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ORGANIC PREPARATIONS AND PROCEDURES 2(3), 235-244 (1970) 

THE SYNTHESIS OF SULFINYL CHLORIDES. 
A REVIEW. 

1 Moh-Lian Kee and I r w i n  6. Douglass 

Department o f  Chemistry 
Un ive rs i t y  o f  Maine 
Orono, Maine 04473 

Previous repor ts  from t h i s  labora tory  have ind ica ted  t h a t  s u l f i n y l  

ch lo r ides  can be prepared by a v a r i e t y  o f  methods: 

o f  organosul fur  t r i c h l o r i d e ,  RSC13 , ( 2 )  by the ac t ion  o f  ch lo r ine  on a 

(1 )  by the  so l vo l ys i s  
2 

s to ich iomet r ic  mixture o f  d i s u l f i d e  and g l a c i a l  ace t i c  acid', o r  by an even 

b e t t e r  method, (3) the  ac t i on  o f  ch lo r i ne  on a mixture o f  d i s u l f i d e  and 
4 ace t i c  anhydride . 

I n  method 1, hydroxy l i c  solvents (water, a lcohols o r  carboxy l i c  acids) 

reac t  w i  t h  organosul f u r  tri chl  o r i  des t o  form hydrogen ch lo r i de  , a sul  f i ny l  

ch lo r ide ,  and a ch lo r ina ted  product. (Equation 1 )  

0 
RSC13 + R'OH(R'C02H, HOH) + HC1 + RSCl  + R'Cl(R'COC1, HC1) (1) 

The grea tes t  d i f f i c u l t y  w i t h  t h i s  method involves i s o l a t i n g  the extremely 

l a b i l e  organosul fur  t r i c h l o r i d e s .  

I n  method 2, the  actual  i s o l a t i o n  o f  the organosul fur  t r i c h l o r i d e  i s  

avoided. I n  fac t ,  one can on ly  assume t h a t  i t  i s  formed as an intermediate 

i n  the reac t ion .  Apparently, i t  solvolyzes as soon as formed and never 

accumulates i n  su f f i c i en t  concentrat ion t o  form c rys ta l s .  The ove r -a l l  

r eac t i on  i s  shown i n  Equation 2. 
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M.-L. KEE AND I. B. DOUGLASS 

0 
RSSR + 2CH3COOH + 3C1 - 2 H C 1  + 2CH3COC1 + 2RSC 

2 

Carboxylic acids a r e  the  only hydroxylic solvents which can be em- 

Chlorination of a mixture of water and a d i s u l f i d e  ployed in  method 2 .  

r e s u l t s  in the  formation of e i t h e r  a t h io l su l fona te ,  RSO SR, o r  a sulfonyl 

ch lor ide ,  RS0,Cl. The reaction can follow a number o f  pathways as i l l u s -  
2 

L 

t r a t e d  in  Figure 1 .  All of the  s teps  indicated have been 

t i a t e d  by i so la ted  experiments .5-8 

When a mixture of an alcohol and a d i su l f ide  i s  chlor 

product i s  a mixture of a su l f iny l  ch lor ide  and a sulfonyl 

ul l y  substan- 

nated,  the 

ch lor ide  with an 

alkyl ch lor ide  being a by-product. Figure 2 shows the  various reac t ions  

which may be taking place in the  reaction mixture. Again, a l l  o f  the  

postulated s t eps  have been ve r i f i ed  by individual experiments. 5-9 

A problem associated with both methods 1 and 2 i s  the disposal of t he  

Method 3 elimi 

(Equation 3) 

l a rge  volume of hydrogen ch lor ide  formed in the  reac t ions .  

na tes  this  d i f f i c u l t y  s ince  no gaseous products a re  formed. 

0 
RSSR + 2(CH3C0)p + 3C1 ___) 2RSC1 + 4CH COCl ( 3 )  2 3 

The reaction i s  readi ly  followed v isua l ly  s ince  the  i n i t i a l  reaction of 

chlorine w i t h  t he  disul f i d e  produces a highly colored sulfenyl ch lor ide .  

