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OXIDATION OF VINYL DERIVATIVES OF BENZIMIDAZOLE-2-THIONE 

N. D. Abramova, B. V. Trzhtsinskaya, UDC 547.785.5-542,943.6 
and G. G. Skvortsova 

N-Vinylbenz imidazole -2-su l fon ic  acid, 2-benzimidazolyl  vinyl sulfoxide, and 2-benzimidazolyl  
vinyl sulfone were  obtained in high yields by the action of concent ra ted  hydrogen perox ide  and 
acetyl  hydroperoxide  on N- and S--monovinyl der iva t ives  of benzimidazole--2-thione.  N-Vinyl -2-  
benzimidazolone and a complex mix tu re  of p o l y m e r i c  products  a r e  fo rmed  in the oxidation of 
N ,S-d iv iny l -2 -mercap tobenz imidazo le .  It is shown that  the reac t iv i ty  of the sulfur  a tom depends 
on the number  of vinyl groups and the i r  or ienta t ion with r e s p e c t  to the he te roa toms .  

We have p rev ious ly  r epor t ed  [1] the synthes is  of 2-benzimidazolyl  vinyl sulfide if) and N,S-divinyl-2-  
mercap tobenz imidazo le  (II) and the i r  t r ans fo rma t ions  involving the double bond of the vinyl group. In the 
p r e s e n t  r e s e a r c h  we have studied the oxidation of I and 1I, as well as benz imidazo le -2- th ione  flII) and N-vinyl-  
benz imidazo le -2 - th ione  (IV), In o rde r  to obtain new wate r - so lub le  vInyl monomer s  containing oxidized sulfur.  

It is known [2] that  di(2-benzimidazolyl)  disulfide is isolated in the oxidation of thione III with 10% hydro-  
gen peroxide,  whereas  benz imidazo le -2 -su l fon ic  acid (V) is obtained by the action of 30% H202 ill glacial  acet ic  
acid or  in sodium hydroxide solution. 

When we used 78% hydrogen peroxide  in glacial  acet ic  acid or  70~ acetyl  hydroperoxide  in ether  for  the 
oxidation of III we were  unable to i so la te  the above- indica ted  disulfide, but sulfonic acid V was obtained in 
quant i ta t ive yield.  Oxidation of thione III in acetone gives benz imidazo le -2-su l fon ic  acid (VI), the s t ruc tu re  of 
which is conf i rmed  by the p r e s e n c e  of the absorpt ion  bands of a SO2H group in i ts  IR spec t rum.  The l i t e r a t u r e  
data [2-4] on the mel t ing  point of acid V a re  contradic tory ,  apparent ly  in connection with the fo rmat ion  of v a r i -  
ous hydra ted  f o r m s  of this compound. According to the r e su l t s  of e l emen ta ry  analys is ,  acids V and VI, which 
we i so la ted  in the p r e s e n t  r e s e a r c h ,  a r e  s table  monohydra tes  with mp ~200 and 157 ~ respec t ive ly .  The IR spec -  
t r u m  of V contains an intense absorpt ion  band at 1043 cm -~ and a doublet at 1200 cm -1, which a re  c h a r a c t e r i s t i c  
fo r  hydra ted  sulfonic acids [5]. The bands of the s t re tch ing  vibrat ions  of the C - H  bonds and assoc ia ted  NH and 
OH groups a re  supe r imposed  at 2400-3600 cm -~. It was a lso  es tabl ished by po ten t iomet r ic  t i t ra t ion of an 
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aqueous solution of acid V with 0.1 N NaOH solution that empi r i ca l  fo rmula  CTH6N203S- H20 cor responds  to the 
invest igated compound. The product  was 98% pure .  

T h e  introduction of a r eac t i ve  N-vinyl  group in the thione III molecule  r e in fo rce s  conjugation of the sulfur  
a tom with the he te ror ing  and m a y  give r i s e  to side p r o c e s s e s .  The react ion  of IV with acetyl  hydroperoxide  in 
e ther  gives N-vinylbenzimidazole-2-su l fonic  acid (VIII), in the IR spec t r a  of which the absorpt ion bands of the 
vinyl group double bond a r e  re ta ined  and bands of vibrat ions  of the SO3H group appear  in p lace  of the band due 
to the vibrat ions  of the th ioamide f ragment .  In the oxidation of N-vinyl  compound IV with 78% H202 in acetone 
we were  unable to i so la te  monomer i c  acid VIII. Under these  conditions, wa te r - so lub le  poly(N-vinylbenzimida-  
zo le-2-su l fonic  acid) (IX) is fo rmed  in cons iderable  amounts:  

