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Abstract—The asymmetric epoxidation of unfunctionalized olefins has been achieved using 3-keto bile acids as optically active
inducers and Oxone. Opposite enantioselectivities can be obtained depending on the specific substitution of the bile acids.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Chiral dioxiranes, generated in situ from Oxone and the
appropriate optically active ketones, are documented as
oxygen transfer reagent for asymmetric epoxidation.1,2

In the oxidation of unfunctionalized olefins significant
results (ee 698%) have been achieved, among others,1a

by Shi and co-workers, using fructose derived ketones3

and Yang et al. employing C2 symmetric carbonyl
compounds.4

In two recent papers5 we have reported an efficient epox-
idation protocol based on the use of bile acid derivatives
as optically active carbonyl inducers for the enantiose-
lective epoxidation of cinnamic acids with ees up to
95%. More importantly, the control of the enantioselec-
tivity was obtained by specific substitution at carbons
C(7) and C(12) of the bile acid. Bile acids, which have
carbonyl functions at C(3) and specific and stereochem-
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ically appropriate C(7) substitutions, such as 1a or 1b,
led to the formation of epoxides with a (�) specific rota-
tion sign, whereas C(12) substitution such as 1c gave rise
to the opposite (+) epoxy enantiomer.

Herein, we report our preliminary results on the asym-
metric epoxidation of unfunctionalized olefins using
the bile acid–Oxone system.
2. Results and discussion

The bile acids that have been used are all inexpensive
and commercially available derivatives and have a car-
bonyl function at carbon C(3), activated by the Oxone,
and an a-hydroxy substituent at C(7), 1a, or at C(12),
1c, to control the sense of asymmetric induction. The re-
sults of the asymmetric oxidations of prochiral alkenes
to the corresponding epoxides are shown in Table 1.
1a   X = α-OH, H; Y=H, H

1b   X = α-OC(O)(CH2)2COOH, H; Y=H, H

1c   X = H, H;  Y= α-OH, H
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Table 1. Asymmetric epoxidation of unfunctionalized alkenes with keto bile acid derivatives 1a or 1c and Oxone at 20�Ca

Substrate Bile acid 1a Bile acid 1c

Yield % Ee % Config. Yield % Ee % Config.

Ph

Ph

90 54 (�)-(1S, 2S) 55 43 (+)-(1R,2R)

Ph

Me

99 37 (�)-(1S, 2S) 80 15 (+)-(1R,2R)

59b 48b 58b 50b

Ph

Me

99 33 (+)-(R) 75 41 (�)-(S)

Ph

Ph

Me

50 49 (�)-(1S, 2S) 75 44 (+)-(1R,2R)

Ph
40 30 (�)-(S) 45 34 (+)-(R)

Tol
95 30 (�)-(S) 65 48 (+)-(R)

a Reaction conditions: substrate (0.08mmol), Oxone (0.4mmol), ketone (0.08mmol), water–CH3CN (1:1 v/v), EDTA (4 · 10�4M), pH ca. 8

(NaHCO3).
b Reaction performed at 0 �C under otherwise identical conditions.
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All the epoxidations were carried out in water–CH3CN
(1:1 v/v) in the presence of EDTA (4 · 10�4M) as seque-
strant of trace metal ions,6 at pH ca. 8 (NaHCO3), with
temperatures in the range 0–20 �C and in the absence of
phase-transfer agents (Eq. 1).
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Mono-, trans- and gem-di-substituted and trisubstituted
olefins were epoxidized with yields varying from 40% to
99% using a substrate:Oxone:bile acid ratio of
1:5:1equiv, in 3h reaction time. As already pointed
out, for all the epoxides, the systematic inversion of
the configuration was observed depending on the bile
acid used, with ee values ranging from moderate to
good. The work-up proved simple and straightforward.
The reaction was diluted with water, extracted with
ethyl acetate and the yields and ee values obtained by
GC analysis on a chiral column (Megadex DETTBS).
Absolute configurations were determined on purified
epoxides by comparison with literature values.1a From
the aqueous layer, the bile acid derivatives can be almost
quantitatively recovered upon acid treatment and reused
without loss of activity. Temperature is an important
factor for the oxidation with dioxiranes generated
in situ.5b,7 For example with trans b-methyl styrene, by
decreasing the temperature from 20 to 0 �C, the ees in-
crease from 37% to 48% and from 15% to 50%, but with
a significant decrease of the chemical yields, from 99% to
59% and from 80% to 58% for identical reaction times
(Table 1). In the absence of bile acid, the epoxidation
was rather inefficient with 5% conversion after 24h.

Efforts devoted to the optimization of reaction condi-
tions and to the extension of the oxidation protocol to
unfunctionalized cis olefins are currently in progress.
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