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The reaction of vinylindole with bromine, chlorine, and iodine in 
CC14 solution in the cold leads to the formation of charge-transfer 
complexes (CTC). The formation of CTC has been confirmed by a 
study of the physicochemical properties and the IR and UV spectra of 
the reaction products. 

There  is  no i n fo rma t ion  at al l  in  the l i t e r a t u r e  r e -  
l a t ing  to the i n t e r ac t i on  of halogens with compounds in  
the molecu le  of which a vinyl  group is  a t tached to a 
n i t r ogen  atom. In the p r e s e n t  work we have s tudied the 
ha logenat ion  of N-vinyl indole .  If one compares  the n i -  
t rogen  atom in  this compound with the oxygen atom in  
the v inyl  e the r s ,  the absence  of an unsha red  pa i r  of 
h a - e l e c t r o n s  m u s t  be noted. 

A ca lcu la t ion  that we have p e r f o r m e d  with the aid 
of a s e m i e m p i r i e a l  va r i an t  of the SCF MO LCAO method 
has shown that the ion iza t ion  potent ial  of N - v i n y l i n -  
dole is  lower  than the ion iza t ion  ene rgy  of an e l e c -  
t r on  f rom the top occupied 7r-eleetron m o l e c u l a r  o r -  
bi tal  of an alkyl v inyl  e ther  by approx imate ly  1.2 eV. 
These  r e s u l t s  p e r m i t  the a s sumpt ion  that in  the ha lo -  
genat ion of N-vinyl indole  i t  will be poss ib le  to observe  
some d i f fe rences  f rom the ease  of the vinyl  e the r s ,  
which add ch lor ine  or b r o m i n e  at the double bond with 
the fo rma t ion  of ~ , f l -d iha loe thyl  de r iva t ives  [1-3]. 

We have shown p rev ious ly  that N-vinyl indole  is  
r ead i ly  capable of r e a c t i n g  with chlor ine  and b r o m i n e ,  
f o rming  s table  dark  red  products  [4]. In a fu r the r ,  
m o r e  deta i led ,  phys ieochemiea l  s tudy of the s t r u c t u r e  
of the ha logena t ion  products  of N-vinyl indole  i t  was 
found that they a re  p o l y m e r i c  in  na tu re  and that the 
addit ion of the halogens to the vinyl  group is  unlikely.  
A s t rong  ind ica t ion  of the opening of the double bond of 
the vinyl  group to fo rm a polymethylene  chain is  the 
fact  that ca ta ly t ic  amounts  of halogen (C1, Br ,  I) proved 
to be capable of caus ing  the po lymer i za t i on  of N - v i n y l -  
indole.  Under these condi t ions ,  a product  was fo rmed  
which was ident ica l  in  p rope r t i e s  to the po lyvinyl in-  

dole obtained under  the inf luence  of f r e e - r a d i c a l  i n i -  
t i a tors .  The IR spec t ra  of the products  of the ch lo r ina -  
t ion,  b romina t i on ,  and iodina t ion  of N-vinyl indole  ob-  
ta ined  at equ imolecu la r  ra t ios  of the r eac t an t s ,  lack 
bands in  the reg ion  of the absorp t ion  of the double bond 
of the ---CH--~CH 2 group (~ 1640 cm -1) and the s y m m e t -  
r i c a l  de format ion  v ib ra t ions  of the C--H bonds in  m e t h -  
yl groups (~ 1380 cm-*) and r e t a i n  f requenc ies  which 
can be connected with the p r e s e n c e  of indole r ings  
(~1610,1560,1200-1300,1020, and 740 cm- i )  [5]. On 
the whole, the na tu re  of these spec t ra  r e s e m b l e s  the 
IR spec t rum of polyvinyl indole  (Fig. 1). 

The in t ense  co lora t ion  of the ha logenat ion  products  
of N-v iny l indole ,  the high m o l e c u l a r  weights and v a r -  
iable  compos i t ion  of the compounds fo rmed ,  and also 
the r e s u l t s  of a ca lcu la t ion  ind ica t ing  a compara t ive ly  
low potent ial  of the N-v iny l indole  molecule ,  have se rved  
as a bas i s  for  the hypothesis  that in  this case the f o r -  
ma t ion  of c h a r g e - t r a n s f e r  complexes  (CTC) takes 
place.  To prove  this hypothes is ,  a study of the e l e c -  
t ron ic  absorp t ion  spec t r a  of the products  of the ha lo -  
genat ion of N-vinyl indole  is  v e r y  impor tan t .  As car, 
be s een  f rom Fig. 2, they have a s e r i e s  of new bands 
in  the 350-400 and 450-550 nm reg ion  as compared  
with the absorp t ion  of N-vinyl indole  and i ts  po lymer .  
The l a t t e r  do not absorb  l ight  i n  the r eg ion  of wave-  
lengths  g r e a t e r  than 300 nm and in  the v i s ib le  pa r t  of 
the spec t rum.  Molecular  b r o m i n e ,  s tudied under  ana l -  
ogous condit ions (in dioxane solution) has m a x i m a  in  
the 350-400 nm region.  It is  e x t r e m e l y  l ikely  that one 
of the bands is due to the absorp t ion  of m o l e c u l a r  b r o -  
mine  p r e s e n t  i n  a complex and the second is  due to 
the CTC as a whole. In the r eg ion  of wavelengths l e s s  
than 300 nm,  the ha logenat ion  products  of N - v i n y l i n -  
dole have two absorp t ion  bands.  If i t  i s  a s s u m e d  that 
the na tu re  of these bands is the same  as for the indole 
molecu le ,  there  is  a ba thochromic  shift  of 15-25 lira. 

