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THE SYNTHESIS OF SULFINYL CHLORIDES,
A REVIEW.

Moh-Lian Kee and Irwin B. Douglass |

Department of Chemistry
University of Maine
Orono, Maine 04473
Previous reports from this laboratory have indicated that sulfinyl
chlorides can be prepared by a variety of methods: (1) by the solvolysis
of organosulfur trichloride, RSC132, (2) by the action of chlorine on a
stoichiometric mixture of disulfide and glacial acetic acid3, or by an even
better method, (3) the action of chlorine on a mixture of disulfide and
acetic anhydride4.
In method 1, hydroxylic solvents (water, alcohols or carboxylic acids)
react with organosulfur trichlorides to form hydrogen chloride, a sulfinyl

chloride, and a chlorinated product. (Equation 1)

0
RSC]3 + R'OH(R'COZH, HOH) — HC1 + RSC1 + R'CI(R'COCI, HC1) (1)

The greatest difficulty with this method involves isolating the extremely
labile organosulfur trichlorides.

In method 2, the actual isolation of the organosulfur trichloride is
avoided. In fact, one can only assume that it is formed as an intermediate
in the reaction. Apparently, it solvolyzes as soon as formed and never
accumulates in sufficient concentration to form crystals. The over-all

reaction is shown in Equation 2.
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0
RSSR + 2CH3COOH + 3C]2~——————!> 2HC1 + ZCH3COC1 + 2RSC1 (2)

Carboxylic acids are the only hydroxylic solvents which can be em-
ployed in method 2. Chlorination of a mixture of water and a disulfide
results in the formation of either a thiolsulfonate, RSOZSR, or a sulfonyl
chloride, R502C1. The reaction can follow a number of pathways as ilius-
trated in Figure 1. A1l of the steps indicated have been fully substan-
tiated by isolated experiments.5'8

When a mixture of an alcohol and a disulfide is chlorinated, the
product is a mixture of a sulfinyl chloride and a sulfonyl chloride with an
alkyl chloride being a by-product. Figure 2 shows the various reactions
which may be taking place in the reaction mixture. Again, all of the
postulated steps have been verified by individual expe\r‘iments.s'9

A problem associated with both methods 1 and 2 is the disposal of the
large volume of hydrogen chloride formed in the reactions. Method 3 elimi-

nates this difficulty since no gaseous products are formed. (Equation 3)

0

RSSR + Z(CH3C0)0+ 3C12———’ 2RSC1  + 4CH3COC1 (3)

2

The reaction is readily followed visually since the initial reaction of
chlorine with the disulfide produces a highly colored sulfenyl chloride.
When the reaction has been completed, the color has disappeared or has
reached a minimum.

In both methods 2 and 3, it is extremely important that the disulfide
and the acetic acid or acetic anhydride be present in stoichiometric pro-
portions. An excess of disulfide leads at the end of the reaction to the
presence of sulfenyl chloride or organosulfur trichloride in the reaction
mixture. Both of these products would decompose during work-up and would

contaminate the product with colored material.
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FIG. 1

SYNTHESIS OF SULFINYL CHLORIDES

The Aqueous Chlorination of Methyl Disulfide
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An excess of the acid or anhydride would cause problems because, if
chlorine was also used in excess, some of the sulfinyl chloride would be
converted to the sulfonyl chloride. (Equation 4)

0 1,

CH3SC1 + CH COZH(ACZO)-——% CH,S0

3 €1+ CHyC0CT + HC1 (2AcC) (4)

2

If the chlorine was not in excess, the unchanged acid or anhydride would be
difficult to remove from the product.

None of the methods work with all types of mercaptans or disulfides.
In some compounds the action of chlorine cleaves the carbon-sulfur rather
than the sulfur-sulfur bond and the yield of sulfinyl chloride has been
poor. Thus, benzyl disulfide gives only a poor yield of a-toluenesulfinyl
chloride, and no sulfinyl chlorides can be obtained by these methods from
dithiodiacetic acid or from t-butyl disulfide.

In extending method 3, we have observed that the chlorination of an
alkyl or aryl thiolester in the presence of acetic anhydride also forms
sulfinyl chlorides in high yield. By this method we have been able to pre-
pare methane-, ethane-, 2-propane-, benzene- and o-toluenesulfinyl
chlorides.

