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It is known that acetylsuKenyl chloride adds easi ly to olefins [1] and c~,fl-unsaturated acids [1, 2] 
with the format ion of the i somer ic  a , f l - ch lo ro  S-acetyl  disulfides (a, b). 
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In the present  paper we studied the effect of the position and accumulation of methyl groups in some 
a , f l -unsa tura ted  acids, and specif ical ly the acrylic,  methacryl ic ,  crotonic and fl, f i -d imethylacryl ic  acids, 
on the rat io of the (a) : (b) i somers  in the react ions with acetylsulfenyl chloride. The rat io of the i somer ic  
a , f l -chloroacety l th iocarboxyl ic  acids (a) : (b), established by the NMR method, and the yields and con- 
stants of the obtained compounds (I)-(VII), are given in Table 1. 

As can be seen f rom the data in Table 1, a mixture of i somer ic  disulfides is formed when C1SCOCH3 
is added to a , f i -unsa tura ted  acids. In contrast  to the acryl ic  and methacryl ic  acids, for crotonic acid the 
rat io of the (a) : (b) i somers  changed toward the formation of the f i -S-acetyl  disulfide (72~c). An exception 
proved to be the anilide of methacryl ic  acid and the es te rs  of f l , f l -dimethylacryl ic  acid. Only the f o r m a -  
tion of the c~-acetyl disulfide was observed in these cases~ 

Previously  it was shown that S-acetyl  sulfides [3] and the S-acetyl  disulfide [4], when treated with 
dry  HC1 in methanol, are easi ly converted, respect ively ,  to mercaptans  and monohydro disulfides RSSH. 
The lat ter  compounds are unstable and, depending on the s t ructure ,  are decomposed either to mercaptans  
and elemental  sulfur, or to polysukfides and H2S [4]. Instead of the expected RSSH compounds, removal  
of the COCH 3 group under analogous conditions f rom the acetyl disulfides (I)-(VII) led in high yields to 
the corresponding c~,f l-chloromercaptocarboxylic acids (VIII)-(XII). 

R R 2 R R 2 
HCI CHa0H ~ 1 ~ 1 

(I)--(VII) ---* C--C--COX + C--C--COX + S 

/ I  I / ~  I 
R t SIt C1 R 1 Cl SH 

(VlI1)--(XIl) 

Evidently, the presence of two e lec t ron-acceptor  substituents (COX and C1) lowers the stability of 
the intermediately formed RSSH compounds and, with the expulsion of elemental  sulfur, they are im-  
mediately converted to mercaptans  (VIII)-(XII). In this way, the es te rs  of the c~,fi-chloromercaptopropionic,  

Institute of Heteroorganic  Compounds, Academy of Sciences of the USSR. Translated f rom Izvest iya  
Akademii Nauk SSSR, Ser iya Khimicheskaya, No. 8, pp. 1788-1794, August, 1973, Original art icle sub- 
mitted January  10, 1973. 

�9 1974 Consaltants Bureau, a division of Plenum Publishing Corporation, 227 g/est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

1734 



I'
I~

 
A

 
T

1
T

 
IB

 

C
o

m
- 

po
un

d 
R

 
I/.

* 
R

 ~ 

(I
)*

 
H

 
H

 
H

 
O

C
H

 a 
(I

I)
 

1"
 

H
 

H
 

N
H

P
h

 
(H

I) 
~a

 a 
OC

H~
 

(i
v)

 
H

 
H

 
It

 
C

H
a 

O
H

 
(V

) 
H 

C
H

 s 
H 

OC
Ha

 
(V
l)
 

CH
a 

CH
3 

H 
OC

Hs
 

(V
ii
) 

CH
~ 

CH
3 

0%
li

 5
 

*B
p 

11
4"

 
(2

 m
m

);
 n

~ 
1,

83
30

 
[2
].
 

~"
 B
p 

12
8"

 
(4

 r
am

);
 
n~

1,
53

12
 

[2
].
 

SB
p 

74
,5

 ~
 (

he
xa

ne
).

