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V. K. V o r o n o v ,  a n d  G.  G.  S k v o r t s o v a  

UDC 542.91:547.781 

The syn thes i s ,  s t r uc tu r e ,  and reac t iv i ty  of 1-vinyl (ethyl)-2-  (vinyloxymethyl) imidazoles  a r e  studied. The 
chemica l  p rope r t i e s  of vinyl e the r s  of the imidazole  s e r i e s  have been litt le s tudied previously .  There  is de-  
s c r i b e d  only one example  of the synthes is  of 1 -a lky l -2-~- (hydroxyvinyl )benz imidazole  in liquid ammonia  [1]. 

The synthes is  of new N,O--divinyl and O-vinyl  der iva t ives  of imidazoles  was conducted by the reac t ion  of 
1 - v i n y l - 2 -  (hydroxymethyl) imidazole  (I), 1 -v iny l -2 -  (hydroxymethyl) benzimidazole  (II), 1 -e thy l -2 -  (hydrc~y- 
methyl ) imidazole  (III), and 1-e thy l -2- (hydroxymethyl )benz imidazo le  (IV) with ace ty lene  under  p r e s s u r e .  During 
vinylat ion of imidazole  (I) in the p re sence  of 45% KOH at 180~ for  1 h in dic~ane, 1-v inyl -2- (v inyloxymethyl ) -  
imidazole  (V) is f o rm ed  in 85% yield. On rep lac ing  KOH with Cd(AcO)2, up to 92% (V) is obtained. React ion 
of (II) with acetylene  in the p re sence  of 30% Cd(AcO) 2 at 200~ for  2 h gives 75% 1-vinyl -2- (v inyloxymethyl ) -  
benzimidazole  (VI) and with 30% KOH, only 47%. In analogous opt imal  condit ions,  1-ethyl  der iva t ives  of 2-  
(hydroxymethyl) imidazoles  (III) and (IV) r e a c t  with acetylene with the fo rmat ion  of 1-e thyl -2- (v inyloxymethyl ) -  
imidazole  (VII) and 1-e thy l -2- (v inyloxymethyl )benz imidazole  (VIII) with yields  up to 70%. The obtained c o m -  
pounds w e r e  identified by th in - l ayer  ch romatography ,  IR, UV, and NMR methods ,  by e lementa l  ana lys i s ,  and 
a lso  by hydrogenat ion to the cor responding  1-e thy l -2- (e thoxymethyl ) imidazole  (IX) and 1-e thy l -2- (e thoxy-  
methyl )benzimidazole  (X). The p rope r t i e s  of the N,O-divinyl-  and O-vinyl imidazoles  and their  PMR sp ec t r a  
a r e  p resen ted  in Tables  1 and 2. The values for  chemica l  shif ts  and s p i n - s p i n  coupling constants  of olefinic 
protons bonded to O and N a toms in compounds (V)-(VIII) a re  c h a r a c t e r i s t i c  [2]. 

The IR s p e c t r a  of imidazoles  (V)-(VIII) (Table 3) contain absorp t ion  bands for  s t re tch ing  vibrat ions  of 
N-vinyl  groups at 1648-1649 c m  -I .  The s t re tch ing  vibrat ions  of vinyloxy groups a re  c h a r a c t e r i z e d  by doub le t  
bands with m a x i m a  at 1640 and 1620 cm - t ,  apparen t ly ,  due to the p resence  of two r o t o m e r s ,  s i m i l a r  to vinyl 
alkyl  e thers  [3, 4]. Deformat ion  vibra t ions  of the CH bond in N- and O-vinyl  groups a r e  c h a r a c t e r i z e d  by ab-  
so rp t ion  at 960 and 830 c m  -1, r e spec t ive ly .  The band at 1190 c m  -1 is caused by s t re tch ing  vibrat ions  of the 
COC group.  

