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Adducts of alkyl halides and dialkyl sulfates with 1-vinylbenzyl t r iazole  were  synthesized,  
and their  IR and UV spec t ra  were  investigated. The nitrogen atom in the 3 position is the 
coordination center  in these quaternary  nitrogen sal ts .  

We have previously  demonstra ted [1] that 1-vinylbenzotr iazole  (I) forms complexes with bromine,  
chlorine,  and the corresponding hydrogen halides.  Addition to the vinyl group and simultaneous complexing 
are  observed during brominat ion.  The information on the quaternization of benzotr iazole  and its vinyl 
derivat ive is ex t remely  l imited.  The synthesis  of quaternary sal ts  of benzotr iazole  has been descr ibed in 
patents [2,3] and the possibil i ty of quaternizat ion of I and its polymer  in analogy with 1-vinylimidazole has 
been indicated in another patent [4]. 

In the presen t  paper,  we have investigated the react ion of I with alkyl halides [CnH2n+IX, where X = I 
(n = 1-9) and Br (n = 2,3,9)] and with dimethyl and diethyl sulfates.  It was found that the reac t ion  proceeds 
without a solvent in excess alkyl halide via the scheme 
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XIV, X V  

Under the conditions under consideration, I does not react with alkyl chloride; the reaction proceeds 
with alkyl bromides to give low yields of product. Alkyl iodides display considerably greater activity. The 
conditions for the synthesis of the alkiodides of I and their properties are presented in Table I. The yields 
of the alkiodides of I increase as the reaction time increases, while raising the temperature shortens the 
reaction time, particularly for the lower alkyl halides. The optimum reaction temperature is close to the 
boiling point of the alkyl halides. Alkiodides IV-XIII are crystalline, colored substances that are soluble in 
most polar solvents. 

The quaternization of I with dialkyl sulfates (Table 2) proceeds to give high yields at room tempera- 
ture; raising the temperature to 90 ~ promotes an increase in the reaction rate. The complexes obtained 
(XIV and XV) are white crystalline substances that are quite soluble in water and polar organic solvents. 

The reaction of I, l-vinylbenzimidazole (II), and l-vinylindole (III) was investigated to compare their 
complexing abilities. It was shown that II reacts with dimethyl and diethyl sulfate more vigorously than I. 
We have previously [5] observed this sort of activity in a study of the action of alkyl halides on If. 
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T A B L E  1. 1 - V i n y l b e n z o t r i a z o l e  A l k i o d i d e s  

t Reaction 
conditions 

Comp. I~ t~mp. ~mme, 
~ h 

IV CHs 
V C~H~ 

Vl C8H7 
VII i-CsH 

VIII C4H9 
IX CsHII 
X C6H~ 

XI CTHIa 
Xll C~H~? 

XIII ]CgH~ 

40--45 2 
60--70 15 
60~702020 

']70'~80 20 
16o--7o to 
t60--70 20 
[60--70 20 
Vo-.8o 
!7o-8o 

mp, ~ 
(kom 
ethanol 

161--162 
155--156 
168--169 
164--165 
80--82 

120--121 
50--51 
64--65 
71--72 
73--74 

Found, % 
Empirical 
formula 

C 

CgHIolN3 37,0 
CloHl~INa 39.8 
CI1HI4INa 42,2 
CIIHx4INa 41,9 
CI2HI6I.N8 43,2 
CIsHlaIN~ 45,3 
CI4H~0rN~ 46,5 
CIsH~IN~ 49,2 
C~6H~IN~ 49,5 
C~TH26IN~ 50,8 

H I 

3,4 44,4 
4,0 42,4 
4,4 40,9[ 
4.5 40,3 
4,9 39,2 
5,3 36,5 
5,6 35.i 
6.1 33,7 
6.3 33,fi 
6,0 30,9 

Calc., % I Yield, 

I 
37,6 3,5 44,2[ 66 
39.8 4,0 42,1 ] 48 
41,9 4,4 40,3[ 27 
41,9 4,4 40,3 ] 32 
43,7 4,8 38,6 I 35 
45,8 5,2 36,9 18 
47,0 5,6 35,5 22 
48,5 5,9 34,4 I 24 
49.8 6,2 33,0 41 
51,1 6,5 3t,7 20 

