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N-vinyl indole was brought into reaction with hydrogen chloride, hy- 
drogen bromide, and hydrogen iodide. It was shown that, by reacting 
with the pyrrole rings of polyvinyl indole, hydrogen ha]ides form com- 
plex compounds, with simultaneous charge transfers. 

Hydrogen chlor ide  and b romide  a re  eas i ly  added to 
s imple  vinyl e s t e r s  at the double bond, thus forming 
a - h a l o g e n  e s t e r s  [1]. 
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Fig.  1. IR spec t ra  of polyvinyl indole 
(1) of the HBr addition product  of N- 
vinyl indole (2), and of the HC1 addi-  

tion product of N-vinyl indole (3). 

By substi tuting in the vinyl compound the oxygen 
atom by nitrogen,  this reac t ion  follows a pecul ia r  
course ,  evidently due to the lower e lec t ronegat iv i ty  
of the nitrogen atom with i ts  single pa i r  of unshared 
e lec t rons .  Thus, it  is  known that the addition of hydro-  
gen hal ides to vinyl l ac tams  follows a more  complex 

course .  The reac t ion  of vinyl pyr ro l idone  with hydro-  
gen chlor ide ,  taken in equimoleeular  quanti t ies ,  gives 
r i s e  to a s e r i e s  of unstable react ion products  [2]. Ef- 
for t s  to es tab l i sh  the s t ruc tu re  of these  products  e i ther  
chemical ly  or  spec t roscop ica l ly  have not proved suc-  
cessful .  It was not poss ib le  to s epa ra t e  e i ther  the ~ -  
or  the ~-halogen der iva t ives .  It is a lso known that 
smal l  amounts of HC1 provoke the d imer iza t ion  of vinyl 
pyr ro l idone  [3]. 

Until recent ly ,  there  was no l i t e r a tu re  r e fe rence  on 
the reac t ions  of N-vinyl indole with hydrogen hal ides .  
It was,  the re fo re ,  in te res t ing  to invest igate  the action 
of hydrogen chlor ide ,  hydrogen bromide,  and hydro-  
gen iodide on this compound. Our r e s e a r c h  es tab l i shed  
that N-vinyl indole vigorously  r eac t s  with hydrogen 
hal ides  in the cold, in a CC14 medium. High yie lds  of 
intensively colored  and s table  on s torage  compounds 
were  obtained. Table 1 p resen ts  the p rope r t i e s  of 
some of them. 

It should be noted that the share  of halogen atoms 
in the compounds formed depends on the ra t io  be-  
tween the or iginal  r eac tan t s .  When the hydrogen ha- 
l ide and N-vinyl  indole a r e  taken in equimolecular  
ra t io ,  red ,  c h e r r y - r e d ,  and brownish powders a re  
obtained. These products  contain about 9-11% chlo- 
r ine ,25-30%bromine ,  and 10% iodine. They melt  at 
f rom 120 ~ to 170 ~ C, and dissolve with difficulty in 
water  and in organic solvents .  When an excess  of ttC1 
or  HBr is p resen t ,  the chlor ine and bromine  content 
of the react ion products  i nc rease  to 20 and 35%, r e -  
spect ively .  The molecu la r  weights of these  compounds 
a re  in the o rde r  of magnitude of 900-1400. When this 
is  c o r r e l a t e d  with the data on empi r i ca l  formula  de- 
t e rmina t ions ,  the molecu la r  weights co r respond  main -  
ly to t e t r a -  and pen tamer ic  halogen der iva t ives  of 
vinyl indole. All the products  of the hydrogen hal ide 
t rea tment  of vinyl indole a r e  s table  to the hydrolyt ic  
action of acids and a lka l ies  in aqueous medium. Their  
p rope r t i e s  a re  not a l t e red  af ter  a 25 hr boiling in di- 
lute HaSO4 or  in caust ic  a lkal i .  

Table 1 

Resul ts  of Treat ing N-Vinyl Indole (VIN) (in CC1r at 15 ~ C) 
With Hydrogen Halides 

Reac t ion  cond i t ions  ! 

ra t io  b e t w e e n  
the  reac tan t s  

VIN : HCI, 1 : 1 
Excess HCI 
VIN : HBr ,  1 : 1 
Excess HBr  
VIN : HI ,  1 : l 

P roper t i es  o f  t he  reac t ion  p r oduc t s  

t ime,  min  ! mp,  ~ [ empi r i ca l  f o r m u l a  
! 

! 