When the reaction has been completed, the co lor  has disappeared o r  has 

reached a minimum. 

In both methods 2 and 3 ,  i t  is  extremely important t h a t  t h e  d i s u l f i d e  

and the  a c e t i c  acid o r  a c e t i c  anhydride be present in s to ich iometr ic  pro- 

portions.  An excess of d i s u l f i d e  leads a t  t he  end of t he  reaction t o  the 

presence of sulfenyl ch lor ide  o r  organosulfur t r i c h l o r i d e  in  the reaction 

mixture. Both of these products would decompose during work-up and would 

contaminate the  product with colored mater ia l .  
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SYNTKESIS OF S U L F I N Y L  CHLORIDES 

3 
CH3SSCH 

FIG. 1 

The Aqueous Ch lo r ina t i on  o f  Methyl Disul  f i d e  

CI H3SC1 4 2 0  

I CH,SCl / I  

k- 
0 c13 - /  

CH SSCH3- 
3~ 

il 
CH3S02H 
/ 

FIG. 2 

The A lcoho l ic  Ch lor ina t ion  o f  a D i s u l f i d e  

RSSR 

R'C1 

0 

RS02 S R 

R'  C1 
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M.-L. KFE AND I. B .  DOUGLASS 

An excess of the acid o r  anhydride would cause problems because, i f  

ch lor ine  was a l so  used in excess,  some of the su l f iny l  ch lor ide  would be 

converted t o  the sulfonyl chloride.  (Equation 4 )  

0 
CH SC1 + CH3CO2H(Ac2O) c12 > CH3S02C1 + CH3COC1 + HCl(2AcC1 ) (4) 3 

I f  t he  ch lor ine  was not i n  excess,  the unchanged acid o r  anhydride would be 

d i f f i c u l t  t o  remove from the  pr 

None of t he  methods work w 

In some compounds the  ac t ion  of 

than the  su l fu r - su l fu r  bond and 

poor. Thus ,  benzyl d i s u l f i d e  g 

duct.  

t h  a l l  types of mercaptans o r  disu f i d e s .  

ch lor ine  cleaves the  carbon-sulfur r a the r  

the y i e l d  of su l f iny l  ch lor ide  has been 

ves only a poor y i e l d  of a-toluenesulfinyl 

ch lor ide ,  and no su l f iny l  ch lor ides  can be obtained by these methods from 

d i th iod iace t i c  acid o r  from t-butyl disul f i de .  

In extending method 3, we have observed t h a t  t he  ch lor ina t ion  of an 

alkyl o r  aryl t h i o l e s t e r  i n  the  presence of a c e t i c  anhydride a l so  forms 

su l f iny l  ch lor ides  i n  high y ie ld .  

pare methane-, ethane-, 2-propane-, benzene- and a-toluenesulfinyl 

By t h i s  method we have been ab le  t o  pre- 

chl o r i  des . 

Table I l i s t s  the  y i e lds  

Results from method 3 using d 

s p i t e  of  the  nearly quan t i t a t  

t h io l  ace t a t e ,  S,S' -dimethyl d 

of su l f iny l  ch lor ides  from t h i o l e s t e r s .  

s u l f i d e s  a r e  a l so  l i s t e d  f o r  comparison. 

ve y i e lds  of su l f iny l  chlorides from methyl 

thiocarbonate,  ethyl t h io l ace t a t e ,  S,S ' -  

In 

diethyl dithiocarbonate,  2-propyl t h i o l  ace t a t e ,  phenyl t h i o l a c e t a t e ,  and 

benzyl t h i o l a c e t a t e ,  attempts t o  prepare 2-methyl-2-propanesulfinyl chlor- 

ide from t-butyl t h io l  ace t a t e  and from t-butyl th io lch loroace ta te  were 

unsuccessful. In b o t h  cases t-butyl ch lor ide  was found t o  be the major 

product ind ica t ing  cleavage of t h e  bond between the  alkyl group and the  

s u l f u r  r a the r  than the bond between the  carbonyl group and su l fu r .  
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S Y N T H E S I S  OF S U L F I N Y L  C H L O R I D E S  