S 

CH=CH 2 

CHsCO~H 

IV 

I H202 

L -c.-c.o-j,, 

~ . 1 ~ - S O 3  H 
q 
CfI=CH 2 

VIII 

L H20 ~ 

SOsH 

--CI-I--CH2-- _In 

IX 

It is in te res t ing  to note that  IV is  conver ted  to po lymer  X with difficulty under the influence of catalyt ic  amounts 
of hydrogen peroxide  at 20 ~ whereas  acid VIII under the s a m e  conditions quite read i ly  gives a po lymer i c  p rod -  
uct identical to p o l y m e r  IX with r e s p e c t  to the IR spec t roscopic  data. It  might  be  a s sumed  that in the oxidation 
of thione IV with hydrogen perox ide  acid VIII is  fo rmed  init ial ly and then undergoes polymer iza t ion .  

Depending on the react ion  conditions, in the oxidation of sulfide I we isola ted  two c o m p o u n d s -  2 -benz imi -  
dazolyl vinyl sulfoxide (XI) and 2-benzimidazolyl  vinyl sulfone (XII) [6]: 

H 
XH 

The IR spec t r a  of XI and XII contain absorpt ion bands of a vinyl group bonded to a sulfur  a tom at 1590 cm -1. 
The vibrat ions  of the SO group in sulfoxide XI a r e  cha rac t e r i zed  by a band at 1055 cm -1 and the vibrat ions  of 
the SO 2 group in sulfone XII a re  cha rac t e r i zed  by two high intensi ty bands at 1150 and 1345 cm -1. 

The divinyl der iva t ive  (I!) of benz imidazole-2- th ione  behaves  different ly on oxidation. Oxidation under 
mild  conditions leads  to el imination of the grouping in the 2 posit ion, as a r e su l t  of wMch N-v iny l -2 -benz imi -  
dazolone (XIII) was isolated: 

~ N  ~N~_scH~CH 2 CH3CO3H (H202) i ~ ' r ~ N  It 

] F 
CH=CH 2 CH~CH 2 

II XlII 

The IR spec t rum of XIII contains intense absorpt ion bands at 1650 (C=C)  and 1720 cm -1 (C=O).  

Simi lar  split t ing out of the thiovinyl grouping in the meso  posi t ion of the azole r ing was observed  in the 
oxidation of benzoxazolyl  vinyl sulfide [6]. The instabi l i ty  of the C = S  bond in divinyl der iva t ive  II is due to the 
effect  of two vinyl groups on the conjugation of the sulfur  a tom with the he teror ing .  

Rais ing the t e m p e r a t u r e  and increas ing  the concentrat ion of the oxidizing agent br ing about p o l y m e r i z a -  
t ion of the oxidation product .  We isola ted a po lymer i c  product  {XIV) with mp 250-280 ~ in the reac t ion  of II with 
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acetyl  hydroperoxide  in e ther  at 20 ~ The absorpt ion  bands of vinyl groups a r e  absent in the IR spec t rum of 
p o l y m e r  XIV, but f requencies  of the v ibra t ions  of the CH 2 group (2930 and 2810 cm -1) a re  p re sen t .  The p r e s -  
ence of absorpt ion bands of SO, SO2. and SO3H groups const i tu tes  evidence fo r the  p r e s e n c e  of oxidized sulfur  in 
the product ,  and the intense absorpt ion  at 1712 cm -1 (C=O) indicates  par t i c ipa t ion  of XIII in thepo lymer iza t ion .  

It should be noted that  oxidization of the vinyl group was not obse rved  in the oxidation of I, II, and IV with 
perox ides ,  this is explained by  the lower  nucleophil ic i ty  of the vinyl group as compared  with the sulfur  atom. 

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

The IR s p e c t r a  of KBr pe l le t s  and m i ne ra l  oil suspensions  of the compounds were  recorded  with a UR-20 
s p e c t r o m e t e r .  Concentra ted hydrogen perox ide  and acetyl  hydroperoxide  were  p r e p a r e d  by the method in [7]. 
The s ta r t ing  2-benzimidazoly l  vinyl sulfide {i) and N,S-d iv iny l -2 -mercap tobenz imidazo le  (iI) were  obtained by  
the reac t ion  of benz imidazo le -2 - th ione  {iII) with acetylene under p r e s s u r e  [1. 6 ]. 