 

B
p,

 ~
 

,(
p,

 m
m

 H
g 0

 

t2
3 

(6
) 

13
~ 

(7
) 

0
il

 
tt

6
 

(3
) 

13
7 

(3
) 

12
6 

(2
) 

t,
53

{0
 

t,
5

3
t4

 

1,
52

92
 

t,
52

94
 

1,
5t

56
 

Yi
el
d,
 

%
 

82
 

8~
i8 

50
 

8B
 

8t
 

78
 

R
at

io
 o

f 
is

om
er

s,
 

(a
) 

:(
b)

, ~
 

53
 :

 4
7 

83
 :

 t
7 

t0
O

 :
 0

 
30

 :
 7

0 
28

 :
 7

2 
tO

0 
: 0

 
t0

0 
: 0

 

F
ou

nd
,%

 

c 
H 

C
l 

S 

48
,0

 
4,

6 
11

,8
 

21
,2

 

34
,4

 
4,

5 
14

,5
 

26
,8

 
37

,1
 

5
,t

 
t3

,0
 

25
,8

 
39

,8
 

5,
3 

t3
,3

 
24

,2
 

Em
pi

ri
ca

l 
fo

rm
ul

a 

C
9H

gC
1O

aS
2 

C
T

H
nC

1O
aS

a 
C

t2
H

ltC
1N

O
2S

g 

C
TH

uC
1O

aS
2 

C
sl

t~
3C

IO
aS

= 
C

gH
15

C
1O

aS
a 

C
al

cu
la

te
d

, %
 

C 
H 

Gl
 

S 

47
,5

 
4,

6 
tl

,7
 

21
,t

 

34
,6

 
4,

5 
14

,6
 

26
,4

 
37

,4
 

5,
1 

13
,8

 
25

,0
 

39
,9

 
5,

5 
t3

,t
 

23
,7

 

T
A

B
L

E
 

2 

C
om

po
un

d 

(V
II

I)
* 

(I
x)

 r
 

(x
) 

(x
u 

(X
l0

 

CH
3 

C
H

3 
C

H
3 

C
H

s 
C

H
 3 

Ha
 

OC
H 

3 
OC

H 
3 

OC
Ha

 
OC

Ha
 

OC
~H

5 

F
ou

nd
, %

 
E

m
pi

ri
ca

l 
C

al
cu

la
te

d
, %

 
n~

 
e 

%
 

.....
. 

C 
J 

]~
I 

G
l 

S 
fo

rm
ul

~
 

C
 

] 
H

 
C

I 
[ 

S 

6(
1(

10
) 

1,
48

25
 

36
,4

 
5,

2 
19

,5
 

20
,0

 
C

sH
gC

IO
eS

 
85

,6
 

5,
4 

2
t,

0
 

t9
,0

 
57

(3
) 

1,
48

51
 

8 
3(

i,2
 

5,
2 

t9
,9

 
19

,4
 

C
5H

9C
10

2S
 

35
,6

 ~
 

5,
4 

21
,0

 
19

,0
 

6S
(2

) 
t,

~
S

t4
 

39
,7

 
6,

2 
t8

,8
 

17
,6

 
C

st
lu

C
10

~S
 

39
,5

 
t 

6,
0 

i9
,-

4 
t7

,5
 

G
8(

2)
 

t 
,,1

74
6 

42
,8

 
6,

6 
t8

,t
 

16
,t

 
C

7H
~3

C
10

2S
 

42
,8

 
i 

6,
6 

t8
,t

 
16

,3
 

Bp
, 
~ 

(p
, 
m
m
 
Hg
) 

*B
p 

59
 ~
 (
7 

ra
m)

; 
n~

 
1,

48
40

 
[5
].
 

Th
e 

po
or

 r
es
ul
ts
 o
f 
th

e 
an

al
ys

is
 a

re
 e

xp
la

in
ed

 
by

 t
he

 e
as

y 
cy

cl
iz

at
io

n 
of

 t
he

 c
hl

or
o 

me
rc

ap
ta

ns
 
to

 t
hi

o 
ep

ox
id

es
. 

r 



-.
1 

T
A

B
L

E
 

3 

C
om

po
un

d 

(X
II

I)
* 

(X
lV

) ?
 