in o rde r  to explain the mutual influence of subst i tut ion in the 1 and 2 posit ions of the he te rocyc le  on the 
e l ec t ron  s ta te  of N- and O-vinyl  groups ,  the in tegra l  intensi t ies  of bands (E~2) in s p e c t r a  for  (V)-(VIII) was  
m e a s u r e d  in c o m p a r i s o n  with 1-vinyl  der iva t ives  of imidazole  (XI) and benzimidazole  (XII) using a method in 
[5]. The introduct ion of a CH2OH group in posi t ion 2 of the imidazole  r ing leads to a dec r ea se  in the intensi ty 
of the bands for  N - C H =  CH2 (see Table 3). The bands for  vinyloxy and N-vinyl groups make  anaddi t ive  con t r i -  
bution to the overa l l  intensi ty of the bands in s p e c t r a  for  (V) and (VI). The band at 1620 c m  -1 in spec t r a  for  
the e thers  (VI) and (VIII) is supe r imposed  by the band for  the benzazole  r ing  (u 1612 cm-1). In view of this ,  
the EW2 for  the hydroxymethyl imidazole  (II) was m e a s u r e d  for the band at  1649 c m  -1 and for  the s u m  of the 

1 - i  
bands at  1649 and 1614 c m  . The overa l l  in tegra l  intensi ty of the bands for  N- and O-vinyl groups of imid-  
azoles  (V) and (VI) is s ignif icantly more  than the values  for  the in tegra l  intensi t ies  of the bands fo r t he  N-vinyl  
group of 2 -hydroxymethyl  de r iva t ives  of imidazoles  and the O-vinyl  group of 1-e thyl imidazoles .  

I rku t sk  Inst i tute  of Organic Chemis t ry ,  S iber ian  Branch of the Academy of Sciences of the USSR. T r a n s -  
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TABLE 1. P r o p e r t i e s  of 1-Vinyl-  and 1-Ethyl -2- (v iny loxymethyl ) imid-  
azoles  (V)- (X) 

Corn- ~ .D ~ d,~ 
pound .~ 

(V) 192 [ t,5260[ 1,t7ir 
(VI) ] 75 [ 1,59t0[ 1,206~ 

(VII) [ 7011,49821i,I19C 
(VIII) 168 [ i 5709 [ i,2i9~ 

(IX) [ 64[i',4750[0 9475 
(X) [ 7011,5550l 1:i879 

bp, "C Found, am 
(p, mm Rt 
H8 ) C H 

I 

fl}4(5) 0,90] ~3,9t 6,75 
t73(io) ]0,89[ 72,28 8,32 
il7(iO) [0,83[ 63,1t 8,04 
t38(2) [0,92[ 71,62 8,84 
i2i(i7) ]0,86] 6i,3i i 9,09 
i46(4) [0,88] 70,841 7,82 

t8.39 
i4.34 
18,39 
13,65 
17,86 
i4,2i 

Molccutar 
formula 

CsHIoN20 
C,2HI2N20 
CsH,2N20 
C~H:AN20 
CsH,ANz0 
C,2HI6N20 

Ca lcutated, ~ 

c tf N 

64,02 6,66 t8,88 
72,00 6,05 t4,01 
63,t5 7,88 16.42 
71,3t 0,9i t3,83 
61,03 9,09 18,t3 
70,52 7,83 10,75 

The e lec t ron  s p e c t r a  for the absorp t ion  of vinyl and ethyl der iva t ives  of imidazoles  (see Table 3) a r e  
c h a r a c t e r i z e d  by a band with Xmax 217 rim, the posit ion and intensi ty of which depends on the subst i tuents  in 
the he te rocycle .  In t roduct ion of CH2OH and CH2OCH= CH 2 groups i n p o s i t i o n  2 of e thyl imidazole  (XHI) leads 
to a s i m i l a r  ba thoehromic  shift  of the band by 2.7 nm. The a tomic  orhi ta ls  of the vinyl group par t ic ipa te  to a 
s ignif icant  degree  in the e lec t ron  t rans i t ion  of 1-vinyl imidazole  (XI) [6]. In s p e c t r a  for  the 2-subs t i tu ted  
imidazoles  (I) and (V), a ba thoehromic  shift  of the band by 8 nm in c o m p a r i s o n  with the s p e c t r a  for  compound 
(XI) indicates  a high sens i t iv i ty  of the energy of this t rans i t ion  to the inductive influence of subst i tuents .  Sub- 
st i tut ion in l~vinyl -  and 1-e thylbenzimidazole  (XII) and (XIV) molecules  does not lead to noticeable changes in 
>'max. The absorp t ion  coeff icients  for  1-vinyl(e thyl) imidazoles  and benzimidazoles  do not change on t rans i t ion  
to thei r  2 - subs t i tu ted  der iva t ives .  

