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The methyl es te r ,  amide,  d imethylamide,  and anilide of a -me thy l th iog lyc id ic  acid are  readi ly  
c leaved  by methane-  and acetylsulfenyl  chlor ides  to give mix tu res  of the cor responding  i so -  
m e r i c  c leavage products  - v i c i n a l  chlorodithio der iva t ives  of i sobutyr ic  acid. It is shown that  
the ra t io  of i s o m e r s  obtained depends both on the c h a r a c t e r  of the subst i tuent  in the carboxyl  
group of the isobutyr ic  acid and on the c h a r a c t e r  of the subst i tuent  at tached to the sulfur  a tom 
in the sulfenyl chloride (sulfomonochloride) used. It was  found that  ~ -halo  disulfides,  like 
f i -ha lo  sulfides,  a re  capable of l somer iza t ion .  

It is known that  sulf ides that contain halogen in the fl posi t ion are capable of l somer iza t ion .  It is 
p r e sen t ly  es tab l i shed  that i somer iza t ion  p roceeds  only in those  cases  in which the format ion  of an in t e r -  
mediate  episulfoninm ion is poss ib le  [1-3]. In l a t e r  invest igat ions,  it was  shown that the ra te  of i s o m e r i z a -  
t ion and the r e s i s t ance  to i somer iza t ion  of fi-halo sulf ides depend pr inc ipa l ly  on the nucleophil ic i ty  of the 
sulfur  atom. Thus no der iva t ives  of 3 -ch lo ro -2 -ace ty l th iobu ty r i c  acid [ somer ize ,  since the e l e c t r o n -  
acceptor  substi tuent  at tached to the sulfur  a tom - the COCH 3 group - marked ly  lowers  its nucleophil ici ty 
[4]. At the same  t ime,  der iva t ives  of 3 -ch lo ro -2 -me thy l th io i sobu ty r i c  acid are  readi ly  i s o m e r i z e d  to more  
stable i s o m e r s  - 2 -eh lo ro -3 -methy l th io i sobu ty r i c  acid de r iva t ives .  In th is  case ,  an e l ec t ron -donor  sub-  
sti tuent - the CH 3 group - i nc rea se s  the nucleophll ici ty of the sulfur  a tom and p romo te s  i somer iza t ion .  

It should be noted that the ra te  of i somer iza t ion  also depends on the c h a r a c t e r  of the substi tuent  in 
the carboxyl  group of 3 -ch lo ro -2 -me thy l th io i sobu ty r i c  acid. The amides  i s o m e r i z e d  most  readi ly ,  the 
anilide i s o m e r i z e d  with somewhat  g r e a t e r  difficulty, the e s t e r s  i s o m e r i z e d  cons iderably  more  slowly, and, 
finally, the acid chlor ide and ni t r i le  were  not i s o m e r i z e d  [5]. 

In the cleavage of the methyl  e s t e r ,  amide,  d imethylamide,  and anilide of a -me thy l th iog lyc id ic  acid 
(2 ,3-epi thioisobutyr ic  acid) with methane-  and aeetylsulfenyl  chlor ides ,  we obtained the cor responding  di-  
sulf ides containing halogen in the fi posit ion. Since the c leavage of thioepoxides with e lee t rophi l ic  reagen ts  
occurs  through the fo rmat ion  of an in te rmedia te  episulfonium ion [4-6], it was  na tura l  to expect  the f o r m a -  
tion of i s o m e r i c  c leavage products  as a r e su l t  of subsequent  a t tack by chloride ion of both carbon a toms in 
the episulfonium ion. 
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It was  found that  methane-  and acetylsulfenyl  chlo-  
r ides  r eac ted  e x t r e m e l y  readi ly  with 2 ,3-epi th io isobutyr ic  
acid der iva t ives .  The reac t ion  was complete  in s eve ra l  
minutes at - 3 0  to -40~  in CC14 solution. When the r e a c -  
tion m a s s  no longer  gave a quali tat ive reac t ion  for  un-  
changed sulfenyl chloride,  it was  aaa lyzed  at the same 
t e m p e r a t u r e  by record ing  the PMR spec t ra .  It was  found 
that a mixture  of i somer i c  c leavage products  - fl-halo 
disulfides with different i s o m e r  ra t ios  (I:II) - was  obtained 
in a lmos t  quanti tat ive yield; as in the case  of the fl-halo 
sulfides mentioned above, the i s o m e r  ra t io  depended on 
the c h a r a c t e r  of the subst i tuents  a t tached to the sulfur  
a tom in the sulfenyl chlor ides  and in the carboxyl  group, 
of the a -me thy l th iog lyc id i c  acid (see Table 1). 

