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Abstract

A novel Michael-initiated ring closure reaction involving allylic chlorosulfone (2) and g-alkoxy-a,b-
ynoates to a�ord 4-methylenecyclopentenecarboxylates is reported, while with g-alkylynoates no reaction
occurred. With chiral phenyl ynoates 4, the reaction proceeds by 1,3-asymmetric induction and leads fur-
ther to a nonracemic annulated a,b-butenolide (7). # 2000 Elsevier Science Ltd. All rights reserved.
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The emergence of widespread targets containing ®ve-membered carbon rings, such as quinane
terpenes, has led to continuous interest in new pentannulation strategies. Among the [3+2] dis-
connections leading to cyclopentanes, utilization of trimethylenemethane (TMM) equivalents as
the three-carbon units have been extensively used.2 Within this context, the intermolecular
Michael-initiated ring closure (MIRC) reaction was e�ectively utilized for the regio- and stereo-
selective synthesis3 as well as the asymmetric synthesis4 of methylenecyclopentanes.
Limited success, however, was achieved in the application of intermolecular [3+2] schemes

involving acetylenic acceptors to obtain 4-methylenecyclopentenes. Using mainly methylenecy-
clopropanes as the TMM synthons, such routes were of limited scope5 or presented experimental
restrictions.6 The Pd-complexed TMM species, successful in cycloadditions with ole®ns, failed
when applied to acetylene acceptors.7
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We report herein the synthesis of 4-methylenecyclopentenes by a simple MIRC route from
2-(chloromethyl)-3-phenylsulfonyl-1-propene (2)8 (as the TMM synthon) and readily available
g-alkoxy-a,b-alkynoates 4. The results are summarized in Table 1.9 By contrast, we found that in
the absence of oxygen substitution at C-4, the g-alkylated or arylated ynoates do not undergo
addition of lithiated allylic sulfones 1±3.10,11 Formation of open-chain adducts, via protonation
of the reversible intermediate 5, was not observed. The use of phenyl instead of ethyl ynoates
resulted mostly in improved yields and better diastereoselectivity (entries 7 and 8, Table 1).
Moreover, the nonracemic (S)-ethyl ynoate 4j,12 a�orded with 2 a 1:1 stereomeric mixture of
cyclopentenecarboxylates (6j), whereas the corresponding phenyl ester 4k gave under the same
conditions a single diastereoisomer 6k (entries 10 and 11).13 This 1,3-asymmetric induction
resulting from conjugate addition to a chiral ynoate may be attributed to a preferred facial
approach due to additional chelation between the Li cation and the aryl group of the ester. The
e�ect of aryl±Li ion chelation on remote asymmetric induction has recently been reported by us.14

Utilization of a bulky, nonaromatic ester (4l) resulted in a 1:1 stereomeric mixture of cyclo-
pentenes (6l, entry 12), thus eliminating the steric factor as accounting for the stereoselective
formation of 6k.

Table 1
[3+2] MIRC reaction of chlorosulfone 2 with ynoates 4
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Acid treatment of phenyl ester 6k a�orded the a,b-butenolide 7 in which the given stereo-
chemistry is based on NOE measurements (Eq. (1)).15 By contrast, the less strained unsaturated
d-lactones 8 were obtained from the diastereomeric ethyl esters 6j (Eq. (2)).16 The kinetic pref-
erence for the formation of 7 rather than of d-lactones 8may be due to the better leaving (phenoxy)
group in 6k.

�1�

�2�

The cyclopentenation route provides an entry to annulated a,b-butenolides such as 9, which,
on exposure to an aqueous base, can be converted to an annulated cyclopentadiene 10 (Eq. (3)).17

�3�

It is noteworthy that lithiated methallyl sulfone 1 reacted more e�ectively than chlorosulfone 2
with g-oxygenated ynoates and a�orded 82% of 1:1 conjugate adducts (30 min, ^60�C), including
an isolated 53% of 11 arising from cis addition of the organometallic to the double bond. Though
lithiated 1 underwent chloride displacement with methallyl chloride, it led solely to proton
transfer when exposed to chloroallylsulfone 2, to a�ord 12 and 1 upon D2O quenching. The
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higher stability of the lithio derivative of 2 is attributed to Li±Cl coordination (A), hence its lower
reactivity in conjugate additions.18

In conclusion, the coordination between the g-alkoxy group of ynoates 4 and the Li cation has
proven critical for successful MIRC reaction utilizing the lithiated allyl sulfone 2, presumably by
displacement of the equilibrium toward 5, thus promoting the ring closure. Additional coordination
of the lithium cation with the aromatic group of the ester in 4 contributes to the stereoselectivity
of the conjugate additions.
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