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The reac t ion  of benzoth iazol ine-2- th ione  with c i s -  and t r a n s - B - c h l o r o a c r y l i c  acids has 
yielded c i s -  and t r ans - f l -  (benzothiazol-2-yl th io)acryl ic  acids .  The convers ion  of t r a n s -  
f l - (benzoth iazol -2-y l th io)acry l ic  acid into the cis  i s o m e r  in the p r e sence  of hydrogen 
halides and on i r rad ia t ion  with UV light has been observed .  

In connection with the s e a r c h  for  new defoliants and in view of the known defoliant act iv i ty  of some  
der iva t ives  of benzoth iazol ine-2- th ione  (I) and of c i s - f i - ch lo roac ry l i c  acid (II) [1, 2], we have synthes ized 
c i s -  and t rans - f l -  (benzothiazol -2-yl th io)acryl ic  acids (IV) and (V). The reac t ion  of {I) with (II) o r  its t r ans  
i s o m e r  (III) took place in organic  solvents  (acetone, toluene) at  50-60~ with the re tent ion  of the conf igura-  
tion of the initial acid (II or  III). Heating at 100-110~ led to the fo rmat ion  of the t r ans  acid (V) alone, 
which is explained by the t h e r m a l  i somer iza t ion  of the initial (II) into (III). 

The carboxy  group is shown in the IR s p e c t r u m  in the 1680-cm -~ reg ion  for  (IV) and 1700 cm -1 for  
(V). The molecu la r  weight of the methyl  e s t e r s  (251) cor responded  to the calculated f igure.  In the PMR 
s p e c t r u m  the re  is a doublet (6.25 ppm) of a - C I t =  group, the signal of the second - C h =  group being masked  
by  the s ignals  of the a rom a t i c  nucleus.  The ass ignment  of the acids (IV) and (V), r e spec t ive ly ,  to the cis 
and t r ans  configurat ions was p e r f o r m e d  on the bas i s  of the s p i n - s p i n  coupling constants  [J = 15 Hz for  (IV) 
and 9.8 Hz for  (V)] [3] and also on the bas i s  of the convers ion  of (V) into (IV) on i r rad ia t ion  with UV light. 
The hydrogenat ion of (V) led to the known f i - (benzothiazol-2-yl thio)propionic  acid (VI), which conf i rms ,  in 
addition to everything e lse ,  subst i tut ion of the sulfur  a tom in the molecule  of (I). In the UV spec t r a  of (IV) 
and (V) the re  is a ba thochromic  shift  to 310 nm as compared  with the 285 nm for  (VD [4] [log ~ 3.94 for  
(IV) and 4.11 for  (V)]. The higher  intensi ty of the absorp t ion  band in (V) as compa red  with (IV) also con- 
f i r m s  the c o r r e c t n e s s  of the i r  a s s ignments  to the t r ans  and cis configurat ions,  r e spec t ive ly .  

By the r eac t ion  of (D with propiol ic  acid,  Grinblat  andPostovski i  obtained f l - (benzothiazol-2-yl th io)-  
ac ry l i c  acid to which, on the bas i s  of its IR spec t rum,  they a sc r ibed  the t r ans  configuration.  We have r e -  
peated this synthes is  and have convinced ou r se lves  that  this acid is identical  with the cis acid (IV) that  we 
have obtained. 

Two mechan i sms  may  be cons idered  for  nucleophilic subst i tut ion at a double bond as applied to the 
p re sen t  reac t ion:  add i t i on -e l imina t ion  and e l imina t ion -add i t i on  [6]. The p re sence  of the weak nucleophile 
(I), the absence  of ba s e s ,  which favor  el imination,  and the s t e r eospec i f i c i t y  of the reac t ion  all  pe rmi t  the 
a s sumpt ion  of an add i t i on -e l imina t ion  mechan i sm.  It  is poss ib le  that  both s tages  take place a lmos t  s imul -  
taneous ly  in the following way: 
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Hydrogenation with nascen t  hycirogen took place only for  the t r ans  i somer ,  the cis i s o m e r  being r e c o v e r e d  
unchanged, and under the action of HC1 and HBr an anomalous  convers ion  of (V) into (IV) was obse rved ,  a l -  
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though it is known that  in the p r e s ence  of hydrogen halides the cis i s o m e r  genera l ly  i s o m e r i z e s  into the 
m o r e  s table  t r ans  i s om er .  It is poss ib le  that  this behavior  of the double bond and the anomalous i s o m e r i -  
zat ion a r e  connected with the g r e a t e r  s tabi l i ty  of the cis acid (IV). This  s tabi l i ty  can be explained by the 
fo rmat ion  of an in t r amolecu la r  hydrogen bond between the proton of the hydroxy group and the ni t rogen of 
the nucleus [7]. In favor  of this assumpt ion  is the shif t  in the carbonyl  f requency of the cis i s o m e r  (IV) by 
20 cm -1 in the long-wave di rec t ion as com p a red  with the carbonyl  f requency  of the t r ans  i s o m e r  (V), which 
is cha r ac t e r i s t i c  for  unsa tura ted  acids with an in t r amolecu la r  hydrogen bond [8]. 

