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The pecu l ia r i t i e s  of the reac t ion  of chloro00romo,f luoro)hydrins  with N-vinyl imidazole ,  -ben -  
z imidazole,  -benzo t r iazo le ,  and - indole  a re  demonst ra ted .  Vinyl and p o l y m e r i c  azoles  with 
va r ious  functional groups  (OH, C1, Br,  CNS, and NO 3) at tached to the substi tuent  in the 3 pos i -  
tion of the f i v e - m e m b e r e d  ring were  synthesized.  

We have p rev ious ly  obse rved  the effect  of the s t r u c t u r e  of conjugated he te rocyc l i c  s y s t e m s  of a r o -  
mat ic  c h a r a c t e r  on the i r  r eac t iv i t i e s  in an invest igat ion of the r eac t ions  of N-vinylazoles  and N-vinylindote 
with halogens,  a lkyl  halides,  and dialkyl sulfa tes  [1-3]. In the p re sen t  r e s e a r c h  we have studied the r e a c -  
t ion of N-vinyl imidazole  (I), N-vinylbenzimidazole  (ID, N-vinylbenzot r iazole  (III), and N-vinylindole (IV) 
with ethylene chlorohydrin,  t e t r a m e t h y l e n e - l , 4 - c h l o r o h y d r i n ,  1 -ch lo ropropy lene-2 ,3 -ch lo rohydr in ,  t r i -  
m e t h y l e n e - l , 3 - b r o m o h y d r i n ,  and ethylene f luorohydrin.  In the case  of halohydrins,  we invest igated a new 
(for N-vinylaze les )  s e r i e s  of organic  e lec t ron  accep to r s  that have act ive  functional groups,  owing to which 
the poss ib i l i ty  of fu r the r  modif icat ion of vinyl  ni t rogen-containing he te rocyc les  in o r d e r  to obtain biologi-  
cal ly  act ive subs tances  is revea led .  

In view of the r a t h e r  significant  d i f fe rences  in the e lec t ronic  s t ruc tu res ,  one might have expected that 
the invest igated f i v e - m e m b e r e d  he te rocye les  would behave different ly on reac t ion  with the hydrin.  In fact, 
I - IV r eac t  with halohydrins in the mos t  d ive rse  d i rec t ions  to give qua te rnary  sa l t s  and quaternized poly-  
m e r s ;  addition p roceeds  at the double bond of the vinyl group to give c h a r g e - t r a n s f e r  complexes  (CTC). 

The invest igat ion of the reac t ion  was ca r r i ed  out with var ia t ions  in the t e m p e r a t u r e ,  t ime,  and com-  
ponent rat io.  

R e g a r d l e s s  of the conditions under  which the components a r e  mixed, qua te rnary  sa l t s  due to coordina-  
t ion of the hydrogens  with the ni t rogen in the 3 posit ion a r e  fo rmed  in the reac t ion  of halohydrins  with N- 
v inyl imidazoles  I and II. Compounds I and II r eac t  mos t  ac t ive ly  with ethylene chlorohydrin.  After  20 h 
at 90~ they f o r m  quaternizat ion products  in 83 and 76% yields,  r espec t ive ly .  When the t e m p e r a t u r e  is 
lowered  to 70 ~ (after 50 h), the yield of qua te rnary  sal t  IT is reduced to 34%, while I under  these  conditions 
f o r m s  an oily reac t ion  mix ture ,  f r o m  which a total  of 4% of a c rys ta l l ine  quaternized product  can be i so-  
lated. Compounds I and II r eac t  l e s s  ac t ive ly  with t r imethylene  bromohydr in .  In this case,  lI f o r m s  qua-  
t e r n a r y  sa l t s  in 58% yield.  The products  of the reac t ion  on the bas i s  of I cannot be isolated because  of the 
oily reac t ion  mix tu re  that is fo rmed .  Only t r a c e s  of quaterniza t ion  products  (4-8%) a re  fo rmed  in the r e a c -  
tion of I and ]I with 1 -ch lo ropropy lene-2 ,37ch lorohydr in  and t e t r amethy lene  chlorohyrin.  The f luorohydr ins  
do not r eac t  with I and II even a f t e r  100 h at 90 ~ Like I and ]Z, polyvinyl imidazole  and polyvtnylbenzimid-  
azole  a lso  r e a c t  with ethylene eh torohydr in  to give po lymer ic  qua te rna ry  sa l t s  of the composi t ion  

(C~H6N2 �9 CH2CI--CH2OH) ~ and[  (CgHsN2) 2" CH2CI--CH2OH]~,. 

