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t h e  nucleophilie subst i tut ion of halogen in f l - ch lo roae ry l i c  acids  by benzoxazol ine-2- th ione  
and benz imidazo l ine -2- th ione  was studied by PMR spec t roscopy .  I t  is  shown that  the r e a c -  
t ion with benz imidazol ine-2- th ione  p roceeds  with 100% re tent ion of configuration,  whereas  
only the t r ans  i s o m e r  is  i so la ted  with benzoxazol ine-2- th ione  because  of p r i o r  i somer i za ton  
of the s t a r t ing  acid.  

The react ion  of benzoth iazol ine-2- th ione  (I) with e i s -  and t r ans - /~ -ch lo roac ry l i e  acids  (ll, III) p r o -  
ceeds  bas ica l ly  s t e r eospec i f i c a l l y  a s  d i r ec t  nucleophil ic  substi tut ion through the sulfur  a tom [1]. Con- 
tinuing our  r e s e a r c h  we studied the behavior  of benzoxazol ine-2- th ione  (IV) and benz imidazol ine-2- th ione  
(V). in this reac t ion .  

Under conditions ident ical  to those p rev ious ly  desc r ibed  (refluxing in acetone) ,  IV did not reac t ,  
whereas  V gave low yie lds  of p roducts  (Table 1). An i n c r e a s e  in the reac t ion  t e m p e r a t u r e  to 80-110~ 
m a k e s  it  poss ib le  to r a i s e  the y ie lds  to 47-54%. Produc t s  of substi tut ion at  the sul fur  a tom - t r ans - f l - (2 -  
benzoxazolyl th io)-  and t r ans - f l - (2 -benz imidazo ly l th io )ae ry l i c  acids  (VI, VII) - were  isolated.  

In the reac t ion  Of V with II, in addition to substi tut ion one a l so  obse rve s  i n t r a m o l e c u l a r  acylat ion to 
give benz imidazo [1 ,2 -b ] - l , 3 - t h i az i n -4 -one  (VIII). 

In o r d e r  to make  a m o r e  thorough inves t iga t ion  of the s t e r eospec i f i e i t y  of the reac t ion ,  we used PMR 
s p e c t r o s c o p y  to study the i s o m e r i c  composi t ion of the crude reac t ion  mix tu r e s  obtained in the reac t ions  of  
I, IV, and V (Table 2). 

t r a n s - A c i d  III  r e a c t s  with th ioamides  I, IV, and V, and e i s - ac id  II  r e a c t s  with benz imidazo l ine -2 -  
thione to give p roduc t s  of unchanged configuration.  

The product  of the reac t ion  of c i s - ac i d  II  with benzoxazol ine-2- th ione  is  the t r ans  i s o m e r ,  whereas  
in the reac t ion  with benzoth ioazol ine-2- th ione  the i s o m e r i c  composi t ion depends on the reac t ion  t e m p e r a -  
ture :  As the t e m p e r a t u r e  i s  r a i sed ,  the amount  of t r ans  i s o m e r  i n c r e a s e s .  However ,  the l a t t e r  r esu l t s  
cannot be cons idered  to be a consequence of invers ion  of configurat ion at the ins tant  the reac t ion  occurs .  
We have obse rved  the i s om er i za t i on  of e i s - ac id  III  to t r a n s - a e i d  rff at  110~ this i somer i za t ion  p rac t i ca l l y  
does not occur  at lower  t e m p e r a t u r e s  but i s  a c c e l e r a t e d  in the p r e s e n c e  of th ioamides  I and IV. This  so r t  
of c i s - t r a n s  i s o m e r i z a t i o n  in the p r e s e n c e  of th ioamides  has  been p rev ious ly  noted [2]. At 56-80 ~ thio-  
amide  V does not ca ta lyze  this p r o c e s s ,  and i s o m e r i z a t i o n  of the acids  fo rmed  in the reac t ion  to the c o r -  
responding t r ans  ac ids  does not occur ,  

