 ! 77,6 ~ 5,9 
14,3 7~2,0 I 6,0 
15,5 78.3 I 615 
13,3 72,9 6,5 

16.5 225~ 70 
14:01 2~55" 72 
15.2 225~} 50 
13,l 2248 55 

* Compounds  Via and VIIa  w e r e  r e c r y s t a l l i z e d  f r o m  p e t r o l e u m  
e t h e r - b e n z e n e ,  and  VIb and VIib w e r e  r e c r y s t a l l i z e d  f r o m  
aqueous  a lcohol .  

0.35 g (70%) of c o l o r l e s s  p l a t e s  wi th  m p  192 ~ ( f rom a lcohol ) .  The  p roduc t  was  so luble  in a ce tone ,  benzene ,  
and  d ioxane .  IR s p e c t r u m  (CHC13): 2228, 2150 c m  -1 ( C ~ C ) .  Found,  %: C 84.0; H 4.6; N 11.2.  C18H12N 2. 
Ca lcu l a t ed ,  %: C 84.3; H 4.7; N 10.9. 

4 - P h e n y l - l - ( 1 , 5 - d i m e t h y l - 2 - b e n z i m i d a z o l y l ) - l , 3 - b u t a d i y n e  (VIIIc). Th i s  compound,  wi th  m p  160 ~ 
( f rom p e t r o l e u m  e t h e r - c h l o r o f o r m ) ,  w a s  s i m i l a r l y  ob ta ined  in 30% yield .  The  p roduc t  was  so luble  in b e n -  
zene  and  e the r .  IR s p e c t r u m  (CHC13): 2225, 2155 c m  -1 (C~-C).  Found,  %: C 84.2; H 5.4; N 10.7. C19HI4N 2. 
Ca lcu l a t ed ,  %: C 84.4; H 5.2; N 10.4. 

i .  

2. 
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4. 
5. 
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