CsoH4~Ns - 2 H C I  
C o o H s 4 N 6 . 6 H C 1  
CsoH4sN5 �9 3 H B r  
C4oHa6N4 �9 4 H B r  
CaoH7~Ns �9 H I  

ha logen ,  % 

found  

I 

8o i , 4-,48 { 
45 i 122--124 
90 1 146--168 

150 ~ 220--226 
139 [ 131--14D 

9.13 
19,55 
25.18 
35,53 
9.81 

calcu- 
la ted 

9.01 
19,67 
25,05 
35,71 
9.98 

Yield ,  
% 

89 
82 
83 
99 
99 
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It is interesting that catalytic quantities of dry HCI 

or HBr induce the low molecular polymerization, up 

to the 8-th or 10-th stage, of N-vinyl indole. The sub- 

stances thus formed contain practically no halogen, 

and are colorless powders readily soluble in acetone. 
Our investigations showed that the addition of hydro- 

gen halides to N-vinyl indole, a reaction apparently 
simple and smooth going, is in reality a very complex 

process. It is natural to suppose that in this case 
several concurrent reactions take place. 

It is known that, under the action of HCI on indole, 

there is a dimerization of the latter at the third posi- 

tion in the five-member cycle, with addition of HCI to the 
nitrogen [4]. We showed that, under the conditions of the 
reaction here studied, indole and N-ethyl indole are in- 
deed dimerized, with the formation of the corresponding 

hydrochlorides of indole and diethyl indole. In this con- 
nection it becomes evident that, in the case of N-vinyl 
indole, the addition of HCI is possible not only at the 

double bond of the vinyl group but also at the nitrogen 
atom. Nevertheless, the dimerization of N-vinyl in- 

dole at position 3 in the pyrrole cycles is not very like- 
ly, since it is known that the presence of a vinyl group 

stabilizes the heterocycles in question with respect to 
polymerization [5]. Calculations of the density distri- 
bution of 7r-electrons in the molecules of indole and of 

N-vinyl indole with the help of the semiempirical 
modification of the SSP Me LCAO method also leads 

to the conclusion that position 3 in N-vinyl indole is 
relatively inactive to the effect of electrophilic re- 
agents (Table 2). 

Furthermore, as previously stated, under the in- 
fluence of catalytic quantities of hydrogen halides, the 
double bond of the vinyl group is easily activated, with 
the formation of polyvinyl indole. It may be supposed 

that, even when the reactants are in other ratios, vinyl 
polymerization plays the dominating role. 

With the purpose  of de te rmining  the s t ruc tu re  of the 
products  of the reac t ion  between hydrogen hal ides and 
N-vinyl indole,  we pe r fo rmed  seve ra l  phys icochemi-  
ca] ana lyses .  A joint examinat ion of the I R - s p e c t r a  in 
the 700-1700 cm - i  region of polyvinyl indole and of 
the products  of the reac t ions  of N-vinyl indole with 
HC1 and HBr showed that,  taking into account the va r i -  

ation in the intensity of isolated lines, the vibration 

spectra of these compounds are sufficiently similar 

(Fig. i). They exhibit a series of bands characteristic 
of the vibrations of the indole ring (~1610, 1560, 

1230-1200, 1020 cm-1); and, most important, aline 

Table 2 

7r-Electron Charges in 

Indole and in N-Vinyl 
Indole 

Position Indole N-Vinyl indole 

+0.]95 +0.239 
-0.042 -0,047 
-0.059 -0.052 

with a frequency at about 740 cm -i which corresponds to 

its skeletal vibrations [6]. It is worth noting the absence 

in the IR-spectra of sufficiently intensive absorption 
in the 1380 cm -I region, and this may be attributed to 

the symmetrical deformation vibrations of the bonds 

in the CH~-groups. There is no appreciable absorption 
in the region of the valence vibra t ions  of the double 
bond in the vinyl group. Thus, the hypothesis  as to the 
po lymer iza t ion  of N-vinyl indole through the vinyl group 
under the influence of hydrogen ha]ides is  fully sub- 
s tant ia ted.  

The dark color  of the reac t ion  products  and thei r  
high halogen content led us to bel ieve that hydrogen 
hal ides a re  linked to the indole r ing through a donor- 
accep te r  bond, and this gives r i s e  within the po lymer ic  
chain to complexes  involving charge  t r a n s f e r s .  To 
follow the Mull iken 's  c lass i f i ca t ion ,  such types of 
complexes should be r e f e r r e d  to the Vn, u type [7]. 

