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In the present  paper was studied the addition of the methyl-  and fl-chloroethylsulfenyl chlorides to 
cinnamic acid and to its methyl and ethyl es te rs ,  the amide, anilide, and the acid chloride. It is known 
that alkylsulfenyl chlorides add to aliphatic c~,fl-unsaturated acids and their  derivat ives with the formation 
of a mixture of adducts, which change over  to more  stable i somers  [1, 2]. The addition of alkylsutfeny[ 
chlorides to cinnamic acid and its derivat ives could also lead to adducts (A) and (B). However, the acid 
and its derivat ives form only one stable i somer  (A), which under the conditions, mentioned for the adducts 
of other a , f l -unsaturated acids [1, 2], does not i somer ize .  
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Alkylsulfenyl chlor ides  add smoothly to the es te r s ,  amide, and anilide of cinnamic acid in inert  sol-  
vents, with the formation of the corresponding adducts. The acid chloride of cinnamic acid reacts  more 
slowly with the sulfenyl chloride.  Based on the NMR data, only 40% of the acid chloride reacted in one 
day. The addition of the suffenyl chlorides to cinnamic acid could be accomplished only in glacial acetic 
acid. In order  to avoid possible rapid isomerizat ion,  the addition of methylsulienyl chloride to methyl 
cinnamate was run at -20~ in the presence of CaCO 3, but the presence  of the second i somer  was also not 
detected in this case. The formation of the sole i somer  of the Markovnikov orientation was also mentioned 
ea r l i e r  in the case of the addition of sulfenyl chlorides to s tyrene [1] and t r a n s - l - p h e n y l - l , 2 - p r o p e n e  [3]. 

In o rder  to prove the s t ructure  of the obtained compounds we took the NMR spect ra  of the specially 
synthesized model compounds: the acid chloride of ~,fi-dichloro-fi-phenylpropionic acid and the methyl 
e s t e r  of a ,f l -dichloro-fi-phenylpropionic acid, C6HsCHCICHCICOCI 6 a -CH 4.75, 5fi_C H 5.08 ppm; J 10.5 
Hz and C6HsCHCICHC1COOCH3, 6a_CH 4.48, 5fl-CH 5.07 ppm; J 10.7 Hz.* On the basis  of these data, 
compounds (I)-(III), (VI)-(VIII), and (XI) were  assigned the s t ruc ture  of (A). The charac te r i s t i c  chemical  
shifts are  given in Table 1. The spec t ra  of the compounds were taken on a P e r k i n - E l m e r  R-12 spec t rom-  
eter  (60 MHz), using 5% CC1 a solutions and hexamethyldisiloxane as the internal standard. 

* F r o m  the data given in [4], for C6HsCHCICHCICOOCH3 are given on the T scale:  Ta_CH 5.38, Tfl_C H 

4.78 ppm; J 11.0 Hz. 

TABLE i 

No. 

I 
II 

]II 
VI 

VII 
VIII 

XI 

Compound 

C~H~CHC1CH (SCH2CH~C1) COOH 
C~H~CHC1CH (SCH~CH~C1) COOCHs 
C~HsCHC1CH (SCH~CH~CI) COOC~Hs 

C~HsCHC1CH (SCH~) COOH 
C~HsCHC1CH (SCH~) COOCH~ 
C~H~CHCICH (SCHs) COOC2H5 
C~H~CHC1CH (SCH3) COC1 

B~H, pprn 
Cl 

5,03 
5,07 
5,02 
5,05 
5,05 
5,04 
4,98 

B~H, ppm 
s 

<79 
3,82 
3,75 
3,69 
3,64 
3,50 
3,96 

J, Hz 

ii,3 
ii ,3 
1t,3 
ii ,3 
it ,2 
It ,3 
11,1 
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T A B L E  2. C 6 H s C H - C H - C O R  
t 

C1 SR' 

Corn - 
pound 
No. 

I 

II 
III 
IV 
V 

VI 
VII 
VIII 
IX 
X 
XI 

R* 

OH 
OCH 3 
OC2H5 
NHz 
NHC6H5 
OH 
OCH 3 
OC2H5 
NH 2 
NHC6H5 
C1 

Mp, ~ 

82-84 (ether, petroleum ether) 
68.5-70 (petroleum ether) 
39-40 (petroleum ether) 
114-114,5 (benzene) 
121-123 (ether) 
114-115 (ether and petroleum ether) 
84-86 (petroleum ether) 
70-72 (petroleum ether) 
136-138 (dioxane, petroleum ether) 
144-145 (ether) 
50-52 ~ (petroleum ether) 

* Prom (I) through (V), R = CH2CH2C1; 
from (VI) through (XI), R = CH 3. 

