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Abstract—A facile Rh(II) catalyzed reaction of diethyl diazomalonate with thietanes leading to highly substituted tetrahydrothio-
phenes along with allyl thioethers is described.
� 2004 Elsevier Ltd. All rights reserved.
The reaction of electrophilic carbenes with oxetanes
leading to oxonium ylides and the 1,2-rearrangement of
the latter to afford tetrahydrofuran derivatives has been
studied in great detail.1–3 Surprisingly, however, to our
knowledge, the reaction of carbenes with thietanes has
received only scant attention.4;5 In view of the percep-
tion that such a reaction would be of value in the syn-
thesis of tetrahydrothiophenes a la the construction of
tetrahydrofuran derivatives mentioned above, we have
investigated the reaction of diethyl diazomalonate with
thietanes, catalyzed by Rh(II). It is worthy of mention
that the tetrahydrothiophene moiety is a structural
fragment of biologically active compounds such as
biotin, biocytin and thiophthalene Lu 5003. The meth-
ods available for the synthesis of tetrahydrothiophenes
involve trapping thiocarbonyl ylides with suitable di-
polarophiles such as electron deficient alkenes,6 car-
bonyl compounds7 as well as the photolysis of diazo
compounds bearing sulfur at the b, c or at d-positions.4

The preliminary results of our investigations are pre-
sented in this Letter.
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Our studies commenced by exposing a solution of a
diastereomeric mixture8 of 2,4-bis(4-chlorophenyl)thie-
tane 1a, cis:trans ratio 1:2.2, in benzene to dicarboeth-
oxycarbene, generated by the Rh(II) catalyzed
decomposition of diethyl diazomalonate. A slow but
facile reaction occurred to afford a diastereomeric mix-
ture of tetrahydrothiophenes 2a and 3a along with the
allyl thioether 4a as shown in Scheme 1.

The products9 were separated by column chromatogra-
phy and characterized by spectroscopic methods. The
IR spectrum of 2a showed an ester carbonyl absorption
at 1745 cm�1. In the 1H NMR spectrum, benzylic pro-
tons were present at d 4.21–4.28 as a multiplet and at 4.7
as a triplet. In the 13C NMR spectrum, the benzylic
carbons resonated at 52.65 and 51.16 ppm. The signals
due to the ester carbonyls were visible at 169.85 and at
167.57 ppm. Final proof of the structure and stereo-
chemistry of 2a was obtained by single crystal X-ray
analysis, see Figure 1.

The reaction appeared to be general for 2,4-disubsti-
tuted thietanes. The tetrahydrothiophene derivatives
were obtained in moderate to excellent yields. In the case
of thietanes 1d and 1e, in addition to the products 2d,
3d, 2e and 3e small amounts of regioisomeric products
arising from the alternative 1,2-rearrangement were
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Figure 2. 2-NOE cross-peaks present in the major isomer of 7c.
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Scheme 1. Reagents and conditions: Rh2(OAc)4, benzene, reflux, argon.

Figure 1. X-ray structure of compound 2a.
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isolated. With thietanes 1f and 1g, only single pairs of
diastereomeric products 2f, 3f and 2g, 3g were obtained.

In our subsequent investigations a similar reactivity
pattern was observed with 2-substituted thietanes and
various diazo compounds and the results are presented
in Scheme 2.

As indicated by 1H NMR, 7c was a mixture of isomers
in the ratio 3.2:1. The stereochemistry of the major
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acetonate, benzene, reflux, argon.
isomer was assigned by NOE difference spectroscopic
studies undertaken in CDCl3 solution at 500MHz (Fig.
2). The presence of H1/H3 NOE cross peaks indicates
that they are on the same side of the tetrahydrothio-
phene ring; H2/H6 cross-peaks also support their pres-
ence on the same side of thiophene ring. The H1/Hd,
H3/Hd and H5/Hd NOE confirmed that the protons H1,
H3 and H5 are on the same side of the ring, whereas H2,
H4 and H6 are on the other side. The intra-ring vicinal
couplings 3J1–2 ¼ 6.5Hz, 3J2–3 ¼ 9:4Hz, 3J2–4 ¼ 6.1Hz,
3J3–5 ¼ 6.4Hz, 3J3–6 ¼ 9.1Hz, 3J4–5 ¼ 4.4Hz and
3J4–6 ¼ 5.7Hz all supports the assigned structure. Thus
the major isomer obtained was trans.

The reaction is also applicable to alkyl substituted
thietanes; 2-hexylthiethane 9 furnished tetrahydrothio-
phene 10 in moderate yield (Scheme 3).

Mechanistically, the reaction can be viewed as occurring
by the initial formation of the sulfonium ylide10;11
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followed by the Stevens rearrangement (path a). It is
reasonable to assume that the open chain compound
arises via a fragmentation predicted by the b-elimination
process (path b),2c Scheme 4.

In conclusion we have uncovered a facile method for the
synthesis of highly substituted tetrahydrothiophene
derivatives. It is conceivable that this reaction protocol
can be extended to the enantioselective synthesis of
substituted tetrahydrothiophenes.
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