Fu r the r  invest igat ions demons t ra t ed  that fl-halo 
disulfides,  like p-ha lo  sulfides,  are  capable  of i s o m e r i z a -  
tion and that the ra te  of i somer iza t ion  and the r e s i s t ance  
to i somer iza t ion  depend mainly on the nucleophil ici ty of 
the sulfur  a tom in the inves t igated disulfides.  Thus the 
i s o m e r  ra t io  (I:II) of the va r ious  der iva t ives  of vicinal  
ace ty ld i th iochloroisobutyr ic  acid r ema ined  constant  both 
af ter  prolonged s torage  at r oom t e m p e r a t u r e  and a f t e r  
prolonged heat ing at  high t e m p e r a t u r e s  (see Table 1, c o m -  
pounds d, f, and h)~ At the same t ime,  the i s o m e r  ra t io  
(I:II) of der iva t ives  of vic inal  methyldi th iochloroisobutyr ic  
acid changed apprec iab ly  a f te r  heat ing at 100 ~ for  10 h 
(see Table  1, compounds a, c, and e). However,  in con-  
t r a s t  to ~-halo  sulfides,  the i somer iza t ion  of/3-halo sul-  
f ides p roceeds  cons iderably  more  slowly, although the 
effect  of the c h a r a c t e r  of the subst i tuents  at tached to the 
sulfur  a tom and in the carboxyl  group is p r e c i s e l y  the 
s a m e  (see Table 2). F o r  compar i son ,  Table 2 also con- 
ta ins  our i s o m e r  ra t ios  (I:ID and i s o m e r  ra t ios  (III:IV) 
r epor t ed  in [2, 5] before  and a f te r  i somer iza t ion  of the 
analogous vic inal  halo mono-  and disulfide de r iva t ives  
of  i sobutyr ic  acid. 
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It should be noted that the r eady  d ispropor t ionat ion  
of the/3-halo  disulf ides to s y m m e t r i c a l  disulfides [7] 
i n t e r f e red  with observa t ions  of t he i r  i somer i za t ion  and 
isolat ion in pure  form.  



TABLE 2. Ef fec t  of  Subst i tuents  of  V i c i n a l  Ha lo  M o n o -  and D i s u l -  
f ide D e r i v a t i v e s  of  I s o b u t y r i c  A c i d  on I s o m e r i z a t i o n  

1 II I I I  : I V  

'before iso- ; after heat- 
x merization ing for 10h before iso- after isomerization ( t ime in hi 

at 100*C merization temp. in *C) 

NHz 
NHCsHs 
OCHz, 

~80 : 20 
100 : 0 
55 : 45 

40:60 
80 : 20 
55 : 45 

92:8 
100:0 
76 : 24 

24 : 76 (a few; 20) 
0 :100  (~; 70) 

53 : 47 (24; 60; traces of, H2SO4) 

TABLE 3. PMR Spec tra  of  /3-Halo D i s u l f i d e s  

Compound 

Ch___em_ical shifts 5 ,  ppm 
I 

- C H o - S -  -CH~-C| 

AB system 

C1CH2(CH3) C (SSCH3) CONH~ a 1,58 
CH3SSCHi (CI) C (CH3) CONH~ ~" , 11,83 
CICH2 (CH~) C (SSCH3) CON (CHz) 2, t) 1,78 
CH~SSCH2 (C1) C (CH3) CON (CH3) 2 t) ] 2,03 
CICH2 (CH3) C (SSCOCH3) CON (CHs)l c 1,68 
CH3COSSCH2 (CI) C (CH3) CON (CH~) 2 e 1,96 
CICH~(CH3) C (SSCH3) CONHC~Hsd 1,65 

CH3SSCH2(CI)C(CH~) CONHC6HSd o I 1,89 
CICH2(CH3)C(SSCOCH~)CONHC6Hs" t,61 I 
CICH2(CH3) C (SSCH3) COOCH~g 1 54 I 
CH3SSCH~(CI)C(CH3)COOCH3g ' [ 1,82 

a 6' 7.2 ppm (d, J = 36 Hz, NH2). 
b 6 3.21 ppm [s, N(CH~)2]. 

2,45 3,12--3,65 

2,46 3,26--3,80 

2,44 2,97--3,56 

2,42 2,41 /2'82--3'45 

2 , 3 8  3,90--3,64 

3,56--4,18 

3,80--4,30 

3,56--4,16 

3,88 (A), 4,17 (B) 
IA~= 12 HZ 

3,95 sf 
3,67--4,29 

c 6 3.15 ppm [s, N(CH3)2]. 
d 6 8.07 ppm (s, NH); 6 6 . 9 6 - 7 . 6 5  ppm (m, N--C6H~). 
e ~ 9.34 ppm (s, NH); 6 7 . 0 3 - 7 . 7 4  ppm (m, N--C6H~): 
f The f o l l o w i n g  a b b r e v i a t i o n s  w e r e  u s e d  h e r e  and e l s e w h e r e :  s i s  
s ing le t ,  d is  doublet ,  and m is  mult ip le t .  
g 5 3.75 ppm (s, OCH3). 
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Disproportlonation was inevitable In the case of methyldithiochlorolsobutyric acid derivatives (see 
Table 1, compounds a, c, and e), since the capacity of the compounds for disproportionation and isomerlza- 
tlon depends on the same reasons - namely, on the nucleophiliclty of suffur In the mixed disulfides. 

