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ABSTRACT

The boron enolate of pyrone 2 undergoes asymmetric aldol reactions with aldehydes to give protected anti 1,2-diols 3. The pyrone is readily
available from trans stilbene using asymmetric dihydroxylation. Yields for the aldol reaction range from 62 to 92% and the selectivities from
6:1 to >20:1 for the anti isomers. Protection and hydrogenolysis of the products can be used to remove the pyrone, giving differentially
protected diol intermediates 12 that are amenable to multistep synthesis.

Aldol reactions are often key steps in the synthesis of
complex polyketide, isoprenoid, and carbohydrate natural
products. Of the variations, a general approach to theanti-
selective oxaacetate or glycolate aldol reaction, a useful
process for the generation of contiguous differentially
protected diols, is lacking. A new approach to this problem
is the aldol reaction of the homochiral diphenyloxapyrone
now disclosed. Problems arise with known auxiliaries in that
theE-enolate geometry, needed in the closed transition state
to give theanti-product, is not favored.1 Others are limited
in use to onlyR-alkoxyaldehydes.1g In open arrangements
as with silyl enolates, thesyn-product is produced by either
theE- or Z-enolate geometry.2 Recent methods,3 especially
the norephedrine boron enolate of Masamune,3a provide high
anti-selectivity in propionate versions, yet their application

to the anti glycolate reaction have not been established.4

Chiral boron ketone enolates are particularly useful to access
eithersynor anti products.5 Known asymmetric Mukaiyama
anti-glycolate reactions are limited by the amount of ligand
needed and type of aldehyde used.6 Thioglycolate boron
enolates, requiring 2 equiv of a menthone-derived ligand,
also react with high selectivity.7 Recently an erythrulose
enolate of limited applicability was shown to giveanti
products.8 Alternative approaches include osmium-catalyzed
asymmetric dihydroxylation (AD) which works very well
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(4) Glycolate versions of the norephendrine Masamune auxiliary give
synaldol products: Andrus, M. B.; Turner, T. M. Unpublished results.

(5) (a) Paterson, I.; Tillyer, R. D.J. Org. Chem.1993, 58, 4182. (b)
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for syndiols fromE olefins but is not useful for applications
with Z-alkenes leading toanti diols.9 Allylmetals are
generally limited to Z-γ-alkoxy reagents that givesyn
products.10 A notable exception, which requires stoichio-
metric BINAL reduction, is the very useful indium-mediated
allyltin additions of Marshall.11

While cyclic enolates12 have the distinct advantage of
being constrained to theE-conformation, only a few have
been used in glycolate aldol reactions.12a,b None have been
used to give differentially protected products due to depro-
tection problems. With cyclic glycolates, theE-geometry in
the chair Zimmerman-Traxler transition arrangement pro-
vides theanti adduct (eq 1). We now report a generalanti-

selective glycolate aldol reaction using enantiopure 5,6-
diphenyl-4-oxa-2-pyrone, which is readily available using
the Sharpless AD reaction, reacts with a broad range of
aldehydes, and allows for the convenient attachment of
protecting groups and further elaborations.

S,S-Diol 1 from trans-stilbene was obtained using catalytic
asymmetric dihydroxylation using AD-mix-R in 85% yield,
98% ee.13 Reaction with di-n-butyltin oxide in refluxing
benzene, followed by treatment withtert-butyl bromoacetate
and trifluoroacetic acid, gave2 (Scheme 1).14 Either enan-

tiomeric form of2 is available in two steps from stilbene by
using AD-mix-R or AD-mix-â. Thus, either theS,Sor the

R,Renantiomericanti aldol product can be readily accessed.
Boron reagents and bases were screened to arrive at the
optimal conditions of dicyclohexylboron triflate15 and tri-
ethylamine at-78°C in methylene chloride with2, followed
by addition of isobutyraldehyde (1.2 equiv, Table 1).16 After

holding the reaction at that temperature for 2 h and quenching
with buffer, methanol, and peroxide followed by standard
aqueous workup and chromatography, the desired product3
was obtained in pure form in 86% yield. The stereochemistry
of 3 was confirmed by X-ray crystallography to be theS,S,S,S
isomer as shown.17 The minor isomer4 was shown to be
theS,S,R,R antidiastereomer.18 Di-n-butylboron triflate gave
lower yields and selectivity. The lithium enolate from LDA
and the titanium enolates were also found to be less effective.

