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4-Chlorophenyl C-(phenylsulfonyl)dithioformate reacts with
diazo(trimethylsilyl)methane to form 2-(4-chlorophenylthio)-
2-phenylsulfonyl-4,5-bis(trimethylsilyl)-1,3-dithiolan-1-ium
(4-chlorophenylthio)(phenylsulfonyl)methylide. It is assumed
that this product is formed by [2+3] cycloadditive dimeriz-

Introduction

Early in our development of the chemistry of C-sulfonyl-
dithioformates 1[1�4] we investigated the reaction between
phenyl C-(4-methylphenylsulfonyl)dithioformate 1a and di-
azomethane, diazophenylmethane, and diazodiphenylme-
thane.[3] The products of these reactions can be rationalized
as being formed via an initial 1,3-dipolar cycloaddition of
the diazoalkane to the C�S double bond, loss of nitrogen
from the intermediate 2,5-dihydro-1,3,4-thiadiazole 2a to
yield the corresponding thiocarbonyl ylide 3a which, in
turn, can add to another molecule of 1a (to yield 4a) or, in
the case of steric hindrance, cyclize (to form 5aa and 5ab,
respectively; see Scheme 1).

These findings are in keeping with other researchers’ ex-
periences where thiocarbonyl ylides, formed from thiocar-
bonyl compounds and diazoalkanes, either cycloadd to ex-
traneous 1,3-dipolarophiles or suffer a 1,3-electrocycliza-
tion to the isomeric thiirane.[5�8]
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ation of the transient (trimethylsilyl)methanethial S-[(4-chlor-
ophenylthio)(phenylsulfonyl)methylide].

( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Scheme 1

Results and Discussion

We have now found that 4-chlorophenyl C-(phenylsulfon-
yl)dithioformate (1b) reacts with diazo(trimethylsilyl)me-
thane in a remarkably different fashion. In this case a thi-
ocarbonyl ylide, i.e. (trimethylsilyl)methanethial S-[(4-chlor-
ophenylthio)(phenylsulfonyl)methylide] (3b) is also formed
in the first instance, but this then undergoes a [2�3] cyclo-
dimerization which leads to the unsymmetrical dimer 2-(4-
chlorophenylthio)-2-phenylsulfonyl-4,5-bis(trimethylsilyl)-
1,3-dithiolan-1-ium (4-chlorophenylthio)(phenyl-sulfonyl)-
methylide (6; Scheme 2). A noteworthy feature of 6 is its
quasi-head-to-head structure with the onus of vicinal bulky
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trimethylsilyl groups. The structure of 6 was elucidated by
elemental analysis, spectroscopy, and single-crystal X-ray
crystallography (Figure 1).[9]

Scheme 2

Figure 1. The molecular structure of 6 (50% probability ellipsoids;
H atoms omitted); selected distances (Å): C(1)�S(1) 1.856(2),
C(1)�S(2) 1.808(2), C(1)�S(3) 1.791(2), C(1)�S(4) 1.916(2),
S(4)�C(3) 1.847(2), C(2)�C(3) 1.527(4)

An attempt to record the direct-inlet EI mass spectrum
of 6 revealed an interesting pyrolysis in the inlet system.
Thermal loss of two phenylsulfonyl groups and subsequent
rearrangement leads to the formation of dihydro-1,4-dithiin
9 whose molecular ion, 9�·, can be observed at m/z � 546,
together with a peak at m/z � 544, corresponding to the
loss of two hydrogen atoms to form 10�· (Scheme 3). The
CI, MALDI, and FAB� mass spectra also failed to produce
a molecular ion signal for 6.
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Scheme 3

Fluorinated thioketones have been found to react with
diazobis(trimethylstannyl)methane to form unsymmetrical
azines[11] in a manner unrelated to our present observations.
Huisgen et al.[12] have reported the two-step, head-to-head
symmetrical dimerization of diphenylmethanethione S-
methylide 7 � 8 (Scheme 4), but this still means that our
unsymmetrical dimerization of 5, with one molecule acting
as a 1,3-dipole and the other as a 1,3-dipolarophile
(Scheme 2), is unprecedented.

