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ABSTRACT

Treatment of �-vinyl-�-hydroxy-N-acyloxazolidin-2-ones with VO(acac)2 and tert-butyl hydroperoxide results in formation of unstable epoxides
that are ring-opened by intramolecular nucleophilic attack of their exocyclic carbonyl fragments to afford highly functionalized trisubstituted
hydroxy-γ-butyrolactones in >95% de, with a polymer-supported oxazolidin-2-one having been used to transfer this methodology to the solid
phase.

A large number of natural products containing chiral trisub-
stituted γ-butyrolactone fragments have been isolated that
exhibit a broad range of activity against different biological
targets.1 Enantiopure trisubstituted γ-butyrolactones have also
been used as chiral building blocks for natural product
syntheses,2 with a wide range of methodology having been
developed for their asymmetric synthesis.3 Given this interest,
we now report that hydroxyl-directed epoxidation of �-hy-
droxy-�-vinyl-N-acyloxazolidin-2-ones results in a highly
efficient methodology for the stereoselective synthesis of
trisubstituted hydroxy-γ-butyrolactones.4

We have recently reported the development of novel
synthetic strategies to reversibly generate “temporary ste-
reocenters” for the asymmetric synthesis of chiral aldehydes.5

This methodology relies on the use of highly diastereose-
lective substrate directable cyclopropanation and hydrogena-
tion reactions of �-hydroxy-�-vinyloxazolidin-2-ones 2 for
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stereocontrol. Consequently, it was decided to explore
whether carrying out hydroxyl-directed epoxidation reactions
on these types of substrates could be used to develop a
“temporary stereocenter” methodology for the asymmetric
synthesis of chiral R,�-epoxy-aldehydes 3 (see Scheme 1).

Epoxidation of the 1,1-disubstituted alkene functionalities
of secondary allylic alcohols using VO(acac)2 and tert-butyl
hydroperoxide has been shown to proceed with high levels
of erythro diastereoselectivity.6 However, we found that
treatment of �-vinyl-syn-aldol 2a7 with 10 mol % of
VO(acac)2 and 1 equiv of tert-butyl hydroperoxide in
benzene at room temperature did not result in the expected
erythro-epoxide 4a,8,9 but instead gave a 1:1 mixture of 5,5-
dimethyloxazolidin-2-one 7 and lactone 8a whose configu-
ration was confirmed as (S,S,S) by X-ray crystallographic
analysis.

This outcome is consistent with the reaction mechanism
outlined in Scheme 2,10 where hydroxyl-directed epoxidation
of 2a is predicted to afford an erythro-epoxide 4a. This
unstable epoxide is then ring-opened by intramolecular
nucleophilic attack of the exocyclic carbonyl of its N-acyl
fragment with inversion of configuration at C4 to afford an
unstable iminium species 5 (that may be stabilized via
reversible formation of N,O,O-orthoester 6) which is hydro-
lyzed on workup.11 Attempts to intercept the intermediate
epoxide 4a via addition of a good nucleophile (EtSH, N3

-)
to the reaction mixture prior to workup were unsuccessful,

with lactone 8a being isolated in good yield once more. This
implies that intramolecular 5-exo-tet ring-opening of epoxide
4a occurs very rapidly under these conditions. It was also
shown that N-acyloxazolidin-2-one 1 was stable under these
epoxidation conditions, with no oxazolidin-2-one 7 being
formed, suggesting that hydrolysis of the oxazolidin-2-one
fragment of aldol 2a does not occur prior to epoxidation.
Finally, we note that the ability of an N-acyloxazolidin-2-
one fragment to participate as an intramolecular nucleophile
in this manner has been invoked previously to explain the
stereochemical outcome of related iodolactonization reactions
of �-vinyl-N-acyloxazolidin-2-ones.12

In order to investigate the scope and limitation of this
epoxidation/lactonization methodology, we prepared a series
of �-vinyl-syn-aldols 2b-i containing alkene fragments with
different substitution patterns.7 syn-Aldols 2b-h were then
treated with 10 mol % of VO(acac)2 and 1 equiv of tert-
butyl hydroperoxide in benzene to afford seven hydroxylated
lactones 8b-h in >90% de and 74-84% isolated yield
(Table 1).13 The diastereoselectivity observed in directed
epoxidation reactions of these types of allylic alcohols is well
established14 and known to be highly dependent on the
substitution pattern of their alkene functionality.15 Therefore,
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Scheme 1. Proposed “Temporary Stereocenter” Approach for
the Asymmetric Synthesis of Chiral R,�-Epoxy

Carboxaldehydes 3

Scheme 2. Stereoselective Epoxidation of �-Vinyl-syn-aldol 2a
Affords Lactone (S,S,S)-8a
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Table 1. Epoxidation of Aldols 2a-i Using VO(acac)2 and tert-Butyl Hydroperoxide To Afford Hydroxy-γ-butyrolactones 8a-i

a All de’s determined by 1H NMR spectroscopic analysis of crude reaction products. b Yields of lactones 8a-i calculated from aldols 2a-i. c �P )
Evans’ (S)-4-benzyloxazolidin-2-one. d Yield of pure diastereoisomer 8i after chromatographic purification.

2898 Org. Lett., Vol. 11, No. 13, 2009
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and (E)-1,2-disubstituted alkenes resulting in formation of
erythro-epoxy alcohols, while A1,3 strain dominates for (Z)-
1,2-disubstituted and 1,2,2-trisubstituted alkenes to afford
their corresponding threo-epoxy alcohols. Consequently, the
configuration of unstable epoxides 4b-f (not isolated) were
assigned as erythro, while unstable epoxides 4g,h (not
isolated) were assigned as threo. Therefore, it follows that
subsequent intramolecular ring-opening of epoxides 4b-h
(via mechanism shown in Scheme 2) proceeds with inversion
of configuration at their C4 carbons to afford their corre-
sponding lactones 8b-h.16 All lactones 8b-h were formed
with excellent levels of diastereocontrol (>90% de), as
expected for the high diastereoselectivity predicted for
vanadium-catalyzed hydroxyl-directed epoxidation reactions
of their corresponding �-vinyl-syn-aldols 2a-h. Conversely,
lactone 8i was formed with poorer diastereoselectivity (33%
de) as expected for epoxidation of �-vinylaldol 2i, whose
(E)-1,2-disubstituted alkene functionality is known to be
epoxidized with poor levels of erythro diastereocontrol under
these conditions.6

We then demonstrated that this epoxidation/lactonization
methodology could be transferred to solid support using a
polymer-supported Evans oxazolidin-2-one 917 for synthesis.
Therefore, the boron enolate of polymer 9 was treated with
2-ethylacrolein to afford polymer-supported syn-aldol 10,18

which was characterized by reductive cleavage of the N-acyl
side chain of a small portion of resin with NaBH4 in THF/
H2O to afford chiral alcohol 12 in >95% de. Subsequent
treatment of polymer 10 with 10 mol % of VO(acac)2 and 1
equiv of tert-butyl hydroperoxide in benzene at room

temperature for 3 h, followed by filtration to remove polymer
11 and evaporation of the filtrate, gave a clean sample of
lactone 8a in 58% yield over two steps (Scheme 3).19

In conclusion, a novel three-step aldol/epoxidation/in-
tramolecular lactonization strategy has been developed for
the synthesis of highly functionalized trisubstituted hydroxy-
γ-butyrolactones with excellent levels of diastereocontrol.
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Scheme 3. Sequential Polymer-Supported Aldol/Epoxidation/
Lactonization Reactions for the Asymmetric Synthesis of

Lactone (S,S,S)-8a
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