
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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"~/ '~'-N-P'SCIt ~Ctt,  AIBN N~'" SC,q:CtI:SI? 
I 

(~li ~CII~ CII ,C II,,SIr 

I II-V 

II R=C2H;  111 R=C~IIT; IV R=C4tl,j; V R~C6Hr, 

An a t tempt  to accompl i sh  the reac t ion  of divinyl der iva t ive  I with thiols in the p r e s e n c e  of SO~ as the 
ca ta lys t  did not give the des i red  resul t ,  inasmuch as a s table  c rys ta l l ine  complex of I with sulfur  dioxide is 
i so la ted  under these  conditions. 

The absorpt ion  bands of vinyl groups bonded to sulfur  and ni t rogen a toms (1590 and 1632 cm -1) vanish in 
the IR spec t r a  of disulfides II-V, and intense absorpt ion  bands that  c h a r a c t e r i z e  the s t re tching vibrat ions of 

\ NCH2CH2S- and-SCH2CH2 S-  f rag-  methyl  and methylene groups appea r  at 2870-2970 crn -1. The p r e s e n c e  of / 

ments  is conf i rmed by the signals  at 2.25-4.25 p p m  in the PMR spec t r a  of disulfides II-V. 

We were  unable to obtain monosulf ides  f r o m  I. However,  a side reac t ion  involving spli t t ing out of the 
subst i tuent  in the 2 posi t ion to give N-vinylbenzimidazole--2-thione (VI) (10-20% yield) occurs  under the condi- 
t ions of homolyt ic  thiylation of I. The appearance  of thione VI in the reac t ion  mix tu re  is  apparent ly  assoc ia ted  
with decomposi t ion of the N-vinyl -S-  ( f i -a lky l th io)e thy l -2-mercap tobenz imidazole  (VII) fo rmed  in the f i r s t  step: 
this  is  in a g r e e m e n t  with the l i t e r a tu r e  data [3] on the inc reased  r eac t iv i ty  of the double bond of vinyl sulfides 
under  homolyt ic  thiylation conditions. 

RSH 

80 ~ 

VII Yl 

An invest igat ion of the composi t ion of the other  side products  of this reac t ion  also conf i rmed  the scheme 
p r e s e n t e d  above. Thus N-( /3-butyl th io)e thylbenzimidazole-2- thione (VIH) and dithioethylene glycol dibutyl e ther  
were  obtained and identified in the react ion  of I with butyl m e r c a p t a n  in the p r e s e n c e  of AIBN. 

The yield of thione VI can be inc reased  cons iderab ly  if a mix tu re  of I and excess  m e r c a p t a n  is heated 
without a cata lys t .  Thus, whereas  t r a c e s  of thione VI a r e  fo rmed  at 20 ~ the yields of VI at 40 ~ and 80 ~ are,  
respec t ive ly ,  46% and 72%. 

The IR spec t r um  of VI contains absorpt ion  bands at 1646 (C=C),  1512 ( H N - C I S ) ,  and 2960-3430 {NH) 
cm -~. The p r e s e n c e  of an N - C = S  group shows up in the e lec t ronic  s p e c t r u m  as an absorpt ion  max imum at 
313 nm (log e 4.4) [4]. The pro tons  of the vinyl group f o r m  an ABX spin s y s t e m  (5A 5.26. 6 B 5.65, and ~X 7.46 
ppm- JAB = 1..2, JAX = 9.2, and JBX = 16.0 Hz). 

Compound VI read i ly  adds m e r c a p t a n s  via  both f r e e - r a d i c a l  and ionic mechanisms:  

Vl + RSH 

VIII, XI R=C4Hg; 