The s t r u c t u r e  of the quaternizat ion products  based on I, II, and the i r  po lymer s  is  conf i rmed by the r e su l t s  
of e l e m e n t a r y  ana lys i s  and the IR spec t r a .  Quaternized I and II contain absorp t ion  bands of a vinyl group 
at 1646 and 960 cm -~. The shift in f requenc ies  that co r respond  to the v ibra t ions  of the imidazole  r ing to 
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the sho r t -wave  region and the appea rance  of f requencies  that a r e  cha r ac t e r i s t i c  fo r  hydroxyl  (3400 cm -1) 
and C - H a l  (665-760 c m  -1) absorp t ion  a t tes t  to coordinat ion with the hydrin.  A s i m i l a r  pa t t e rn  is a lso  ob- 
s e rved  in the IR s pec t r a  of the quaternized polyvinyl imidazoles .  The s t r u c t u r e s  of the qua te rnary  sal ts  of 
N-v iny l imidazo les  and the hydrins  a r e  conf i rmed by the i r  chemica l  p rope r t i e s ,  pa r t i cu la r ly  by exchange 
with p i c r i c  acid with rep lacement  of the acc ep t e r  and fo rmat ion  of N-vinyl imidazole  p i c r a t e s  via  the scheme  

I L 
C H = C H  2 C H = C H  2 C H = C t l  2 I_ N 2 / 

I I 
CH~CH 2 CH~CH~ 

The labi l i t ies  of the halogen and hydroxyl  a toms  in the quaternizat ion products  of N-vinyl imidazole  a r e  dem-  
ons t ra ted  by the ease  of exchange by NO3, CNS, and I on reac t ion  with s i l ve r  ni t ra te ,  po tass ium thiocyanate,  
and hydrogen iodide to give the cor responding  modif ied vinyl  qua te rna ry  sa l t s  based  on I and II. 

In con t ras t  to I and II, addition of b r o m o -  and chlorohydr in  to the double bond of the vinyl group via 
the following scheme  is the p r i m a r y  p r o c e s s  in the reac t ion  of N-vinylbenzot r iazole  (III) with the halohy-  
drin: 

+ XCH2--CH2OH 

I 
CH=CH 2 CH2--CH2--O--CH2--CH2X 

X = B r ,  CI 

A s i m i l a r  reac t ion  d i rec t ion  a lso  p redomina tes  in the action of b romine  and chlor ine on HI [4] and is in 
a g r e e m e n t  with the r e s u l t s  of quan tum-mechan ica l  calculation, which a t t e s t s  to a d e c r e a s e  in the bas ic i ty  
of HI as  compared  with that of I and II. 

Compound HI r e a c t s  cons iderably  m o r e  ac t ive ly  with b romohydr ins .  The reac t ion  p roceeds  in 5 h at 
70-80 ~ Longer  heating is requi red  to obtain products  of the reac t ion  of III with ethylene chlorohydrin.  The 
absence  in the IR s pec t rum  of f requenc ies  cha rac t e r i s t i c  fo r  the absorp t ion  of a vinyl group a t tes t s  to the 
addition of the b r o m o -  and chlorohydr in  to the double bond of the vinyl group of III. The s t rong absorpt ion 
at  1030, 1070, and 1170 c m  -1 c h a r a c t e r i z e s  the C - O - C  a s y m m e t r i c  s t re tching v ibra t ions .  The f requen-  
c ies  at  2870, 2925, and 2950 cm -1 a r e  re la ted  to the absorpt ion  of t h e -  CH2-CH2--methylene  group, and no 
hydroxyl  absorp t ion  band is p resen t .  

The PMR spec t r a  of the products  of the reac t ion  of HI with b r o m o -  and chlorohydr ins  consis t  of two 
u n s y m m e t r i c a l  t r ip le t s  and a mul t ip le t  at weak field at 7.75-8.13 ppm. The l a t t e r  a t t e s t s  to the p r e sen ce  
of a roma t i c  protons .  The in tegra l  in tensi t ies  of the s ignals  were  taken into account in the in te rpre ta t ion  
of the PMR spec t ra .  The t r ip le t  belonged to the protons  of the methylene  groups  bonded to the heteroatom,  
and the pro tons  of two CH 2 groups  posi t ioned nea r  the oxygen a tom re sona t e  at weake r  field (6 5.06 ppm). 
The s ignals  of the protons  of the methylene  groups  at tached to the ni t rogen and halogen a toms  a re  supe r -  
imposed at 6 4.19 ppm (JcH2-Ctt2 = 5.0 Hz). The t r ip le t  at s t rong  field that is cha r ac t e r i s t i c  fo r  the methyl  
group is  absent  in the spec t rum.  This  f o r m  of the spec t r a  makes  it poss ib le  to a s s u m e  that the addition of 
halohydrins  to HI p roceeds  at the vinyl  group, counter  to Markovnikov,  s ru le .  

