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Benzazolylhydrazones may exist in amino and imino tautomeric  forms in carbon te t rachlor ide 
and chloroform solutions. The investigated hydrazones are  associated in carbon te t rachlor ide  
solutions through in termolecular  hydrogen bonds. 

The IR spec t ra  of benzazolylhydrazones in the crysta l l ine  state have been interpreted [1] and the spect ra  
of solutions of them have not been studied. We have investigated a number of benzazolylhydrazones and forma-  
zans by IR spect roscopy in order  to follow the effect of the charac te r  of the ring heteroatom and the nature of 
the "aldehyde" f ragment  on the state of the tautomeric  equilibrium A ~ B. 
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III X=NCH2C~Hs, R=C~Hs; IV X=O, R=C6Hs; V X=S, R=C~Hs; VI X=NCH2C6H~. 
t~=CHa; VII X=O, R=CH3; VIII X=S, R=CHa; IX X=NCH2C6Hs; X X=O; XI X=S; 

XII complex of formazan with COS+~ 

Special attention was directed to VNH and vC= N. which are  the most  sensitive frequencies to the s t ructural  
changes under investigation. Data f rom the IR spect ra  of benzimidazole (I) and benzaldehyde phenylhydrazone 
{II) were used for the rel iable ass ignment  of the VNH frequencies of the r ing and exocyclic secondary amino 
groups. 

The spect ra  of IV, V, VII, and VIII in CC14 (Fig. 1 and Table 1) above 3000 cm -1 contain two absorption 
bands of a f ree  amino group, although the amino group is charac te r ized  by only one maximum [2]. The presence  
of two bands may constitute evidence for the tautomeric  equilibrium A ~ B ,  and, in analogy with the absorption 
of I, the Mgh-frequency absorption can be assigned to vibrations of the ring amino group, and the low-frequency 
absorption can be assigned to the exocyclic amino group. Another pecul iar i ty  of the spectra  in this range is the 
p resence  of a band at ~3200 cm -1, which charac te r izes  a bonded amino group. The remaining frequencies at 
2600-3500 cm -1 should be assigned to the vCH frequency of the benzene and benzazole rings [5]. F rom the 
data in [3, 4], one may assume the formation of hydrogen bonds p r imar i ly  between the ring amino group of one 
molecule and the "pyridine" nitrogen atom of the benzazole ring of another molecule. This is confirmed by the 
fact that the relat ive intensity of the band of the bonded NH group is lowest when absorption of only the ring 
amino group is present  in the spectrum. 
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T A B L E  1. IR S , e c t r a  a t  3300-3500 c m  - I  

Compound 

I 
II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 
XI 

CCI 

YNH, c m  -1 

3480 
3345 
3470 

3455 

AY N II I/~, c m  -1 

II 
22 
17 

YNH' cm " I  

34 

3470 
3340 
3465 
3330 
3455 

3355 22 
3440 25 
3340 19 
3470 18 

3465 27 
3385 
3365 
3450 20 
3370 
3350 
3445 40 

3350 42 
3445 20 
3340 18 

3350 
3430 
3335 
3460 
3330 
3455 
3360 

3430 
3340 

3445 
3300 
3340 
3425 
3330 

CHCla 

AVNHV2, 

23 
23 
25 

VW 

35 
23 
.35 
25 
28 
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W 

35 
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24 

42 
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45 
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27 
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Fig .  1. IR s p e c t r a  of I -XI I  in  c a r b o n  t e t r a c h l o -  
r i d e :  I) s a t u r a t e d  so lu t ion ,  l 50 ram:  II) 4.7 �9 
10 -3 M, l 50 ram,. HI) 2.1 �9 10 -3 M, l 50 mm~ IV) 
8 .3 -  10 -4 M, l 50 m m ;  V) 9 . 3 . 1 0  -4 M, l 50 m m :  
VI) 2 . 3 . 1 0  -3 M. l 50 ram:  VII) 6 . 5 . 1 0  -4 M, l 50 
rnm~ VIII) 10 -3 M. I 50 ram;  IX) 1.7 �9 10 -3 M, 
l 10 m m ;  X) 2 . 4 . 1 0  -3 M, l 50 ram;  XI) 1 .9 -  10 -3 
M, l 20 m m ;  XI) 9 . 3 . 1 0  -4 M, l 50 r am.  XII) 
s a t u r a t e d  so lu t ion ,  l 10 r am.  