IX, X R = C2H s 

; ; [ I  

CH ,CH,251~ 

VIII, IX 

~ - - ~  Ntl 

I 
CH3--CH--S ~ 

X, XI 

N- ( /3-Alkyl thio)ethylbenzimidazole-2-thiones (VIII, IX) a re  fo rmed  in the reac t ion  of thione VI with butyl and 
ethyl mereap t ans  in the p r e s e n c e  of AIBN. In the p r e s e n c e  of sulfur  dioxide this  thione r eac t s  with mercap t an  
to give N-(c~-alkyl thio)ethylbenzimidazole-2- thiones  (X, X-I). The poss ib i l i ty  of reac t ion  in accordance  with 
Markownikoff ' s  rule  is due to the m e s o m e r i c  effect, which gives r i s e  to the .development of a pa r t i a l  negat ive 
cha rge  on the f l -ca rbon  a tom of the vinyl group. The p r e s e n c e  of a quar te t  at 6 6.70 ppm and a doublet at 5 1.71 
p p m  in the PMR sp ec t rum  of sulfide X p r o v e s  ~ addition of the mercap tan .  The a roma t i c  protons  f o r m  a 
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TABLE 1. Cha rac t e r i s t i c s  of the Synthesized Compounds 

~ ==i bp, C 
~ (ram) 

I 
III 
IV 
V 

VI 
VIII 

IX 
x 

XI 

aD"~ d420 

/found calc: 

Empirical 
formula 

Found. % I Calc., % '~ 

C H S C H S 

2o8--21o(2) 
229--230(2) 
243--244(2) 
215--217(1) 

175 
ll4 
135 
97 
85 

1,613~ 
1,592~ 
1,587~ 
1,653( 

1,1748 96,751 96,15 C,sH22N2S3 55,4 6,7 29,2 55,316,7 29,5 67 
1,14061 104,951104,35[C17H26N2S3 57,617,4 27,1 57,6 7,4 27,11 72 
11,0~90 [ 117,03] 116,50 C,gH3oN2S3 60,2 80 25,01597 7,9125,1] 80 

127,65 126,91 C2~H2~N.~S3 65,6 5,1 22,6165,4 5,2 227i 69 
-- -- CgH3N2S 615 4,6 18,2 61,3 46118.2! 72 
-- -- C13I-I~8N~$2 158,616,6123,9158,6/6.8124tl57 
_ I _ CI~H,4N~S2 155,615,91265/554/5.9~619165 
-- I -- C,,HI4N2S~ J5551591267i5541591269175 

mult ip le t  (5 ~ 7.0 and 7.4 ppm), whereas  the ethyl group gives s ignals  at 5 1.14 (triplet) and 5 2.40 ppm.  The 
l a t t e r  signal is  a mult iplet  because  of the anisochronie i ty  of the d ias tereotopic  methylene  proton.  This phenom-  
enon is c h a r a c t e r i s t i c  for  ace ta ls  and hemoace ta l s  [5]. 

Thus the two mos t  impor tan t  reac t ions  of N ,S-d iv iny l -2 -mereap tobenz imidazo le  (I) under  thiylation condi- 
t ions a r e  the synthesis  of disulfides of 2 -mercap tobenz imidazo le  {II-V) and decomposi t ion of I to give a new 
m o n o m e r -  N-vinylbenzimidazole-  2-thione (VI). Up until now, the l a t t e r  compound was unknown and could not 
be  obtained by  d i rec t  r eac t ion  of benz imidazo le -2- th ione  with acetylene [6]. The thiylat ion of I is  not accom-  
panied  by  a change in the s t ruc tu re  of the he teror ing .  However,  the different  pathways it takes  and the f o r m a -  
t ion of anomalous  p roduc t s  a re  p robab ly  due to conjugation of the double bonds of the vinyl groups through the 
unshared  p a i r s  of e lec t rons  of the he te roa toms  with the a romat ic  s y s t e m  of the benzimidazole  r ing and also to 
the ease  of the t au tomer ic  t r ans fo rma t ions  in it. 

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

The IR spec t r a  of KBr pe l le t s  of the compound and thin l aye r s  between NaC1 and LiF  pla tes  were  r e -  
corded with a UR-20 s p e c t r o m e t e r .  The UV s p e c t r a  of ethanol solutions were  r eco rded  with a Pye-Unicam 
SP-8000 spec t rophotomete r .  The PMR s pec t r a  of CC14 and CDC13 solutions of the compounds were  r eco rded  
with a BS487B s p e c t r o m e t e r  at r o o m  t e m p e r a t u r e  with hexamethytdis i loxane as the in terna l  s tandard  (5 scale).  
The course  of the reac t ions  and the separa t ion  of the reac t ion  mix tu res  we re  moni tored  by means  of th in - l aye r  
ch romatography  (TLC) and column chromatography,  respect ive ly ,  on act ivi ty  II a luminum oxide. 