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

The IR s p e c t r a  we re  taken in KBr  table ts  on a UR-10 spee t ropho tomete r ,  the UV s p e c t r a  on an EPS- 
3T s p e c t r o m e t e r  in ethanol,  and the PMR s p e c t r a  on a JNM-4H-100 ins t rument  in t r i f luoroace t ic  acid 
solution. 

The initial f i - ch loroacry l ic  acids w e r e  obtained by the addition of HCI to propioloc acid [9], which 
was obtained by the oxidation of p ropargy l  alcohol [10]. 

c is-f l -  (Benzoth iazol -2-y l th io)acry l ie  Acid (W). To a solution of 0.83 g (5 mmoles)  of benzothiazo-  
l ine-2- th ione  in 30 ml  of acetone was added 0.5 g (5 mmoles)  of c i s - f i - ch lo roac ry l i c  acid, and the mix tu re  
was boiled for  10 h. Then the solvent  was dr iven off, the resul t ing  c ry s t a l s  w e r e  t r ea t ed  with concent ra ted  
HC1, and the unchanged benzoth iazol ine-2- th ione  was sepa ra t ed  off. The hydrochlor ic  acid solution was 
diluted with a fourfold amount  of wa te r ,  and the c r y s t a l s  that deposi ted were  sepa ra t ed  off. This  gave 
86.9% of lus t rous  faint ly yel lowish needles  with mp 182-183~ (from methanol) .  Found, %: C 50.8; H 3.1; 
N 5.8. C10HTNO2S 2. Calculated,  %: C 50.6; H 3.0; N 5.9. 

t r ans - f l - (Benzo th iazo l -2 -y l th io )ac ry l i c  Acid (V). S imi lar ly ,  0.83 g (5 mmoles)  of benzothiazol ine-2-  
thione and 0.5 g (5 mmoles)  of t r a n s - f l - c h l o r o a c r y l i c  acid gave 76.9% of W) with mp 158-159~ (from 
methanol) .  Found, %: N 5.8. C10HTNO2S2. Calculated,  %.~ N 5.9. The s a m e  compound was isolated by 
boiling benzoth iazol ine-2- th ione  with e i s -  o r  t r a n s - f i - c h l o r o a c r y l i c  acid in toluene for  10 h. The r e s p e c -  
t ive  yields we re  63.6 and 84.6%. 

Hydrogenation of t r ans - f l - (Benzo th iazo l -2 -y l th io )ac ry l i c  Acid (V). With vigorous  s t i r r ing  a t  r oom 
t e m p e r a t u r e ,  0.1 g of meta l l i c  sodium was added over  20 rain to a solution of 0.2 g (0.8 mmole)  of W) in 
20 ml  of absolute  ethanol.  Af te r  al l  the sodium had r eac ted ,  s t i r r ing  was continued for  another  1 h. Then 
the ethanol was dr iven off, the c ry s t a l s  obtained were  dissolved in water ,  and the solution was made faintly 
acid.  This yielded 0.08 g(40%) of co lo r l e s s  c r y s t a l s  with mp 148-149~ (from benzene).  A mix tu re  with 
f i - (benzothiazol -2-yl th io)propionic  acid gave  no depress ion  of the melt ing point. 

I somer i za t ion  of thef l - (Benzoth iazo l -2-y l th io)acry l icAcidso  1o A solution of 0.2 g (0.8 mmole)  of 
(IV} o r  (V) in 5 mI of concent ra ted  HCI was heated at  70-75~ for  3 h. The reac t ion  mix ture  was diluted 
with a f ivefold amount  of wate r ,  whereupon 0.18-0.17 g of c r y s t a l s  s epa ra t ed  out with mp 182-183~ (f rom 
methanol) .  A mixed melt ing point with (IV) gave no depress ion  of the mel t ing point. 

2. A rap id  cu r r en t  of HBr was pas sed  into a solution of 0.2 g (0.8 mmole)  of (W) or  (V) in 20 ml of 
g lac ia l  ace t ic  acid at  23-25~ for  2 h. The reac t ion  mix tu re  was kept at r oom t e m p e r a t u r e  for  12 h and 
was then diluted with wate r ,  giving 0.18 g of c ry s t a l s  with mp 182-183~ (from methanol) .  A mix tu re  with 
(IV) gave no depression of the melting point. 

3. In quartz test-tubes, 0.i g of dry crystals or a methanolic solution of (IV) was irradiated for 12 h. 
In both cases the unchanged acid with mp 182-183~ was isolated. When a methanolie solution of (V) was 
irradiated for 12 h, compound (IV) with mp 182-183~ was again isolated. 
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