The  i n t e r m o l e c u l a r  c h a r a c t e r  of the  h y d r o g e n  bonds  in 
so lu t i ons  of h y d r a z o n e s  IH-VII I  in CC14 i s  p r o v e d  by  the  
f ac t  t ha t  the  r e l a t i v e  i n t e n s i t y  of the  band  of the  bonded  
a m i n o  group  f a l l s  when the  t e m p e r a t u r e  i s  r a i s e d  o r  when 
the  so lu t ions  a r e  d i lu ted ,  w h e r e a s  t he  r e l a t i v e  i n t e n s i t y  of 
the  band of f r e e  a m i n o  g r o u p s  i n c r e a s e s .  

When  CC14 i s  r e p l a c e d  b y  c h l o r o f o r m ,  the  a b s o r p t i o n  
bands  of the  f r e e  a m i n o  g r o u p s  in  the  s p e c t r a  of HI and VI, 
which  con ta in  b e n z i m i d a z o l e  r i n g s ,  a r e  b r o a d e n e d  and 
sh i f t ed  to  the  l o w - f r e q u e n c y  r e g i o n .  One should  note  the  
a p p e a r a n c e  in the  s p e c t r a  of c h l o r o f o r m  s o l u t i o n s  of t h e s e  
compounds  of l o w - i n t e n s i t y  a b s o r p t i o n  wi th  a m a x i m u m  at  
~ 3 3 3 0  c m  -1, wh ich  i s  a b s e n t  in  the  s p e c t r a  of CC14 so lu -  
t i ons .  B r o a d e n i n g  and a l o w - f r e q u e n c y  sh i f t  of the  m a x i m a  
of t h e s e  bands  a r e  a l s o  o b s e r v e d  in the  s p e c t r a  of the  benzo -  
t h i a z o l y l h y d r a z o n e s .  The  r a t i o  of  the  a r e a s  of the  a b s o r p -  
t ion  b a n d s  of the  f r e e  NH g roups  of V c ha nge s  on ly  s l i g h t l y  
(0.5 in  CC14 and 0.4 in  CHC13). 

A d i f f e r e n t  p a t t e r n  i s  o b s e r v e d  in  the  s p e c t r a  of the  
b e n z o x a z o l y l h y d r a z o n e s .  Thus the  r a t i o  of the  a r e a s  of the  
h i g h - f r e q u e n c y  and low-- f requency  b a n d s  in the  s p e c t r a  of 
IV i s  0.7 in  c h l o r o f o r m  and 1.3 in c a r b o n  t e t r a c h l o r i d e ,  r e -  
g a r d l e s s  of the  c o n c e n t r a t i o n ,  and th i s  i n d i c a t e s  a s u b s t a n -  
t i a l  change  in  the  r a t i o  of t he  t a n t o m e r s  in  th i s  c a s e .  The  
p r e s e n c e  of two a b s o r p t i o n  bands  of a C ~ N  bond  a t  1668 
and 1647 c m  - I  in the  s p e c t r u m  of IV, t he  r e l a t i v e  i n t e n s i t y  
of which  depends  on the  CC14 to  CHC13 r a t i o ,  i s  a c o n f i r m a -  
t ion  of  th i s  (Fig .  3). However ,  in  the  s p e c t r a  of h y d r a z o n e s  
tha t  con ta in  b e n z i m i d a z o l e  and b e n z o t h i a z o l e  r i n g s  the  
t r a n s i t i o n  f r o m  c a r b o n  t e t r a c h l o r i d e  to  c h l o r o f o r m  c a u s e s  
on ly  an i n s ign i f i c a n t  sh i f t  of the  f r e q u e n c i e s  of the  s t r e t c h -  
ing v i b r a t i o n s  of the  C ~ N  g r o u p s ,  wh ich  i s  a p p a r e n t l y  due 
to  a change  in the  p o l a r i t y  of  the  m e d i u m .  

The  e f fec t  of the  n a t u r e  of t he  " a l d e h y d e "  f r a g m e n t  i s  m a n i f e s t e d  s p e c t r a l l y  as  s l igh t  changes  in the  
p o s i t i o n  of the  b a n d s  u n d e r  d i s c u s s i o n  and in the  ha l f  wid ths ,  as  we l l  a s  in  t he  a s y m m e t r y  o r  s p l i t t i n g  of  the  
a b s o r p t i o n  bands  of the  e x o c y c l i c  a m i n o  g roup ;  t h i s  i s  p r o b a b l y  a s s o i c a t e d  wi th  s y n  and an t i  i s o m e r i s m .  

