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Abstract: Symmetrical alkyl and aryl thiosulfonic S-esters were
prepared in good to excellent yields by the acetyl chloride-activated zinc
reduction of sulfonyl chlorides.

Thiosulfonic S-esters1 of the general formula 1 (Figure 1) are powerful
sulfenylating reagents,2 more reactive than the commonly used
disulfides 2, and more stable than the very reactive sulfenyl halides 3. In
addition, they have found wide industrial applications as biologically
active compounds or in polymer production.1

Fig. 1

However, their use has been limited by the lack of easy and practical
preparations. The most often used procedures involve the oxidation of
thiols or disulfides,1,3 and then the use of chlorine, bromine or peroxides
(MCPBA, hydrogen peroxide or dinitrogen tetroxide) is often necessary.
Few methods are reported starting from sulfur compounds in higher
oxidation state, involving easily available starting materials.4 Among
these methods the reduction of sulfonyl halides with potassium iodide5

or with copper/bronze,6 the reaction of potassium thiosulfonates and
diaryliodonium salts7 and the thermolysis of sulfonylhydrazines8

deserve attention. We would like to report here an alternative method for
the easy preparation of both arene- and alkanethiosulfonic S-esters from
easily available sulfonyl chlorides.

In the course of our studies toward the formation of acylzinc species,9

we were very surprised to observe that a mixture of benzenesulfonyl
chloride 4a and acetyl chloride react exothermically with zinc dust in
ethyl acetate at room temperature. To our surprise, the resulting product
did not incorporate the acyl choride moiety. As depicted in Scheme 1, a
mixture of benzenethiosulfonic S-phenylester (5a : R = Ph, 90%) and
benzene disulfone (6a10 : R = Ph, 10%) were obtained.

Scheme 1

The reduction of sulfonyl chlorides by zinc dust in acidic water - ether
solvent has been reported11 to give a mixture of sulfinic acids, thiols and
disulfides. However, under our conditions, no reaction occurred in the
absence of the acyl halide. To obtain good yields of the thiosulfonate, it
was necessary to use exactly 1.5 equivalent of zinc dust; the reaction
medium had to be kept at room temperature by means of a cooling bath
and 1.1 equivalent of acetyl chloride was added dropwise (method A12).
The reaction was also effective with other arenesulfonyl halides, like p-
tolylsulfonyl chloride 4b and 2,4,6-triisopropylsulfonyl chloride 4c. For
more reactive sulfonyl halides like p-methoxybenzenesulfonyl chloride
4d as well as for alkanesulfonyl halides (4e-g), this method gave a
reaction too exothermic to be easily controlled. The sulfonyl halide was

then added as a mixture with acetyl chloride (1.1 equivalent) in ethyl
acetate (method B13). The desired thiosulfonic S-ester was always
contaminated with a small amount of the corresponding disulfone, but
this was easily removed by flash chromatography. However, from pipsyl
chloride 4h, the disulfone 614 was obtained in good yield instead of the
desired product. 

Our results are summarized in the Table 1. The products 5 were
identified by comparison of their NMR data and/or their physical
constants with those previously reported.12-19

Concerning the mechanism of this transformation, the fact that the acyl
chloride is necessary for the reaction indicates an activation of the
sulfonyl halide. The mechanism we propose in Scheme 2 involves an
activation similar to the activation of sulfoxides by acyl chlorides in the
Pummerer reaction,20 leading to the corresponding oxosulfonium ion
which reacts with zinc dust to give A. This species then leads to the
sulfinyl chloride 7 and a zinc(II) salt. The reduction of two molecules of
sulfinyl chloride by zinc dust has already been well-studied by
Freeman21 and gives the observed symmetrical thiosulfonic ester,
through coupling (by an ionic or radical mechanism) and subsequent
rearrangement of the resulting disulfoxide.

Scheme 2

In conclusion, we have disclosed here a new, practical and efficient
synthesis of symmetrical alkyl and aryl thiosulfonic S-esters. Further
studies in this field will be reported in due course.

Thanks are due to F. Prian for his practical assistance and to Pr. J
Normant for many helpful discussions.
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