N-Vinylbenz imidazole-2- th ione  {IV). A mix tu re  of 3.03 g (15 mmole)  of II and 3.72 g (60 mmole)  of ethyl 
m e r c a p t a n  in a sealed ampule  was heated in a t h e r m o s t a t  at 80 ~ for  24 h, a f te r  which the mix tu re  was cooled, 
and the resul t ing  white ac icu la r  c rys t a l s  were  r emoved  by f i l t ra t ion and washed with hexane to give 1.9 g (72%) 
of a p roduc t  with mp 175 ~ (from benzene).  Found %: C 61.5. H 4.6; S 18.2. CgHaN2S. Calculated %. C 61.3: 
H 4.6; S 18.2. IR spec t rum,  cm- l :  1646 (C~C)  and 1512 ( H N - C ~ S ) .  

Benz imidazo le -2 -su l fon ic  Acid (V). A 1.1-g (25 mmole)  sample  of 787c H202 was added with s t i r r ing  at 
20 ~ to a suspension of 0.75 g (5 mmole)  of thione III in 30 ml  of glacial  acet ic  acid. a f te r  which the mix tu re  was 
heated to 70 ~ for  4 h. The solvent  was then r emoved  by vacuum distil lation, the res idue  was t r i t u ra t ed  with 
ether ,  and the solid m a t e r i a l  was r em oved  by f i l t ra t ion and dr ied to give 0.98 g (90~) of white c rys t a l s  with 
mp .~200 ~ imp 365-370 ~ [2]). Found %: C 39.0, H 3.8: S 14.6. CTH6N203S-H20. Calculated ~c: C 38.9; H 3.7~ 
S 14.8. 

Benz imidazo le -2 -su l f in ic  Acid (VI). A 2-g  (46 mmole)  sample  of 78% H202 was added dropwise  at - 5  ~ to 
a suspens ion of 1.5 g (10 mmole)  of thione III in 30 ml  of acetone,  a f te r  which it was allowed to stand at 20 ~ fo r  
6 h. The resu l t ing  p rec ip i t a t e  was r emoved  by f i l t rat ion,  washed with acetone, and dr ied  to give 1.56 g (78~) 
of a p r o d u c t  with mp 157 ~ Found ~: C 42.2; H 4.0; S 16.0. CTH6N202S-H20. Calculated ~c-" C 42.0: H 4.0,. S 
16.0. IR spec t rum,  cm-l~ 1050 and 1110-1245 (SO2H). 

N-Vinylbenz imidazo le -2-su l fon ic  Acid (VIII). A 1.5-g (14 mmole)  s ample  of 70% acetyl  hydroperoxide 
was added dropwise  to a solution of 1 g (5.7 mmole)  of IV in 30 ml  of d ry  diethyl ether,  and the p rec ip i ta te  that 
fo rmed  a f t e r  4 h was r e m o v e d  by  f i l t rat ion,  washed with ether ,  and dried to give 1 g (73%) of a product  with 
mp 135 ~ Found ~c: C 44.6: H 4.2: S 13.2. CaHsN203S- H20. Calculated %: C 44.6; H 4.2: S 13.2. IR spec t rum,  
cm-lz  1650 (C~C) :  1027. 1060. and 1154-1243 (SO3H). 

Po ly(N-viny lbenz imidazole -2-su l fon ic )  Acid (IX). A 0.7-g (16 mmole)  sample  of 78% H202 was added 
dropwise  to a solution of 0.88 g (5 mmole)  of thione IV in 20 ml  of acetone,  a f t e r  which the mix ture  was s t i r r e d  
for  4 h. The resul t ing  p rec ip i t a t e  was r em oved  by f i l t ra t ion and washed with acetone and e ther  to give 0.7 g 
(60~c) of a product  with mp 260-300 ~ Found %- C 45.1; H 4.3. S 13.2. (CgHsN203S. H20) n. Calculated %~ C 44.6. 
H 4.2. S 13.2. IR spec t rum,  cm-l~ 2940 and 2830 (CH2): 1050 and 1120-1240 (SO3H). 

2 -Benzimidazoly l  Vinyl Sulfoxide (XI). A 0.24-g (5 mmole)  sample  of 78% H202 was added at - 5  ~ to 0.88 g 
(5 mmole)  of sulfide I in 15 ml  of acetone,  a f t e r  which the mix tu re  was allowed to stand at 20-22 ~ for  2 days. 
The solvent  was then r e m o v e d  by  disti l lation, and the res idue  was washed with e ther  to give 0.8 g (83%) of a 
p roduc t  with mp 122 ~ (from ethanol). Found ~c~ C 56.1. H 4.3: S 16.6. C9HsN2OS. Calculated ~c~ C 56.2: H 4.2: 
S 16.7. 