Ratio of N- 
Halo- vinylindole 
gen to halogen, 

molar 

Clz I : 0.13" 
C12 1 : 1 
C12 1 : 1,5 
Br2 f : 0.15 
Br= 1:1 
Br= I : 2 

I z  1 : 0.12 

Halogenat ion of N-Vinyl indole  at -15  ~ C 

Time, 
mim 

40 

120 

Mp, ~ 

168420178 

126--139 
25~:79 

234--249 

Mol. wt. 

ealcu- 
found lated 

995 1000 
- -  717 

2180 2200 
1330 1340 
740 760 

1340 1366 

I Halogen, % I 
Empirical fo~- ~--~-[__7~_~Yield, 

CaaH54C~4Ne 14,17 14.28 32 
C4oHscCI4N4, 19.08 1970 31 

CmoH~osBr4N/2 15.69 15.71 67 
C6oHs4Br6N~ 36.59 35,87 21 
C2oH~6BrsN2 62.86 62.82 90 

C6oH~414N6 36.76 37.30 22 

'~No precipitate was formed. 
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Fig. 1. IR spectra,  UR-10 instru- 
ment: 1) polyvinylindole obtained 
with ADIBN catalyst; 2) polyvinyl- 
indole obtained in the presence of 
molecular  bromine; 3) product of 
the reaction of vinylindole with 
bromine; 4) product of the reac-  
tion of vinylindole with chlorine; 
5) product of the reaction of vinyl- 

indole with iodine. 
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Fig. 2. UV spectra (SF-4 instrument, solvent dioxane): 
1) product of the reaction of ethylLndole with bromine; 
2) product of the reaction of vinylindole with bromine; 
3) product of the reaction of vinylindole with chlorine; 
4) product of the reaction of vinylindole with iodine. 
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One of the f e a t u r e s  of c h a r g e - t r a n s f e r  c o m p l e x e s  is  
t he i r  capac i ty  fo r  giving an E P R  signal  [7]. This  p r o p -  
e r t y  i s  c h a r a c t e r i s t i c  fo r  all  the ch lo r ina t ion ,  b r o m i -  
nat ion,  and iodina t ion  p roduc t s  of N-v iny l indo le  that we 
have s tudied ,  while the in i t i a l  N-v iny l indo le  and i ts  
h o m o p o l y m e r s  do not  give an e l e c t r o n  p a r a m a g n e t i c  
r e s o n a n c e  s ignal .  Numerous  e x a m p l e s  a r e  known of 
the f o r m a t i o n  of s tab le  complexes  with e l e c t r o n - d o -  
na t ing  compounds as a r e s u l t  of the i r  high p o l a r i z a -  
b i l i ty  and the p r e s e n c e  of vacan t  o rb i t a l s  of low e n -  
e r g y  [6,7].  The capac i ty  of the s i m p l e s t  h e t e r o c y c l e s ,  
inc lud ing  p y r r o l e  for  giving CTC with h a l o g e n - s u b s t i -  
tuted benzenes  has r e c e n t l y  been  r e p o r t e d  by M. G. 
Voronkov  e t  al. [8]. 

On the ba s i s  of a cons ide ra t ion  of l i t e r a t u r e  data,  
and a lso  the e x p e r i m e n t a l  inves t iga t ions  that  we have 
c a r r i e d  out,  we m a y  cons ide r  that  the r e a c t i o n  of N-  
v inyl indole  with ch lo r ine ,  b r o m i n e ,  and iodine takes  
p lace  in a c c o r d a n c e  with the fo l lowing s c h e m e :  

c . . = c .  . . . . .  

By making use of the classification developed by 
MuIIiken, the complexes shown in the scheme ean be 
assigned to the n~o-type, while their structure must 
be closer to that of the ~o-type than to the no-type [9]. 

The r e a c t i o n s  of N-v iny l indo le  with iodine ,  b r o -  
m i n e ,  and ch lor ine  take p lace  with d i f fe ren t  i n t e n s i -  
f ies .  Chlor ine  i s  the l e a s t  ac t ive .  We have inves t iga t ed  
this  r e a c t i o n  in  ca rbon  t e t r a c h l o r i d e  so lu t ion  in  the 
cold. Some of the r e s u l t s  obtained a re  given in the 
table and in the e x p e r i m e n t a l  s ec t ion  of this paper .  

