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00185 Roma, Italy
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Abstract—A study on the addition of boron enolates of methyl ketones to trans �,�-epoxy aldehydes is reported. The reaction
proceeds with an excellent anti stereoselectivity, consistent with the Felkin–Ahn model, toward the synthesis of hydroxylated
compounds with defined stereochemistry. © 2002 Published by Elsevier Science Ltd.

Optically active functionalised 1,2 or 1,3 polyhydroxyl-
ated fragments of defined stereochemistry are valuable
synthetic intermediates for the preparation of many
natural products such as polyene macrolide antibiotics.1

Many synthetic methodologies leading to these struc-
tures have been developed, either starting from avail-
able natural compounds, either employing chiral
precursors obtained by asymmetric chemical or by bio-
catalytic transformations.

Over the last few years we have extensively investigated
both new biocatalytic2 and chemical methodologies to
this end. Regarding new chemical approaches, our
attention was focused on two different routes:
diastereoselective reduction of �-hydroxy ketones and
hydroxy diketoesters3 and, more recently, regio- and
stereoselective opening and subsequent elaboration of

2-functionalised three-membered heterocycles, such as
epoxides4 and aziridines.5

In this context �,�-epoxy aldehydes, easily obtained in
optically active form by the oxidation of the corre-
sponding chiral epoxy alcohols, seem very useful sub-
strates toward the synthesis of polyhydroxylated
compounds. In fact their controlled ring opening and
nucleophilic addition to the carbonyl group could allow
the elongation of the chain with the formation of three
stereogenic contiguous centers.

This hypothesis has been confirmed in our recent results
on the study of the stereocontrolled Grignard addition
to these substrates. In fact two different methodologies
have been developed to prepare 3-bromo-1,2-diols with
complementary stereochemistry in good yields with
excellent stereoselectivity (Scheme 1).6

Prompted by these results, we decided to extend our
studies on the diastereocontrolled aldol addition of
ketones to trans �,�-epoxy aldehydes, obtainable in
optically active form with a better enantiomeric excess
than the corresponding cis ones.

This reaction has never been extensively exploited; one
early study reported the diastereoselective addition of
various lithium ester enolates to particular �,�-epoxy
aldehydes with vicinal alkoxy groups.7 Excellent
diastereofacial preference in favour of the anti isomer
was observed in the addition of t-butyl lithium acetate
to cis 4-alkoxy-2,3-epoxy butanal, with a synergic effect
of the temperature and enolate excess (anti :syn �13:1)
(Scheme 2), through a Felkin–Ahn T.S. model in order
to explain this asymmetric induction.

Scheme 1.
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Scheme 2.

Scheme 4.

More recently, the same authors reported further
results where the remote alkoxy group does not seem to
sensibly influence the aldols ratio.8

Instead, we have chosen to investigate the aldol addi-
tion of ketone enolates to alkyl substituted �,�-epoxy
aldehydes, because in this case it would have been
possible to easily obtain another stereogenic center by
the known diastereoselective reduction of the formed
�-hydroxy ketone to anti9 or syn10 1,3-diol, as shown in
the general strategy depicted in the Scheme 3.

Our preliminary studies were restricted, for conve-
nience, to racemic compounds and we chose, as a
standard test reaction, the addition of the pinacolon
enolate to the trans �,�-epoxy hexanal.

At first we employed the same reaction conditions
shown in Scheme 2, but a 1:1 diastereomeric mixture of
aldols was obtained (Scheme 4).

The stereochemical assignment for the obtained epoxy
alcohols was based on their spectral characteristic. It is
reported11 that the general trend for these diastereoiso-
mers is that CHOH of the anti isomer (corresponding
to 3R*,4S*) absorbs at lower field than that of the
corresponding syn isomer (corresponding to 3R*,4R*).
This behaviour was also observed for the
diastereomeric epoxy alcohols 1a and 1b, when the
resonance of the CHOH of 1a (4.06 �) is shifted by
0.15 ppm downfield relative to the corresponding reso-
nance of the CHOH of 1b (3.91 �). Consequently we
attributed the anti configuration to 1a and the syn
configuration to 1b.

In the light of this result we decided to change the
means of generating enolates exploiting the behaviour
of boron enolates, extensively employed in the stereose-
lective aldol additions.

Table 1. Addition to aldehyde 1

Yield (%)T (°C) anti 1a/syn 1ba

70:30−78 58
−78 to rt 62 �95:5

a t-Butylboron enolate was added in a 1:1 ratio with aldehyde.
Increasing the ratio (2:1) both chemical yield and diastereoselectiv-
ity did not significantly change.

Figure 1.

Thus, the dibutylboron enolate, formed by adding
B2BOTf and DPEA to pinacolon at 0°C for 30 min,
was allowed to react with trans �,�-epoxyhexanal in the
usual standard conditions12 at the temperature reported
in Table 1.

As reported, the reaction furnished predominantly one
diastereoisomer (compound 1a) when carried out at
−78°C and only one detectable diastereoisomer when
the reaction mixture was slowly allowed to warm up to
room temperature.13 This moderate dependence of the
diastereomeric ratio from the temperature led us to
speculate that both kinetic and thermodynamic control
of the reaction were in favor of the anti isomer.7b A
Felkin–Ahn model for the T.S. can be also invoked to
explain the observed diastereoselectivity (see Fig. 1).

In the shown model we can assume that the incoming
nucleophile attacks antiperiplanar to the oxygen of the
epoxide ring, considered as the largest group of the
molecule.

The general applicability of the methodology was
extended to different trans substituted aldehydes such
as the trans 3-cyclohexyl-2,3-epoxypropanal 2 and the
trans 3-tbutyl-2,3-epoxypropanal 3, when a steric bulky
substituent is present on the C-3 position (Table 2). TheScheme 3.
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Table 2. Addition of boron enolates to �,�-epoxy aldehydes 1, 2 and 3

addition was also performed on trans 3-phenyl-2,3-
epoxypropanal, but in this case a complex mixture of
products was obtained, probably due to the high reac-
tivity of the benzylic position.

Moreover, we performed the reaction with 3-methyl-2-
butanone to further extend the addition also with
ketones having two different enolizable sites (see Table
2). Generally, in these cases, the presence of tertiary
amines, such as DPEA, allows the prevalence of the
kinetically controlled regioisomer.

The observed results demonstrate that the stereoselec-
tivity does not depend on the hindrance present at the
oxirane ring and, consequently, the methodology can
be considered of general applicability.

The studies carried out allow us to conclude that the
aldol condensation of boron enolates with trans �,�-
epoxy aldehydes, easily obtainable in optically active
form from the corresponding trans allylic alcohols,
proceeds with excellent stereoselectivity in favour of
anti diastereoisomer, as predicted by T.S. Felkin–Ahn
model. The possibility of utilizing this procedure in the
synthesis of complex natural products is currently
under investigation.
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