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The action of dicyclohexylcaxbodiimide on 2-benzimidazolylthio- 
acetic, B-(2-benzimidazolylthio)propionie, 8-(2-benzimidazolyl)pm- 
picnic and 2-benzimidazolylacetie acids has given the anhydro deriva- 
tives of these acids. It has been shown that the hydrogen atoms in the 
methylene group of anhydro-g-benzimidazolylthioacetic acid have the 
highest mobility. 

An inves t iga t ion  of the condensa t ion  of anhydro de-  
r i va t i ve s  of 2 -benz imidazyo ly l th ioace t i c  acid (I) and 
f l - (benzimidazolyl t lh io)propionic  acid (II) with a lde -  
hydes,  ke tches ,  and n i t roso  compounds has shown the 
high mobi l i ty  of the hydrogen a toms in  the methylene  
group of I; when the s t a r t i ng  m a t e r i a l s  were  heated in  
ethanol in the p r e s e n c e  of p ipe r id ine ,  the c o r r e s p o n d -  
ing benzyl idene ,  i sopropyl idene ,  and azometh ine  de-  
r iva t ives  were  obtained in high y ie lds  [1]. The mob i l i -  
ty of the hydrogen a toms in  the methy lene  group of II 
proved to be insuf f ic ien t  for i ts  condensa t ion  even with 
such act ive  carbonyl  compounds as a ldehydes.  The high 
mobi l i ty  of the hydrogen  atoms in the me thy lene  group 
of I is  a s soc ia ted  with the muta l  inf luence  of the c a r -  
bonyl group and the he t e roa tom of su l fur  p r e s e n t  i m -  
media te ly  adjacent  to the me thy lene  group on the p ro -  
tonat ion of the hydrogen a toms of the l a t t e r .  The hypo- 
thes i s  has been put forward  that the low mobi l i ty  of the 
hydrogen a toms in  the me thy lene  group of II is con- 
nected with a d e c r e a s e  in the induct ive  in f luence  of the 
su l fur  a tom occupying the fl pos i t ion  with r e s p e c t  to 
the methy lene  group under  cons ide ra t ion .  

The object  of the p r e s e n t  work was the syn thes i s  
of 2 -benz imidazo ly lme thy l th ioace t i c  acid (Ill), fl-(2- 
benz imidazo ly l )p rop ion ic  acid (IV), 4 , 5 - d i h y d r o - 2 -  
imidazo ly l th ioace t i c  acid (V), and 5 - n i t r o -  and 5- 
a c e t y l a m i n o - 2 - b e n z i m i d a z o l y l t h i o a c e t i c  acids (VI) and 
VH), the anhydr id iza t ion  of the l a t t e r ,  and the i nves -  
t iga t ion of the mobi l i ty  of the hydrogen  atoms in the 
methy lene  groups of the anhydro de r iva t ives  obtained.  

In the anhydr id iza t ion  of the acids  I I I -VI I ,  d icyclo-  
hexy lca rbod i imide  (DCHCD) was used as  the w a t e r -  
e l imina t ing  agent .  The r eac t ion  was c a r r i e d  out in 
pyr id ine  so lu t ion  at 5 - 1 0  ~ C. The anhydro de r iva t ives  
of the acids IH and IV (compounds VIII and IX) were  
obtained with y ie lds  of 54.2 and 78.1%. The use of 
DCHCD for  the anhydr id iza t ion  of 2 - b e n z i m i d a z o l y l -  
th ioacet ic  and ~ - (2 -benz imidazo ly l th io )p rop ion ic  acids 
pe rmi t t ed  the anhydro de r iva t ives  of the l a t t e r  (1 and 
II) to be obta ined with y ie lds  of 98 and 72~0. 
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The anhydro derivatives of the acids V, VI, and 
VII were obtained not only by the action of DCHCD on 

the l a t t e r  but also by heat ing V, VI, and VII in acet ic  
anhydr ide  in the p r e s e n c e  of pyr id ine  [2]. 

An inves t iga t ion  of the mobi l i ty  of the hydrogen  
a toms in  the methy lene  groups of VIII and IX in  con- 
densa t ion  reac t ion  of these  compounds with p-[di(fl-  
ch loroe thyl )amino]benzaldehyde  (X) and p - n i t r o s o d i -  
m e t h y l a m i n e  (XI) has shown that VIII and IX do not 
take pa r t  in the above -men t ioned  r e a c t i ons  when the 
s t a r t i ng  m a t e r i a l s  a r e  heated in e thanol  in  the p r e s e n c e  
of p ipe r id ine .  The benzy l idene  de r iva t ive  VIII was ob-  
t a i n e d  with a y ie ld  of 25~ by heat ing VIII andX in  
glacia l  ace t ic  acid.  Compound IX does not take pa r t  in 
this  r eac t i on  on be ing  heated in  g lacia l  ace t ic  acid.  

