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It is well-known that thiiranes are readily polymerized when
treated with a variety of Lewis acids and Lewis bases.1 When
heated, they are readily desulfurized to yield the corresponding
olefin.1b-d Desulfurization reactions are promoted by a variety
of transition metal complexes and metal surfaces.2

We have now discovered some interesting new transforma-
tions of thiirane, 2(R),3(S)-dimethylthiirane (cis-DMT), and
2(R),3(R)(2(S),3(S))-dimethylthiirane (trans-DMT) by the W(CO)5
group. The reaction of an excess of thiirane with W(CO)5-
(NCMe) leads to the formation of the cyclic polydisulfides (CH2-
CH2SS)n, 1-4, n ) 2-5 plus ethylene catalytically, eq 1.3,4

Compound1 is the major product.3 Over a 6 hperiod at 25

°C, the reaction produced 37.2 turnovers of1 at a turnover
frequency (TOF) of 6.2 h-1. From the reaction, we have been

able to isolate the thiirane complex W(CO)5(SCH2CH2) (5).5
In the presence of the free thiirane,5 produces the formation
of 1-4 at rates comparable to that of W(CO)5(NCMe); however,
no catalysis was observed when W(CO)6 was substituted for
the W(CO)5(NCMe).

The compounds W(CO)5(cis-SCHMeCHMe) (6) and W(CO)5-

(trans-SCHMeCHMe) (7) have been obtained from the reactions
of W(CO)5(NCMe) with the appropriate thiirane.6 Compound
6 was characterized crystallographically and was found to
contain an S-coordinatedcis-DMT ligand with a pyramidal
coordination at the sulfur atom (Figure 1). Pyramidally
coordinated thiirane ligands have been characterized previously.7

In solution, compounds6and7 slowly decompose to yield sulfur
and the corresponding olefin only; however, in the presence of
the free thiiranes, compounds6 and7 produce a combination
of catalytic isomerization and desulfurization to yield mixtures
of cis- + trans-2-butenes.8

All of the transformations can be understood within the
framework of a series of rearrangements initiated by the addition
of a free thiirane to a thiirane ligand in a W(CO)5 complex as
shown in Scheme 1. Backside addition ofcis-DMT to 6would
yield a thiiranium/thiolate zwitterion such as intermediateA.
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Figure 1. An ORTEP diagram of (2(R),3(S)-SCHMeCHMe)W(CO)5,
6 showing 40% probability thermal ellipsoids.

Scheme 1
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Rotation about the C-C single bond would yield the intermedi-
ate B which could generate7 by release of thecis-DMT.9

Ligand substitution reactions would release the thiirane isomer.
Alternatively, loss of C2H4 fromA (R) H) would yield a SCH2-
CH2S tungsten complex (C). Previous studies have shown that
thiiranium ions readily eliminate alkene.10 Although SCH2CH2S
has not been isolated in the free state,11 a bis-CpMn(CO)2
complex of SCH2CH2S has been described, and it was shown
to exhibit a diradical character.12 The formation of SCH2CH2S
ligands has also been observed in the reactions of thiirane with
the cluster complexes Os6(CO)18-n(NCMe)n, n ) 1, 2.13

Evidence for a transient existence of SCH2CH2S was obtained
by performing this reaction in the presence of MeO2CCtCCO2-

Me.14 Under these conditions the heterocycle SCH2CH2SC-

(CO2Me)C(CO2Me) (8) was obtained as the principal product,
TOF) 1.5 h-1, eq 2.14 In the absence of trapping agents, the

SCH2CH2S groupings could condense with loss of W(CO)5 to
form the cyclic polydisulfides1-4.

Cyclic disulfides have been shown to exhibit a variety of
antimicrobial properties.16 The ease of this new catalytic
thiirane reaction indicates that it could be a practical route for
the synthesis of large quantities of these and other cyclic
polydisulfides.
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