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ABSTRACT

Introduction of a homochiral p-tolylsulfinyl group at an appropriate position in the alkene accelerates the thermal [5C + 2C] intramolecular
cycloaddition to â-silyloxy-γ-pyrones and, most importantly, leads to excellent levels of diastereodifferentiation. The resulting adducts can be
easily desulfinylated to give optically active 8-oxabicyclic[3.2.1]octane intermediates which by virtue of their rich functionalization might be
susceptible to elaboration into enantiomerically pure natural products containing seven-membered carbocycles and tetrahydrofurans.

The great utility of 8-oxabicyclo[3.2.1]octane frameworks
as versatile, stereochemically biased building blocks in
organic synthesis1 is currently encouraging the development
of methods to prepare these bicycles as single enantiomers.
Of the few approaches hitherto described, the most effective
are based on the desymmetrization of meso derivatives2 and
on asymmetric versions of allyl cation-furan [4 + 3]
cycloadditions.3 Very recently an asymmetric [5C+ 2C]
cycloaddition of a carbonyl ylide to dimethylacetylenedi-
carboxylate4 and an elegant [5+ 2] cycloaddition of
pyranylmolybdenumπ-complexes to electron-deficient al-
kenes5 have also been reported. Whereas these efforts

represent a significant contribution in the area, the develop-
ment of a truly practical and general alternative for the
assembly of enantiopure oxabicyclo[3.2.1]octane structures
remains an important synthetic objective.

Our work in recent years has shown that the intramolecular
thermal [5C+ 2C] cycloaddition ofâ-alkoxy-γ-pyrones to
alkenes is a remarkably practical method to assemble
relatively complex 8-oxabicyclo[3.2.1]octane skeletons from
simple, readily available precursors.6 The particularly rich
functionalization of the resulting adducts offers unique
possibilities for gaining rapid access to a variety of valuable
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cyclic systems.7 Therefore, the implementation of an asym-
metric version of this cycloaddition showed itself as a
meaningful, challenging goal.

We have already shown that incorporating a sulfoxide in
the tether connecting the pyrone and the alkene leads to
modest levels of diastereofacial selectivity (X) SO, Y )
H, Scheme 1).8

Since this strategy is intrinsically limited by the presumable
difficulty in preparing enantiorich precursors, we envisaged
an alternative approach based on the introduction of a
homochiral sulfoxide unit at thetrans terminal position of
the alkene (Y) SOAr).9 Despite our concern about a
potentially deleterious steric effect of this substituent on the
cycloaddition rate, it was reasoned that the obligatoryendo
approach of the sulfoxide group to the pyrone might give
rise to satisfactory levels of dissimilar facial interference.
Herein we show that the approach is indeed successful,
representing the first efficient application of a sulfur-based
chiral auxiliary in an intramolecular homo Diels-Alder type
of reaction.10

The feasibility of the strategy was tested on dinitrile2a,
which was readily prepared in good yield from the known
bromopyrone17b by displacement with malononitrile and
subsequent coupling with the enantiopure mesylate3 (Scheme
2). This compound was prepared by mesylation of the

corresponding alcohol ([R]20
D ) +234, c 1, CHCl3, [R]20

D

lit ) +233,c 1, CHCl3), itself obtained by following a known
procedure.11 Remarkably, the cycloaddition of2a could be
efficiently carried out by simple heating in toluene under
reflux for 10 h (Table 1). These thermal conditions are

considerably milder than those needed to induce the reaction
of its alkene-unsubstituted analogue (12 h at 160°C or more
than 60 h at 110°C).7c This result indicates that the presence
of the sulfinyl substituent does not hamper the reaction but
actually accelerates it, probably by exerting a moderate
electron-withdrawing effect which activates the alkene
toward the cycloaddition. Most importantly, the diastereo-
selectivity of the reaction was notable (4a/5a91:9, see Table
1), more than fulfilling our expectations in terms of the
anticipated facial differentiating effect of theendo-placed
arylsulfinyl group.

This high diastereoselectivity was also obtained with
substrates bearing other type of pyrone-alkene linkers, such
as dicarboxylate2b or sulfide2c, with their cycloaddition
being again faster than that of their unsubstituted alkene
analogues (Table 1).
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Table 1. Intramolecular [5+ 2] Thermal cycloaddition

entry pyrone X yield, %a 4:5b time, h

1 2a C(CN)2 98 4a:5a (91:9) 10
2 2bc C(CO2Et)2 99 4b:5b (97:3) 3.5
3 2cd S 95 4c:5c (93:7) 46

a Combined isolated yield after chromatography.b Ratio determined by
1H NMR of the crude reaction mixture.c The cycloaddition of its alkene-
unsubstituted analogue requires heating for 12 h at 110°C. d The cycload-
dition of its alkene-unsubstituted analogue requires heating for 40 h at 160
°C.
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Diastereoisomeric products4 and5 were easily separated
by flash chromatography, and their structures were estab-
lished by1H NMR on the basis of the shielding (anisotropic
effect of the aryl group) and deshielding (syn-axial effect of
the sulfinylic oxygen) effects observed in the major and the
minor diastereoisomers with respect to their sulfide homo-
logues.12 The hydrogens more affected are bold in the Figure
1.

The stereochemical outcome of the above reactions could
be rationalized by assuming that the alkenyl sulfoxide unit
adopts anS-trans conformation in order to avoid repulsive
dipole-dipole interactions with the pyrone, disfavoring the
approach from the face of the sulfoxide displaying thep-tolyl
group (Figure 2).13

It was now pertinent to demonstrate that the above
cycloaddition occurred without racemization at the sulfur and
hence that the cycloadducts could be desulfinylated to
synthetically valuable enantiopure derivatives. Several at-
tempts to remove the sulfoxide from dinitrile4a gave

complex reaction mixtures, probably because of concomitant
reactions of the reducing agents with the nitriles. However,
treatment of diester4b with excess of Raney nickel in
refluxing THF did afford the expected enantiomerically pure
tricycle6 (ee> 96%),14 a class of building block with evident
potential for obtaining synthetically appealing bicyclo[5.3.0]
ring systems (Scheme 3).15 On the other hand, similar

treatment of sulfoxide4c under an atmosphere of hydrogen
gave optically active oxabicycle7 (ee> 96%).14

We have already shown for the racemic case that this type
of oxabicyclic R-silyloxyketone is particularly useful for
obtaining stereochemically rich tetrahydrofurans.7a,b

In summary, attaching ap-tolylsulfinyl group at an
appropriate position in the alkene leads to acceleration of
its thermal [5C + 2C] intramolecular cycloaddition to
â-silyloxy-γ-pyrones and, most importantly, leads to excel-
lent levels of diastereodifferentiation. The ready availability
and low cost of a variety of homochiral sulfinyl-containing
cycloaddition precursors coupled with the polyfunctional
nature of the oxabicyclic products augurs well for the
application of the strategy to the enantioselective synthesis
of natural products containing seven-membered carbocycles
and tetrahydrofurans.
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