The following R f  values we re  obtained: 0.72 for  II, 0.80 for  III, 0.81 for  IV. 0.79 for  V, 0.30 for  VI, 0.24 
fo r  X. and 0.23 fo r  XL Fresh ly  dist i l led N,S-d iv iny l -2 -mercap tobenz imidazo le  (I) [6] and mercap t ans  w e r e u s e d .  

N.S-Di( f i -e thyl th ioe thyl ) -2-mercaptobenzimidazole  (II). A 3.03-g (15 mmole)  sample  of I. 3.72 g (60 
mmole)  of ethyl mercap tan ,  and 0.35 g (~0.5~ of the weight of the mixture)  of AIBN were  p laced  in an ampule,  
a f t e r  which the ampule was sealed and heated in a t h e r m o s t a t  at 80 ~ fo r  24 h. It was then cooled, and the excess  
mercap tan  was r emoved  by  dist i l lat ion.  The res idue  was vacuum fract ionated,  and the resul t ing oil was sub- 
jec ted  to ch romatography  [with a column filled with AI~O~ and elution with a h e x a n e - b e n z e n e - a c e t o n e  s y s t e m  
(3 : 2 : 1)] to give 3.28 g (67~) of II and 0.45 g (17%) of thione VI. Compounds I I I -V were  s imi l a r ly  obtained. 

Disulfides I I -V were  obtained as l ight-yel low oily liquids that were  soluble in mos t  organic  solvents .  The 
c h a r a c t e r i s t i c s  of the synthesized compounds a r e  p re sen ted  in Table  1. 

N-Vinylbenzimidazole-2- th ione  (VI). A mix tu re  of 3.03 g (15 mmole)  of I and 3.72 g (60 mmole)  of ethyl 
m e r c a p t a n  in a sealed ampule was heated a t  80 ~ fo r  24 h, a f t e r  which it  was cooled, and the resul t ing white 
ac icu la r  c r y s t a l s  were  washed with hexane and r ec ry s t a l l i z ed  f r o m  benzene to give 1.9 g (72%) of VI. 

N- ( f i -Ethyl thio)ethylbenzimidazole-2- thione (IX). A mix ture  of 1.5 g (8.5 mmole)  of tbione VI, 5 ml  of 
ethyl mercap tan ,  and 0.02 g of AIBN was heated in a sea led  ampule  at 80 ~ for  24 h, a f t e r  which the excess  m e r -  
eaptan was r emoved  by dist i l lat ion.  The res idue  was r ec ry s t a l l i z ed  twice f r o m  benzene to give 1.3 g (65%) of 
IX. IR spec t rum,  era- l .  �9 1510 (HN-C=S) ,  2870-2970 (CH2, CH~), and 2840-3440 (NH). The l inear  s t ruc tu re  of 

IX was conf i rmed  by  the ~ NCH2CH2 S-- signals ,  which resona te  in the f o r m  of two AA'XX' mult iplets  at 5 4.43 

and 2.95 ppm.  The ethyl group f o r m s  a quar te t  and a t r ip le t  at 2.77 and 1.22 ppm, and the a romat ic  protons  
f o r m  a mult iplet  (6 ~ 7.0 ppm).  

Thione VIII was s i m i l a r l y  obtained. 

N-(~-Ethyl th io)e thylbenzimidazole-2- th ione  (X). Dry SO2 was bubbled for  30 sec  into a mix tu re  of 0.88 g 
(5 mmole)  of thione VI and 5 ml  of ethyl mercap tan ,  a f te r  which the ampule containing the mix tu re  was sealed 
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and heated at 80 ~ for  2 h. The excess  mercap t an  was r emoved  by disti l lation, and the res idue  was dissolved in 
ch lo ro fo rm and pur i f ied  with a column fil led with A1203 (elution with CHC13) to give 0.9 g (75%) of X. Compound 
XI was s i m i l a r l y  obtained. 

