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ABSTRACT

r-Keto esters can be converted into r-hydroxy acids in a single flask involving metal-catalyzed silylene transfer, 6 π-electrocyclization, Ireland −
Claisen rearrangement, and hydrolysis. This reaction sequence is stereoselective and tolerates alkyl- and aryl-substituted r-keto ester substrates
as well as an r-imino ester.

Secondary and tertiaryR-hydroxy acids are common sub-
structures in natural products and serve as important synthetic
intermediates.1 Although a number of methods have been
developed to prepare secondaryR-hydroxy acids,2 the
asymmetric synthesis of tertiary derivatives remains a
significant challenge.3 In this communication, we report a
new strategy for the stereoselective, one-flask synthesis of
enantiomerically enriched tertiaryR-hydroxy acids by si-
lylene transfer toR-keto esters.

Our initial experiments demonstrated that silylene transfer
to allylic R-keto esters resulted in direct formation of

silalactones. Subjecting ester1 to silacyclopropane4 and 10
mol % of AgOTs in toluene provided silalactone2 in 73%
yield as determined by NMR spectroscopy (Table 1).

Optimization of the reaction conditions involved temperature
and catalyst screens and examination of two different silylene
sources.4 The highest yields were obtained using5 as the
source of silylene in conjunction with AgOTs at reduced
temperature.5 Isolation of the products, however, required
refining. All attempts to isolate silalactone2 provided the
silalactone contaminated with the hydrolyzed product3.
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Table 1. Optimization of the Silylene Source

a NMR yield determined using an internal standard (PhSiMe3).
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Purification was simplified by treating the reaction mixture
with HF‚pyridine6 to provide analytically pureR-hydroxy
acid3 exclusively after extraction. This procedure obviated
the need for chromatography.

Silylene transfer toR-keto esters enabled a stereoselective
synthesis ofR-hydroxy acids possessing two contiguous
stereocenters (Table 2). In all cases, theR-hydroxy acids

were formed withg97% diastereoselectivity (as determined
by 1H NMR spectroscopy), and the relative stereochemistry
of each product was assigned by analogy (vida infra).
Silylene transfer was general for a range of substrates,
although higher yields were obtained with less sterically
demanding substrates. In addition, protected allylic and
homoallylic alcohols were tolerated (Table 2, entries 8 and
9).

The proposed mechanism for the synthesis ofR-hydroxy
acids is outlined in Scheme 1. Generation of the silver
silylenoid species4 followed by attack of the ketone carbonyl
oxygen leads to silacarbonyl ylide8, which can then undergo
a 6π-electrocyclization to give silyl ketene acetal9. Although
this intermediate has not been observed, its viability was
demonstrated by the conversion of ethyl pyruvate to a similar
silyl ketene acetal under identical silylene transfer conditions
(Figure 1).7 Subsequent Ireland-Claisen rearrangement of

silane9 through a chairlike transition state provides sila-
lactone10, which was hydrolyzed to giveR-hydroxy acid
7.4,8-11

The silylene-mediated synthesis ofR-hydroxy acids can
be employed to prepare enantiomerically enriched products.9

R-Keto ester13, which was synthesized from commercially
available ethyl lactate,12 was treated under silylene transfer
conditions to provideR-hydroxy acid14 in 77% yield as a
single enantiomer (Scheme 2).13 The relative and absolute
stereochemistry of acid14 was proven by X-ray crystal-
lography of its phenethylamine salt.12 Remote stereocenters
were also observed to influence the configuration of the
R-hydroxy acid product. Although the stereocenter ofR-keto
ester15 would lie outside the chairlike transition state of
the Ireland-Claisen rearrangement, it was able to direct the
stereochemical course of the reaction.14-16
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Table 2. Silylene Transfer to a Range of Substrates

entry R1 R2 product yield (%)a

1 Me Ph 7a 70
2 Et Ph 7b 84
3 i-Pr Ph 7c 54
4 t-Bu Ph 7d 47
5 Ph Ph 7e 71
6 Ph Me 7f 62
7 Ph n-Bu 7g 72b

8 Ph CH2OTBDMS 7h 71
9 Et (CH2)2OBn 7i 75

a Except where noted, one diastereomer was observed by1H NMR
spectroscopy.b A minor isomer (2%) was observed by1H NMR spectros-
copy.

Scheme 1. Proposed Mechanism

Figure 1. Intermediate silyl ether.
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Preliminary experiments demonstrate that this method can
be extended to the synthesis ofR-amino acid derivatives.17

Silylene transfer to imine17 provided azasilalactone18 in
an unoptimized 48% yield (Figure 2). In contrast to the
R-hydroxy acid synthesis (Table 2), the product was isolated
with the silyl protecting group intact. Presumably, the steric
bulk of the anisidine moiety prevented hydrolysis during
extraction.

In conclusion,R-keto esters can be converted intoR-
hydroxy acids in a single flask involving metal-catalyzed
silylene transfer, 6π-electrocyclization, Ireland-Claisen re-

arrangement, and hydrolysis. This reaction sequence is
stereoselective and tolerates alkyl- and aryl-substitutedR-keto
ester substrates as well as anR-imino ester.
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Scheme 2. Transfer to Chiral Substrates

Figure 2. Transfer to theR-imino ester.
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