It should be noted that, in con t ras t  to the b romohydr ins ,  ethylene chlorhydrin,  in addition to the p rod-  
uct of addition at  the vinyl group, a l so  r e a c t s  with IH to give a product  that does not contain chlorine.  The 
IR s p e c t r u m  of the l a t t e r  does not contain the absorpt ion  band of the vinyl  group double bond and the hydroxyl  
group. Its  PlVIR s p e c t r u m  cons is t s  of a doublet at s t rong field and a mul t ip le t  at weak field with an in tegra l  
intensi ty ra t io  of 1 : 3. On the ba s i s  of the change in the mul t ip l ic i ty  of the s ignals  when double resonance  
is supe r imposed  on the doublet (~l 2.65 ppm, J =  7 Hz), we conf i rmed its  ass ignment  to methyl  protons,  and 
we also  conf i rmed the ass ignment  of the quar te t  at weak field (~ 7.64 ppm) to the methyl idyne proton.  

714 



The following s t ruc ture  can apparent ly be assumed for the product  that does not contain chlorine on 
the basis  of the resu l t s  of e lementary  analysis  and data f rom PMR and IR spectroscopy:  

I HC" 
CH 3 N--N 

In contras t  to III, benzotr iazole  and polyvinylbenzotriazole react  with b romo-  and chlorohydrin to give 
quaternary  salts.  Their  IR spectra  contain f requencies  charac te r i s t i c  for  the hydroxyland C - B r  (C1)groups, 
which confi rm coordination with the hydrin. 

The react ion of N-vinylindole (IV) with the halohydrin, which is accompanied in all cases  by v iny lpo lym-  
er izat ion with simultaneous quaternizat ion and format ion of brightly colored polymeric  products of va r i -  
ous composition, p roceeds  in a m o s t  complex manner. The absorption bands due to vibrations of the vinyl 
group vanish in the IR spec t ra  of the products  of react ion of IV with the hydrins, and new frequencies ap- 
pear  at 3400 (OH) and 615-740 cm -1 (C-C1, C - B r ) .  

New bands at 400-550 nm (A max 455 and 495 nm) appear  in the electronic spec t ra  of the quaternized 
polymer ic  products  f rom IV. The deep color  of the products  of the react ion of IV with the hydrins,  the ap- 
pearance  of new bands in their  e lectronic spectra,  the inability to undergo exchange with picr ic  acid, and 
the insolubility in water  provide a bas is  fo r  assuming that they are  s imi la r  in nature to CTC. We have p r e -  
viously observed the formation of s imi la r  polymeric  CTC in the react ion of IV with halogens and hydrogen 
halides [5, 6]. 

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

The IR spect ra  of KBr pellets  of the compounds were recorded with a UR-20 spec t romete r  at 400- 
3600 em -1 with LiF, NaC1, and KBr p r i sms .  The electronic  spectra  of dimethylformamide and alcohol solu- 
tions of the compounds were recorded  with a Unicam SP-8000 spectrophotometer .  The PMR spectra  were  
recorded  with a BS 487]3 spec t romete r  at room tempera ture  with hexamethyldisiloxane (6 scale) as the in- 
ternal  standard. The chromatography was car r ied  out in a thin l aye r  of activity-II aluminum oxide. The 
ch romatograms  were developed with iodine vapors .  

Synthesis of the Quaternary  Salt of I with Ethylene Chlorohydrin. A mixture of 1 g (0.01 mole) of I 
and 1.6 g (0.02 mole) of ethylene chlorohydrin was heated in an ampul at 90 ~ for  22 h. The react ion mix-  
ture  was dissolved i n D M F - e t h a n o l  0-: 5) and reprecipi ta ted with e ther  to give 1.5 g (83%) of a white pow- 
dery  substance with mp 278-280 ~ Found: C1 19.41%. C~H6N 2 " C2H~OC1. Calculated: C1 20.1%. 

