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proline-catalyzed crossed-aldol reaction
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Abstract—Catalytic enantioselective synthesis of prelactone B has been achieved in only four steps. A direct proline-catalyzed
aldehyde–aldehyde aldol reaction is employed as the sole source of chirality.
© 2003 Elsevier Ltd. All rights reserved.

Recent discoveries from the laboratories of List,1 Bar-
bas,2 MacMillan3 and Jørgensen4 in proline-catalyzed
direct aldol reactions5 have established that highly
enantioselective couplings both between aldehydes and
ketones as well as between two aldehydes can be
achieved with inexpensive proline. In spite of its impor-
tance, the latter variant, the highly enantioselective
aldehyde-aldehyde cross-coupling reaction,3 has not yet
been employed in the context of total synthesis. Herein,
we report a very short, highly enantioselective synthesis
of prelactone B where all chirality derives from a catalytic
quantity of proline.6

Prelactone B is a natural product isolated from
bafilomycin-producing Streptomyces griseus (strain Tü
2599 ana 18), representing an early metabolite in the
biosynthesis of polyketide antibiotics.7 Inspired by its
biogenesis, we envisioned that prelactone B could be
readily accessed by two consecutive aldol reactions, the
first one of these being an organocatalytic crossed-aldol
(Scheme 1).

Our synthesis (Scheme 2)8 began with the MacMillan
variant of the proline-catalyzed crossed-aldol reaction3

between isobutyraldehyde and propionaldehyde, afford-
ing the aldol product 6 in >99% ee and 40:1 anti :syn
selectivity.9 In comparison with the MacMillan proce-
dure,3 we found it advantageous to employ a substantial
excess (4 equiv.) of isobutyraldehyde in this reaction to
suppress the formation of the propionaldehyde dimeriza-
tion side product. The capricious nature of the �-hydrox-
yaldehyde product 610 necessitated that the precious
aldol product be immediately processed further before
decomposition could set in. After some experimentation,
we found that the crude aldol product 6 could be cleanly
protected as a TBS ether 7 in a mixture of Et2O and
CH2Cl2 (61% overall from propionaldehyde).11

Setting up the remaining stereocenter required a Felkin-
selective aldol reaction between an ester enolate equiva-
lent and 7. Similar highly diastereoselective
Mukaiyama-type aldol reactions between �,�-chiral
aldehydes and silyl enol ethers derived from ketones

Scheme 1. Retrosynthetic analysis of prelactone B and the building blocks.
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have been extensively studied by Evans12 and others.13

However, to the best of our knowledge, diastereoselec-
tive aldol reactions between chiral �,�-disubstituted
aldehydes and ketene silyl acetals derived from esters
have not been previously documented. To our delight,
exposure of aldehyde 7 to ketene silyl acetal 3 in the
presence of BF3·Et2O afforded the desired Felkin
product 2 in 65% yield as the only observed
diastereomer.14 This result thus supports the Evans
model.12

With the carbon skeleton of prelactone B in place, final
global deprotection and lactonization with HF in
MeCN/H2O15 gave (−)-prelactone B 1 as a highly crys-
talline solid (mp 98–99°C). Synthetic 1 proved to be
identical to the natural product in all respects (mp, IR,
NMR, HRMS)16 with the exception of its optical rota-
tion, which was similar in magnitude but opposite in
sign ([� ]D=−46 (c 0.42, MeOH); lit.7 [� ]D=+38.3 (c 0.6,
MeOH). Thus, the unnatural enantiomer of 1 was
produced; the natural (+)-1 enantiomer could similarly
be accessed starting with D-proline as the catalyst.

In summary, we have achieved a short, catalytic, enan-
tioselective and nearly completely diastereoselective
synthesis of (−)-prelactone B in only four steps and 22%
overall yield. Our synthesis is the shortest reported so
far and requires only inexpensive reagents.17 Studies to
combine the proline-catalyzed aldol reactions with the
realm of aqueous Mukaiyama aldol chemistry are in
progress.
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