The r e s u l t s  obtained show that of the anhydro de-  
r i va t i ve s  I, II, VIII, and IX inves t iga ted ,  b e n z i m i d a -  
zolo [2', 1 ' - 2 , 3 ] t h i a z o l i d i n - 4 - o n e  (I) p o s s e s s e s  the mos t  
act ive  hydrogen a toms in  the me thy lene  group.  The 
low mobi l i ty  of the hydrogen  a toms in  benz imidazo lo  
[1', 2 ' - 1 ,  2 ] p y r r o l i d i n - 5 - o n e  (IX), which is  a s t r u c t u r a l  
analog of I, i s  apparent ly  connected with the absence  
of a su l fu r  he te roa tom in  the l a t t e r .  The high mobi l i ty  
of the hydrogen  a toms in the me thy lene  group of I as 
compared  with VIII, in spi te  of the analogous a , a  ' 
pos i t ion  of the ca rbonyl  group and the su l fu r  a tom 
with r e spe c t  to the me thy lene  groups in  both compounds 
is  poss ib ly  connected with the i n t e r a c t i on  of the su l fur  
a tom in compound I with the double bond C ~ N - - ,  with 
the de loca l iza t ion  of the e l ec t rons  of the l a t t e r  on p a r -  
t i c ipa t ion  in the d o rb i t a l  of the su l fur  a tom [3-5] .  The 
poss ib i l i t y  is  not excluded of the pos i t ive  inf luence  on 
the mobi l i ty  of the hydrogen a toms in the me thy lene  
group of I of the ge ome t r i c a l  p r o p e r t i e s  of the l a t t e r .  

as well .  
It follows f r o m  a cons ide ra t ion  of the IR s p e c t r a  of 

I, II, VIII, and IX that the f r equenc i e s  of the v i b r a -  
t ions  of the C = O  group in compounds  I and IX a re  1748 
and 1760 cm -1, i .  e . ,  cons ide rab ly  h igher  than those for  
compounds II and VIII (1731 and 1728 em -1, r e s p e c -  
t ively) ,  which is  apparen t ly  due to the g r e a t e r  s t r a i n  
of the f i v e - m e m b e r e d  r i ngs  than of the s i x - m e m b e r e d  
ones .  The p r e s e n c e  of a su l fur  he t e roa tom in  the fi 
pos i t ion  with r e s p e c t  to the ca rbonyl  group in the case  
of I and VIII leads  to a lower ing  of the f requency  of the 
v ib r a t i ons  of the CO group in  the l a t t e r  as compared  
with i ts  va lue  in  the IR s p e c t r a  of II and IX. The ab-  
s ence  of a su l fu r  he t e roa tom f r o m  compound IX leads  
to a r i s e  in the f r equency  of the v i b r a t i o n s  of the CO 
group in  the l a t t e r  (1760 cm -1 in  IX) in  c o m p a r i s o n  
with that in compound I (1748 era- l ) .  The bands  of the 
deformat ion  v ib r a t i ons  of the me thy lene  groups  in  the 

1440-1445 and 760-780  cm -1 r eg ions  also have lower  
f r equenc i e s  for  the f i v e - m e m b e r e d  h e t e r o c y c l e s  (1440 
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IR spectra:  1) anhydro-2-benzimidazolythioaeetic  
acid (I) ; 2)  anhydro-fl-(2-benzimidazolylthio) 
propionic acid(ID ; 3) anhydro-2-benzimidazolyl-  
methylthioacetic acid (VIII); 4) anhydro-f l - (2-  

benzimidazolyl)propionic acid (IX). 

Com-  

pound 

I 
II 

VIil 
IX 

Anhydro Derivatives 

Mp, * C 

181 
168 
104 
142 

]h'npirieal 
formula 

CgHeN20S 
CIoHsN20S 
CIoHsN20S 
C]oHsN20 

Found, % 

C I H 

56_74 ! 3.28 
58.54 3.91 
58.62 i 3.97 
69.78 4.79 

Calculated, % 

C H 

56.84 3.18 
58.82 3.92 
58.82 3.92 
69.76 4.68 

Yield, % 

98.0 
72.2 
54.2 
78.1 
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and  760 e m  -1 f o r  I ,  and  1441 and  765 c m  - I  f o r  IX) a s  

c o m p a r e d  w i t h  t h e  s i x - m e m b e r e d  r i n g s  (1446 and  767 
c m  -1 f o r  VIII ,  and  1450 and  776 c m  - l  f o r  H).  T h e  

p o s i t i o n  of  t h e  s u l f u r  a t o m  w i t h  r e s p e c t  to  t h e  CH z 
g r o u p  ( c o m p o u n d s  I and  VIII) l e a d s  to  a l o w e r i n g  of  

t h e  f r e q u e n c i e s  of  t h e  d e f o r m a t i o n  and  s t r e t c h i n g  v i -  
b r a t i o n s  o f  t h e  l a t t e r .  