(x
v)

 

<
xv

i)
, 

(X
V

l[)
 

(X
V

lI
I)

 

(X
lX

) 

P~
 

R
 1

 

H
 

H
 

H
 

H
 

H
 

H
 

H
 

C
H

 

H
 

C
H

 

C
H

8 
C

H
 

C
H

8 
C

H
 

R
 ~

 

H
 

C
H

3 

C
H

. 

H
 

H
 

H
 

H
 

X
 

O
C

H
 3 

O
C

H
 3 

N
H

P
h 

O
H

 

O
C

H
8 

O
C

H
, 

O
C

,H
5 

B
p,

 ~
 

[(
p,

 r
nm

 H
g)

 

58
 (

t2
) 

t 
,4

87
5 

52
 (

10
) 

t 
,4

85
5 

71
(h

ex
an

e)
 

56
(h

ex
an

e)
 

55
 (

5)
 

t 
,4

79
5 

77
 (

16
) 

t 
,4

78
4 

67
 (

7)
 

t 
,4

71
6 

Y
ie

ld
, 

~ 

m
et

ho
d 

m
et

ho
d 

A
 

B
 68

 

70
 

66
,5

 

59
 

58
 

6t
 ,9

 
5,

8 

40
,6

 
4,

9 

45
,5

 
6,

6 

49
,3

 
6,

9 

52
,6

 
7,

5 

16
,4

 

27
,3

 

23
,6

 

2t
,5

 

19
,4

 

7t
 

74
,1

 

84
 

40
 

70
 

65
,1

 

65
 

c 

Fo
un

d.
 %

 
E

m
pi

ri
ca

l 
fo

rm
ul

a 
S 

C
~H

60
2S

 

C
sH

sO
2S

 

C
1

0
H

ll
 

N
O

S
 

C
~H

~O
~S

 

C
sH

sO
~S

 

C
6H

I0
0~

S 

C
~H

I~
O

~S
 

C
al

cu
la

te
d,

 %
 

c 
2/

 
S 

62
.2

 
5,

7 
t6

,4
 

40
,7

 
5,

1 
27

,1
 

45
,5

 
6,

8 
24

,2
 

49
,3

 
6,

9 
2t

,9
 

52
,5

 
7,

5 
20

,0
 

* 
B

p 
52

" 
(I

 9 
m

m
);

 n
~

 1
,4

87
5 

[5
].

 
t 

B
p 

54
-5

6"
 (

12
 m

m
)l

 n
~

 1
,4

85
0 

[6
] 

S
T

og
et

he
r 

w
it

h 
th

e 
ac

id
. 

w
e 

is
ol

at
ed

 t
he

 m
et

hy
l 

es
te

r 
(X

V
II

),
 w

hi
ch

 i
s 

fo
rm

ed
 b

y 
th

e 
re

m
ov

al
 o

f 
th

e 
C

H
sC

O
 g

ro
up

 f
ro

m
 d

is
ul

fi
de

 (
IV

).
 



TA
BL

E 
4 

C
om

po
un

d 
CH

~r
 

C
H

a \ 
c 

cu
/ 

C
H

3C
S il O
 

t~
he

m
lc

ai
 s

ta
rt

s 
5,

 
pp

m
 (

J,
 tt

z)
 

CH
2 

CH
CH

 
C

H
S

 
C

H
 

I c1
 

C
 

CH
a 

C
H

2-
-C

--C
O

N
H

C
.H

5 
h 

I 
C

l 
S

 --
C

O
C

 