Table I Tists the yields of sulfinyl chlorides from thiolesters.
Results from method 3 using disulfides are also listed for comparison. In
spite of the nearly quantitative yields of sulfinyl chlorides from methyl
thiolacetate, S,S'~dimethyl dithiocarbonate, ethyl thiolacetate, S,S'-
diethyl dithiocarbonate, 2-propyl thiolacetate, phenyl thiolacetate, and
benzyl thiolacetate, attempts to prepare 2-methyl-2-propanesulfinyl chlor-
ide from t-butyl thiolacetate and from t-butyl thiolchloroacetate were
unsuccessful. In both cases t-butyl chloride was found to be the major
product indicating cleavage of the bond between the alkyl group and the

sulfur rather than the bond between the carbonyl group and sulfur.
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Preparation of Sulfinyl Chlorides

Reagents
% Yields of

Sul finyl Acetic Sulfinyl Chloride
Chloride Thiolester Anhydride by method 3 from
Prepared (moles) (moles) % Yields Disulfides
CH4S0C1 CH3COSCH3 82.9, 81.7 83-86

0.25 0.25
CH3SOC1 CO(SCH3)2 79.7, 80.6

0.10 0.20
CH3CH250C1 CH3COSCH2CH3 90.0, 91.6 86

0.25 0.25
CH3CHZSOC1 CO(SCHZCH3)2 91.5, 87.8

0.05 0.10
(CH3)2CHSOC1 CH3COSCH(CH3) 73.0, 69.5

0.05 0.05
C6H55001 CH360566H5, 99.1, 98.1 99

0.20 0.20
CGHSCHZSOCI CH3COSCH266H5 98.5, 94.6

0.10 0.10

In carrying out a preparation, an excess of thiolester or acetic

anhydride should be avoided.

Any excess of the thiolester, 1ike an excess

of disulfide in methods 2 and 3, will lead to an excess of the organosulfur

trichloride which will undergo a spontaneous decomposition during work-up.

Such decomposition results in a complex mixture containing chloromethane-
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sulfenyl chloride, methanesulfenyl chloride and numerous other compounds.]0

An excess of acetic anhydride, on the other hand, will react with sulifinyl
chloride in the presence of chlorine to form the sulfonyl chloride and
acetyl chloride, as discussed above. ({Equation 4)

As pointed out previous]y,4 due to the tendency of the aromatic
sulfinyl chlorides to decompose, they should not be distilled unless the
distillation is carried out at a low pressure (<2 mm). There are no indi-
cations, however, that any hazard exists if distillation is avoided and the
preparation is carried out at moderate temperature. Alkanesulfinyl chlor-
ides should not be stored for long periods in sealed containers at room
temperature.n Disproportionation of the sulfinyl chloride (Equation 5)

and subsequent decomposition of the alkanesulfenyl chloride may develop
2 RSOC1  ————> RSC1 + R802C1 (5)

high pressure within the container. Under refrigeration, however, alkane-
sulfinyl chlorides can be stored for several months without appreciable

decomposition.

EXPERIMENTAL

Preparation of Methanesulfinyl Chloride from Methyl Thiolacetate

Methyl thiolacetate (22.5 g, 0.25 mole) and acetic anhydride (25.5 g,
0.25 mole) were placed in a three-neck flask fitted with a chlorine inlet
tube, stirrer, thermometer, and gas outlet tube connected to a calcium
chloride tube. The reaction mixture was cooled to -10° in a Dry Ice bath
and chlorine was passed in at such a rate that the temperature was held
between 0° and -10°. At first the color of the mixture turned yellow, then
reddish as methanesulfenyl chloride formed. On continued passage of
chlorine the color faded and the solution then became colorless when 0.75

mole of chlorine had been added. At this point the reaction mixture was
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transferred to a distilling flask attached to a short fractionating column,
and distilled under the reduced pressure of a water pump. At 24 mm the
mixture boiled below 0° and held near this temperature until most of the
acetyl chloride had distilled and collected in the Dry Ice trap. The pot
temperature then gradually rose and finally methanesulfinyl chloride dis-
tilled at 55-56° (23 nmm) as a colorless 1iquid with nD25 1.5024
(1it.] nD25 1.5038). Its infrared spectrum was identical to that of an
authentic sample prepared by the method of Douglass and Norton.4 The yield
was 19.6 - 19.8 g (81.7 - 82.9%).