2 -Benz imidazo ly l  Vinyl Sulfone (XII). A 0.88-g (5 mmole)  sample  of sulfide I in 30 ml  of diethyl e ther  
was t r e a t ed  with 1.5 g (15 mmole)  of 70% aeetyl  hydrcperoxide ,  ini t ial ly at - 1 0  ~ and subsequent ly  at 20% Af te r  
2 days, the resul t ing  p rec ip i t a t e  was r emoved  by f i l t ra t ion to give 0.62 g (60%) of a product  with mp 167 ~ (from 
ethanol) (rap 164.5-165.5 ~ [6]). Found ~c- C 51.9~ H 4.1: S 15.2. C9HsN202S. Calculated %. C 51.9:H 3.9;$15.4 .  

N-Viny l -2 -benz imidazo lone  (XIII). A 2.3-g (20 mmole )  sample  of 30~ H202 was added at 20 ~ to a solution 
of 4 g (20 mmole)  of divinyl de r iva t ive  II in 30 rnl of acet ic  anhydride, a f te r  which the mix tu re  was allowed to 
strand fo r  2 days.  The solvent  was then r emoved  by disti l lation, and the res idue  was subjected to ch roma tog -  
raphy (with a colunm filled with A12Q , elution with CHC13) to give 0.9 g (28%) of white c r y s t a l s  of XIII with 
mp 152 ~ (from benzene) (rap 152-153 ~ [8]). Found ~c. C 67.6; H 4.9; N 17.4. C9HsN20. Calculated %: C 67.4: 
H 5.0: N 17.5. 
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Oxidation of N,S-Divinyl-2-mercaptobenzimidazole  (II). A 1.5-g (14 mmole) sample of 70% ace ty l  hydro-  
peroxide  was added dropwise at - 1 0  ~ to a solution of 1 g (5 mmole) of !I in 20 ml of diethyl ether,  a f te r  which 
the mixture  was allowed to stand at 20-22 ~ for  2 days. The solvent was then removed  by distillation, the r e s i -  
due was t r i tu ra ted  with d ry  acetone, and the solid mater ia l  was removed by f i l t rat ion to give 0.5 g of po lymer  
XIV with mp 250-280 ~ Found %: C 49.2: H 4.6: S 17.0. IR spec t rum,  cm-l :  1040 (SO): 1130. 1320 (SO2): 
1150-1220 (SO3H). 
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B E H A V I O R  OF N,S-DIVINYL-2-MERCAPTOBENZIMIDAZOLE 

IN THE THIYLATION REACTION 

N. D. Abramova, G. G. Skvortsova, 
B. V. Trzhtsinskaya, and M. V. Sigalov 

UDC 547.785.5 + 547.269.1 

N,S-Divinyl- 2-mercaptobenzimidazole  reac ts  with thiols under f r ee -  radical  initiation conditions 
at both vinyl groups to give ~-addition products ,  whereas  it reac ts  with sulfur dioxide to give a 
stable complex. N-Vinylbenzimidazole-2-thione was obtained by heating the divinyl der ivat ive 
of benzimidazole-2- thione in the p resence  of a mercaptan  without a catalyst .  The f o r m e r  on r e -  
action with thiols under the influence of azobis isobutyroni t r i le  readi ly  fo rms  N-(~-alkyl thio)eth-  
ylbenzimidazole-2- thiones:  in the p re sence  of ionic catalysts ,  N-(~-alkylthio)ethylbenzimidazole-  
2-thiones are  formed.  

Thiols readi ly  r eac t  with N-vinylbenzimidazole in the p re sence  of f r ee - r ad ica l  ini t iators to give #-addi-  
t ion products  [1]. The at tachment of a vinyl group to the sulfur atom in the benzimidazole-2- thione molecule 
complicates  the course  of the thiylation react ion,  in which connection one observes  splitting out of the grouping 
in the 2 position of the he teror ing  [2]. The aim of the p resen t  r e s e a r c h  was the synthesis  of a number of sul- 
f ides f rom N,S-divinyl-2-mercaptobenzimidazole  (I) for  subsequent test ing of the i r  biological activity. More-  
over.  we also proposed to obtain new sulfur-containing vinyl monomers ,  i.e.,  to d i rec t  the addition of the thiol 
to one of the vinyl groups of I in o rde r  to make it  possible  to subsequently synthesize po lymer ic  prepara t ions  
with prolonged action. 

The thiylation of divinyl der ivat ive I was investigated under homolytic and heterolyt ic  conditions. Ethyl, 
propyl,  butyl, and phenyl mercaptans  were  used as the thiols.  

It was found p r imar i ly  that disulfides of mercaptobenzimidazoles  (II-V) a re  formed in yields up to 80% 
in the react ion of I with mercaptans  in the p re sence  of azobis isobutyroni t r f le  (AIBN). Ultraviolet  i r radia t ion  
of the react ion mixture  does not change the direct ion of the react ion.  
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