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-Propiothiolactones  are cleaved at the S - C O  bond by methanesulfenyl chloride and acetyl 
sulfur chloride to form mixed disulfides - derivat ives of the acid chlorides of fl - m e r c a p t o -  
isobutyric acid. The mixed disulfides readily disproport ionate on heating under acid or 
base catalysis  conditions to give the corresponding symmet r i ca l  disulfides. A convenient 
method was found for obtaining the previously hard- to-obta in  symmet r i ca l  disulfides. 

It has been demonstra ted [1,2] that es te rs  of thiolcarboxylic acids readi ly  reac t  with sulfenyl chlo-  
r ides to form the correspondIng disulfides [1,2]. In the present  r e sea rch ,  we studied the reaction of some 

-propiothiolactones with methanesulfenyl chloride and acetyl sulfur chloride and demonstrated that, just 
as by the action of chlorine [3], ~ -propiothiolactones are cleaved by sulfenyl chlorides at the S - C O  bond to 
give the corresponding unsymmetr ica l  disulfides.  

Thus ~ -methyl-fl  -propiothiolactone (Ia) is readi ly  converted to fi - (acetyldithio)isobutyryl chloride 
(IIIb) by the action of acetyl sulfur chloride.  

I I ~ c /  ~ "1 I / , o  
S-C=O +s--C=O S * c = O  ~ C~c I 
I a-C u SIR I SR SR 

I I  I l l a - C  

I, II1 a X-- II, R'"  CH:~; b x ~ II, R..-=cocII3; c x :~ cI ,  R = CH 3 

The react ions of th loesters ,  sulfides, and disulfides with chlorine,  sulfuryl chloride, and sulfenyl 
chlorides are usually considered to proceed through the formation of unstable adducts - sulfoninm salts 
[4-6]. In the cleavage of fi -thiolactone I, sulfenyl chloride also electrophll ical ly attacks the sulfur atom to 
form adduct II, which is stabilized with rupture,of  the S - C O  bond to give mixed disulfide IH. 

The nucleophilicity of the sulfur atom in (~-ehlorothiolactone Ic is reduced because of the possible 
contribution of a resonance s t ructure ,  and, in contras t  to (~-methyl-/~-propiothi01actone, (~-chloro-(~- 
methyl-/~ -propiothiolactone does not reac t  with acetyl sulfur chloride even under severe  conditions. 

CH~ ~il 3 
I 

. 2 ~ - ~ - - c i  - -  l |~C-~.l / C, 

S--C=O ~ E- -C= :O  

However, both thiolactones readi ly  reac t  with a s t ronger  electrophile - methanesulfenyl chloride - 
under mild conditions to give the acid chlorides of mixed disulfides IIIa, c. It should be noted that s y m -  
metr ica l  disulfides IV were obtained along with III, and the amount of unsymmetr ica l  disulfide depended on 
the experimental  conditions. In some cases ,  IV were the major  react ion products .  The formation of sym-  
met r ica l  disulfides IV was possible either as a consequence of disproportionation of III or as a resul t  of 
side react ions .  One cannot exclude the possibil i ty that methanesulfenyl chloride could have s imply 
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TABLE 1. PMR Spectra  

Compound 

CHaCOSSCtt2CI I (Ct I2)COCI * 
CltaSSCHzCIt(Ct:Ia) COCl- $ 
[-SC112CH (Ct I,~} COCI].o 
CHaSSCI I,~CCI (CI L~) COCI 
[--SCH2CCI (CI t3) COCl]2 
CHaSSCH2CC!(CfIa) COOCt I3 
[--SCtI2CCI (CHa) COOCI ta]2 
CHsSSCH2CC1 (CHa)CONH2 * * 

Ch_en~ca.1_s_hi~, _6. ~.Epm ( J , _ . H z )  . . . . . . . . . . . . . . . . . .  