CH
a-

-C
II

--
CH

--
CO

OC
Ha

 
t 

I 
Cl
 

s SC
OC

Ha
 

C
H
a
-
-
C
H
-
-
C
H
-
-
C
O
O
C
I
I
3
 

S 
CI
 

I SC
OC

II
~ 

CK
a \ 

C
--
C

II
--
C

O
O

C
H

3 

CH
/C

LI
 

~S
CO

CK
a 

CH
~-

-C
H-

-C
I-

I-
-C

OO
CH

3 
i 

I 
CI

 
S

K
 

CH
s-

-C
H-

-C
II

--
CO

OC
H,

~ 
i 

i 
S

H
 

G
l 

CH
~ \ 

C
--

C
H

--
C

0
0

C
H

a 

/I
 

\s
g

 
C

H
a 

C
1 / 

C
H

~-
-C

--
C

O
N

H
G

6H
~ 

\j
 

C
It

,-
C

tt
-e

It
--

C
O

O
tI

 

C
H

s-
-C

H
--C

H
--C

00
C

H
a 

C1
13
 \ 
C-

-C
II

--
CO

OC
Ha

 

o
./

\J
 

t,6
1 

D
ou

bl
et

 
t,

%
 (

6,
7)

 

D
ou

bl
et

 
t 

,4
2 

(6
,7

) 

D
ou

bl
et

 
1,

72
 (

6,
7)

 

D
ou

bl
et

 
1,

52
 (

6,
7)

 

t,
85

 

D
ou

bl
et

 
t ,

57
 (

6)
 

D
ou

bl
et

 
t ,

54
 (

6)
 

T
w

o 
si

ng
le

ts
 

t,
60

; 
1,

64
 

2 
,~

1 

2,
50

 

2,
50

 

t,
78

 
2,

43
 

1,
78

 

3,
95

 

D
ou

bl
et

 
2,

63
 (

6,
7)

 

D
ou

bl
et

 
3,

01
 (

4,
7)

 
M

ul
ti

pl
et

 
3,

09
--

3,
49

 
D

ou
bl

et
 

2,
98

 (
4,

7)
 

M
ul

ti
pl

et
 

3,
09

--
3,

44
 

D
ou

bl
et

 
3,

35
 (

8)
 

M
ul

ti
pl

et
 

3
,2

0
--

3
,5

0
 

3,
62

 

D
ou

bl
et

 
3,

50
 

(9
,3

0)
 

M
ul

ti
pl

et
 _

 
3

,3
5

--
3

,6
5

 

D
ou

bl
et

 
3,

60
 (

i0
,7

) 

3,
17

 

M
ul

ti
pl

et
 

4,
30

--
4,

70
 

D
ou

bl
et

 
4,

55
 (

8)
 

M
uk

ip
le

t 
4,

t0
--

4,
40

 

D
ou

bl
et

 
4,

30
 
(9

,3
) 

D
ou

bl
et

 
2,

i5
 (

i0
,7

) 

D
ou

bl
et

 
2,

15
 (

t0
,7

) 

D
ou

bl
et

 
2,

22
 (

10
,7

) 

-q
 



o~,fl-chloromercaptobutyric,  and a , f i -ch loro i sobutyr ic  acids were obtained as a mixture of the i somer ic  
compounds and the es te rs  of ~ -mercap to - f l - ch lo ro i sova l e r i c  acid (Table 2). Fur ther  studies disclosed 
that the ~ , f i -eh loromercaptocarboxyUc acids are easi ly cyclized under mild conditions to the cor respond-  
ing thioglycidic acids (XIII)-(XIX) 

R I p~ 
NaHCO~ ~ [ 

(VI I I ) - - (XI I ) ,  e t c .  -~ C - - - - C - - C O X  
/ \ /  

R S 
(XI I I ) - - (XIX)  

Due to the quite high nucleophilicity of sulfur, the a -  or fl-position of the SH group in the start ing 
chloromereaptans  fails to have an effect on the yield of the thioglycidic acids (Table 3). 

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

The NlVlR spec t ra  were taken on a P e r k i n - E l m e r  R-12 instrument  (60 MHz) in CC14 relat ive to 
HMDS. 

Acetylsulfenyl chloride was obtained by an improvement  of the method given in [1], by the react ion of 
equimolar amounts of thioacetic anhydride and SO2C12 at - 4 0  ~ in a nitrogen s t r eam in 80% yield. Typical 
experiments  are given below. The constants of the compounds, the yields and the analysis resul ts  are 
given in Tables 1-3, while the chemical  shifts of the NMR spec t ra  are given in Table 4. 

