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1-Substituted benzimidazolinethiones, 3-substituted 1-acylbenzimidazolinethiones, and acyl 
thiobiurets,  respectively,  a re  formed in the reaction of acyl, alkyl, and aryl isoeyanates 
with benzimidazolinethione, its 1-acyl derivatives,  and thiourea. The IN and UV spectra of 
the compounds obtained are  analyzed. 

Benzimidazolinethione [2] and thiourea in the crystall ine state and in solution exist in the thione form. 
Despite this, aryl isocyanates react  with benzimidazolinethione to give products involving acylation at sul- 
fur [4], while thiourea reacts to give products involving acylation at nitrogen [5]. 

Although they are  of undoubted theoretical and practical interest ,  the reactions of benzimidazoline- 
thione and its acyl derivatives with acyl isocyanates have not been investigated previously. The reaction of 
acyl isocyanates with thiourea was investigated only in the case of high aliphatic isocyanates, and it was 
shown that products of acytation at nitrogen are  formed [6]. 

In the present  research  we have studied the reaction of acyl isocyanates (i) with benzimidazoline- 
thione 0Ia), its 1-benzoyl (fib) and 1-acetyl (lIc) derivatives,  and thiourea 0II), For comparison, we also 
studied the reactions of some alkyl and aryl isocyanates with the indicated reagents under comparable condi- 
tions, l=Aeylcarbamoyl derivatives IV-VIH, X, XI, Xvll,  and XVIII, which are  presented in Table 1, and 
1-benzoylthiobiuret (XIX), respectively,  were obtained by the action of acyl isocyanates on II and Ill via the 
scheme presented below. Similarly, alkyl or arylearbamoyl derivatives of benzimidazolinethione (IX, Xll- 
XVI, see Table 1) and 1-(4-chlorophenyl)thiobiuret (XX) were obtained by the action of alkyl or aryl iso-  
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Depending on the s t r u c t u r e  of  the s t a r t ing  r e a g e n t s ,  the indicated reac t ions  proceeded  with di f ferent  
d e g r e e s  of ease  in benzene.  On the whole,  acyl  i socyana tes  display g r e a t e r  r eac t iv i ty  than alkyl o r  a ry l  
i socyana tes .  In the f i r s t  c a s e ,  the reac t ions  p roceed  at  r o o m  t e m p e r a t u r e ,  wMle in the case  of alkyl and 
a ry l  i socyana te s ,  the r eac t ions  p roceed  only on ref iuxing in benzene.  It was  found that the reac t iv i ty  with 
r e s p e c t  to i socyana tes  i n c r e a s e s  in the o r d e r  III < IIa < I ~ .  While the reac t ions  of acyl  i socyana tes  with 
lib a r e  comple te  a f t e r  1 h at r o o m  t e m p e r a t u r e ,  the reac t ions  with IIc r equ i re  ref luxing (in benzene) for  
3 h. Aryl  i socyana tes  do not r e a c t  with IIc even on heating for  48 h. 

The s t r u c t u r e  of the 1 ,3-disubst i tu ted benzimidazol ineth iones  was proved by  a l t e rna t ive  synthes is .  
Thus the cor responding  3-benzoyl  de r iva t ives  (X, XI, and XV1), which a r e  identical  with r e s p e c t  to IR s p e c -  
t r a  and mel t ing  points to s a m p l e s  synthes ized  f r o m  acyl  i socyana tes  and IIa, we re  obtained by the action of 
benzoyl chlor ide  on 1 - (acy lca rbamoyl )benz imidazo l ine th ienes  (IV, VI, and IX). 

The s t r u c t u r e s  of  the compounds ,  the c h a r a c t e r i s t i c s  of which a r e  given in Table  1, we re  conf i rmed 
by ana lys i s  of  t he i r  IR and UV spec t r a .  The IR spec t r a  of th iobiure ts  XIX and XX a r e  cha rac t e r i zed  [3] by 
the p r e s e n c e  of bands of a thioureido grouping [NC (=S)] a t  1460 c m  -~. The IR spec t r a  of  the benz imidazo l ine -  
thione de r iva t ives  and the s t a r t ing  II contain c h a r a c t e r i s t i c  bands of a thioureido grouping and bands of 

6 ( N ~ z c ~ s ) d e f o r m a t i o n  v ibra t ions  at 600 c m  -1 [3] (see Table 1). 