The e lec t rophi l ic  addition of halides and hydrogen halides to compounds (V)-(VIII) can occur  both through 
the vinyl  group on an O or  N a tom and at  the N a tom in posi t ion 3. I t  is found that hydroehlor inat ion  of imidazoles  
(V)-(VIII) in absolute CC14 o c c u r r e d  bes t  a t  0-5~ with fo rmat ion  of a i r - s t a b l e  white powders .  IR spec t r a  of the 
hydroehlor inat ion products  of (V)-(VIII) a re  identical  to the s p e c t r a  of the hydrochlor ides  of (I)-(VI) [7]. The 
s p e c t r a  contain absorpt ion bands fo r  an N-vinyl group and a ve ry  broad absorp t ion  band at 2600-3000 c m  -1, 

+ 
c h a r a c t e r i s t i c  for  an am m on i um  e a t i o n ~ N H  . A substant ia l  shift  of the v ibra t ion  bands for  the he te rocyc le  to 

the sho r t - f r equency  reg ion  occur s ,  indicating coordinat ion at  the N 3 atom. Absorp t ion  at 3220-3240 c m  -1 con-  
f i rms  the appearance  of an OH group bonded via i n t r amolecu la r  H bond; bands with f requency 1048-1052 c m  -1 
a r e  caused  by the s t re tch ing  vibra t ions  of  C - O H  bonds. The PMR s p e c t r a  (Table 2) of the hydrochlor inat ion 
products  of  (I) and (V) a r e  identical .  

We have es tab l i shed  that during the r eac t ion  of (V) with HCI, the 1-v inyl -2- (v inyloxymethyl ) imidazole  
hydrochlor ide  is f o rm ed  a f t e r  2-5 min,  in which, accord ing  to IR and PMR s p e c t r a ,  the N- and O--vinyl groups 

TABLE 2. P a r a m e t e r s  of PMR Spec t ra  of  Imidazo les  (V)-(VII), (X) and The i r  Hydrocblor ina ted  Products  

N_C=C( HB HB" o - c = c /  
Hx HA [ \HA" ' Hx ,  

Compound* 
HA H B 

(v) 4,05 4,38 

(VII) 4,00 4,2]7 

(X) 

(VI) 4,09 4~46 

Hc-(V) ~28 4,55 

HC- (I) 5,38 5.,77 

HC-(I) * 5,49 5,88 

HC-(II) ** 5,95 6,03 

* HC-(V),  HC-(I), HC-(D* 

HX 

Chemical shift. 8, ppm 

HA" HB" HX" H4 ~ HN--GH~ 
=/ Spin-spin coupling comtams0 J, t-Iz 

HA HB HA HA' HB' HA' 
HX H X HB H X, H X, H B, 

6,27 

6,42 

6,48 

6,55 

7,t8 

7,28 

7,28 

4,83 

5,i0 

5,50 

5,19 7,05 

5,56 7,2i 

5,86 7 ~  

7,i3 6,82 

6.77 6,77 

~80 6.60 

7.97 7,60 

7,83 7.45 

7,96 7,58 

3,80 

4,75 (HoH) 

4,90 (Ho~) 

4,92 (HOE) 

4,73 

4"00 

4,85 

5,16 

6,9 't4'38 

7,i2 14,62 

7,08 i4,t3 

9,56 14,38 

8,i0 ,i6,4 

2,48 9,00 

2,50 

2,48 9,38 

2,00 8,8O 

2,45 

i5,92 

44'76 

~i6,60 

i156 

2,24 

5,26 

, HC-(ID** arc the hydrodrochlorination products of(V). (D. (V), arfl (VI). 