Some absorpt ion bands in the 250-550 nm (nano- 
me te r )  region were  detected in the e lec t ronic  absorp -  
tion spec t r a  (Fig. 2) of the reac t ion  products  with HC1 
and HBr when dissolved in dioxane. Indole, polyvinyl 
indole,  and N-vinyl indole absorb  in the 300 nm and in 
the far  u l t r av io le t  region.  Therefore ,  absorpt ion bands 
found at sho r t e r  wavelengths than 300 nm should be 
r ega rded  mainly as absorpt ion bands of the indole 
cycles .  The p re sence  of a broad  band with a maximum 
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Fig. 2. UV spectra of the HBr (2) and of the HCI (2) addition products of 
N- Vinyl Indole. 
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a t  4 9 0 - 5 0 0  n m  a n d  a b s o r p t i o n  in  t h e  3 5 0 - 4 0 0  n m  r e -  

g i o n  a r e  a r e s u l t  of c o m p l e x  f o r m a t i o n  w i t h  c h a r g e  

t r a n s f e r  b e t w e e n  i n d o l e  c y c l e s  and  h y d r o g e n  h a l i d e s  

m o l e c u l e s .  A v e r y  d e c i s i v e  a r g u m e n t  in  s u p p o r t  of  

t h i s  v i e w  i s  t h e  p r e s e n c e  of a n  E P R  s i g n a l  in  a l l  t h e  

r e a c t i o n  p r o d u c t s  of  h y d r o g e n  h a l i d e s  w i th  N - v i n y l  i n -  

d o l e  in  c o n t r a s t  w i t h  t h e  a b s e n c e  of s u c h  a s i g n a l  in  

p o l y v i n y l  i n d o l e .  The  d a t a  a t  o u r  d i s p o s a l  a l l o w  u s  to  

r e p r e s e n t  t h e  s t r u c t u r e  of t h e  r e a c t i o n  p r o d u c t s  of N- 

v i n y l  i n d o l e  a n d  h y d r o g e n  h a l i d e s  a s  a p o l y m e r i c  c o m -  

p l e x  o b t a i n e d  a c c o r d i n g  to t h e  f o l l o w i n g  s c h e m e :  

CH 2 = CH --Cfl2--CH--CH 2-  H--CH2--CH-- 

D e p e n d i n g  on  t h e  r e a c t i o n  c o n d i t i o n s ,  t h e  h y d r o g e n  

h a l i d e  m o l e c u l e s  m a y  b e  l i n k e d  to a l l  t h e  i n d o l e  c y c l e s  

of t h e  p o l y m e r i c  c h a i n  o r  o n l y  to s o m e  of t h e m .  

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

N-Vinyl indole was prepared by the reaction of acetylene and in- 
dole in the presence of alkali; bp 71 ~ (1 mm), N~D 1.6330. 

Addition of HC1 to N-vinyl indole. To a solution of 0.46 g (0.013 
mole) of HC1 in 35 ml of CC14, 1.14 g (0.008 mole) of N-vinyl indole 
was added, under cooling, in the course of 10 min. Mixing of the re- 
actants was continued at -15 ~ C for another 2 hr. The red precipitate 
was filtered off, washed a few times with CC14, and dried under vac- 
uum (2-3 mm) to constant weight. 1.08 g of N-vinyl indole hydro- 
chloride was obtained, mp 129-134 ~ C, Found, %: CI 11.57; M (in 
camphor according to Rast) 620. Calculated for C40HasN 4" 2HGt, %: 
C 11.01; M 640. 

Addition of HBr to N-vinyl indole. A current of HBr was passed 
through a solution of 2.1 g (0.015 mole) of N-vinyl indole in 30 ml 

CC14 at -15 ~ C until a precipitate appeared. After i bx 30 min the 
'cherty-colored precipitate was separated, washed with CC14, and 
dried under vacuum. 3.16 g of N-vinyl indole hydrobromide was ob- 
tained, mp 155-170 ~ C. Found, %: Br 30.90; M 1012 (in camphor, 
according to Rast). Calculated for Gs0H~Ns'4HBr, %: Br 30.79; M 
1035. 

A similar procedure was followed in the investigation of the re- 
actiom of N-vinyl indole with hydrogen halides taken in other ratios, 
as well as with hydrogen iodid e. Table 1 presents the results obtained. 
The IR-spectra were recorded in a UR-IO spectrophotometer by pres- 
singthematerial into KBr pellets (NaCI prism), The UV-spectra of 
the sample dissolved in dioxane were recorded in an SF-4 speetropho-' 
tometer. 
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