EXPERIMENTAL 

The PM_R spectra of CCI 4 solutions of the compounds were recorded with a PerkIn-Elmer R-12 spec- 
trometer (60 MHz) with hexamethyldisiloxane as the Internal standard. 

The methyl ester, amide, and dimethylamide of 2,3-epithioisobutyric acid were described in [8, 9]. 
The dimethylamide was previously [9] obtained by acylation of a-methylthioglycidic acid dimethylamide. * 
We synthesized it by a more practicable method from the/3-thiolactone. 

2,3-Epithioisobutryic Acid Dimethylamide. A solution of 13.65 g (0.1 mole) of a-chloro-~-methyl- 
p-thiolactone in 50 ml of absolute ether was added dropwise with vigorous stirring at -60 ~ to a solution 

�9 In the presence of 1,3-dicyclohexylcarbodiimide. 



of 9.0 g (0.2 mole) of d imethylamine in 450 ml of absolute e ther .  The t e m p e r a t u r e  of the react ion mixture  
was r a i s e d  to 20 ~ and the prec ip i ta ted  dimethylamine hydrochlor ide  [8.1 g (99.3%)] was r emoved  by f i l t r a -  
tion. The solvent was evapora ted ,  and the res idue was dis t i l led to give 2 ,3-epi th lo isobutyr ic  acid d imethyl -  
amide in 89% yield with bp 67-68 ~ (3 mm) and n ~  1.5130 [bp 75-78 ~ (5 mm) and n ~  1.5110 [9]). 

2 ,3-Epi th io isobutyr ic  Acid Anllide. A solution of 18.6 g (0.2 mole) of aniline in 50 ml of absolute e the r  
was added dropwise with v igorous  s t i r r i ng  at - 4 0  ~ to a solution of 13.6 g (0.1 mole) of 2 ,3-epi th io isobutyryl  
chloride [9] in 150 ml of absolute ether .  The t e m p e r a t u r e  was r a i sed  to 20 ~ and the prec ip i ta te  was r e -  
moved by fi l tration. The f i l t ra te  was washed with wa te r  to remove  aniline hydrochlor ide  and evapora ted ,  
and the solid res idue and the washed prec ip i ta te  were  r ec ry s t a l l i z ed  to give 2 ,3-ep i th io isobutyr ic  acid 
anilide in 90% yield with mp 70-71 ~ ( f rom hexane). Found: C 61.9; H 5.8; N 7.2; S 16.4%. CIoHIINOS. 
Calculated: C 62.2; H 5.7; N 7.2; S 16.4%. 

Cleavage of 2 ,3-Epi th io isobutyr ic  Acid Der iva t ives  with Methane-  and Acetylsulfenyl  Chlorides and 
I somer iza t ion  of the Cleavage Products .  A solution of 0.1 mole of the sulfenyl chloride in 10 ml of CC14 was 
added with s t i r r i ng  at - 3 0  to - 4 0  ~ to 0.1 mole of the appropr ia te  2 ,3-epi th io isobutyr ic  acid der iva t ive  in 
10 ml of CC1 o and the mixture  was allowed to stand at this  t e m p e r a t u r e  until the reac t ion  was complete  
(10-15 min) (the end of the reac t ion  was es tab l i shed  f r o m  a negative tes t  for  sulfenyl chloride with an 
aqueous KI  solution). An aliquot of the solution was analyzed at low t e m p e r a t u r e  by PMR spec t roscopy  to 
es tab l i sh  the i s o m e r  rat io.  The t e m p e r a t u r e  of the mixture  was r a i s ed  to 20 ~ and a por t ion of the solution 
was  worked  up by removing  the solvent and isolat ing the u n s y m m e t r i c a l  and, in some  cases ,  s y m m e t r i c a l  
disulfides,  usual ly  in the fo rm of mix tu res  of the i s o m e r s .  Another  port ion of the solution was heated at 
100 ~ for  10 h, a f te r  which the changed i s o m e r  ra t io  was establ ished.  The i s o m e r  ra t ios ,  physica l  constants ,  
yields,  and analyt ical  r e su l t s  a re  p re sen ted  in Table 1, and the chemica l  shifts  a re  given in Table 3. 
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