HH~ HCH~ 
HCH, 

7,52 

7,32 

1932 



TABLE 3. 
(XI)- (XIV) 

i:l 
e~ 
O 

t i )  

( i i )  

(iii) 

(iv) 

(v), 

(Vl) 

P a r a m e t e r s  of  UV and IR Spec t ra  of  Imidazo l e s  ff)-(VIII),  

'%, rim I 
�9 ~ II U 

<7 

OO 
U H 

,r 

237,4 

232 
?59,6 
283,2 
292fl 

219,7 

25O 
256 
270,2 
277,7 
285,7 

238 

282 
291 

12320 

16701 
9O55 
539i 
350t 

7318 

7153 
7733 
5964 I 
69i0 I 
/54~8 I 

it500 I 

19135 

1648 2487 

1649 2393 

1649 ~ 3644 
1612 J 

4648 

t620 J t 781t 
I I 

1649 1 I I~i20 J I 802t 
I 

(VII) 

(VIII) 

(XI) 

(XlI) 

(XlII) 

( x l v )  

219;7 

25O } 
277 I i  
283 
2 ~  J 
230 

226,7 } 
232,6 
253 
281 

217 

249 

z67 ) 
276 
282 ' 

I 1620 

7682 I 

58t9 ] t620 
4526 I 

,I(D70 I 1650 
16729 

17104 t 11943 1655 
5134 

5160 

6221 
418t I 
48361 
5i88 I 

} 

2722 

3648 

a r e  re ta ined .  In  p roduc t s  of f u r t h e r  hyd rocb lo r ina t ion ,  a mix tu re  of the hyd roch lo r i de s  of  (I) and (V) in a r a t i o  
of  30 and 70% is found. The PMR s p e c t r u m  of the mix tu re  conta ins  s ignals  fo r  pro tons  of  the OCH = CH 2 g roup  
and,  in a weak  f ield,  two doublets  belonging to the protons  of the r ing  of  (I) hyd roch lo r ide .  On t e r m i n a t i o n  of 
the r e a c t i o n ,  only one p roduc t ,  the h y d r o c h l o r i d e  of  imidazo le  (I), is s epa ra t ed .  The obta ined  da ta  sugges t  tha t  
in  the r e a c t i o n  of N ,O-d iv iny l imidazo le s  (V)-(VIII) wi th  HC1, f o r m a t i o n  of  the h y d r o c h l o r i d e s  of  1 -v iny l (e thy l ) -  
2 - (v iny loxyme thy l ) i m i da z o l e s  a r e  f o r m e d  ini t ia l ly  f r o m  the r e a c t i o n  wi th  an  u n s h a r e d  pa i r  of e l e c t r o n s  of  the 
N 3 . 

L a t e r ,  a s e c o n d  molecu le  of  HC1 is added  at the double bond of the O-vinyl  g roup ,  with f o r m a t i o n  of  un -  
s tab le  h y d r o c h l o r i d e s  of  1 - v i n y l - 2 - ( ~ - c h l o r o e t h o x y m e t h y l ) i m i d a z o l e s .  As the r e s u l t  of  r e d i s t r i b u t i o n  of  the 
e l e c t r o n  dens i ty  of  the imidazo le  r ing  dur ing p ro tona t ion  at the N 3, they a r e  d e c o m p o s e d  to the hyd ro c h lo r i d e s  
of  1 - v i n y l - 2 - ( h y d r o x y m e t h y l ) i m i d a z o l e s  and r e s i n s  s i m i l a r  to ~ - h a l o e t h y l  a lkyl  e t h e r s  [8]. 