Scheme 4

In order to rationalize the observed selectivities we per-
formed B3LYP/6�31�G* calculations with the Jaguar pro-
gram[13] on a model system, 11, where the aryl groups of 3b
have been replaced by methyl groups. We also calculated 11
and the corresponding dimer 12 by MNDO(d) with Spar-
tan (cf. Scheme 5).[14] The computational model was first
validated by a comparison of the MNDO(d) dimer 12 with
the X-ray structure of 6. The results show fair agreement,
with bond lengths generally being reproduced to within a
few hundredths of an ångström. The structures of 11 from
the two computational models also agreed well, a good in-
dication that the computational level is well converged. The
computed structure is most closely related to the resonance
structure shown, with the negative charge of the ylide in the
position where it is best stabilized by the adjacent sulfonyl
moiety, and the double bond therefore between the central
sulfur and the silyl-substituted carbon atom. The frontier
orbitals are closely reminiscent of those of the allyl anion,
the orbital energies being lowered by the presence of the
cationic sulfur atom, and the LUMO therefore capable of
acting as an electrophile. As can be seen the LUMO is
skewed towards the C�S� double bond, and antibonding,
a rationale for the fact that this bond, and not the C-S�

single bond, acts as the electrophile. The HOMO, acting as
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the nucleophile, has a node plane in analogy to the HOMO
of the allyl anion, and overlaps well with the LUMO of
another monomer molecule, leading to the observed [2�3]
reactivity. What remains to be explained is the head-to-head
regioselectivity. The relative sizes of the FMOs lead to no
preference for one attack over the other. Thus we conclude
that the regioselectivity must be charge controlled with the
most negative carbon atom attacking the positive sulfur
atom.

Scheme 5

Experimental Section

6: Diazo(trimethylsilyl)methane[15] (2  hexane solution, 0.50 mL,
1.01 mmol) was added dropwise to a stirred solution of 4-chloro-
phenyl C-(phenylsulfonyl)dithioformate (1b)[3] (300 mg, 0.91 mmol)
in 15 mL of dry diethyl ether under argon at �78 °C,. The reaction
mixture was allowed to warm to room temperature over 3 h, after
which time the red color of 1b had disappeared. Evaporation of
the solvents under reduced pressure left a colorless solid residue
which was recrystallized from diethyl ether/hexane (3:1) to afford
6 (347 mg, 92% yield) as colorless crystals, m.p. 161�162 °C. 1H
NMR (400 MHz, CDCl3): δ � �0.01 (s, 9 H), 0.38 (s, 9 H), 3.32
(d, 3J � 13.2 Hz, 1 H); 3.50 (d, 3J � 13.6 Hz, 1 H), 7.16�7.35 (m,
11 H), 7.50 (d, 3J � 8.4 Hz, 2 H), 7.60�7.80 (m, 2 H), 7.86�7.90
(m, 1 H), 8.19 (d, 3J � 7.6 Hz, 2 H) ppm. 13C NMR (100 MHz,
CDCl3): δ � �1.22 (q), 0.04 (q), 41.45 (d), 58.23 (d), 61.20 (s),
107.77 (s), 127.01 (d), 127.54 (d), 127.57 (d), 128.04 (d), 128.72 (d),
128.98 (d), 129.03 (d), 131.29 (s), 131.67 (s), 132.76 (d), 134.82 (d),
134.96 (s), 137.20 (s), 137.37 (d), 139.57 (s), 144.76 (s) ppm. IR
(KBr): ν̃ � 3040, 2973, 2825, 1475, 1303, 1142, 1086, 851, 687
cm�1. MS: no molecular ion observable by EI, CI, MALDI, or
FAB� techniques. C34H38Cl2O4S6Si2 (830.1): calcd. C, 49.19, H
4.61, Cl 8.54, S 23.18; found C 49.17, H 4.58, Cl 8.58, S 23.32.
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