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â-Lactones (2-oxetanones) have recently emerged as
important synthetic targets due to their occurrence in a
variety of natural products, their utility as versatile
synthetic intermediates, and their use as monomers for
the preparation of biodegradable polymers.1 As part of
a program directed toward the asymmetric synthesis and
the development of new transformations of â-lactones,
we have been searching for general and efficient diaster-
eo- and enantioselective methods for their preparation.
In connection with these studies, we now report on an
exceptional tandem aldol-lactonization process that pro-
vides direct access to achiral and chiral 3,4-disubstituted-
â-lactones with high stereoselectivity.2 This method
builds on work recently reported by Hirai and co-workers3
and compliments the tandem aldol-lactonizations re-
cently reported by Danheiser4 and Schick5 employing
enolates derived from various acid derivatives. The latter
methods provide good yields of â-lactones from ketones
and some aldehydes; however, the stereoselectivity of
these reactions with aldehydes appears to be highly
dependent on the substitution of the thiol ester and
aldehyde employed. In contrast, the tandemMukaiyama
aldol-lactonizations reported herein employing readily
available ketene thioacetals 2b and 2c6 and both racemic
and optically active aldehydes proceed at ambient tem-
perature with high levels of stereocontrol (Scheme 1).7 In
addition, this process provides the first general route to
R-unsubstituted-â-lactones by a tandem-aldol lactoniza-
tion sequence in contrast to previous methods.5 The
utility of this method is demonstrated by a concise
synthesis of (-)-panclicin D,8 a recently isolated pancre-
atic lipase inhibitor with twice the inhibitory activity of

the recently approved antiobesity agent tetrahydrolip-
statin (Orlistat).9

Treatment of various aldehydes in a methylene chlo-
ride slurry of freshly fused ZnCl2 with the readily
available ketene thioacetal 2b gave almost exclusively
the trans-R-methyl â-lactones 3a-f in moderate to good
yields (Table 1).10 Purification of the â-lactones was
simplified in some cases by treatment of the reaction
mixture with CuBr2 followed by hydrolysis which re-
moved both unreacted ketene thioacetal and any thiol
ester formed during the reaction.11 The stereochemistry
of the â-lactones 3 was readily assigned by inspection of
the coupling constants of the C3,C4 protons of the
â-lactone ring (JHa,Hb∼ 6 Hz for cis, 4-4.5 Hz for trans).12
The stereochemical outcome of these reactions is in
accord with previous reports of Mukaiyama aldol reac-
tions employing ketene thioacetals which proceed through
open transition states.13 An exception is the reaction
with p-nitrobenzaldehyde which is the single example of
â-lactone synthesis reported by Hirai. In this case, the
methyl-substituted ketene thioacetal 2a was employed
and the cis-substituted â-lactone 3hwas the only product
isolated (23% yield).3a We obtained the same â-lactone
employing ketene thioacetal 2b (Table 1, entry 15), and
the cis stereochemical outcome was verified by single
crystal X-ray analysis.14 This intriguing reversal in
stereoselectivity with p-nitrobenzaldehyde is consistent
with a recent report of TiCl4-mediated aldol condensa-
tions of benzaldehyde and ketene thioacetals;7 however,
a rationalization of the stereochemical outcome in the
present reaction involving ZnCl2 must await further
studies. As mentioned above, the present tandem reac-
tion can also be applied to the synthesis of R-unsubsti-
tuted â-lactones 4a-g using the acetic acid derived
ketene thioacetal 2c (Table 1).
Some limitations of the present method were noted.

In the case of pivalaldehyde, the reaction only proceeds
when the acetal 2c is employed (cf. entries 13, 14). When
this aldol-lactonization procedure was applied to R,â-
unsaturated aldehydes and some aromatic aldehydes no
â-lactones were isolated, but instead olefinic products
derived from apparent in situ elimination of the â-lac-
tones were detected in the crude reaction mixtures.15 In
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addition, while some aldehydes bearing pendant pro-
tected alcohols provided the desired â-lactones, others
gave products resulting from further reaction of the
presumed â-lactone intermediate.16
The utility of this methodology is demonstrated by an

extremely concise total synthesis of (-)-panclicin D. The
synthesis began with a Brown asymmetric allylation of
n-octanal using d-B-allyldiisopinocampheylborane (dIpc2-
BAll)17 to give the homoallylic alcohol 6 in 55% yield and
92% ee (Scheme 2).18 Alcohol protection followed by
ozonolysis provided the aldehyde 8 in 88% yield (two
steps). Application of the tandem aldol-lactonization to
this aldehyde and ketene thioacetal 919 proceeded smoothly
to give the â-lactones 10 as a 9.3:1 mixture of diastereo-
mers. These were directly desilylated to afford the more
readily purified, hydroxy â-lactones 11, that were sepa-
rable by flash chromatography, in 53% overall yield from
aldehyde 8. As expected, the major diastereomer 11
possessed a trans-substituted â-lactone (JHa,Hb ) 4.2 Hz),
and the relative stereochemistry was subsequently de-
termined to be anti by conversion to (-)-panclicin D.
Mitsunobu reaction employingN-formylglycine provided
synthetic (-)-panclicin D (12) which displayed spectral
and physical properties that matched those of the natural
product ([R]20D ) -23.0 (c 0.30, CHCl3); lit. [R]20D ) -23
(c 0.30, CHCl3)).8b This synthesis constitutes one of the
most concise and efficient routes to this class of lipase
inhibitors (six steps, 20% overall yield from n-octanal)
and is readily adapted to prepare any member of this
family.
In conclusion, we have found that the ZnCl2-medi-

ated tandem aldol-lactonization reaction provides an
expedient, mild, and highly stereoselective route to
â-lactones from aldehydes and readily available ketene
thiopyridylacetals. The simplicity and high diastereo-

selectivity should make this procedure the method of
choice for preparing various trans-3,4-disubstituted â-lac-
tones as demonstrated by the first total synthesis of (-)-
panclicin D. We are presently seeking to further optimize
this aldol-lactonization sequence, and the results of these
studies will be described in a full account of this work.
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Table 1. Synthesis of Racemic â-Lactones 3 and 4 via
Tandem Aldol-Lactonization of Aldehydes and Ketene

Acetals 2b and 2c

Scheme 2a
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