T A B L E  2. P r o d u c t s  of the  R e a c t i o n  of 1 - V i n y l b e n z o t r i a z o l e ,  
1 - V i n y l b e n z i m i d a z o l e ,  and 1 - V i n y l i n d o l e  wi th  D ia tky l  Su l f a t e s  

! 
XIV I 

XIV I 

XV j 

XVI II 

XVII II 

XVIII IlI 

XIX III 

CH~ 

CH3 

22H5 

CH~ 

22H5 

CH~ 

22He 

P~acfion condit. 

t . 
:2 20 48 

2 90 1 

2 20 48 

1 20 0,25 

1 20 0,25 

3 20 0,2 

1 3 20 0,2 

mp,'C 
Empirical 
formula 

99--100 

99--100 

165--166 

189--190 

170--172 

192--198 

210--220 

CsHvNs �9 44.4 
�9 (CHa) 2804 
CsHvNs �9 44,0 
�9 (C~H3) ~S04 ] 
CsHcNa �9 / 47,9 
' (C~Hs) 2804 
CgHsN2 �9 48,0 
�9 (CH3)~SO4 ; 
CgHsN2 �9 ,51,8 
�9 (C2H5)2SO4 I 
(C,oHgN) ~5' ] 80,3 
�9 (CHa)2SO4 ! 
(C~oH~N) ~o" ! 77,8 
(CsHs) ~SO41 

Found, % Calc., % 

C H S C H S 

5,1111,5144,314,8111,7 

4,8111,8144,314,~ 11,7 

5,21 11,0148,215,~ 10,7 

5,11 11,9148,8i5,1 11,8 

6,11 I0,8152,316,( 10,7 

6,211,4[ 80,2l 6,,~ 1,4 

6,2l 1,9l 78,716,~ 2,0 

P 

o [..., 

97 

82 

67 

64 

60 

90 

90 

In c o n t r a s t  to I and II ,  I I I  i s  r e a d i l y  p o l y m e r i z e d  u n d e r  t h e s e  cond i t i ons  to g ive  p o l y m e r i c  c o m p l e x e s  
s i m i l a r  to t h o s e  ob t a ined  by  the  ac t ion  of b r o m i n e  [6]. The  c o m p l e x e s  ob t a ined  (XVIII and XIX) a r e  d a r k -  
r e d  p o w d e r s ,  and t h e i r  c o m p o s i t i o n  was  c a l c u l a t e d  f r o m  the  r e s u l t s  of e l e m e n t a r y  a n a l y s i s  (Tab le  2). 

The  bands  of the  v iny l  g r o u p  (1640 and 960 c m  -1) v a n i s h  in the  IR s p e c t r a  of the  p r o d u c t s  of the  r e a c -  
t ion  of HI wi th  d i a lky l  s u l f a t e s ,  and f r e q u e n c i e s  c o r r e s p o n d i n g  to the  v i b r a t i o n s  of  a lky l  g r o u p s  (2930, 
2970, and 3050 c m  -1) a p p e a r .  The  o v e r a l l  f o r m  of the  s p e c t r a  i s  s i m i l a r  to  t he  s p e c t r u m  of the p o l y v i n y l -  
indo le  ob ta ined  u n d e r  the  i n f luence  of c a t i o n i c  c a t a l y s t s .  The  bands  of the  s t r e t c h i n g  v i b r a t i o n s  of the  v iny l  
g r o u p  at 1643-1645 c m  -1 a r e  r e t a i n e d  in  the  s p e c t r a  of t he  s e r i e s  of d e r i v a t i v e s  I, and bands  at 1605 and 
770 c m  -1, wh ich  a r e  p e c u l i a r  to  the  h e t e r o r i n g ,  a r e  o b s e r v e d .  The  s e c o n d  band  i s  sh i f t e d  by  15-20 c m  - I  to 
the  s h o r t w a v e  r e g i o n  wi th  r e s p e c t  to the  a b s o r p t i o n  of I .  The  newly  a p p e a r i n g  m a x i m a  at  2870 and 2960 
c m  -1 a r e  due to  the  p r e s e n c e  of a lky l  g r o u p s .  The  c ha nge s  in the  IR s p e c t r a  of d e r i v a t i v e s  of II a r e  s i m i l a r .  
T h e s e  d a t a  a t t e s t  to  the  f ac t  tha t  the  v iny l  g roup  does  not  p a r t i c i p a t e  in the  r e a c t i o n  and tha t  d o n o r -  
a c c e p t o r  c o m p l e x e s  of I and II a r e  f o r m e d  wi th  a lky l  h a l i d e s  and d i a lky l  s u l f a t e s .  Th i s  c o n c l u s i o n  is in  
a g r e e m e n t  wi th  the  r e s u l t s  of m e a s u r e m e n t s  of the  d ipo l e  m o m e n t  of I (3.47 D) and of the  p r o d u c t  of r e a c -  
t i on  of I wi th  C5HllI (5.8 D). The  c o n s i d e r a b l e  i n c r e a s e  in  t he  d ipo le  m o m e n t  i s  e x t r e m e l y  c h a r a c t e r i s t i c  
for  d o n o r - a c c e p t o r  c o m p l e x e s .  