(doublet) ]C--CH~! s--all:, ,O--CH~ (AB system) 
I 

1.46 (6,7) 
L45 (6,7) 
1,44 (6,0) 

J,95 
1,95 
1 , 8 2  
1 , 8 2  
t,86 

2,42; 2,45 

2,46 

2,40 

2,49 

3,76 
3,78 

2,65--3,39fl 
2,63--3,47 1" 

3,31; 3,59 (14,7) 
3,45; 3,67 (14,7) 
3,18; 3,54 (14,0) 
3,27; 3,54 (14,0) 
3,33; 3,54 (14,7) 

*A singlet at 2.44 ppm, which cor responds  to the methyl group in SCOCH a, 
is observed in the spec t rum.  
1" Complex multiplet .  
$ Two singlets,  which cor respond  to the S - C H  a group, are  associated 
with the existence of two rotat ional  i somers  as a consequence of res t r i c ted  
rotation about the disulfide bond [5] (the cha rac te r  of the spec t rum de-  
pends on the tempera ture) .  
* *A doublet corresponding to the NH 2 group with 5 7.23 ppm and J = 44.0 
Hz is observed in the spec t rum.  

chlorinated thiolactone I (CH3SC1 --~ CHaSSCH a + C12) to sulfenyl chloride V, which could have been converted 
to disulfide IV ei ther  by subsequent react ion with excess thiolactone or by direct  reduction.  

CH 3 
I 

H2C--C--X CI 2 
�9 I I �9 ~ CISCH2CX (CHa)COCI 

S--C=O 
! V 

Lt.+~ CH3SCl 
/~12. -  C] 2 

CH.~SSCn2CX(CHpCOCt _cuasscffa [--SCH2CX(CI~a)COCl]2 
I l l  IV 

a x=H;b x = c l  

Fur ther  investigation demonstra ted that special ly  prepared  sulfenyl chloride Vc does not reac t  with 
thiolactone Ic under mild conditions and is not reduced to disulfide IVc even under severe  conditions. Thus 
IVc was obtained as a resul t  of the disproportionation of IIIc.  A study* showed that the disproport ionation 
depends on both the tempera ture  and on acidic and basic impurit ies [7, 8]. More prolonged heating at 
higher t empera tu res  (up to 150 ~ increases  the percentage of symmet r i ca l  disulfide IV in the final products 
of the react ion.  When crude methanesulfenyl chloride,  obtained by chlorination of dimethyl sulfide with 
sulfuryl chloride,  is used, the yield of symmet r i ca l  disulfide IV increases  substantially.  In a special  ex- 
per iment ,  pure mixed disulfide IIIc was readi ly converted to symmet r i ca l  disulfide IVc in SO2-saturated 
carbon te t rachlor ide  solution. 

A symmet r i ca l  disulfide - a , a ' - d i c h l o r o -  fi, f l ' -di thiodiisobutyryl  chloride (IVc) - was previously ob- 
tained in severa l  s teps [9]. a -Chloro- f l - (ch loro th io) i sobutyry l  chloride (Vc) was reduced with aqueous KI 
and hydrolyzed to the corresponding acid, which was then reconver ted  to acid chloride IVc. Thus the 
method that we found for obtaining symmet r i ca l  disulfides by cleavage of fl - thiolactones with methanesulfenyl 
chloride in the presence  of SO 2 makes it possible to obtain quantitative yields of IV in one step. 

The ready disproportionation of mixed disulfides hinders an investigation of their  t ransformat ions .  
The following same derivat ives  of the corresponding symmet r i ca l  sulfides were obtained along with the 
methyl  es te r  (Via) and amide (VIb) of ~-chloro-f l - (methyldi thio) isobutyr ic  acid by the action of methanol 
or ammonia on acid chlor ide IIIc:  the methyl es te r  {VIIa) and amide 0gIIb) of (x ,(x'-dichloro-fl , f i ' -d i thio-  
diis obutyric acid. 

