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SULFENYL CHLORIDE CHEMISTRY. SULFUR TRANSFER TO DOUBLE BONDS.

Imad A, Abu-Yousef, Rosemary C. Hynes and David N. Hnrpp.
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Abstract: When triphenylmethanesulfenyl chloride (1) (or its thio homolog 2)
are treated with various bicycles, 1,2 addition reactions take place. Final
products occur via an episulfide intermediate. The stereochemistry of addition
has been determined by x-ray analysis. Finally, evidence has been obtained for
the delivery of diatomic sulfur, likely via intermediate 3.

The chemistry of sulfenyl halides has been studied extensively.l Much less examined however, is the
chemistry of triphenylmethanesulfenyl chloride (1) and its thio homolog 22 We recently reported an
interesting reaction of 1 where its sulfur atom is quantitatively and catalytically extruded by a reaction with
thiokt:l:on&s.3a In another investigation, the reaction of 2 with 1,3 dienes affords a 1,4 addition product which
subsequently produces cyclic di- and tetrasulfides (4, 5) in good, overall yield.3b
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The net effect of the latter transformation is to deliver a 2- and 4-sulfur fragment to the diene. We have
initiated a study of some of the chemistry of this type of addition in hopes to develop a useful pathway to
dithietanes such as 3 as potentially stable intermediates or diatomic sulfur precursors.

The reaction of 1 with norbornene (6) has been investigated4 previously. Indeed, other similar types of
sulfenyl halides have been shown to add to double bonds; this has resulted in preparative methods for
episulfides.> In the case of the reaction of 1 with 6, a number of products were reported4 but details were
lacking and neither their stereochemistry nor the mechanism of reaction were demonstrated.
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In order to establish the structure of the product(s) and the likely pathway of this type of addition
reaction, sulfenyl chloride 1 was mixed at room temperature with norbornene (6) and bicyclo [2.2.2] octene
(7) respectively. In each case, adducts were formed in ca. 65% isolated yield. MS and elemental analyses
revealed each product contained two sulfur atoms. X-ray crystal analysis revealed the regiochemistry of 8;
the symmetry of 9 permits only one isomer (Figure 1).6 The S-S bond length for 8 was 2.026(3)A and
2.046(5)A and 2.022(5)A for the two orientations of 9.7 The C-S-5-C dihedral angles were 95.60 for 8 and

92.7° and 91.2° for 9.

A plausible, general mechanism showing the most probable explanation for the presence of the second
sulfur atom is indicated by the pathway in Scheme 1.
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We independently prepared exo episulfide 105 and treated it with sulfenyl balide 1. Adduct 8 was
isolated in 90% yield. This experiment clearly verifies the likely pathway displayed in Scheme 1. In addition,
when the thiosulfenyl chloride 2 and norbornene 6 were mixed, both regioisomers were formed (13C NMR)
and adduct 8 was eventually isolated in 759 yield (Scheme 2). When bicycle 7 was treated with either sulfur

chlorides 1 or 2, a single, pure compound was isolated in 62% yield.
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It was hoped to be able to induce disulfur adducts 8 or 9 to cleanly give up diatomic sulfur perhaps via
intermediate 3 (Scheme 3). When 8 was heated in ethyl acetate with a standard diatomic sulfur trap, 2,3-
dimethylbutadiene (11)8, both 4 and § were detected by 3H NMR. Eventually, the tetrasulfide adduct was
isolated but only in 4% yield (1H NMR § 1.70, 3.64 ppm).3® 1t is likely that intermediate 3 transfers its two
sulfur atoms to the diene trap to form 4. As has been noted by ourselves8abf and in other labs8cd a likely
second trap of a two sulfur unit takes place forming tetrasulfide 5.

The major product of the reaction is formed by an intermolecular pathway when 8 is heated in EtOAc
eventually giving the corresponding tetrasulfide (12) in 60% yield.? A possible pathway to explain this result
is suggested in Scheme 3. In addition, starting material was isolated (ca. 15%) and triphenylmethanethiol 14

{ca. 12%). Work is contihuing in this area.
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