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Abstract

«-N-Methyl-N-tosylcyclobutanones prepared by asymmetric cycloadditions of the corresponding keteniminium
triflate to olefins have been converted into a mixture of epoxides using dimethylsulfonium ylide. Treatment of these
epoxides with lithium iodide unexpectedly yielded the corresponding cyclopentenones. This sequence amounts to
a [2+2+1] cyclopentannulation of an olefin. © 1999 Elsevier Science Ltd. All rights reserved.
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The stereospecific cycloaddition of keteniminium salts to alkenes and alkynes is a very general
method of synthesis of four-membered ring ketones.! The use of keteniminium salts derived from amides
bearing a chiral auxiliary has further extended the utility of the reaction by allowing the preparation of
enantiopure cyclobutanones.? The asymmetric cycloaddition of keteniminium salt 2 to an olefin followed
by the regioselective oxidation of the resulting cyclobutanone 3 represents one of the few general methods
for the enantioselective vicinal acylation of an olefin (Scheme 1).3 More recently we have considered
the transformation of cyclobutanones 3 into the corresponding cyclopentanones. If successful, the two-
step sequence — cycloaddition followed by ring expansion — would provide a useful method for the
asymmetric cyclopentannulation of olefins by a [2+2+1] strategy.

An obvious method for the conversion of 3 to 4 would be the formation of an epoxide using Corey’s
ylid reagent* followed by a rearrangement catalysed by lithium iodide’ or lithium bromide.® The racemic
bicyclo[4.2.0Joctanone 3a was readily converted into a 1.5:1 mixture of diastereoisomeric epoxides by
reaction with Me;S*-CH, ™ generated from trimethylsulfonium tetrafluoroborate and n-BuL i (Scheme 2).
The two isomeric époxides were easily separated by flash chromatography.” An X-ray diffraction analysis
of endp-5a confirmed the stereochemical assignments.?
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Upon treatment with Lil in refluxing THF, the major epoxide endo-5a unexpectedly yielded a 3:1
mixture of cyclopentenone 6a and cyclopentanone 4a (Scheme 2, Table 1).° The saturated ketone 4a
was the expected product from a regioselective ring-expansion reaction of 5a controlled by the NTsMe .
group. Cyclopentanone 4a was not the precursor of enone 6a, this was demonstrated by the recovery
of unchanged 4a after treatment with Lil for one day in refluxing THF. The rearrangement of exo-Sa
exclusivaly gave enone 6a. Table 1 shows that both a Lewis acid cation and a nucleophilic anion are
necessary for the rearrangement (Table. 1, entries 2, 3 versus 1, 4). Also it shows an unusual dependence
of the course of the rearrangement on: (1) the nature of the anion (entries 1 and 4); (2) the stereochemistry
of the epoxide ring (entries 1 and 4, endo versus exo). At this stage, we have no good rationale for these
unexpected results.

The synthetic value of these observations is illustrated by the efficient two-step conversion of cyclo-
butanones 3b—d into the corresponding cyclopentenones 6b—d. In these cases both diastereoisomeric
epoxides .only yielded cyclopentenones 6b-d. The ring expansion step did not require the separation
of the isameric epoxides (Scheme 3). The formation of 6c and 6d from 5c and 8d confirmed that the
rearrangement of epoxides S took place with the same regioselectivity as that leading to 4.

Using the chiral N-tosylsarcosinamide 1 for the cycloaddition step,> we were able to prepare the
bicyclic cyclopentenone 6a which showed the same enantiomeric purity as the cyclobutanone 3a
(Scheme 4).

This last result indicates that the sequence offers a useful synthetic route for the conversion of
olefins into cyclopentenones of high enantiomeric purity. Applications of this synthetic strategy to the
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Table 1
Study of the rearrangement of Sa-erdo and 5a-exo in refluxing THF

Entry Catalyst endo-5a oxo-5a
(1 equiv.) Yield % 8a : 4a ratio? Yield % Se : 4a ratic
1 Lil 95 3:1 94 100:0
2 Lil, 12-Crown-4 0 - 0 -
3 LiNT2 0 - 0 -
4 LiBr 98 0:100 95 100:0

4 : Determined by NMR on the crude mixture.
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asymmetric synthesis of biologically active products are being studied by our group. The mechanism of
the unexpected direct conversion of § into 6 is also being investigated.
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