* By means of PMR spec t roscopy.  The chemical  shifts of all of the compounds are presented in Table 1. 
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H R CH3SSCH2CCI(CH3)COCI---~- CHxSSCH.2CCI(CII3)COR t [--SCH..,CCI(CH3)COR]2 

I I I  C VI b VII a , b  
a r ~ o c H 3 ;  b r n n  2 

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

The PMR spect ra  of CCI 4 solutions were recorded  with a P e r k i n - E l m e r  R-12 spec t romete r  (60 MHz) 
with hexamethyldisiloxane as the internal s tandard.  

f l-(Acetyldithio)isobutyrylChloride (IIIb). A 4.0-g (36 mmole) sample ofCH3COSClwas added dropwise 
with s t i r r ing  at 0 ~ to 3.7 g (36 mmole) of ~-methyl- /3-propiothiolactone.  The mixture was allowed to stand 
at 20 ~ for 24 h and was then vacuum-fractionated to give 85% of acid chloride IIIb with bp 110-112 ~ (3 ram) 
a n d n ~  1.5380. Found: C 34.1; H 4.2%. C6H9C102S 2. Calculated: C 33.9; H 4.2~c. 

/3- (Methyldithlo)isobutyryl Chloride (IIIa) and /3,/3'-Dithioisobutyryl Chloride (IVa). Acid chloride 
HIa [bp 65-66 ~ (3 ram), n~  1.5310 . Found: C 32.7; H 4.9~c. C5H9C102S 2. Calculated: C 32.5; H 4.9%] and 
symmet r i ca l  acid chloride IVa [bp 142-143 ~ (3 ram), n~ 1.5340. Found: C 35.0; H 4.4%. C8H12C1202S 2. 
Calculated: C 34.9; H 4.3%] were obtained under the same conditions f rom 5.0 g (49 mmole} of s - m e t h y l -  
/3 -propiothlolactone and 4.37 g (53 mmole) of undistilled CH3SC1. The overal l  yield of IIIa and IVa was 
pract ical ly  quantitative. The compounds were obtained in a ratio of 2 : 1. 

(r-Chloro-fl - (methyldithio)isobutyryl Chloride (IIIc} and t~, ~ ' -Dichloro-/3, /3 ' -di thiodiisobutyryl  Chlo- 
ride (IVc). A 2.7--g (33 mmole) sample of f reshly distilled CH3SC1 was added dropwise with s t i r r ing  at -30  ~ 
to 4.47 g (33 mmole) of~ -chloro-t~-methyl-f l  -propiothiolactone.  The mixture was allowed to stand at 20 ~ 
for 48 h and vacuum-fractionated to give IIIc [bp 73-75 ~ (5 ram), n~ 1.5405. Found: C 27.1; H 3.7; C1 33.1; 
S 29.3%. CsHsC1OS i. Calculated: C 27.4; H 3.7; C1 32.4; S 29.2%] and acid chloride IVc with bp 146-148 ~ 
(3 ram) (bp 120-125 ~ (0.02 ram) [9]); n~ 1.5510. Found: C 28.5; H 3.0; C1 40.4; S 19.2%. CsHIoC1202S 2. 
Calculated: C 27.9; H 2.9; C1 41.3; S 18.6~c. The ratio of IIIc and IVc was 2 .5 :1 .  Under s imi la r  conditions 
but in a solution of 15 ml of dry  CC14, the rat io of IIIc and IVc was 5.5 : 1. Under the same conditions but 
with crude,  undistilled CH~SC1, the ra t io  of IIIc and IVc was 1 : 1. 

A solution of 7.75 g (94 mmole) of undistilled CH3SC1 in 15 ml of dry CC14 was added to 12.8 g 04 
mmole) of Ic under the same conditions, and the mixture was heated at 70 ~ for 7 h. The rat io of IIIc and 
IVc was 1 : 1 7 .  

