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The controlled construction of carbon-carbon bonds is of
fundamental importance in organic chemistry. Unfortunately,
there are relatively few methods for performing this task with
absolute stereocontrol. We wish to report here an asymmetric
variation of the Baylis-Hillman reaction as a novel method to
realize this objective.
The tertiary amine catalyzed addition of an acrylate to an

aldehyde is widely referred to as the Baylis-Hillman reaction
(Figure 1).1 This reaction activates an acrylate group to form
a carbon-carbon bond via nucleophilic attack of an aldehyde,
thereby creating a new stereocenter. Selective formation of this
stereocenter would provide a route to optically enriched
R-methylene-â-hydroxy esters, useful building blocks in organic
synthesis.1 These compounds have previously been converted
to a variety of other products with high stereospecificity,
including aziridines,2 epoxides,3 triols,4 and anti aldol adducts.5

Numerous attempts have been made to introduce stereoselec-
tivity into the Baylis-Hillman reaction using optically pure
amine catalysts,6 aldehydes,7 and acrylates.8 However, no
reliable, highly enantioselective process has emerged to date.
We have found a system that routinely provides Baylis-Hillman
products in greater than 99% enantiomeric excess in moderate
to excellent yields with a variety of achiral aldehydes. Chiral
auxiliaries have been proven to be a highly effective method
of introducing stereochemistry into a molecule in a recoverable
fashion.9 Particularly useful in this regard has been the
camphor-derived Oppolzer’s sultam.10 It is readily available
as either antipode and typically leads to excellent transfer of
chirality.11

In practice, Oppolzer’s sultam was found to be an ideal
auxiliary in the Baylis-Hillman reaction (Table 1). The reaction
proceeded smoothly with a variety of aldehydes to yield products

that were essentially optically pure.12 The reaction works best
when the aldehyde substrates are unbranched at theR-position,
as evidenced by the results with isobutyraldehyde (2d) and
benzaldehyde (2h). Furthermore, the auxiliary was fortuitously
cleaved under the reaction conditions by incorporation of a
second equivalent of the aldehyde, thereby rendering1 as a
renewable source of chirality in this case.13

The 1,3-dioxan-4-ones produced in this manner were easily
converted intoR-methylene-â-hydroxy esters (Scheme 1). As
mentioned above, this is a versatile template for further
manipulation. For example, products such as3 were directly
converted into the corresponding anti aldol adducts (4) via
directed reduction of the olefin.5,14 Given the difficulty typically
associated with direct generation of this stereochemical array,15
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this serves as a practical alternative, affording the adducts in
optically pure fashion in short order. These reductions also
helped to confirm the absolute stereochemical outcome of the
initial Baylis-Hillman reactions.16

A demonstration of the utility of this reaction is manifested
in the total synthesis of tulipalin B (6, Scheme 2), the contact
dermatitic agent in tulip bulbs.17 The product could be obtained
in essentially two steps from2f.18
Two factors are instrumental in controlling the absolute

stereochemistry of the products: the demonstrated preference
of acrylate 1 for addition to its C(R) re face10 and the
requirement of an open transition state. The addition of catalyst
to 1 results in formation of theZ enolate,19 which could lie in
either of the two rotamers8 or 9 (Figure 2). Rotamer8, with
the carbonyl syn to the sulfonyl group, has been shown to be

favored in reactions where a Lewis acid is present to chelate
the carbonyl group and the sulfonyl group.10a Conversely, in9
the carbonyl is preferentially oriented anti to the sulfonyl group
in nonchelated reactions in order to minimize dipole interactions
between these groups.10b This anti configuration should there-
fore be favored in the Baylis-Hillman reaction. In all reactions
with acrylate 1, addition to there face of the acrylate is
favored,10 presumably due in this case to steric interactions with
the axial oxygen of the sulfonyl group, which effectively
prevents addition to the bottom (si) face.10

Reaction of the aldehyde at there face of the enolate is
represented by10, with the proton favorably approaching over
the bulky quaternary ammonium group. Such a reaction would
generate11, a product similar to that obtained via a syn aldol
addition.15 The R-stereocenter is subsequently lost upon
elimination of the tertiary amine.
In summary, we have demonstrated that Oppolzer’s sultam

can be used in the Baylis-Hillman reaction to obtain products
of very high enantiomeric purity. These cyclic products can
easily be opened to give optically pureR-methylene-â-hydroxy
esters, which are useful building blocks in organic synthesis
and precursors to anti aldol adducts. The absolute stereochem-
istry of these compounds has been assigned through conversion
to known products and by the total synthesis of tulipalin B.
Coupled with the pronounced acceleration of this reaction at
low temperature,20 this should prove to be a generally useful
and practical synthetic transformation, and work is underway
to further expand the utility of these products.
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