This procedure, with only minor variations, was used in the prepara-
tion of sulfinyl chioride from S, S'-dimethyl dithiocarbonate, ethyl thiol-

acetate, S$,S'-diethyl dithiocarbonate, 2-propyl thiolacetate, reported in

Table I.

TABLE 11

Chemical Shifts and Coupling Constants of Some Sulfinyl Ch]oridesa

NMR Data
b
Chemical Shift Coupling Constant
Sulfinyl Chloride ppm cps
Methanesulfinyl Chloride 3.37 (s)
Ethanesulfinyl Chloride 1.49 (t) 7
3.36 (q) 7
2-Propanesulfinyl Chloride 1.29 (d) 6.5
3.30 (h) 6.5
Benzenesulfinyl Chloride 7.55 + 0.25 (m)
a-Toluenesulfinyl Chloride 4.58 (s)
7.29 (m)

a Nmr spectra were obtained by the use of a Varian Associates Model
A-60 spectrometer.

b Down field from internal tetramethylsilane

S Singlet q Quartet

d Doublet h Heptuplet
t Triplet m Multiplet
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Preparation of Benzenesulfinyl Chloride from Phenyl Thiolacetate

A mixture of phenyl ‘thiolacetate (30.4 g, 0.2 mole) and acetic
anhydride (20.4 g, 0.2 mole) was chlorinated at -10° to 0°. As chlorine
was added, the colorless mixture first changed to yellow, then to a reddish
color and, after about 45 minutes of reaction, to pale yellow. The reaction
mixture never became completely colorless as more chlorine was added.

After removal of the acetyl chloride and excess chlorine at reduced pres-
sure (26 mm) the residue in the pot was heated to 80° and held at this
temperature until boiling ceased. The liquid remaining in the pot was
identified as benzenesulfinyl chloride by comparing its infrared and nmr
spectra to those of an authentic specimen synthesized according to the
method of Douglass and Norton.4 The 1iquid, without further purification,

2 25

25
had nD 1.6036 (1it. nD 1.6062). The yield was 31.5 - 31.8 g

{98.1 - 99.1%).

Preparation of a-Toluenesulfenyl Chioride from Benzyl Thiolacetate

A mixture of benzyl thiolacetate (10.6 g, 0.1 mole) and acetic anhy-
dride (10.2 g, 0.1 mole) was chlorinated at 0° to -10° with 14.2 g, 0.2
mole of C12. Nmr analysis of the resulting mixture, before removal of any
acetyl chloride, indicated the formation of 25 mole % of a-toluenesulfinyl
chloride (a singlet at 64.58 ppm and a multiplet at ca. 67.29 ppm).
Removal of acetyl chloride by distillation at 20 mm and heating to 60°
led to a pale yellow liquid with refractive index of nD25 1.5872. At this
point, nmr analysis indicated that acetyl chloride had been removed and
the residual liquid gave only the nmr S signals indicated above. An infra-
red spectrum showed a strong absorption at 1140 cm']. The yield was 16.5 -
17.2 g (94.6 - 98.5%). Heating of the liquid to 100° led to decomposition

into benzyl chloride and sulfur dioxide. The identity of the crude

a-toTuenesul finyl chloride was established by causing a portion to react
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with dilute sodium bicarbonate. The resulting solution was divided and
one portion boiled with benzyl chloride, yielding dibenzyl sulfone which
melted at 150-151° and unchanged when mixed with an authentic sample. The
other portijon of the solution was acidified and treated with chlorine.
Solid o-toluenesulfonyl chloride separated which melted at 91-92° and
unchanged when mixed with a sample prepared by the aqueous chlorination of
benzyl isothiourea hydrochloride according to the method of Johnson and

Sprague.]2

Attempts to Prepare 2-Methyl-2-Propanesulfinyl Chioride from t-Butyl
Thiolacetate and t-Butyl Thiolchloroacetate

When a mixture of t-butyl thiolacetate and acetic anhydride (0.1 mole
of each) was chlorinated at 0° to -10°, no sulfinyl chloride was formed.
A similar result was obtained when a mixture of t-butyl thiolchloroacetate
and acetic anhydride was chlorinated. In each case nmr analysis indicated

that t-butyl chloride was formed in high yield.
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