A solution of 1.7 g (24 mmole) of chlorine in 30 ml of dry CC14 was added dropwise with s t i r r ing  at 
-70  ~ to a solution of 6.5 g (48 mmole) of Ic in 20 ml of dry CC14. The tempera tu re  of the reaction mixture 
was gradual ly  brought up to 20 ~ and the mixture was then refluxed for 15 h. The solvent was removed,  and 
the residue was vacuum fractionated to give, successively ,  unchanged Ic with bp 34-36 ~ (3 ram), sulfenyl 
chloride Vc with bp 54-58 ~ (3 ram) (bp 52-54 ~ (2-3 ram) [3]), and, finally, acid chloride IVc with bp 146-148 ~ 
(3 ram) in a rat io of 1 : 1 : 2 .  

A solution of 8.7 g (40 mmole) of IIIc in 50 ml of d ry  CHC13 saturated with SO s was held at 40 ~ for 5 h. 
The solvent was removed,  and the residue was vacuum-fractionated to give TTIe, symmet r i ca l  disulfide IVc, 
and CH3SSCH 3 (in the trap) in a rat io of 1 : 6  : 6. 

A solution of 2.5 g (11 mmole) of IIIc in 15 ml of dry  SO2-saturated CHC13 was held at 20 ~ for 15 h to 
give IIIc,  acid chloride IVc, and CH3SSCH ~ in a rat io of 1 : 1 : 1 .  

Methyl c~-C hloro-fl - (methyldithio) isobutyrate (Via) and Methyl ~, ~ ' -Dichloro-fi  ,fl ' -di thiodiisobutyrate 
(VIIa). Absolute methanol (7 ml) was added to 2.19 g (10 mmole) of IIIc, and the mixture was refluxed for 
1 h. The excess methanol was removed,  and the residue was vacuum-fractionated to give 72% of Via with 
bp 71-73 ~ (2 ram) and n~  1.5195. Found: C 33.4; H 5.1; S 29.9~ C6HIlC102S 2. Calculated: C 33.6; H 5.1; 
S 29.8%. 

Symmetr ica l  disulfide VIIa with bp 154'155 ~ (2 ram) (bp 148 ~ (0.04 ram) [9]), and n~  1.5225 was also 
obtained in 15% yield. 

(~,~ '-Dichloro-/3, /3 '-di thiodiisobutyramide (VTTb). A solution of 0.5 g (29 mmole) of NH 3 in 10 ml of 
dry  CHC13 was added dropwise with s t i r r ing  at 0 ~ to a solution of 1.72 g (5 mmole) of acid chloride iVc in 
10 ml of dry CHC13. The NH4C1 was removed by filtration, and the f i l t rate was part ial ly evaporated.  
Pe t ro leum ether was then added to the evaporated fi l trate to give 96% of amide VHb with mp 110-112 ~ 
Found: C 31.5; H 4.6; S 21.1%. CsH14C12N202S 2. Calculated: C 31.5; H 4.6; S 21.0~c. 
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a -Ch lo ro - f l  - (methyld i th io) i sobutyramide  (VIb). A solution of 0.34 g (20 mmole)  of NH 3 in 20 ml  of 
d ry  CHC13 was added dropwise  at -30  ~ to a solution of 2.19 g (10 mmole)  of IIIc in 30 ml  of d ry  CHC13, and 
the mix tu re  was allowed to stand for  24 h. The NH4C1 [0.53 g (98~c)] was r emoved  by f i l t rat ion,  and the 
res idue  (2.0 g) was d isso lved  in 5 ml  of absolute e the r .  P e t r o l e u m  ether  was added to the e ther  solution to 
give 10% of s y m m e t r i c a l  amide  VIIb with mp 109-110 ~ . A sample  of this product  did not dep re s s  the m e l t -  
Lug point of amide VIIb (see above).  Evapora t ion  of the mothe r  l iquor gave amide VIb as a v iscous ,  undis t i l -  
lable oil in 85% yield.  The s t ruc tu re  of VIb was conf i rmed  by the PMR spec t rum (see Table  1). 
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