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Q u a t e r n a r y  sa l t s  of N - v i n y l i m i d a z o l e  and N - v i n y l b e n z i m i d a z o l e  w e r e  syn thes i zed .  The 
s t r u c t u r e s  of the p roduc t s  of qua te rn iza t ion  of the N - v i n y l i m i d a z o l e s  w e r e  p roved  by IR 
and UV s p e c t r a .  The  d i s t r ibu t ion  of the v - e l e c t r o n  dens i ty  in the N-v iny l imidazo l e  m o l e -  
cu les  was  obta ined by q u a n t u m - c h e m i c a l  ca lcu la t ion .  

In a s tudy of  the ha logena t ion  and hydroha logena t ion  of  N-v iny l imidazo l e  (I) and N-v iny lbenz imidazo le  
(iI), we e s t ab l i shed  the i r  abi l i ty  to f o r m  c o m p l e x e s  with b r o m i n e ,  ch lo r ine ,  and the c o r r e s p o n d i n g  hydrogen  
hal ides  [1] . . In  c o n t r a s t  to I and II, N-v iny l indo le  (III) p o l y m e r i z e s  under  s i m i l a r  condi t ions  with the s i m u l -  
t aneous  fo rma t ion  of c h a r g e - t r a n s f e r  c o m p l e x e s  [2]. It  is  shown that  III a l so  f o r m s  p o l y m e r i c  p roduc t s ,  
v iz . ,  qua t e rn i zed  sa l t s ,  with a lkyl  ha l ides .  

Inves t iga t ion  of the r e a c t i o n  of  alkyl  ha l ides  with N - v i n y l a z o l e s  w e r e  cont inued in this  paper  in o r d e r  
to a s c e r t a i n  the pa r t i c ipa t ion  of the double bond of the vinyl  g roup  and the r ing  h e t e r o a t o m s  of I and II under  
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Q u a t e r n a r y  Sal ts  of N - V i n y l i m i d a z o l e s  
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*UV s p e c t r u m :  I, ) t m a  x, 230 n m  (logs 4.09); II, ) tmax  232, 280 nm 
(logs 3.99,  3.48).  
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the conditions of the react ion under considerat ion.  Information regarding the ability of imidazole and benz-  
imidazole to complex with alkyl halides appeared only in papers that were  published in the 1960's [3,4], and 
the quaternization of I became known recent ly  f rom a communicat ion [5]. We investigated the conditions of 
the reaction of I and II with methyl iodide, isopropyl and butyl iodides and bromides ,  and methylene chloride.  
The react ion proceeds without solvent in the presence  of a two- to threefold molar  excess  of the alkyl ha-  
[ides a t the boiling point of the react ion mixture to form the quaternary sal ts .  It was found that N-vinyl imid-  
azole displays g rea te r  activity in the react ion with alkyl halides than N-vinylbenzimidazole;  this is explained 
by its g r ea t e r  basici ty.  Alkyl iodides reac t  more  rapidly than alkyl bromides ,  and quaternary  salts  are 
formed in yields reaching 89-95~ after  1-2 h. It was demonstra ted that I and II do not reac t  with alkyl chlo-  
r ides .  

All of the quaternization products obtained (Table 1) were  purified by recrys ta l l iza t ion  f rom ethanol 
or  by reprecipi ta t ion.  They a re  co lor less  or slightly colored (iodides) crys ta l l ine  substances that are  sol -  
uble in water  and polar  solvents;  some of them are  hygroscopic .  

The s t ruc tures  of the quaternary salts  f rom I and II were  conf i rmed by an investigation of their  IR 
and UV spec t ra .  The IR spec t ra  contain absorption bands of the vinyl group at 1650 and 960 cm -~ . In addi- 
tion, the bands corresponding to the vibration of the imidazole ring are  shifted. Thus, bands at 1493 and 
1510 cm -1, which cha rac te r i ze  the C ~-C and C : N  vibrations, are  ra i sed  to 1550 and 1570 cm -1, r e s p e c -  
tively, while retaining the same intensity rat io.  The frequencies of the ou t -of -p lane  vibrations of the ring 
C - H  groups at 800-1100 cm -1 are  also shifted to the shor t -wave region of the spect rum.  A strong band ap- 
pears  at 1180 cm -t . Such changes in the ring vibrations indicate d o n o r - a c c e p t o r  interaction during 
quaternization of the N-vinyl imidazoles .  
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We confi rmed the complexing center  by quantum-chemical  calculation of the I and II molecules  via the 
Pople variant  of the se l f -cons is ten t - f ie ld  MO LCAO method. This calculation demonst ra tes  that the "pyr id-  
ine" ni trogen atom has the grea tes t  negative g -e l ec t ron  charge .  

In c ~ t r a s t  to the s tar t ing N-vinylimidazole,  the band at 220-230 nm undergoes a hypsochromic shift 
with a simultaneous inc rease  in the extinction coefficient in the UV spec t ra  of the quaternized N-vinyl imid-  
azoles .  A s imi la r  effect is observed for  N-vinylbenzimidazoles ,  in which the quaternization is accompanied 
by a shor t -wave shift with a considerable increase  in the intensity of both of these absorption bands.  Thus, 
on the basis of an investigation of the s t ruc tu re  of the products of the quaternization of N-vinylimidazoles  by 
alkyl halides it has been shown that they contain a f ree vinyl group, owing to which the possibil i ty of the 
synthesis  of h igh-molecular-weight  compounds from them is opened. The quaternary  salts  of polyvinyl-  
imidazoles  can also be obtained by the action of alkyl halides on the polymers  of I and II. 

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

N-Vinylimidazole Ethobromide.  A mixture  of 3 g (0.03 mole) of N-vinylimidazole and 10 g (0.1 mole) 
of ethyl bromide was refluxed for 2 h, and the resul t ing white, c rys ta l l ine  substance was isolated. The 
c rys ta l s  were purified by repeated washing with ether and by crysta l l iza t ion from alcohol to give 4.72 g of 
N-vinyl imidazole ethobromide.  Found ~ :  C 41.4; H 5.4; N 14.3. CTHitBrN2. Calculated ~c: C 41.4; H 5.5; 
N 13.7. 

N-Vinylbenzimidazole Ethiodide. A mixture of 3 g (0.02 mole) of N-vinylbenzimidazole and 10 g (0.06 
mole) of ethyl iodide was refiuxed for 2 h at 70 ~ to give 3.07 g (49.5%) of N-vinylbenzimidazole ethiodide. 
Found %: C 43.8; H 4.3; N 9.9. CtlH~3IN 2. Calculated %: C 44.0; H 4.4; N 9.3. 
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Polyvinylbenzimidazole  Methiodide. A 0.5 g sample  of polyvinylbenzimidazole  was dissolved in 2 ml 
of ethanol,  and the solution was mixed in an ampule  with 2 g (0.01 mole) of methyl  iodide. The ampule was 
placed in a t h e r m o s t a t  at 60 ~ A yellow prec ip i t a te  f o rmed  af te r  0.5 h and was washed repea ted ly  on the 
f i l t e r  with acetone and alcohol to give 0.83 g (92%) of a yel low powder with mp 288-303 ~ that was soluble in 
d ime thy l fo rmamide .  Found%: I 40.0. [(CgHsN2)5(CH3I)~] n. Ca lcu la ted%:  I 39.4. 

The IR s p e c t r a  of KBr  pel le ts  were  r eco rded  with a UR-20 spec t ropho tome te r .  The UV s p e c t r a  of a l -  
cohol solutions (1 �9 10 -~ M) were  r eco rded  with an SF-4  s p e c t r o m e t e r .  
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