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Abstract

A flexible enantioselective synthesis of highly functionalized 5-substituted�,�-unsaturated�-lactones has been
achieved by applying the Sharpless catalytic asymmetric dihydroxylation to vinylfuran as the key step. The
resulting diols are produced in high enantio excess and can be stereoselectively transformed into differentially
protected�-lactones through a short reaction sequence. © 1999 Elsevier Science Ltd. All rights reserved.
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Substituted�,�-unsaturated�-lactones (e.g. styryllactones) are an important class of natural products
with a wide range of biological activity.1 Many natural products from various plants and fungi share
the common 5-oxygenated-5,6-dihydro-2H-pyran-2-one structural motif, such as goniodiol, acetylpho-
malactone, and altholactone.1d These natural products have biological activity including antitumor and
antifungal properties, as well as antibiotic potential. Due to the wide distribution of 5,6-dihydro-2H-
pyran-2-ones in plants and fungi, many synthetic methodologies have been employed to synthesize this
core structure.1,2

One of the most useful methodologies employed is the kinetic resolution of 2-furylcarbinols developed
by Honda,3 Sato,4 and augmented by Zhou.5 This strategy employs the kinetic resolution of racemic 2-
furylcarbinols with the Sharpless epoxidation reaction conditions, to produce an optically active pyranone
product resulting from the selective fast oxidation of only one enantiomer of the racemic 2-furylcarbinols.
The optically pure pyranone or 2-furylcarbinol products of the kinetic resolution can both be used in the
synthesis of natural products.

Recently, we developed an expeditious route to variousD- or L-sugars from furan diols using Sharpless
dihydroxylation to establish the absolute stereochemistry.6 Continuing our investigations on the utility of
this strategy, we turned our attention to the styryllactone class of natural products. For the synthesis of
these natural products we envisioned�-lactones3 as excellent building blocks amenable for the synthesis
of a variety of styryllactones (Scheme 1). We envisioned extending our earlier work to synthesize these
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useful building blocks from pyranone6 with differentiated oxygen functionality in a limited number of
steps and avoiding kinetic resolution. Herein, we describe our approach to the synthesis of these key
building blocks via an efficient enantioselective and diastereoselective oxidation and reduction sequence.

Scheme 1.

A key intermediate in our six-step enantioselective route toD- and L-hexoses from furfural was
pyranone6a (Scheme 2). The asymmetry of6a was derived from diol2, which can be prepared on
a one mole scale from a Sharpless dihydroxylation7 of vinylfuran in 90–92% ee, and recrystallized to
>97% ee8 from the dibenzoate formed from diol2. Protection of diol2 with either TBSCl or PivCl yields
the mono-protected furans4a or 4b in 90% and 70% yields, respectively. Using NBS9 furans4a or 4b
can be oxidatively ring expanded to yield enones5a and5b in 95% yield. Protection of enone5a or 5b
with BzCl at�78°C yielded6aexclusively and6b in a 7:1 ratio with the axial benzoate predominating in
75% yield. With this expedient and enantioselective route to benzoate6a or 6b, we initially investigated
a synthesis of3 from 6aor 6b.

Scheme 2.

Luche reduction10 of enone6a or 6b provides7 in >96% ee,8 followed by protection provided allylic
alcohol7a or 7b as a single diastereomer in 75% yield over two steps. Deprotection of the anomeric
benzoyl group proved troublesome, with the best results obtained using Et3N, MeOH, H2O in a 1:5:1
ratio, giving lactol8a or 8b in 50–60% yield. Oxidation of8a or 8b with MnO2 provided the�,�-
unsaturated�-lactone9aor 9b in 75–85% yield.11

Having established the feasibility of preparing the�,�-unsaturated�-lactone9aand9b with complete
enantio- and diastereocontrol, we turned our attention to improving the efficiency of the route to3. The
obvious disadvantage of the route in Scheme 2 is the requisite protection of the C-1 and C-4 hydroxyl
groups. A significant reduction in steps could be achieved by oxidation of the lactol5 to ketolactone
10 provided the carbonyl groups could be reductively differentiated (Scheme 3). Similar approaches
have been used by other groups using CrO3 and acetic acid.12 A potential problem of this shorter
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route is the possible racemization or�-elimination in the ketolactone. We envisioned using a reagent
for fast oxidation of lactol5 to ketolactone10 that would be immediately compatible for exposure to
Luche conditions.13 This was most easily accomplished by Jones oxidation followed by Luche reduction
(Scheme 3).

Scheme 3.

Treatment of an acetone solution of5a or 5b with a slight excess of Jones reagent produced
ketolactones10aor 10b in�20 min. Upon completion the reaction mixture was quenched with isopropyl
alcohol, washed with a saturated NaHCO3 solution, and extracted with ether. After solvent exchange
(ether to MeOH),10a14 and10b were treated with NaBH4 to yield differentially protected�-lactones
11a15 or 11b in 60–70% yield over two-steps with no loss of enantiomeric excess.8 The observed
stereoselectivity of the reduction is explained by the apparent hydride attack on the less hindered face of
the molecule.16 Protection of the allylic alcohol using PivCl, Ac2O, or ClCO2Et provided12a, 12b, or
12c17 in 80%, 94%, and 90% yields, respectively. The diastereomeric lactone1318 can be prepared from
11a by a Mitsunobu reaction19 followed by hydrolysis of thep-nitro-benzoyl group in 70% yield over
two-steps (Scheme 4). This not only provides a shorter route to11and13, but also provides the�-lactone
in a higher overall yield (�45% to11and 32% to13 from diol 2 as compared to�20% to9 from diol 2).

Scheme 4.

In conclusion, this highly enantio- and diastereocontrolled route to the�-lactones described illustrates
the utility of the enantioselective dihydroxylation reaction of vinylfuran, eliminating the need for
kinetic resolution of 2-furylcarbinols. The route provides rapid and enantioselective access to a densely
functionalized molecule starting from a commercially available, inexpensive starting material. Further
studies on the use of these chiral building blocks toward the synthesis of this class of natural products
will be reported in due course.
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