The conclusions regard ing  the addition of benzimidazol inethiones  to the i socyana tes  under  c o n s i d e r a -  
tion to give N-subst i tu ted  benzimidazol ine th iones  a r e  a lso  conf i rmed  by an examinat ion of the UV spec t ra  
of the compounds obtained. It is  known [7] that  the UV spec t ra  of 2 -me thy lmercap tobenz imidazo le  (type A) 
d i f fer  sharp ly  with r e s p e c t  to the shape and posi t ion of the absorp t ion  bands (~max 248-258 and 283-292 nm) 
f r o m  the spec t r a  of  1 ,3 -d ime thy l -  o r  1-benzoylbenzimidazol inethione (type B) {kma x 242-252 and 298-311 
urn); this  m a k e s  i t  poss ib le  to make  a choice between the S or  N de r iva t ives  in the benzimidazol inethione 
s e r i e s  [8]. It is apparen t  f r o m  Table  1 that the UV spec t ra  of IV-VI,  XIV-XVI, and XVIII contain absorp t ion  
m a x i m a  that a r e  c h a r a c t e r i s t i c  for  s t r u c t u r e  B r a t h e r  than A. On the bas i s  of  the pr inc ip les  that  we p r e -  
viously devloped in an ana lys i s  of the  UV s p ec t r a  of  th ioureas ,  benzoyl th ioureas ,  and th iourac i l s  [9], the 
indicated absorp t ion  m ax i m a  of these  compounds can be ass igned ,  r e spec t ive ly ,  to the NC (=S)N and NC (=S)- 
NC (=O) s y s t e m s  (see Table  1). 

X 
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u 

A B 

Thus,  despi te  the d i f fe rences  in the acylat ion reac t ions  of  benzimidazol inethiones  f r o m  those of th i -  
o u r e a s  (see [10, 11]), on the one hand, and of i socyana tes  of  va r ious  s t r u c t u r e s ,  on the o the r ,  t h e  reagents  
indicated above f o r m  only N-aeyl  de r iva t ives  in reac t ions  with acyl  i socyanates .  

EXPERIMENTAL 

The IR spectra of KBr pellets were recorded with a UR-10 spectrometer, while the UV spectra of 
methanol  solut ions w e r e  r eco rded  with a Speeord spec t ropho tomete r .  

Benzimidazol inethlone (17_a) was obtained by the method in [12]. 1 -Ace ty l -  (IIc) and 1-benzoylbenz imid-  
azol inethione (lib) w e r e  synthes ized  by the method in [8]. The acyl  i socyana tes  w e r e  obtained as  desc r ibed  
in [13]. 

1-  (Benzoylcarbamoyl )benz imidazol ine-2- th ione  (IV). A solution of 1.47 g (10 re_mole) of  benzoyl i s o -  
cyanate  in 15 ml  of  absolute  benzene was added at r o o m  t e m p e r a t u r e  to a solution of 1.50 g (10 mmole)  of 
17_a in 20 ml  of absolute  benzene.  The mix tu re  was s t i r r e d  for  24 h, and the resu l t ing  p rec ip i t a te  was  r e -  
moved  by f i l t ra t ion and r e c r y s t a l l i z e d  f r o m  ace tone  to give 2.73 g (92%) of thione IV with mp 185-187 ~ 

The c h a r a c t e r i s t i c s  of benzimidazol inethione de r iva t ives  IV-XVIII and the conditions used to p r e p a r e  
them a r e  p re sen ted  in Table  1. 

1 -Benzoy lca rbamoy l -3 -benzoy lbenz imidazo l ine -2 - th ione  (X). A solution of 1.41 g (10 mmole)  of  b e n -  
zoyl chlor ide  in 15 ml  of  d ime thy l fo rmamide  was  added with s t i r r i ng  at  r o o m  t e m p e r a t u r e  to a solution of 
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2.97 g (10 raraole) of thione IV and 1.01 g (10 mraole) of triethylaraine in 20 ml of DMF. Stirring was then 
continued for 3 h, after which the mixture was poured into water. The aqueous mixture was filtered to give 
3.60 g (90% of X with rap 166-168 ~ (from benzene-isooetane}. No raelting-point depression was observed 
for a mixture of this product with a sample obtained from 1-benzoylbenzimidazolinethtone and benzoyl iso-  
cyanate. 

Benzoylation of VI and IX under the same conditions gave XI and XVL 

1-Benzoylthiobiuret (XIX). A solution of 2.06 g (14 mraole) of benzoyl isocyanate in 10 ral of benzene 
was added with st irr ing to a solution of 1.06 g (14 raraole) of thiourea in 20 ral of benzene, after which the 
mixture was s t i r red for 36 h. The precipitate was removed by filtration and washed with benzene to give 
2.72 g (87%} of thiobiuret XIX with rap 165-166 ~ (from acetone}. IR spectrum, v,  cra-~: 1690, 1710 (C = (3) 
and 1460 (NHC = S}. Found: N 18.4%. CgHgN302S. Calculated: N 18.3%. 

1-(4-Chlorophenyl)thiobiuret (XX). As in the preceding experiment, 2.18 g (80%} of thiobiuret XX, with 
rap 172-173 ~ (from acetone}, was obtained by refluxing 0.91 g (12 raraole) of thiourea and 1.82 g (12 raraole) 
of 4-chlorophenyl isocyanate in 20 ml of benzene for 6 h. Found: N 18.4%. CsHsC1N3OS. Calculated: N 
18.3%. 
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