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o,3-UNSATURATED SULFINES AS INTERMEDIATES
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Abstract: A new method for the synthesis of o,B-unsaturated sulfines by a Peterson alkylidenation of sulfur
dioxide is described. The required o-silyl carbanions are generated by heteroconjugate addition of alkyllithium
to o-trimethylsilylated allenic sulfones. The conjugated vinylsulfines thus prepared undergo a rapid and
unprecedented cycloaromatization to thiophene derivanves. A mechanism for this remarkable conversion is
presented.

During the past three decades a large variety of substituted sulfines has been reported®. Tkus far, conjugated
vinylsulfines received scarce attention in the lhterature. They have been prepared by oxidation of the
corresponding  o,B-unsaturated thiones?, by rearrangement of vinylsulfinyl carbenes’, by oxidauon of
2,5-dimethylthiophene with singlet oxygen* and as intermediates in a thermal fragmentation of their formal
dimers3, All these routes have a very limited scope.

Oxadation of thiocarbonyl compounds 1s the most general route to sulfines!, although there are some
Limitations regarding the availability of suitable starting materials. An alternative and also general approach to
the synthesis of sulfines involves the Peterson alkylidenation of sulfur dioxide. The e-silyl carbanions required
for this method of preparation can be obtaned either by deprotonation of appropriate silyl compounds® or by
heteroconjugate addition” of alkyllithium to vinylsilanes®,
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In this paper we report our efforts to prepare o,B-unsaturated sulfines by a modified Peterson reaction. The
design for the synthesis of conjugated vinylsulfines C involves heteroconjugate addition of a suitable
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nucleophile to a-silylated allenic sulfones A, as depicted in Scheme 1. An attractive feature of the proposed
scheme is that allenic sulfones are readily available starting materials® and that the heteroconjugate addition of
various nucleophiles to these unsaturated sulfones has already been demonstrated'®.
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v,y-Dimethylallenyl p-tolyl sulfone 1 was selected as the first substrate and was prepared by the
[2,3]-sigmatropic rearrangement of o,a-dimethylpropargyl p-toluenesulfinate, as described previously'!
(Scheme 2). Treatment of a solution of the sulfone 1 1n THF with 1.1 equivalent of n-butyllithium at -78°C for 3
hrs, followed by addition of 1.2 equivalent of chlorotrimethylsilane at the same temperature, resulted in the
formation of the corresponding trimethylsilane derivative!? 2, 1n practically quantitative yield. It should be noted
that control of temperature is very important; if the reaction 1s carried out at 0°C dimenzation to a conjugated
vinylallene derivative is observed!% and hardly any trimethylsilylation occurs. Interestingly, a-silylated allenic
sulfones of type 2 are virtually unknown i the literature'®. o-Silylallyl sulfone 2 undergoes smooth
heteroconjugate addition on treatment with methyllithium. After quenching with aqueous ammonium chlonde,
o-silylallyl sulfone 3a was obtained 1n quantitative yield. Similarly, treatment of 2 with n-butyllithium gave
product 3b in 80% yield. This result imphes that amons of type B shown 1n Scheme 1, indeed are formed by the
planned heteroconjugate addition to substrate A.
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A remarkable result was obtained when the preparation of an o.B-unsaturated sulfine was atternpted as
proposed in Scheme 1. Treatment of a-silylallenyl sulfone 2 with methyllithium in THF at -78°C for 3 hrs, and
adding the solution of the allyl o-silyl carbanion thus formed to an excess of sulfur dioxide in THF at -78°Cin 3
hrs, followed by stirring of the reaction mixture for 15 hrs at -70°C, did not produce the expected sulfine 4, but
instead, 3,4-dimethyl-2-p-tolylsulfonylthiophene!? (Sa, m.p 125°C) was isolated in a yield of 75% (Scheme 3).
It is interesting to note that addition of 2,3-dimethylbutadiene, a standard sulfine trap, to the reaction muxture had
no effect on the formation of thiophene 5a or 1ts yield. This indicates that the rearrangement of the expected
sulfine 4 to the observed thiophene derivative Sa 1s even faster than its Diels-Alder addition 1o the diene.
Reaction of 2 with ethyl and n-butyllithium followed by treatment with sulfur dioxide, similarly resulted in the
thiophenes 5h and Sc, rcspectively12 (5b, m.p. 96°C, yield 55%; 5¢, m.p.98°C, yield 35%). An attempt to
accomplish an analogous reaction with rers-butyllithium failed, probably due to steric reasons.
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Starting from a-silylallenyl sulfone 6, which can be readily prepared from the ethynyl carbinol derived from
acetophenone (cf Scheme 2), thiophene derivative 7 was prepared in 40 % yield (m.p. 142°C) as shown in
Scheme 4. The new synthesis of substituted thiophenes described above, produces 2-sulfonyl substituted
thiophenes which are scarcely encountered in the literature, moreover, thiophenes are formed with substituents at
the 3- and 4-positions.
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o,p-unsaturated sulfine 4 is being formed as expected according to Scheme 1. Subsequent proton abstraction,
with trimethylsilanolate actng as the base, from the y-carbon atom of 4 leads to allylic anion 8a, alternanvely
described as mesomeric form 8b. Intramolecular addition, which is concetvable from either mesomeric form of
anion 8 (see Scheme 5), leads to product 9. Aromatization and concomitant deoxygenation can be envisaged by
invoking a reaction with sulfur dioxide as pictured in structure 10. This elimination of HSO; ™ 15 reminiscent of a
novel Pummerer-type rearrangement, induced by sulfur dioxide under basic conditions. Current investigations
are directed towards the elucidation of the mechanism, as well as to explore the scope and limitations of this new

The novel cycloaromatization reaction can mechamstcally be rationalized by assuming that initially an

thiophene synthesis.
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