An  a s s u m p t i o n  r e g a r d i n g  the  e x i s t e n c e  of s i m i l a r  t a u t o m e r i s m  in f o r m a z a n s  of the  b e n z a z o l e  s e r i e s  has  
b e e n  p r e v i o u s l y  e x p r e s s e d  [6]. In th i s  connec t ion ,  i t  i s  i n t e r e s t i n g  to  c o m p a r e  the  IR s p e c t r a  of h y d r a z o n e s  
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Fig. 2. IR spec t r a  of I-XI in ch loroform.  I) 3.3 �9 10 -3 M, l 10 ram: 
II) 1 .1 .10  -2 M, l 10 ram: III) 2 .7 .10  -3 M, l 10 ram: IV) 3 . 1 0  -3 M, l 
20 ram: V) 3 .2 .10  -3 M, l 20 ram; VI) 3 . 5 . 10 -  3 M, l 10 ram: VII) 3.1.  
10 -3 M, l 10 ram: VIII) 3 .3 .10  -3 M, l 10 ram: IX) 10 -3 M, l 20 ram: 
X) 10 -2 M, l 20 ram: XI) 5.3- 10 -~ M, l 20 ram. 

Fig. 3. IR s pec t r a  of hydrazone IV in CC14-CHC13. Composi t ions of 
the mix tu res  and concentrat ions:  a) 100% CHC13, 0% CC14, 3- 10 -3 M. 
b) 80~ CHC13, 20% CC14, 2 . 4 . 10 -  3 M: c) 40% CHC13, 60% CC14, 1.5. 
10- 3 M; d) 0K CHC13, 100% CC14, sa tura ted  solution; l 1 ram. 

I I I -VIII  and fo rmazans  IX-XII.  The spec t rum of fo rmazan  XI in carbon t e t rach lo r ide  is s i m i l a r  to the spec t rum 
of hydrazone V, but the half widths and the posi t ions  of the max ima  of the bands of the f ree  amino groups r e -  
main  v i r tua l ly  unchanged. The smal l  low-frequency shift  of the absorpt ion bands of the r ing NH group of f o r m a -  
zan IX, its a s y m m e t r y ,  and the i nc rea se  in the half width can be explained by s t e r i c  f ac to r s  [7]. 

Taking into account the high tendency of benzoxazolylhydrazones  to undergo t au tomer ic  transfoz~nations,  
one might expect  a m o r e  profound change in the s t ruc tu re  of 1-benzoxazolyl-3 ,  5-d iphenylformazan (X) as com- 
p a r e d  with hydrazone IV. In fact, the spec t rum of this fo rmazan  has only one absorpt ion band of a f r ee  NH 
group, whereas  the spec t rum of hydrazone IV has two f requencies  (the r ing and exocyclic amino groups).  The 
f requency at  3350 cm - i  (free NH group) in the s pec t rum of fo rmazan  X makes  it  poss ib le  to ass ign  this absorp-  
t ion to v ibra t ions  of an exocyclic amino group. The spec t r a  of 1 -benzazo ly l -3 -me thy l -5 -pheny l fo rmazans  were  
p re sen t ed  in [6] and a r e  analogous to the spec t r a  of the corresponding hydrazones  VI-VIIL 

The se l f - a s soc ia t ion  of fo rmazans  IX-XI in carbon t e t rach lo r ide  solutions,  which was p rev ious ly  de- 
sc r ibed  only for  1- (1-benzylbenzimidazolyl)-3,  5-diphenylformazan [1] shows up in the IR spec t r a  in the fo rm of 
absorpt ion of bonded amino groups at ~ 3200 c m  -1. the intensi ty  of which d e c r e a s e s  as the concentrat ion de- 
c r e a s e s ,  whereas  the intensi ty  of the absorpt ion of the f r ee  amino groups i n c r e a s e s  cor respondingly  in this 
case  (Fig. 1). 

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

The inves t igated compounds were  synthesized by  N. V. Se rebryakova  and G. N. Lipunova [8, 9]. 

The IR spec t r a  of 5 -50- ram thick l aye r s  of 5 .10 -4 -5 -  10 -~ M solutions of the compounds were  recorded  
with a UR-20 double-beam IR s p e c t r o m e t e r .  The accurac ies  in the m e a s u r e m e n t s  of the f requencies  were  
+2 cm -1 and • 5 cm -1 in the region of NaC1 and LiF  p r i s m s ,  respec t ive ly ,  and the accu racy  in the m e a s u r e m e n t  
of the half widths was • 5 cm -1. The a reas  under the contours  of the absorpt ion bands were  calculated f r o m  the 
Simpson formula,  and the range of integrat ion was 3-5 half  widths. 
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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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