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

2-Benztmidazofylmcthy/thioacetir acid 011) [6] was obtained by 
the reaction of mercaptoacetic acid with o-phenylenediamine and 
the subsequent condensation of the mereaptan obtained with cbloro- 
acetic acid. Mp 204 ~ C. 

4, 5-Dihydro-2-imidazolylfltioaeettc acid (V) was obtained by 
heating equimoleeular amounts of ethylenethiourea, cbloracetic acid, 
and anhydrous sodium acetate in ethanol for 2 hr. White crystalline 
powder. Mp 194.5-195" C (from ethanol). Found, %: C 37.37, 37.24; 
H 4.86~ 5.02. Calculated for CzHaNzOzS, ~ :  37.50 ; H 5. 00. 

5-Hi~ro-2-ben~imidazotylthinaeetlc acid (VI) was obtained by 
heating equlmolecular amounts of 5-uitro-2-mercaptobenzimidazole 
and chloroacetic acid in 2 N sodium hydroxide. Lemon yellow crys- 
talline powder, kip 215-216 ~ C (from methanol). Found, e~. C 42.94, 
42.60; H 2.75; 3.09. Calculated for CsHTNaOaS, ~ C 42.68; H 2.'/6. 

5-Aeetylamlr, o-2-bcnzAmidazolylthioacgtle acid (VII) was obtained 
from 5-acetylamino-2-mcvcaptobenzimidazoIe under conditions ana- 
logoUS to those for VI. Microcrystalline powder. Nip 261-262 ~ C (after 

reprecipitation ftom ammoniacal solution with acetic acid). Found, 
~/~: C 49.64, 49.50; H 4.84. 4.95; S 11.79, 11.98. Calculated for 
CllHllN~OzS, 5:~: C 49.81; H 4.15; S 12.07. 

Syntheil~ of the ajlhydro de~ivattvea I, ]I, VIE[, and IX (table). 
A solution of 0.01 mole of dieyclohexylcarbodiimide in anhydrous 
pyridine or in a mixture of pyridine and dimethylformamide was added 
~o a solution of 0.01 mole of one of the acids I-VII in the same solvent, 
and the mixture was left in the refrigerator at 5-10" C for 10-12 hr. 
The precipitate of dieyclohexylurea was filtexed off, and the mother 
liquor was evaporated in vacuum at 30-35 ~ C. The anhydro deriva- 
tives obtained were recrystallized from ethanol or from a mixture of 
e~anol and benzene. 

In the reaction of DCHCD with V, VI, and VII, the lattex were 
recovered mtohanged. When the anhydridization of V, VI, and VII 
was carried out by heating in acetic anhydride containing pyridine 

according to [2], the acids vdl and VII were recovered unchanged, while 

in the case of V resinificatinn took place. 
C . o n d ~  of the anhydm~d VIII with the aldehyde X. 
a) A mixture of 1.02 g (0.005 mole) of VI~ and 1.23 g (0.005 mole) 

of X in 10 ml of glacial acetic acid was boiled for 2 hr. The cooled 
reaction mixture was potted into an aqueous solution of sodium acetate 
and the precipitate was filtered off. Orange-yellow microcrystaiiinc 
powder, nap 217 -218 ~ C (from acetone). Yield 0.54 g (25%). Found, 
%: C 58.12, 58.06; H 4.22, 4.08; S 7.66, 7.56%. Calculamd for 

C~aHtsCl~qaOS 0 %: C 58.33; H 4.39; S 7.40. 
b) A mixture of 0.40 g (0.002 mole) of V•  and 0.49 g (0.002 mole) 

of X in 6 ml of ethanol containing five drops of pyridine was heated for 
4 hr. After partial evaporation of the solvent and dilution of the residue 
with water, 0.3 g of X separated out (nap 87-88 ~ C after two recrystal- 
lizatinm from aqueous ethanol). 

The infrared spectra of I, II, VI~  and IX were recorded on a UR- 
10 spectrometer in the NaCl- and LiF-prism regions. For recording the 
spectra, a weighted sample of the substance was compressed in KBr to 
form a transparent tablet (in vacmtm). 
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