~,~N ~,7----N �9 HC1 
l-tc~ II I t -  C ttci i t  ) iCH,  OCH=CHt __-+/\ J--cHsOCH= Hi ----> 

N N 
I I 

it R 

\ t l  '"" N.HCi lJ i H - - N . t t C l  

( " \ i / N cHlo  
L R C H = C H z _ !  J 

R 

HCl 

R = CH=CHI; CiHs 

B r o m i n e  adds r e a d i l y  to the mono-  and divinyl  de r iva t ives  of  the h y d r c ~ y m e t h y l i m i d a z o l e s  (V)-(VIII).  
The r e a c t i o n  o c c u r s  without  heat ing in absolu te  CCI 4 at  the double bond of the O-vinyl  g roup  wi th  f o r m a t i o n  
of 1 - v i n y l ( e t h y l ) - 2 - ( ~ , f i - d i b r o m o e t h o x y m e t h y l ) i m i d a z o l e s  (XV) and (XVI): 

- - N  N 

N CH~OCH=CH~ N CH~0CHBrCHIBr 
I I 

a R (xv), (xvi) 
[ ~ N  ~ N - H B r  

il II II. ] 
\ l \  \ / \  

---> N CH,OCH=CHBr/ / N CH=--OCH--CHBr / 

,t' / 1 .6  ' ' J. 
(xvII), (xvIII) 

R = CH=CH~ (XV), (XVlI); C2H s (XVl), (XVlII) 
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The d ibromo de r iva t ives  (XV) and (XVI) a r e  s i m i l a r  to the brominat ion  products  of alkyl and a ry l  vinyl e thers  
[9] and decompose  to unstable 1 -v iny l ( e thy l ) -2 -~ -b romoviny loxymethy l ) imidazo les  with the e l iminat ion of HBR. 
These imidazoles  a r e  capable  of spontaneous po lymer iza t ion  at  the vinyl group a t tached to the oxygen; the 
HBr i t se l f  en te r s  into r eac t ion  with the unshared  pa i r  of e lec t rons  a t  the N 3. The po lymer s  of the hydrobro -  
mides  of 1-v inyl (e thyl ) -2- ( f l -bromovinyloxymethyl ) imidazoles  (XVII) and (XVIII) we re  i so la ted  and c h a r a c t e r -  
ized. E lementa l  ana lys i s  data  ag ree  fully with the p roposed  s t ruc tu re .  In thei r  IR s p e c t r a ,  absorp t ion  bands 
for  the OCH = CH 2 double bond d i sappear  and a broad  band appea r s  a t  2600-3000 e m  -1, caused  by the vibrat ions 
of an  a m m o n i u m  cat ion  [10]. The absorp t ion  c h a r a c t e r i s t i c  of an N-vinyl group is r e ta ined  and a shift  to the 
shor t -wave leng th  reg ion  is obse rved  for  the v ibra t ion  f requencies  of  the he te rocyc!e .  

In the case  of  imidazole  (V), the ra t io  of ini t ial  components  has  a s ignif icant  influence on the d i rec t ion  
of the react ion.  Thus,  during excess  Br2, addition a t  the double bond of the N-vinyl group is a lso  obse rved  
and the hydrobromide  of 1 - (~ , f l -d ibromoethyl ) -2- (hydroxymethyl ) imidazole  (XIX) is i so la ted  in addition to the 
po lymer  of the imidazole  (XVID: 

II _.",..)_c,.o, I J \  \IJ\c..oc.=c., r ~ 
N CHsOCH= CIIBr 
J i 
CH~CHm [_ CIIBr--CIIsBr J CI-IBr--CHsBr (XIX) 

The IR spectrum for (XIX) contains no absorption bands for vibrations of N- and O-vinyl groups. Absorption 
characteristic for the ammonium cation at 2600-3000 cm -I and associated OH group at 3220-3240 cm -I is ob- 
served. 