TABLE I 

Preparat ion o f  S u l f i n y l  Chlorides 

Reagents 
% Yields o f  

Sul f i n y l  Acet ic Sul f i  ny l  Ch lor i  de 
Chlor ide Th io l  es te r  An hydr i de by method 3 from 
Prepared (moles) (moles) % Yields Oisul f i  des 

CH3SOC1 

CH3SOC1 

CH3CH2SOC1 

CH3CH2SOC1 

( CH3)2CHSOC1 

C6 H 5SOC 1 

C6 H5 CH2SOC 1 

CH3COSCH3 

0.25 

co ( SCH3 1 2 

0.10 

CH 3COSCH2 CH3 

0.25 

CO ( SCH2 CH3) 

0.05 

CH3COSCH( CH3)2 

0.05 

CH3COSC6H5. 

0.20 

CH3COSCH2 C6 H5 

0.10 

82.9, 81.7 83-86 

0.25 

79.7, 80.6 

0.20 

90.0, 91.6 86 

0.25 

91.5, 87.8 

0.10 

73.0, 69.5 

0.05 

99.1, 98.1 99 

0.20 

98.5, 94.6 

0.10 

I n  ca r ry ing  ou t  a preparat ion,  an excess o f  t h i o l e s t e r  o r  ace t i c  

anhydride should be avoided. 

o f  d i s u l f i d e  i n  methods 2 and 3, w i l l  lead t o  an excess o f  the organosul fur  

t r i c h l o r i d e  which w i l l  undergo a spontaneous decomposition dur ing work-up. 

Such decomposition r e s u l t s  i n  a complex mix tu re  containing chloromethane- 

Any excess o f  the  t h i o l e s t e r ,  l i k e  an excess 
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M.-L. KEE AND I. B. DOUGLASS 

10 sulfenyl ch lor ide ,  methanesulfenyl ch lor ide  and numerous o the r  compounds. 

An excess of a c e t i c  anhydride, on the o the r  hand, wi l l  r eac t  w i t h  su l f iny l  

ch lor ide  in the  presence of ch lor ine  t o  form the  sulfonyl ch lor ide  and 

acetyl ch lor ide ,  as discussed above. (Equation 4 )  

As pointed out p r e v i ~ u s l y , ~  due t o  the  tendency of  the aromatic 

su l f iny l  chlorides t o  decompose, they should not be d i s t i l l e d  unless the 

d i s t i l l a t i o n  is  car r ied  out a t  a low pressure ( < 2  mn). There a r e  no ind i -  

ca t ions ,  however, t h a t  any hazard e x i s t s  i f  d i s t i l l a t i o n  i s  avoided and the  

preparation i s  ca r r i ed  out  a t  moderate temperature. A1 kanesulfinyl chlor- 

ides should n o t  be s tored  f o r  long periods i n  sealed containers a t  room 

temperature." Disproportionation of the  su 

and subsequent decomposition of t he  a1 kanesu 

2 RSOCl - RSCl -I 

f i nyl 

fenyl 

RS02C 

chlor ide  (Equation 5 

ch lor ide  may develop 

5 )  

high pressure within the  container.  Under r e f r ige ra t ion ,  however, alkane- 

su l f iny l  chlorides can be s tored  f o r  several months without appreciable 

decompos i t i  on. 