Quaternization of II with Tr imethylene Bromohydrin.  A mixture  of 1 g (7 mmole) of II and 1.92 g 0-4 
mmole)  of t r imethylene bromohydr in  was heated in an ampul at 70 ~ for  38 h to give 1.13 g (58%) of a white 
powder with mp 144-150 ~ Found: Br  29.7%. CgHsN 2" C~HTBrO. Calculated: Br  28.3%. 

Exchange of Ethylene Chlorohydrin-Quaternized N-Vinylbenzimidazole (V) with P ic r ic  Acid. A solu- 
tion of 0.1 g of V in 1 ml of ethanol was added to a saturated alcohol solution of picr ic  acid, and the mixture 
was heated to the boiling point. The precipi tate  that formed on cooling was removed by filtration, washed 
with alcohol, and dried to give 0.05 g of a yellow powder with mp 194-196 ~ Found: C 48.78; H 3.37%. 
CgttsN 2" C6HaN307. Calculated: C 48.26; H 2.94%. 

Reaction of V with AgNO 3. A solution of 0.1 g (0.4 mmole) of V in 1 ml  of ethanol was added dropwise 
to an alcohol solution of 0.075 g (0.4 mmole) of AgNO 3, and the resulting white coagulated precipitate was 
removed by fil tration. The alcohol f i l t ra te  was t reated with ether to precipi tate  0.07 g (62%) of a white pow- 
der  with mp 124-125 ~ Found: C 51.93; H 5.36%. CgHsN 2 "C2HsNO 4. Calculated: C 52.58; H 5.17%. 

Replacement of the Chlorine in V by a CNS group. A solution of 0.086 g (0.8 mmole) of KCNS in 4 ml 
of ethanol was added to an alcohol solution of 0.2 g (0.8 mmole) of V. The precipitated KC1 was removed 
by filtration, and the f i l t rate was t reated with e ther  to precipi tate  0.14 g (70%) of a white powder with mp 
60-62 ~ Found: C 55.58; H 4.99%. CgHsN2C" C2H5OCNS. Calculated: C 56.03; H 5.04%. 

Reaction of HI with Tr imethylene  Bromohydrin.  A mixture of 5 g (34 mmole) of III and 8.3 g (60 
mmole) of t r imethylene bromohydr in  was heated at 70-80 ~ for  5 h. The excess  hydrin was removed by vac-  
uum distillation, and the residue was dissolved in alcohol and reprecipi ta ted by the addition of ether. Re-  
peated reprecipi ta t ions  yielded 5.7 g (57%) of a l ight-brown solid that deliquesced in air .  Found: C 47.2;H 
4.9; Br28%. CI1H14N3BrO. Calculated: C47.0; H4.9; Br28.1%. R f 0 . 1 [ b e n z e n e - h e x a n e - c h l o r o f o r m  (6 : 1 : 3)]. 
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Reaction of III with Ethylene Chlorohydrin.  A mix tu re  of 5 g (34 mmole} of III and 5.4 g (67 mmole)  
of ethylene chlorohydrin  was held in a sealed ampul  at 90 ~ fo r  20 h. The excess  hydrin was then r emoved  
by vacuum dist i l lat ion,  and the res idue  was washed repea ted ly  with e the r  and dissolved in alcohol. R e p r e -  
cipitation by the addition of e ther  yielded 4 g of crude powder. Found: C 53.3; H 5.6;, C1 15%. C10H12N3OC1. 
Calculated: C 53.3; H 5.3; C1 15.8%. Remova l  of the e ther  by dis t i l la t ion gave an oily residue,  which was 
r e c r y s t a l l i z e d  f r o m  alcohol to give 5 g of a white c rys ta l l ine  product  with mp 142-143 ~ Found: C 62.3; 
H 4.7%. The product  did not contain chlorine and had R f  0.3 [benzene-  h e x a n e - c h l o r o f o r m  (6 : 1 : 3)]. 

React ion of IV with Tr ime thy lene  Bromohydr in .  A solution of 1 g (7 re_mole) of IV in 3 ml  of e ther  
or  CCI 4 was added gradual ly  at 10-15 ~ to 1 g (7 mmole)  of t r imethylene  bromohydr in .  After  30 rain, the r e -  
sulting m a s s  was  t r i t u ra t ed  in ether ,  and the c rys ta l l ine  p rec ip i ta te  was r emoved  by f i l t ra t ion and dr ied  to 
give 1.1 g (55%) of a dark  c h e r r y - r e d  powder with mp 153-160 ~ Found: C 71.88; H 6.0; B r  11.9%. 
(C10HgN)4"C3HTBrO. Calculated: C 72.5; H 5.9; Br  11.15%. 
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