Compounds VIII-X w e r e  obtained as white c rys ta l l ine  subs tances  that  were  s table  in a i r  (Table 1). 
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R E S E A R C H  ON U N S A T U R A T E D  A Z O L E  D E R I V A T I V E S  

V.* TRANSFORMATIONS OF 3-FORMYLINDAZOLES IN THE WITTIG REACTION 

I .  I .  P o p o v ,  A .  A.  Z u b e n k o ,  
A .  M. S i m o n o v ,  D. A .  T e r t o v ,  
a n d  P .  P .  O n i s h c h e n k o  

UDC 547.779.543.422.4.6 

3 -Fo rmyl indazo le s  a r e  conver ted  to 1 -methy l -  and 2 -me thy l - subs t i tu t ed  ~- (3- indazoly l )acry l ic  
and a - b r o m o a c r y l i c  acids by  the Wittig reac t ion .  Dehydrohalogenation of the B- (3- indazoly l ) -a -  
b r o m o a c r y l i c  acid e s t e r s  gave # -  (3-indazolyl)propiolic  acids,  the decarboxylat ion of which gives 
i s o m e r i c  1 -methy l -  and 2 -me thy l - subs t i tu t ed  3-ethynyl indazoles .  

Continuing our r e s e a r c h  on the synthes is  of vinyl and ethynyl de r iva t ives  of azoles  we subjected 1-methyl -  
and 2 -me thy l -3 - fo rmy l indazo l e s  (I, II) to reac t ion  with ca rbomethoxy-  and carbe thoxymethylenet r iphenylphos-  
phoranes  IIIa, b. The f~- (1-methyl-  and 2 -methy l -3 - indazo ly l )ac ry l i c  acid e s t e r s  (IVa, b and Va, b) obtained in 
this  way were  subsequent ly  hydrolyzed to the cor responding  B- (3-indazolyl)acryl ic  acids (VI, VII). fl- (1-Meth- 
y l -3 - indazo ly l ) -  and ~-  ( 2 - m e t h y l - 3 - i n d a z o l y l ) - a - b r o m o a c r y l i c  acid e s t e r s  IVc and Ve w e r e  obtained in good 
yields  by  reac t ion  of aldehydes I and II with the m o r e  r eac t i ve  carbe thoxybromomethylene t r iphenylphosphorane  
(IIIc) at 17-20~ the bes t  yields of reac t ion  products  can be  obtained when ethanol is used as the solvent. The 
act ion of alcoholic alkal i  on ethyl f l - ( 1 - m e t h y l - 3 - i n d a z o l y l ) - a - b r o m o a c r y l a t e  (IVc) at 15-20 ~ leads  only to hy- 

v, a m  -1 

35'00 33b0r 21b0 rf 'lgO0 '1760 'lsbO 1360 

dro lys i s  of the e s t e r  group to give B-(1-methyl-3- indazolyl ) -c~-  
b r o m o a c r y l i c  acid (VIII), whereas  fl-  ( 2 -benz imidazo ly l ) - a -b ro -  
moac ry l i c  acid e s t e r s  a r e  conver ted  under  these  conditions to 
2-benzimidazoly lpropio l ic  acids [2]. A d i f f i cu l t - to - sepa ra te  mix -  
tu re  of p roducts  was obtained in the hydro lys i s  of ethyl fl- (2- 
m e t h y l - 3 - i n d a z o l y l ) - a - b r o m o a c r y l a t e  (Vc) under  these  conditions. 

A mix tu re  of products ,  the IR spec t rum of which contains 
absorpt ion  bands of the - C  ~ C -  bond of the cor responding  fl- (3- 
indazolyl)propiol ic  acids (IX and X). is f o rmed  by  the action of 
alcoholic alkal i  on e s t e r s  IVc and Vc at 50-60 ~ T r e a t m e n t  of the 
mix tu re  of e s t e r s  IVc and Vc with aqueous alkal i  at 55-60 ~ gave 

Fig. 1. IR s p e c t r u m  of acid X. * See [1] for  communicat ion IV. 
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