EXPERIMENTAL 

Preparation of Methanesul f iny l  Chloride from Methyl Thiol ace t a t e  

Methyl t h io l ace t a t e  (22.5 g ,  0.25 mole) and a c e t i c  anhydride (25.5 g, 

0.25 mole) were placed i n  a three-neck f l a sk  f i t t e d  w i t h  a ch lor ine  i n l e t  

t u b e ,  s t i r r e r ,  thermometer, and gas o u t l e t  tube connected t o  a calcium 

chloride tube. The reaction mixture was cooled t o  -10" in a Dry Ice bath 

and chlorine was passed in a t  such a r a t e  t h a t  the  temperature was held 

between 0" and -10". A t  f i r s t  t he  co lor  of the mixture turned yellow, then 

reddish as methanesulfenyl ch lor ide  formed. On  continued passage of 

ch lor ine  the  co lor  faded and the  so lu t ion  then became co lo r l e s s  when 0.75 

mole of ch lor ine  had been added. A t  t h i s  point t he  reaction mixture was 
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SYNTHESIS OF SULFINYL CHLORIDES 

t ransferred t o  a d i s t i l l i n g  f l a sk  attached t o  a sho r t  f ract ionat ing column, 

and d i s t i l l e d  under the reduced pressure of a water pump. 

mixture boiled below 0" and held near this temperature unt i l  most of the 

A t  24 mm the 

acetyl chloride had d i s t i l l e d  and col lected in  the Dry Ice t rap.  The pot 

temperature then gradually rose and f i n a l l y  methanesulfinyl chloride dis-  

t i l l e d  a t  55-56" (23 mn) as a color less  l i qu id  with 

( l i t .  n 25 1.5038). I t s  infrared spectrum was ident ical  t o  t h a t  of an 
D 

authentic sample prepared by the method o f  Douglass and N ~ r t o n . ~  The y i e ld  

was 19.6 - 19.8 g 

1.5024 
1 

(81.7 - 82.9%). 

T h i s  procedure, with only minor var ia t ions,  was used i n  the prepara- 

t i on  of sulf inyl  chloride from S ,  S'-dimethyl dithiocarbonate,  ethyl t h i o l -  

ace t a t e ,  S,S'-diethyl dithiocarbonate,  2-propyl thiol  ace t a t e ,  reported i n  

Table I .  

TABLE I 1  

Chemical Sh i f t s  and Coupl inq Constants of Some Sulfinyl Chloridesa 

NMR Data 
Chemical Shi f t b  Coupl i ng Constant 

Sulfinyl Chloride ppm cps 

Methanesulfinyl Chloride 3.37 ( s )  
Ethanesul f inyl  Chloride 1.49 ( t )  

2-Propanesul f i  nyl Chloride 1 .29 (d )  
3.30 ( h )  

Benzenesulfinyl Chloride 7.55 f 0.25 (m) 

a-Toluenesulfinyl Chloride 4.58 ( s )  
7.29 (m) 

3.36 (4)  
7 
7 

6.5 
6.5 

a 

b Down f i e l d  from internal  tetramethylsilane 
s Singlet  q Quartet 
d Doublet h Heptuplet 
t Tr ip l e t  m Multiplet  

Nmr spectra were obtained by the use of a Varian Associates Model 
A-60 spectrometer. 
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M.-L. KEE AND I. B. DOUGLASS 

Preparation of Benzenesul f iny l  Chloride from Phenyl Thiolacetate 

A mixture of phenyl - th io l ace t a t e  (30.4 g ,  0.2 mole) and a c e t i c  

anhydride (20.4 g ,  0.2 mole) was ch lor ina ted  a t  -10" t o  0 " .  As chlor ine  

was added, the  co lor less  mixture f i r s t  changed t o  yellow, then t o  a reddish 

color a n d ,  a f t e r  about 45 minutes of reac t ion ,  t o  pale yellow. The reaction 

mixture never became completely co lor less  as more ch lor ine  was added. 