A s m a l l  i n t e n s i f i c a t i o n  of  t he  a b s o r p t i o n  at  bo th  220 and 270-290 n m  ( F i g s .  1 and 2) i s  o b s e r v e d  in 
the  UV s p e c t r a  of the  i n v e s t i g a t e d  c o m p o u n d s .  The  s i z e  of the h y d r o c a r b o n  c h a i n  in t he  a lky l  i o d i d e s  does  
not  a f fec t  the  c h a r a c t e r  of the  a b s o r p t i o n .  The  r a t i o  ( ~ l / e 2 )  of the  m o l e c u l a r  ex t i nc t i ons  of the  m a x i m a  of 
the  f i r s t  and s e c o n d  a b s o r p t i o n  b a n d s  c h a n g e s  in the  o r d e r  RI ,  R B r ,  R2SO 4 but  does  not  c o i n c i d e  fo r  s i m i l a r  
c o m p l e x e s  of I and II .  

Th i s  r e s u l t  r e n d e r s  p r o b a b l e  the  a s s u m p t i o n  of the  c o m m o n  c h a r a c t e r  of the  i n v e s t i g a t e d  c o m p l e x e s  
and the  i d e n t i c a l  n a t u r e  of the  c o m p l e x i n g  c e n t e r  fo r  I and II  (at  t he  n i t r o g e n  a tom in t he  3 pos i t i on ) .  Th i s  
was  p r e v i o u s l y  [7] p r o v e d  f o r  II  on the  b a s i s  of a s tudy  of the  PMR s p e c t r a  and an e x a m i n a t i o n o f  the  r e s u l t s  
of q u a n t u m - m e c h a n i c a l  c a l c u l a t i o n s .  
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Fig. 1. UV spec t ra  (in ethanol): 1) 1-vinylbenzo-  
t r iazo le  (I); 2) 1-vinylbenzotr iazole  ethobromide;  
3) 1 -v iny lbenzo t r i azo le -  diethyl sulfate complex 
(XV); 4) 1-vinylbenzotr iazole  ethiodide (V). 

4 

i ,  

250 300 350 X, nm 

Fig, 2, UV spectra (in ethanol): I) l-vinylbenz- 
imidazole (If) ; 2) l-vinylbenzimidazole-diethyl 
sulfate complex (XVII); 3) 1-vinylbenzimidazole 
ethobromide; 4) 1-vinylbenzimidazole ethiodide. 
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The 7r-electron charges  in I were  found by calculation of the molecule with the Pople ~ -e lec t ron  ap- 
proximation.  

As seen f rom the molecular  diagram,  the charges  on the nitrogen atom in the 2 and 3 positions are 
c lose in magnitude.  The quantum-mechanical  polarizabil i ty of the nitrogen in the 3 position is higher than 
that of the nitrogen in the 2 position (~r~2fi = 0,003, ~fi3~ = 0.005). This is evidence for predominant coord i -  
nation at N 3 in the reac t ion  of I with alkyl halides and dialkyl sulfates.  

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

1-Vinylbenzotr iazole  Methiodide (IV). A mixture of 3 g (0,02 mole) of I and 9 g (0.06 mole) of methyl 
iodide was refluxed at 42-43 ~ for 2 h. The mixture  was then cooled, and the shiny c rys ta l s  were  removed  
by fi l trat ion and washed repeatedly with ether to give 3.5 g of product (Table 1). 

