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THERMAL DECOMPOSITION OF SULFENYL CHLORIDES
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The considerable degree of current interest in the mechanism of sulfenyl

halide additions to olefins (1) prompts us to report some results from our lab-
oratory concerning the thermolysis of stilbene-sulfur dichloride adducts.
Addition of sulfur dichloride (SClg) to a solution of trans-stilbene in
methylene chloride affords a 2:1 adduct (l). Structure 1 is supported by ele-
mental analysis, mass spectrum and the 100 MHz nmr spectrum [6 (CDC1g): 2
doublets 3.38 and 3.61 (2 methine SC-H) (J=10 cps.), doublet 4.86 (2 methine
C1-C-H), complex multiplet 7.16 (20 Ar-H)] (2); the stereochemistry is assumed
from the well documented trans-additions of SCls (3) and sulfenyl halides (4).

Thermolysis of 1 at ca. 200° in vacuo produces a complex mixture of products.

Separation of all but the very minor products was accomplished by laborious pre-
parative layer chromatography. Composing about 70% of the product mixture was
trang -stilbene with the next largest product being mespo-1,2-dichloro-1,2-di-
phenylethane (2) (5). Very minor amounts (<3% each) of d,0-1,2-dichloro-1,2-

diphenylethane (3) (5), chlorostilbene (4) and % -chloro-2-phenylbenzo[bJlthiophene

(3) (6).
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The results of this thermal decomposition came as a surprise, as a simple
expulsion of two molecules of HC1l was expected. Much of the trans-stilbene
product may be explained by d reversal of the final addition process, The
other products would therefore have to result from decomposition of the B-
chlorosulfenyl chloride (6). To test this supposition, & [6(CDC1ls): doublet
1,75 (1 methine ClSAC—Ha); doublet 5,42 (1 methine Cl-C—Hb), singlet 7.29

(10 Ar-H); J = 8 cps.] was prepared from the reaction of excess SCl, and

a,b
trans~stilbene and proved to be a rather stable molecule, Thermal decomposi-

g

tion of © (200°) provided the same products as before, with considerably less
trans-stilbene. The most difficult result to explain is the predominance of

the meso form of a,a’-dichlorobibenzyl (2). Formation of £ corresponds to a
substitution of chlorine for SC1 with retention of configuration. Clearly,

this does not arise from normal intermolecular addition of a chloride anion to
an unassociated carbonium ion or a chloride atom to an unassociated free radical
center., Conceivably, 2 could arise from complete decomposition to trans-stil-
bene, sulfur and chlorine followed by addition of chlorine to trans-stilbene,
However, it is known (5) (at least in solution) that the reaction of Cl, and
trans-stilbene leads largely to the d,ﬂ—form,é. An intriguing possibility is
the concerted, intramolecular double-displacement involving six electrons illus-
trated in Equation 4. The explanation which we currently favor involves an in-
ternal, frontside displacement of sulfur by chlorine (Equation 5). This could

either be formulated as concerted or involving a tight ion-pair.
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The isolation of 5 is somewhat disturbing as 2-phenylbenzo[bJlthiophene
would appear to be a more likely product. It is possible that 5 arises from
decomposition to diphenylacetylene followed by SClp addition, for 5 is indeed
the product of this reaction. However, we have been unable to observe any
diphenylacetylene among the various products of these decompositions.

To check the generality of the retention of configuration involved in the
chlorine -sulfur substitution, the sulfenyl chloride, (z), resulting from addi-
tion of SClz to cis-stilbene, was prepared. This adduct (7) [6 (CSCls):
doublet 4,91 (1 methine ClS-C—Ha), doublet 5,42 (1 methine Cl—C—Hb), multi -
plet 7.05 (10 Ar-H); Ja,b = 7 cps.] proved to be considerably less stable
than § and decomposed over a period of two weeks at room temperature to a
mixture largely composed of Q and 3. By far the major product was 3 (Equation
6). Thermolysis (200°) of 7 yielded the same products as did thermolysis of
6 however now 3 was ths major product and only a minor amount of 2 could be
detected by nmr.
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Although the decomposition of methanesulfenyl chloride has been reported (7)
to afford a small amount of methyl chloride, no conclusions have been reached
as to the correct mechanism for this process. Key experiments now in progress
in our laboratory involve the decomposition of optically active sulfenyl halides

where sulfur is directly bonded to the assymetric carbon atom.
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