The reac t ion  of IV and V with propio l ic  acid IX gives  only c is - /3- (2-benzoxazolyl th io)acryl ic  acid (X) 
and benz imidazo [1 ,2 -b ] - l , 3 - th i az in -4 -one  V~I ,  respec t ive ly ;  this makes  it  poss ib le  to exclude a m e c h a n i s m  
for  the reac t ion  with f l - eh lo roac ry l i c  acids  II  and ~ I  through c l eavage -add i t i on .  The p rev ious ly  p roposed  
m e c h a n i s m  of synchronous  a d d i t i o n - c l e a v a g e  [1] is  a genera l  one for  s i m i l a r  r eac t ions  of he teroeycl ic  
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T A B L E  1. C o n d i t i o n s  and  P r o d u c t s  of  the  R e a c t i o n  of 
B e n z i m i d a z o l i n e - 2 - t h i o n e  and B e n z o x a z o l i n e - 2 - t h i o n e  wi th  e i s -  and  

t r a n s - f l - C h l o r o a c r y l i c  and  P r o p i o l i c  A c i d s  

Reaction 
Thioamide Acids temp., ~ Reaction product Yield, % 

IV 
IV 
IV 
IV 
IV 
V 
V 
V 
V 
V 

II 
.III 

II 
ltI 
IX 
II 

IX 
II 

III 
III 

110 
I10 
80 
80 
80 
56 
76 
80 
56 
80 

VI 
Vt 
VI 
VI 
X 

VIII 
VIII 
VIII 
VII 
VII 

45,4 
54,3 
18,8 
15.6 
63,6 
14,2 
80,9 
47,6 
28,5 
57,0 

T A B L E  2. 

Thioamide 

I 

I 

I 

IV 

v 

v 

I s o m e r i c  C o m p o s i t i o n s  of  the  C r u d e  P r o d u c t s  

Configuration of 
the starting a c i d s  

cis 
' ~ a n s  

c i s  
~al-l$ 

cis i 
trans 

,cis I 
t rans  

cis 
~ans 

cis i 
trans 

Reaction 
temp., *C 

56 

80 

110 

110 

56 

80 

Isomeric composition, % 

cis 

70 
0 

32 
0 

10 
0 
0 
0 

100 
0 

100 �9 
0 

tra/1$ 

3O 
I00 

68 
I00 

9O 
I00 

I00 
I00 

0 
I00 

0 
I00 

t h i o a m i d e s  and  i s  e x p l a i n e d  by  t h e i r  a m b i f u n c t i o n a l i t y ,  owing  to wh ich  a t r a n s i t i o n  s t a t e  wi th  r e t e n t i o n  of  
t he  doub le  bond i s  f o r m e d .  The  q u e s t i o n  of  the  o n e - s t e p  d i r e c t  s u b s t i t u t i o n  of  an  a c t i v a t e d  doub le  bond i s  
d i s c u s s e d  in  t he  l i t e r a t u r e  [3]. 

The  s t r u c t u r e s  of  the  i s o l a t e d  compounds  w e r e  p r o v e d  by d a t a  o b t a i n e d  f r o m  t h e i r  IR,  UV, and  P M R  
s p e c t r a .  On the  b a s i s  of a c o m p a r i s o n  of  the  s p i n - s p i n  coup l ing  c o n s t a n t s  o f X  ( J =  7.1 Hz),  a c i s  c o n f i g -  
u r a t i o n  was  a s s i g n e d  to i t ,  w h e r e a s  t r a n s  c o n f i g u r a t i o n s  w e r e  a s s i g n e d  to VI and  VII  (J  = 15 Hz) [5]. The  
UV s p e c t r a l  d a t a  ( k m a x  290 nm,  l og  e 4.39 and  4.41 f o r  X and  VI, and  ?,max 295-297 nm,  l og  e 4 .1  and  4.3 
fo r  VII I  and  VII) m a k e  i t  p o s s i b l e  to a s s e r t  t ha t  s u b s t i t u t i o n  in  the  IV and V m o l e c u l e s  o c c u r s  a t  the  s u l f u r  
a t o m  [6]. 

The  c a r b o x y l  g roup  of VI  and VII  shows  up in  the IR s p e c t r a  a s  a band  a t  1700-1710 c m  - i ,  w h e r e a s  
t he  c a r b o x y l  g r o u p  of  X a p p e a r s  in  the  IR s p e c t r u m  a s  a band a t  1680 c m  -1. In the  s p e c t r u m  of  Vrrr the  
f r e q u e n c y  of  the  a m i d e  c a r b o n y l  g roup  a p p e a r s  a t  1630 c m  - i .  The  m o l e c u l a r  we igh t  (202), d e t e r m i n e d  by  
m a s s  s p e c t r o m e t r y ,  c o r r e s p o n d s  to  the  c a l c u l a t e d  v a l u e .  In c o n t r a s t  to VII ,  an  e s t e r  i s  not  f o r m e d  when 
VII I  i s  t r e a t e d  with  d i a z o m e t h a n e .  