1-Vinylbenzotr iazole Octiodide (XII). A mixture  of 2 g (0.013 mole) of I and 7 g (0.03 mole) of octyl 
iodide was heated in a sealed ampule at 70 ~ for 10 h in a thermosta t .  The mixture was then cooled to 0-5 ~ 
and ether was added to precipi ta te  2.2 g of yellow c rys ta l s  with mp 71-72 ~ (Table 1). Alkiodides V-XIII 
were  s imi la r ly  obtained (Table 1). 

1-Vinylbenzotr iazole Ethobromide.  A mixture of 2 g (0.013 mole) of I and 4.5 g (0.039 mole) of ethyl 
bromide was refluxed at 40-45 ~ for 30 h. The excess alkyl bromide was removed by evaporation in a 
s t r eam of air ,  ether was added to the residue,  and the result ing oil was t r i tura ted in ether to give 0.5 g 
(15%) of a white c rys ta l l ine  substance with mp 138-140 ~ (from ethanol). Found, %: C 47.9; H 4.7; Br 31.1. 
C10H12BrN 3. Calculated, %: C 47.2; H 4.6; Br 31.1. 

Po lymer ic  Complex of 1-Vinylindole with Diethyl Sulfate (XIX). A 0.5-g (3 mmole) sample of diethyl 
sulfate was added with s t i r r ing  and cooling to 0 to -5  ~ to 0.5 g (3 mmole) of III in 3 ml of ether, and the r e -  
sulting mass  was t r i tura ted  in ether and removed by fi l tration. The precipi tate  was washed with ether to 
give 0.9 g of a da rk - red  powder with mp 210-220 ~ (Table 2). 
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Complex of 1-Vinylbenzotriazole with Dimethyl Sulfate (XIVb), A mixture of 0,5 g (3 mmole) of I and 
1 g (1 mmole) of dimethyl sulfate was heated at 80 ~ for 1.5 h, and the result ing dark viscous mass  was 
t rea ted  with acetone. The result ing c rys ta l s  were removed by fi l tration and washed on the fil ter with 
acetone to give 0.7 g of white c rys ta l s  with mp 99-100~ the crys ta ls  were soluble in water  and ethanol. 
Complexes (XVI and XVII) of 1-vinylbenzimidazole with dialkyl sulfates (Table 2) were s imi lar ly  obtained. 

The course  of the react ion was monitored chromatographical ly  by th in- layer  ascending chromatog-  
raphy on a loose layer  of activity II aluminum oxide with a l coho l - e the r  (1 : 2), The IR spect ra  of KBr 
pellets were  recorded  with a UR-20 spectrophotometer .  The UV spec t ra  of ethanol solutions of the c o m -  
pounds were recorded  with an SF-4A spect rophotometer .  The calculations were per formed with the 
BS]~M-4 VTs computer  at I rkutsk State Universi ty f rom a p rog ram developed by N. M. Vitkovskaya and 
Yu. L, Frolov.  

1. 

2. 
3. 
4. 
5. 

6. 

7. 

LITERATURE CITED 

G. G. Skvortsova, E. S. Domnina, L. P. Makhno, Yu. L. Frolov, V. K. Voronov, N. N. Chipanina, and 
N. I. Shergina, Izv. Akad. Nauk SSSR, Ser. Khim., 12, 2731 (1970). 
British Patent No. 1,060,253 (1964); Chem. Abstr., 62, 9269 (1965). 
French Patent No. 1,364,560 (1962); Ref. Zh. Khim., 20, NI40 (1965). 
East German Patent No. 971,934 (1959); Chem. Abstr., 55, 3876 (1961). 
M. F. Shostakovskii, N. P. Glazkova, E. S. Domnina, L. V. Belousova, and G. G. Skvortsova, Khim. 
Geterotsikl. Soedin., 958 (1971). 
G. G. Skvortsova, E. S. Domnina, and Yu. L. Frolov, Khim. Geterotsikl. Soedin., 673 (1968). 
E. S. Domnina, Yu. N. Ivlev, N. I. Shergina, N. N. Chipanina, L. V. Belousova, Yu. L. Frolov, and 
G. G. Skvortsova, Zh. Obshch. Khim., 41, 1102 (1971). 

1424 