Various aldehydes were reacted in high yields, 70-90%
in high to good selectivity,>20:1 to 6:1, using the optimal
conditions (Table 2). Straight chain and branched aldehydes
gave the best results, providinganti products in high yield
and selectivity. Propionaldehyde reacted in 92% yield with
essentially complete selectivity. Branching at theâ-position
lead to lower 8:1 selectivity with isovaleraldehyde. Aromatic
and unsaturated substrates gave products in lower yields and
selectivities. With isovaleraldehyde and benzaldehyde, small
amounts ofsyn products (<1-2%) were also detected.
1-Naphthaldehyde gave 4:1anti selectivity together with a
significant amount ofsynproducts. Reaction ofD-glyceral-
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(17) X-ray data: for3 (R ) i-Pr): monoclinic space groupP21, a )

12.167(3),b ) 5.8264(13), andc ) 13.674(4) Å,â ) 112.742(14)°,V )
893.9,Z ) 2, independent data 1726 (Rint ) 0.0388)R1 ) 0.0500 [I >
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Supporting Information).
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Hz; syn JR,â ) 2 Hz, JR,OH ) 6-9 Hz.
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dehyde acetonide withS,S-2 gave only 6:1 selectivity
together with 30%synproducts. In contrast,R,R-2prepared
using AD-mix-â, gave very high 16:1 selectivity for theanti
products with nosynisomer observed with -glyceraldehyde
acetonide. In all other cases only the twoanti isomers were
found.

The transition state appears to be the Zimmerman-Traxler
arrangement19 with boron acting as a Lewis acid for the
aldehyde and the enolate locked in theE-configuration (eq
1). An open arrangement cannot be ruled out at this time in
that excess boron triflate may directly active the aldehyde.20

Yet, 1 equiv of boron triflate gives a slow reaction with low
yields with goodanti selectivity. In addition, excess triethyl-
amine serves to complex the boron triflate, lowering its
ability to directly coordinate the aldehyde, unlike diisopro-
pylethylamine. Thus, a closed arrangement is most likely
with the aldehyde reacting away from the C5-phenyl to give
the observedS,S,S,Sstereochemistry. Approach of the
aldehyde to the same face bearing the C5-phenyl gives the
minor S,S,R,R antiisomer. As the size of the aldehyde
increases, moresynproducts arise presumably through a twist
boat arrangement. With larger aryl groups, as with di-o-tolyl
521 made in an analogous fashion to that of2, the selectivity
for the reaction is not significantly changed (Scheme 2).

Interestingly, if the C6-phenyl is removed as in8,22 the
selectivity drops to 3:2 for theanti isomers together with
10%synisomers reacted with isobutyraldehyde. With pyrone
2, the selectivity with this aldehyde was much higher at
11:1, giving onlyanti products.

The aldol products can be conveniently elaborated into
differentially protected 1,2-diol substrates suitable for mul-
tistep applications by first protecting the secondary alcohol
in 3 as a silyl ether or as a methyl ether (Scheme 3). The

benzyl ester-ether pyrone is removed by hydrogenolysis
with 10% Pd/C in ethyl acetate to give the protected hydroxy
acid 12 and diphenylethane which is easily removed.
Alternatively,3 can be deprotected directly to the pure diol
acid 11 in one step. Multistep applications to access
differentially protectedanti diol products and further refine-
ments to the pyrone substrate will be disclosed shortly.
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(22) (5S)-5-Phenyl[1, 4]dioxan-2-one8 was prepared in five steps and
33% overall yield from (S)-mandelic acid as follows: LAH reduction of
(S)-mandelic acid (Mosher, H. S.; Dale, J. A.J. Org. Chem.1970, 35, 4002)
gave (S)-phenylethylene glycol. Selective protection of the 1° alcohol as
the TBDPS ether was followed by alkylation of the 2° alcohol by treatment
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