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

The  IR s p e c t r a  of K B r  p e l l e t s  of the  compounds  w e r e  r e c o r d e d  wi th  a UR-10  s p e c t r o m e t e r .  The  UV 
s p e c t r a  of e t hano l  s o l u t i o n s  w e r e  r e c o r d e d  wi th  an  E P S - 3 T  s p e c t r o p h o t e m e t e r .  The  P M R  s p e c t r a  of t r i -  
f l u o r o a c e t i c  a c i d  s o l u t i o n s  w e r e  r e c o r d e d  wi th  a JNM 4H 100 s p e c t r o m e t e r .  

t r a n s - / 3 - ( 2 - B e n z o x a z o l y l t h i o ) a c r y l i c  A c i d  (VI). A 0 . 5 - g  (5 m m o l e )  s a m p l e  of  t r a n s - f l - c h l o r o a c r y l i c  
a c i d  was  a d d e d  to a so lu t i on  of 0.75 g (5 m m o l e )  of b e n z o x a z o l i n e - 2 - t h i o n e  in  30 m l  of  t o l u e n e ,  and  the  
m i x t u r e  was  r e f l u x e d  f o r  10 h. I t  w a s  then  e x t r a c t e d  wi th  s m a l l  p o r t i o n s  of  c o n c e n t r a t e d  HCI,  and  the  h y -  
d r o c h l o r i c  a c i d  s o l u t i o n  was  d i l u t e d  with  w a t e r .  The  r e s u l t i n g  p r e c i p i t a t e  was  r e c r y s t a l l i z e d  f r o m  a q u e -  
ous  e thano l  (1 : 1) to g ive  a sh iny  whi te  p o w d e r  wi th  m p  147-148 ~ Found :  N 6.3%. C10H?NO3S. C a l c u l a t e d :  
N 6,3%. The  P M R  s p e c t r u m  c o n t a i n s  d o u b l e t s  of  p r o t o n s  of  CH = g r o u p s  a t  r 6.12 and  7.75 p p m  and a s i n -  
g l e t  of a r o m a t i c  r i n g  p r o t o n s  a t  cr 7.2 p p m .  The  s a m e  compound  was  s i m i l a r l y  o b t a i n e d  f r o m  b e n z o x a z o -  
l i n e - 2 - t h i o n e  a n d  c i s - / 3 - c h l o r o a c r y l i c  a c i d .  
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eis-fl-(2-Benzoxazolylthio)acrylic Acid (X). A 0.7-g (10 ramole) sample of propiolic acid was added 
to a solution of 1.5 g (10 mmole) of benzoxazoline-2-thione in 50 ml of benzene, and the mixture was re -  
fluxed for 1 h. The resulting precipitate was then separated and recrysta l l ized from toluene-ethanol  (2 : 1) 
to give white needles with rap 152-153% Found: N 6.2%. C10HyNO3S. Calculated: N 6.3%. PMR spectrum, 
8, ppra: doublets of the protons of CH= groups at 6.17 and 7.6 ppm and a multiplet of aromatic ring pro-  
tons at 7.3 ppm. 

trans-fl-(2-Benziraidazolylthio)acrytic Acid (VII). A 0.5-g (5 ~mole)  sample of t rans-f l-chloroaeryl ic  
acid was added to a solution of 0.75 g (5 mmole) of benzimidazotine-2-thione in 10 ral of ethanol and 40 ral 
of xylene, and the mixture was held at 80 ~ for 10 h. The solvent was then removed, and the residue was 
washed wifll acetone. Recrystall ization from acetic acid gave shiny white plates with mp 197-198 ~ Found: 
N 13.0%. C10HBN202S. Calculated: N 13.2%. PMR spectrum, 6, ppm: doublets of protons of CH= groups 
at 6.04 and 7.65, and singlet of aromatic  ring protons at 7.32. 

The sarae compound was obtained by refluxing benzimidazoline-2-thione with t rans-f l -chloroacryl ie  
acid in acetone for 16 h. 

Benziraidazo[1,2-b]-l~3-thiazin-4-one (VIID. A 0.5-g (5 mmole) sample of cis-~-chloroacryl ic  acid 
was added to a solution of 0.75 g (5 ramole) of benzimidazoline-2-thione in a mixture of 10 ral of ethanol 
and 40 ml of xylene, and the mixture was refluxed at 80 ~ for 10 h. The solvent was removed, and the r e s i -  
due was washed with acetone and recrysta l l ized from acetic acid to give white needles with rap 207-208 ~ 
Found: N 13.8%. C10H~N2OS. Calculated: N 13.9%. PMR spectrttm, 5, ppm: doublet of protons of a - ( H =  
group at 6.06 and tr iplet  of aroraatic ring protons at 7.27 (J= 10 Hz). The same compound was obtained by 
reaction of benziraidazoline-2-thione with propiolic acid af ter  the mixture had been refluxed for 1 h. 
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