Yield ] Found,% 

70 52,41 5,16 
61 62,68 5,14 
23 47,66 4,17 

Empirical 
formula 

CllH12C12028 
C 12H 14C12028 
C 13H lsC 12 O2S 
C 11H 13C12NOS 
C17HITC12NOS 
CtoHliCIO2S 
C HHI3CIO2S 
CI2HIsCIO2S 
CIoHI2CIONS 
CI6HI6CIONS 
CIoHIoCIzOS 

t a lc . ,  % 

c H 

47,33 4,33 
49,18 4,81 
50,83 5,24 
47,66 4,72 
57,62 4,83 
52,08 4,80 
54,00 5,36 
55,71 5,84 
52,28 5,26 
62,85 5,27 
48,20 4,17 

E X P E R I M E N T A L  M E T H O D  

Addi t ion  of Sul fenyl  C h l o r i d e s  to C innamic  Ac id .  To  a so lu t i on  of 0.02 m o l e  of c i n n a m i c  ac id  in 50 ml  
of s p e c i a l l y  p r e p a r e d  g l a c i a l  a c e t i c  acid* was  added  in d r o p s  a so lu t ion  of 0.02 m o l e  of the  su l f eay [  c h l o r i d e  
in 15 ml  of g l a c i a l  a c e t i c  ac id .  The  r e a c t i o n  m i x t u r e  was  a l lowed  to s tand  o v e r n i g h t  at r o o m  t e m p e r a t u r e .  
The  g l a c i a l  a c e t i c  ac id  was  v a c u u m - d i s t i l l e d ,  and the  r e s i d u a l  oi l  c r y s t a l l i z e d  when s t o r e d .  The  3 - p h e n y l -  
3 - c h l o r o - 2 - ( f i - c h l o r o e t h y l s u l f e n y l )  p r o p i o n i c  (I) and 3 - p h e n y l - 3 - c h l o r o - 2 - ( m e t h y l s u l f e n y l ) p r o p i o n i c  (V1) 
a c i d s  w e r e  ob ta ined .  The  c o n s t a n t s  and y i e l d s  a r e  g iven  in T a b l e  2. 

Add i t ion  of Sul fenyl  C h l o r i d e s  to C innamic  Acid  D e r i v a t i v e s .  The  me thy l  and e thyl  e s t e r s  of c i n n a m i c  
ac id  w e r e  d i s s o l v e d  in a b s o l u t e  e t h e r ,  the a m i d e  and an i l ide  w e r e  d i s s o l v e d  in a b s o l u t e  CHC[3, and the  ac id  
c h l o r i d e  was  d i s s o l v e d  in a b s o l u t e  CCI 4. To the so lu t i ons  at  r o o m  t e m p e r a t u r e  was  added  in d r o p s  an e q u i v -  
a len t  amount  of e i t h e r  f i - c h l o r o e t h y l s u l f e n y [  c h l o r i d e  o r  m e t h y l s u t f e n y l  c h l o r i d e ,  d i s s o l v e d  in the  a p p r o -  
p r i a t e  so lven t .  The  r e a c t i o n  m i x t u r e  was  a l lowed  to s t and  o v e r n i g h t .  The so lven t  was  d i s t i l l e d  off, and 
the ob ta ined  compound  was  p u r i f i e d  by  r e c r y s t a l l i z a t i o n .  The  c o n s t a n t s  and y i e l d s  of the  ob ta ined  c o m -  
pounds  a r e  g iven  in T a b l e  2. 

C O N C L U S I O N S  

A l k y l s u l f e n y l  c h l o r i d e s  r e a c t  with c i n n a m i c  ac id  and i t s  d e r i v a t i v e s  to y i e ld  only one s t a b l e  adduct ,  
n a m e l y  the  c ~ - a l k y l t h i o - f l - c h l o r o - f i - p h e n y l p r o p i o n i c  ac id  and i t s  d e r i v a t i v e s .  
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*A m i x t u r e  of 300 m l  of g l a c i a l  a c e t i c  ac id  and 30 ml of a c e t i c  a n h y d r i d e  was  r e f luxed  fo r  5 h, a f t e r  which 
the a c e t i c  ac id  was  d i s t i l l e d .  
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