During reaction of the imidazole (VI) with Br 2 even in equimolar ratio of the initial components, addition 
occurs at both vinyl groups with formation of the halogenated product (XX), which is converted to the polymer 
of the 1- (~ ,/l-dibromoethyl)-2- (fl-bromovinyloxymethyl) benz imidazole hydrobromide (XX): 

(~\iT.-- N Br, (~N-HBr -~ Polymer (XX) 
--'~J. I \  I \ A .  1\ v 

N CH~0CH~CH~ 
I - l 
CHICHI CHBr--CHzBr 

(xx) 

Depending on the posi t ion of the vinyl group on the N or  O a toms of the synthes ized  imidazoles  (V)- (VIII) , 
the po lymer iza t ion  occurs  differently.  In the p resence  of azobis i sobutyroni t r i l e  (AIBN), the po lymer iza t ion  of 
(V) and (VI) occurs  via  s e i s s ion  of the double bond of the N-vinyl  group. Convers ion  a f t e r  8 h at  80~ is 98 and 
29%, re spec t ive ly .  The obtained po l ym er s  a r e  l ight-yel low powders  with a mp in the range  195-270~ and 
soluble in ch lo ro fo rm,  dioxane, and DMF. The IR s p e c t r a  of the po lymers  obtained f r o m  (V) and (VI) show a 
d i sappearance  of absorp t ion  bands for  the N-vinyl group,  but bands for  s t r e t ch ing  and deformat ion  vibrat ions  
of the OCH = CH 2 group at  1610-1640 and 830-835 cm -I  a re  re ta ined .  I t s h o u l d b e n o t e d t h a t t h e  N,O-divinyUmid-  
azoles  (V) and (VI) can a lso  be po lymer i zed  by a cat ionic mechan ism.  Thus,  in the p re sence  of BF3 e the ra te ,  
compound (VI) is po lymer i zed  at  49% convers ion  a f te r  6 h at  140~ In con t ra s t  to imidazoles  (V) and (VI), the 
1-ethyl  de r iva t ives  of (VII) and (VIII) f o r m  po lymers  only in conditions of cat ionic  po lymer iza t ion  with a y ie ld  
of ~20%. In the IR s p e c t r a  of the po lymer iza t ion  products  of compounds (V)-(VIII) obtained in the p re sence  of 
a cat ionic ca ta lys t ,  a shif t  of the bands for  v ibra t ions  of the he te rocyc le  to the shor t -wave leng th  reg ion  is ob- 
se rved .  In the given ca se ,  fo rma t ion  of po lymer  complexes  occurs  and comple te  with the polymer iza t ion .  The 
composi t ion  of the complexes  depends on ca ta lys t  concentrat ion:  

. m B F 3 1  I 
/ /~CH~O--CH--CHs 

L I I ~ -" 
R 

R~CsHs, CH~CH2; n~3--10, m-~l--3 

Spectra for such polymers show the retention of bands for the vibrations of an N-vinyl group, but absorption 

bands for the double bond of a vinyl ether disappear. 

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

The PMR s p e c t r a  w e r e  r eco rded  on a BS 1878 ins t rumen t  in a solut ion of CC14 and CD3OD re la t ive  to 
HMDS; the IR s p e c t r a  we re  r e c o r d e d  on a UR-20 spee t ropho tome te r  using KBR tablets  and solutions in CCl 4 
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TABLE 4. Bromo Der iva t ives  (XVII)-(XX) 

:o pc ,d I 
(XVIII) 

(xlx) 10 
(xx) 49 

nap.,_ ~ 

137-439 
147'-150 
176-177 
1t0-t40 

Found, * 

C I I  Br 

50,86 I 3,17 51,23 
3L,1t I 4,00 ~0.89 
20,11 2.35 65~33 
27,91 2,67 61,41 

Molecular 
formula 

CsH,oN~OBrz 
CsHi2N~0Br2 
CsH~N~0Brs 
Ci2Hi2NzOBr~ 

fi 
! 

30,90 
30,70 
i9,72 
27,68 

Calculated, *. 

n Br  

3,21 51,61 
3,84 5t,20 
2,46 65,76 
2,b0 61,53 

and CHCI 3. The e lec t ron ic  s p e c t r a  of the absorp t ion  of the compounds in a solution of ethanol we re  obtained on 
a Specord  UV-VIS s p e c t r o m e t e r .  The Rf  values  we re  de te rmined  in a nonre inforeed  layer  of A1203 (activated 
II) in a s y s t e m  of 20 : 8 : 1 c h l o r o f o r m - b e n z e n e - e t h a n o l .  