Method A (without Isolation of the Intermediate Compounds) 

Methyl Es te r  of a-Methyl thioglycidic  Acid (XIV). With s t i r r ing,  22.1 g of CH3COSC1 was added to 
10 g of methyl methacryla te  at 20 ~ in 20 rain. After 20 h the CH3COC1 was removed in vacuo, and the 
residue was dissolved in 200 ml of a 1% HC1 solution in absolute MeOH and then allowed to stand for 24 h. 
The sulfur (3.1 g, 97%) was fil tered, and the solution was evaporated to 1 / 3  of the original volume and 
poured into 100 ml of water;  the mixture of i somer ic  chloromercaptans  was extracted with ether.  The 
ext rac t  was washed with water,  after which it was shaken for 5-10 man with 10% NaHCO 3 solution (until 
the test with 12 for the SH group was negative) and dried over MgSO4; the solvent was removed,  and the 
residue was distilled. We obtained compound (XIV). Compounds (XIII)-{XIX) were obtained in a s imi lar  
manner .  

M e t h o d  B ( w i t h  I s o l a t i o n  o f  t h e  I n t e r m e d i a t e  C o m p o u n d s )  

Methyl Es te r  o f /3 -Chloro-a -ace ty id i th io i sova le r i c  Acid (VI). A mixture of 11.4 g of methyl/3, /3-  
dimethylacrylate  and 22.1 g of CH3COSC1 was heated at 50 ~ for 4 h. The CH3COC1 was distilled off in vacuo, 
and the residue was distilled. We obtained compound (VI). Compounds (I)-(VII) were obtained in a s imi -  
lar  manner;  react ion tempera ture  for (I)-(III) 20~ time 24 h. 

Methyl Ester  of /3 -Chlo ro -a -mercap to i sova le r i c  Acid (XI). A solution of 12.8 g of (VI) in 200 ml 
of a 1% solution of HC1 in absolute MeOH was allowed to stand at 20 ~ for 24 h. The sulfur (1.5 g, 94%) was 
fi l tered,  and the residue was distilled. We obtained compound (XI). Compounds (VIII)-(XII) were obtained 
in a s imi lar  manner.  

Methyl Ester  of fl,fl-Dimethylthioglycidic Acid (XVIII). A solution of 3.65 g of (XI) in 50 ml of ether 
was s t i r red  vigorously with 10% NaHCO 3 solution for 15-20 rain (until the test with 12 for the SH group was 
negative). The ether solution was dried over MgSO4, the solvent was removed in vacuo, and the residue 
was distilled. We obtained compound (XVIII). Compounds (XIII), (XIV), and (XVII)-(XIX) were obtained 
in a s imi lar  manner.  

C O N C L U S I O N S  

A new method was described for the preparat ion of thioglycidic acids and their derivatives.  

L I T E R A T U R E  C I T E D  

1. H. BShme, H. Bezzenberger ,  and H. D. Stache[, Ann. Chem., 602, 1 (1957). 
2. M . G .  LinVkova, L. P. Parshina,  Z. KoStumbrevichute, O. V. KKtdisheva, and I. 

Dokl. Akad. NaukSSSR, 196, 1089 (1971). 
L. Knunyants, 

1738 



3t 
4o 

5. 

6. 

L. ()wen and M. Sultanbava, J. Chem. Soc., 3109 (1949). 
H. BShme and G. Zinner, Ann. Chem., 585, 142 (1954); J. Tsurugi and T. Nakabayashi, J. Org. 
Chem., 24, 807 (1959). 
L. P. Parshina, M. G. Lin'kova, O. V. Kil'disheva, and I. L. Knunyants, Izv. Akad. Nauk SSSR, 
Ser. Khim., 931 (1970). 
M. G. Lin'kova, A. M. Orlov, O. V. Kil'disheva, and I. L. Knunyants, Izv. Akad. Nauk SSSR, Set. 
Khim., 1148 (1969). 

173 9 