After removal of the acetyl ch lor ide  and excess chlorine a t  reduced pres- 

sure  (26 mn) the  residue i n  t he  pot was heated to  80" and held a t  t h i s  

temperature unt i l  bo i l ing  ceased. The l i qu id  remaining in the pot was 

iden t i f i ed  as benzenesulfinyl chloride by comparing i t s  i n f r a red  and nmr 

spectra to  those of  an au thent ic  specimen synthesized according t o  the 

method of Douglass and Norton. 

had n 25 1.6036 ( l i t . '  r - 1 0 2 ~  1.6062). The y i e ld  was 31.5 - 31.8 g 

4 
The l i q u i d ,  w i t h o u t  f u r t h e r  pu r i f i ca t ion ,  

D 
(98.1 - 99.1%). 

Preparation of a-To1 uenesul fenyl Chloride from Benzyl Thi ol ace t a t e  

A mixture of  benzyl t h io l ace t a t e  (10.6 9 ,  0.1 mole) and a c e t i c  anhy- 

dr ide  (10.2 9, 0.1 mole) was chlorinated a t  0" t o  -10" w i t h  14.2 g ,  0 .2  

mole of C 1 2 .  Nmr analys is  o f  the r e su l t i ng  mixture, before removal of any 

acetyl ch lor ide ,  indicated the  formation of 25 mole % of a-toluenesulfinyl 

ch lor ide  ( a  s i n g l e t  a t  64.58 ppm and a mul t ip l e t  a t  ca. 

Removal of acetyl ch lor ide  by d i s t i l l a t i o n  a t  20 mm and heating t o  60" 

led to  a pale yellow l iqu id  with r e f r a c t i v e  index o f  n 

po in t ,  nmr ana lys i s  indicated t h a t  acetyl ch lor ide  had been removed and 

the  residual l i qu id  gave only the nmr 6 s igna ls  indicated above. 

red spectrum showed a s t rong  absorption a t  1140 cm-l. 

17.2 g (94.6 - 98.5%). 

i n to  benzyl ch lor ide  and s u l f u r  dioxide. 

a-toluenesulfinyl ch lor ide  was es tab l i shed  by causing a portion t o  r eac t  

67.29 ppm). 

25 
1.5872. A t  t h i s  

D 

An i n f r a -  

The y i e l d  was 16.5 - 
Heating of t he  l i qu id  t o  100" led t o  decomposition 

The  i d e n t i t y  of the  crude 
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SYNTHESIS OF SULFINYL CHLORIDES 

w i t h  d i l u t e  sodium bicarbonate.  

one p o r t i o n  b o i l e d  w i t h  benzyl ch lo r ide ,  y i e l d i n g  dibenzyl  su l fone which 

melted a t  150-151" and unchanged when mixed w i t h  an au thent ic  sample. 

o t h e r  p o r t i o n  o f  the  s o l u t i o n  was a c i d i f i e d  and t rea ted  w i t h  ch lo r i ne .  

Sol i d  a - to1 uenesul fony l  c h l o r i d e  separated which me1 t e d  a t  91 -92" and 

unchanged when mixed w i t h  a sample prepared by the  aqueous c h l o r i n a t i o n  o f  

benzyl i so th iou rea  hydrochlor ide according t o  the  method o f  Johnson and 

The r e s u l t i n g  s o l u t i o n  was d i v ided  and 

The 

12 Sprague. 

Attempts t o  Prepare 2-Methyl -2-Propanesul f i n y l  Chlor ide from t -Bu ty l  
Th io l  acetate and t - B u t y l  Th io l  chloroacetate 

When a mix tu re  o f  2 -bu ty l  t h i o l a c e t a t e  and ace t i c  anhydride (0.1 mole 

o f  each) was ch lo r i na ted  a t  0" t o  - l o " ,  no s u l f i n y l  c h l o r i d e  was formed. 

A s i m i l a r  r e s u l t  was obtained when a mix tu re  o f  t - b u t y l  t h io l ch lo roace ta te  

and ace t i c  anhydride was ch lo r ina ted .  I n  each case nmr analysis i nd i ca ted  

t h a t  t - b u t y l  c h l o r i d e  was formed i n  high y i e l d .  
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