! -  Vinyl-2-  (vinylQxymethy1) imidazole  (V)_. A mix ture  of 2 0 g (0.15 mole) 1 -v iny l -2 -  (hydroxymethyl)-  
imidazx)le (I), 4 g (20%) Cd(AcO) 2 in 250ml  dioxane was kept in an autoclave for  5 h at 200~ under  an acetylene 
p r e s s u r e  of 15 atm. A da rk  brown liquid was f i l t e red  off, the dioxane was dis t i l led off, and the res idue  was 
p laced in vacuum. Yield, 22.5 g (92%) (V) (see Table 1). 

Hydrochlor ina t ion  of 1-Vinyl -2- (v inyloxymethyl ) imidazole  (V). A solution of 1.2 g (0.008 mole) (V) in 30 
ml abs.  CCI 4 at - 5 ~  was bubbled with dry HCI. After  2 rain, the white precipi ta te  was washed  with absolute 
CC14 and e ther .  Yield, 1.1 g (73%) (V) hydrochlor ide ,  mp 164-165~ Found: C 51.2; H 5.7; C1 19.4%o CsH10N20. 
HC1. Calculated:  C 51.4; H 5.9; C1 19.0%. On pass ing through HC1 for 1 h, 1.45 g (95%) (I) hydrochlor ide  was 
i so la ted  with mp 206-208~ Found: C 44.6; H 5.71; C1 22.3%. C6H8ON 2- HC1. Calculated: C 44.8; H 5.6; C1 
22.1%. 

Bromina t ion  of 1-Vinyl -2- (v inyloxymethyl ) imidazole  (V). A solution of 0.45 g (0.003 mole) (V) in 30 ml 
absolute  CC14 was added dropwise  to a solut ion of 0.96 g (0.006 mole) Br 2 in 30 ml absolute CCI 4 at  -30~  
over  i h. Af ter  2 h, the yel low prec ip i ta te  was washed with dry acetone and e ther .  Yield, 0.3 g of the po lymer  
of 1 -v iny l -2- ( f l -b romoviny loxymethy l ) imidazo le  hydrobromide  (XVII). White c rys ta l l ine  prec ip i ta te  of 1-(~,f i-  
d ib romoethy l ) -2 - (hydrc~ymethy l ) imidazo le  (XIX) (0.1 g, 10%) was i so la ted  f r o m  the f i l t rate .  The p rope r t i e s  of  
the b romina t ion  products  of imidazo les  (V)-(VIII) a r e  given in Table 4. 

P o l y m e r i z a t i o n  of 1-Vinyl -2- (v inyloxymethyl ) imidazole  (V). Compound (V) (0.5 g, 0.0033 mole) and 0.02 
g (4%) AIBN were  placed in an ampul  for  8 h at  80~ The po lymer  fo rmed  was washed  with ch lo ro fo rm and 
e ther  and dried.  Yield,  0.49 g (98%) poly[vinyl-2-(vinyloxymethyl) imidazole]  with mp 240-272~ insoluble in 
organic  solvents .  Found: C 64.1; H 6.78; N 18.62%. (CsH10N20) n. Calculated: C 64.02; H 6.66; N 18.66%. 

Po lymer i za t i on  of 1-Vinyl -2- (v inyloxymethyl ) imidazole  (VI). BF 3 �9 O(Et) 2 (0.18 g, 9%) was added gradual ly  
under  s t i r r i n g  to 2 g (VI). The mix ture  was mainta ined for  6 h at 140~ Yield, 1.9 g (48%) (VI) po lymer  with 
da rk  brown co lor  and mp 150-175~ Found: C 64.7; H 5.69; N 8.10%. (C12HlaN20)3 �9 BF 3. Calculated:  C 64.6; 
H 5.39; N 8.53%. 

C O N C L U S I O N S  

1. 1-Vinyl and 1 -e thy l -2 - (hydroxymethy l ) imidazo les  f o r m  with acetylene under  p r e s s u r e  the co r r e spond-  
ing 2-v inyloxymethyl  der iva t ives .  