As can  be s e e n  f r o m  the f i gu re s  in the tab le ,  the 
compos i t i on  of the p roduc t s  depends on the amount  of 
ha logen  used  in the r e a c t i o n  and on the t ime  of i ts  i n -  
t e r a c t i o n  with the N-v iny l indo le .  At an e q u i m o l e c u l a r  
r a t i o  of the r e a c t a n t s  o r  with an e x c e s s  of ha logen,  
h i g h - m e l t i n g  p roduc t s  containing two a toms of ha logen  
p e r  N-v iny l indo le  l ink a re  obtained.  A c ryoscop i c  
study of the i r  m o l e c u l a r  weights  in c amphor  has shown 
that  they a r e  ma in ly  t e t r a -  and h e x a m e r s  of N - v i n y l i n -  
dole,  the d e g r e e  of p o l y m e r i z a t i o n  of which d e c r e a s e s  

with an i n c r e a s e  in the amount  of ha logen  used  in the 
r eac t i on .  The m a j o r i t y  of b romine  d e r i v a t i v e s  of po ly -  
v iny l indole  a r e  soluble  in ace tone  and d i m e t h y l f o r m a -  
mide  and, on heat ing,  in butanol,  and a r e  hydro lyzed  by 
di lute  su l fu r i c  acid. The so lubi l i ty  of the p roduc t s  of 
the ch lo r ina t i on  and iodina t ion  of N-v iny l indo le  in 
many  organ ic  so lvents  and in wa te r  i s  v e r y  l imi ted .  
They  a r e  s tab le  to hyd ro lys i s  and do not change the i r  
p r o p e r t i e s  on be ing  hea ted  f r o m  0 to 100 ~ C in an acid 
m e d i u m  in which the concen t ra t ion  of su l fu r i c  acid  
amounted  to 0 .5-10% and the t ime of the r e a c t i o n  
v a r i e d  f r o m  half  an hour  to a l m o s t  2 days. 

E XPERIME NTAL 

Bromination of N-vinylindole. A solution of 2.43 g (~0.016 mole) 
of bromine in 100 ml of dry carbon tetrachloride was cooled to -15 ~ C 

and then, with stirring, a solution of 2.17 g (~0.015 mole) of N-vinyl- 

indole (bp 71 ~ C (i mm), n~ 1.6330) in 50 ml of CC14 was added to it 

over a period of i bx and 30 rain. The resulting cherry-red precipitate 

was filtered off, washed repeatedly with carbon tetrachloride, and 

dried in a vacuum of 2-3 mm to constant weight. This yielded 0.74 g 

(21%) of a bromination product of N-vinylindole which was soluble in 
acetone and dioxane and had mp 223-238 ~ C. Found, %: Br 21.79; 

N 7.88. Calculated for Cs0H?zBr4Ns, %0: Br 21.85; N 7.65. 
Chlorination of N-vinylindole. A three-necked flask fitted with a 

mechanical stirrer, reflux condenser, and dropping funnel was charged 
with a solution of 2.15 g (~0.015 mole) of N-vinylindole in 30 ml of 
CC14, and a current of dry chlorine was passed in at -15, ~ C until ab- 
sorption ceased. After an hour, the product was treated with CCI 4 and 
dried. This gave 2.75 g (100% theoretical of a dark red power, mp 
142-150 ~ C. Found, %: C1 17.38. Calculated for C60Hs4C15N6. %: 
CI 17.14. 

Reaelion of NTVinyliadole with iodine. A cooled mixture of 2.01 g 
(0.014 mole) of N-vinylindole (in 20 ml of CC14) and 8.58 g (0.014 

mole) of iodine dissolved in II0 ml of CCI 4 formed, in 8 hours, 3.83 g 
,(100% theoretical) of brown crystals with mp 168-166 ~ C, Found, %: 
C 44.74; H 8.88; I 46.75%. Calculated for C~H~I4N4, %: C 44.64; 
H 3.33; I 47.03%. 

The products of the halogenation of N-vinylindole, the properties 
of which are given in the table, were obtained in a similar manner 
to the experiments described above. 

Polymerizazion of N-vinylindole under the influence of bromine, 

A tube was charged with 0.73 g (5 mmole) of N-vinylindole, and one 

drop of bromine was added at 18 ~ C. The temperature rose markedly. 

After 2 hours, the contents of the tube were dissolved in 9 ml of ace- 

tone and reprecipitated with i00 ml of ethanol. This gave 0.36 g 

(N60%) of a pink powder with mp 192-207 ~ C. Found, %: Br 0.69; 

N 9.69; tool. wt. 1360. Calculated for (CmHgN)s , %: N 9.79; tool. 
wt. 1287. 

Polyvinylindole in the form of a light yellow powder with mp 
243-260 ~ C was obtained in the usual way with a yield of 54% under 
the influence of a solution of 0.04 g of iodine in 1 ml of diethyl ether. 
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