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Abstract

A novel chiral source, 5-(R)-[(1R,2S,5R)-(−)-menthyloxy]-3-bromo-2(5H)-furanone (5a), was obtained in 46%
yield with d.e.≥98% from the epimeric mixture of 5-(l-menthyloxy)-3-bromo-2(5H)-furanone (5a+5b) obtained
via the bromination of an epimeric mixture of 5-(l-menthyloxy)-2(5H)-furanone (3a+3b) followed by the elimina-
tion of hydrogen bromide. The asymmetric reaction of5a with a nucleophilic alcohol afforded enantiomerically
pure spiro-cyclopropane derivatives containing four stereogenic centers,9a–9e, in 50–68% yield with d.e.≥98%.
The enantiomerically pure compounds9a–9ewere identified on the basis of their analytical data and spectroscopic
data, such as [α]D

20, UV, IR, 1H NMR, 13C NMR, MS and elementary analysis. The absolute configuration of the
chiral spiro-cyclopropane compound9a was established by X-ray crystallography. © 1998 Elsevier Science Ltd.
All rights reserved.

Recently, chiral sources obtained from natural chiral auxiliaries, such as (1R,2S,5R)-(−)-menthol
and endo-(−)-borneol, have attracted much attention in the asymmetric synthesis of some biologically
active compounds.1–4 It has been known that the chiral reagent 5-(l-menthyloxy)-2(5H)-furanone be-
haves as a Michael acceptor towards carbon, oxygen, sulfur and nitrogen nucleophiles to give chiral
5-(l-menthyloxy)-4-substituted-butyrolactones.2–4 The 5-(l-menthyloxy)-3,4-dihalo(chloro or bromo)-
2(5H)-furanone reacts readily with nitrogen and sulfur nucleophiles to give the tandem Michael
addition/elimination products, 5-(l-menthyloxy)-4-substituted-3-halo-2-(5H)-furanones.4 We have now
successfully synthesized the novel chiral source, 5-(R)-[(1R,2S,5R)-(−)-menthyloxy)]-3-bromo-2(5H)-
furanone (5a), which was obtained in 46% yield with d.e.≥98% (Scheme 1) from the epimeric mixture
of 5-(l-menthyloxy)-3-bromo-2(5H)-furanone (5a+5b) via the bromination of an epimeric mixture of
5-(l-menthyloxy)-2(5H)-furanone (3a+3b) followed by the elimination of hydrogen bromide.5 After re-
crystallization of the epimeric mixture, the1H NMR spectrum showed a single epimer5a: δ5a=5.97 (1H,
s, C5–H5a) ppm, and lost the characteristic shift of5b: δ5b=5.87 (1H, s, C5–H5b) ppm. Enantiomerically
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Scheme 1. The synthetic route to the chiral source5a

pure5awas obtained as pale-yellow needles, m.p. 89–90°C (petroleum ether, 30–60°C). The novel chiral
source, 3-bromo-2(5H)-furanone5a was identified on the basis of its satisfactory elemental analysis
data and spectroscopic data (IR, UV,1H NMR, 13C NMR and MS).5 The absolute configuration at the
acetal of5a was shown to beR by means of an X-ray structure analysis of its asymmetric reaction
product with methanol.6 On the basis of previous work,7 we have accomplished the tandem asymme-
tric double Michael addition/internal nucleophilic substitution of 5-(R)-(l-menthyloxy)-3-bromo-2(5H)-
furanone (5a) with oxygen nucleophiles such as methanol, isopropanol, cyclopentanol, cyclohexanol
and cycloheptanol, in acetonitrile at room temperature, in the presence of potassium carbonate and
tetrabutylammonium bromide as a phase transfer catalyst. The enantiomerically pure compounds, spiro-
cyclopropane bisbutyrolactones9a–9e with four stereogenic centers were obtained in 50–68% yield

Scheme 2. The synthetic route to9a–9e
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with d.e.≥98% by the tandem asymmetric reaction under the mild conditions indicated in Scheme 2.
The spiro-cyclopropane bisbutyrolactones9a–9ewere identified on the basis of their analytical data and
spectroscopic data.8 The absolute configuration of the chiral spiro-cyclopropane bisbutyrolactone9awas
established by X-ray crystallography6 and by spectroscopic analysis. The presence of two 5-menthyloxy-
2(5H)-furanone moieties was deduced from the1H NMR spectrum, which showed two signals atδ: 5.64
(1H, s, H-5′), 5.66 (1H, s, H-5) assignable to the acetal protons. In addition, the1H NMR spectrum
showed two signals atδ: 2.98 (1H, s, H-4), 3.42 (1H, s, H-4′), in which the absence of coupling constants
between the vicinal protons H-4/H-5 and H-4′/H-5′ established atrans relationship. The presence of an
IR band at 3078 cm−1 was assignable to a C–H stretching in a cyclopropane ring and the signal atδ
38.47 (C-4) ppm of the13C NMR spectrum was also in agreement with the presence of a cyclopropane
ring. On the basis of these data, the proposed structure of spiro-cyclopropane bisbutyrolactone9a was
consistent with the stereochemistry of the molecule of9a by its X-ray structure analysis. The ORTEP
drawing and the crystal packing of the molecule of9a are shown in Figs. 1 and 2, respectively. The
absolute configuration of (1R,2S,5R)-(−)-menthyloxy was unchanged during the asymmetric reaction
process. Accordingly, the absolute configuration of9a was established and the configuration of the new
stereogenic centers established as 3(S), 4(S), 3′(R), 4′(R).

Figure 1. The ORTEP drawing of the molecule of9a

The behavior of 5-(R)-[(1R,2S,5R)-(−)-menthyloxy]-3-bromo-2(5H)-furanone (5a) could be explained
on the basis of a reaction mechanism of the racemic 5-methoxy-3-bromo-2(5H)-furanone,7 such that the
chiral 3-bromo furanone5areacts readily with nucleophiles to give the Michael adduct6. When an anion,
such as a carbanion, is used as a nucleophile, the carbanionic intermediate of type7, in the absence of
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Figure 2. The crystal packing of the molecule of9a

a proton donor, adds to a second molecule of bromofuranone5a to give a new anionic intermediate, the
enolate anion8. This intermediate, at room temperature, suffers an internal nucleophilic substitution of
the halogen to yield the optically active spiro-cyclopropane bisbutyrolactones9a–9e. At present, we have
also studied the asymmetric reaction of chiral 3-halo-2(5H)-furanone with different series of nucleophilic
reagents such as carbon, oxygen, nitrogen and sulfur nucleophiles. Application of this synthetic strategy
to the new optically active spiro-cyclopropane derivatives in asymmetric synthesis is currently under
investigation.
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