2. On t r e a t m e n t  of 1-vinyl  (ethyl)-2-  (vinyloxymethyl) imidazoles  with HCI, the hydrochlor ides  of 1-v inyl -  
( e thyD-2- (~-ch loroe thoxymethy l ) imidazo les  a r e  fo rmed  with subsequent  decomposi t ion  to the hydrochlor ides  of 
1-vinyl (ethyl) -2 - (hydroxymethyl) imidazoles .  

3. Brominat ion  of 1-v inyl -2- (v lnyloxymethyl ) imidazole  leads  to the fo rmat ion  of mainly the po lymer ic  
hydrobromide  of 1-v inyl -2- ( f l -bromovinyloxymethyl ) imidazole .  React ion  of 1-v inyl -2- (v inyloxymethyl )benz-  
imidazole  with bromine  occurs  s imul taneous  at  the N- and O-vinyl  groups with fo rmat ion  of the hydrobromide  
1- (~ ,f i-dibromoethyl)  - 2 -  (fl- bromovinyloxymethyl)  benz imidazole ,  which is subs equently polymer ized .  

1. 

2~ 

3. 
4. 
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H I G H - T E M P E R A T U R E  O R G A N I C  S Y N T H E S I S  

9. THERMAL TRANSFORMATIONS OF DIMETHYL SULFIDE AND THIIRANE* 

4 .  N. D e r y a g i n ,  I~. N. S u k h o m a z o v a ,  
O. B. B a n n i k o v a ,  a n d  M. G. V o r o n k o v  

UDC 541.11:542.91:547.279.3 

The pyrolysis of dimethyl sulfide (DMS) and thiirane has not yet  been studied in sufficient detail. It has 
only been known that DMS is converted to methane, CH3SH, and H2S at 700~ in a toluene s t ream [2]. Other 
dialkyl sulfides are decomposed in the gas phase at 400-800~ with the loss of hydrogen sulfide and olefins 
through the intermediate formation of thiols [3-5]. Thiophene is also found in the pyrolyzates. It was of inter-  
est  to study the pyrolysis of DMS under the same conditions. The structure of DMS dictates a difference in the 
conversion scheme relative to other dialkyl sulfides. In part icular ,  the direct elimination of olefins is im- 
possible from DMS, and thiirane may be one of the intermediates. Sulfur-containing products of the pyrolysis 
of DIMS and thiirane may be trapped by thermal condensation with halo-substituted aromatic,  heteroaromatic,  
and unsaturated compounds [6, 7]. 

The pyrolysis of dimethyl sulfide in a flow system consisting of a hollow quartz tube in a nitrogen atmo- 
sphere begins above 500~ The yield of liquid pyrolyzate at 500-600~ is low (from 15 to 40%) and decreases 
with increasing reaction temperature (Table 1). The major pyrolysis products of DMS are hydrogen, hydrogen 
sulfide, methane, ethane, propane, butane, and butene. Ethylene is not formed. Only vinylthiol and thiophene, 
according to PMR data, are formed as liquid pyrolyzate products. The yield and ratio of these products de- 
pend on temperature and contact time. The maximum yield of vinylthiol (4%) is observed at 500~ with 55-58 
sec contact time. With an increase in the pyrolysis temperature to 600~ only thiophenc in 17% yield is found 
in the condensate in addition to unreacted DMS. The maximum yield of thiophene (20%) is observed at 550~ 
1% vinylthiol is formed at this temperature.  

An increase in contact time at constant temperature (500~ leads to a decrease in the yield of vinylthiol 
and increase in the yield of thiophenc (the vinylthiol : thiophene ratio decreases from 2 to 0.4), which indicates 
the initial formation of vinylthiol f rom DMS and subsequent conversion of this product into thiophene apparently 
through the intermediate formation of divinyl sulfide [8]. 

CHsSCH s -~ CHz~CHSH -~- H~ (i) 
CHz~ A 

\ s  / 

Thiirane is a likely intermediate in DMS pyrolysis; it subsequently isomerizes into vinylthiol: 

CH3SCH3 --* H~C--CHa -* CHz-----CHSH (3) 
-H, \/ 

S 

*Communication 8 [1]. 
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