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Chiral dioxiranes have appeared to be promising
reagents for asymmetric epoxidations, particularly for
trans-olefins bearing no allylic alcohol groups.1-4 Re-
cently, we reported a highly enantioselective epoxidation
method of trans and trisubstituted olefins using a fructose-
derived ketone 1 as catalyst and Oxone as oxidant (eq
1).5 However, a drawback of our initial epoxidation

procedure was that an excess of ketone (3 equiv) was
required in order to achieve a good conversion of sub-
strate due to the rapid decomposition of the catalyst.
Herein we wish to report a catalytic asymmetric epoxi-
dation process, which results from our subsequent mecha-
nistic studies.
Strict control of the reaction pH is critical for the

efficiency of the epoxidation mediated by in situ gener-
ated dioxiranes. Typically, epoxidations are carried out
at pH 7-8.3,4,6 In certain cases, the optimal pH is within
a narrow window of 7.8-8.0.3c Generally, the epoxidation
efficiency drops dramatically with the increase of pH

because of the rapid autodecomposition of Oxone at high
pH.3c,6a,7 In addition to the autodecomposition of Oxone,
another potential problem for the epoxidation at high pH
is that the uncatalyzed background reaction could be
significant,8 which is undesired for asymmetric epoxida-
tions. In light of these two problems, our initial epoxi-
dations were carried out at pH 7-8. At this pH, we found
that ketone 1 decomposed very rapidly. Our results to
date suggest that the Baeyer-Villiger reaction could be
one of the major decomposition pathways for the catalyst
(Figure 1), although no direct evidence has been obtained
thus far. Further analysis of the reaction scheme shown
in Figure 1 suggests that the competing Baeyer-Villiger
reaction may be suppressed by raising the pH, since high
pH favors the equilibrium toward intermediate 3. This
could consequently lead to a more efficient formation of
dioxirane 4.9 We surmised that the above problems
associated with high pH could possibly be overcome if
the ketone catalyst is reactive enough to compete with
these two processes. With this hope, we decided to carry
out a systematic investigation of the pH effect on the
epoxidation with ketone 1.
We used trans-â-methylstyrene as a test substrate for

the pH studies because of its simplicity for the determi-
nation of the conversion and enantiomeric excess by GC.
In this case, 20% mole catalyst was used. The reaction
was carried out at 0 °C (ice bath). The epoxidation
reactions essentially stopped after 1.5 h at all pH’s
studied. The results with the 1.5 h reaction time are
shown in Figure 2. Indeed, the pH showed a profound
effect on the catalyst efficiency. The conversion of trans-
â-methylstyrene to its epoxide increased more than 10-
fold from a lower pH (7-8) (our initial epoxidation was
carried out at this pH range) to a higher pH (>10), and
the enantioselectivity remained high at higher pH (90-
92% ee). In addition, the broad optimal pH range
simplifies the experimental operation. The enhanced
epoxidation efficiency could be due to the decrease of the
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Figure 1. Reaction pathways of the epoxidation catalyzed by
ketone 1.
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Baeyer-Villiger reaction and the increase of the nucleo-
philicity of Oxone.
Encouraged by this result, we investigated the gener-

ality of this catalytic system with a variety of olefins. The
epoxidation was carried out at pH 10.5, which can be

conveniently achieved by adding K2CO3. The results
(Table 1) show that this catalytic process can be extended
to other olefins, and the enantioselectivities are slightly
improved compared to the earlier conditions.5 It is also
worth noting that the amount of Oxone used in this
catalytic process is actually decreased compared to the
previous epoxidation conditions,11 which indicates that
ketone 1 is sufficiently reactive to compete with the
autodecomposition of Oxone.12
The chiral epoxides prepared by the current method

should be synthetically useful. For example, epoxide 6
(entry 7) can be readily converted to the hydroxyllactone
7 by one pot saponification and acidification without the
loss of ee (eq 2).13 This type of lactone is an important
fragment in many natural products.14

In summary, we have found that pH has a dramatic
effect on the epoxidation efficiency of ketone catalyst 1.
As a result, a catalytic asymmetric epoxidation process
has been developed. The enantioselectivity is very high
in many of the cases studied. Since both ketone 1 and
Oxone are readily available, the current epoxidation
process has a high potential for practical use. Future
efforts will be devoted to further understanding of the
factors involved in this epoxidation reaction and enhanc-
ing the enantioselectivity by optimizing reaction condi-
tions and designing new ketone catalysts.
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Figure 2. Plot of the conversion of trans-â-methylstyrene
against pH (for details see the text and the Supporting
Information).

Table 1. Catalytic Asymmetric Epoxidation of
Representative Olefins Catalyzed by Ketone 1a

a All reactions were carried out at 0 °C (bath temperature) with
substrate (1 equiv), ketone (0.2-0.3), Oxone (1.38 equiv), and
K2CO3 (5.8 equiv) in (1.5:1) CH3CN-0.05 M Na2B4O7‚10H2O in 4
× 10-4 M aqueous EDTA; the reactions were stopped after 1.5 h
(see text). b The epoxides were purified by flash chromatography
and gave satisfactory spectroscopic characterization. c Carried out
in 2.5:1 CH3CN-0.05 M Na2B4O7‚10H2O in 4 × 10-4 M aqueous
EDTA. d Enantioselectivity was determined by chiral HPLC
(Chiralcel OD). e Enantioselectivity was determined by 1H NMR
shift analysis of the epoxide products directly with Eu(hfc)3. f The
epoxide was opened (NaOMe-MeOH), and the resulting alcohol
was converted to its acetate; enantioselectivity was determined
by 1H NMR shift analysis of the resulting acetate with Eu(hfc)3.
g Enantioselectivity was determined by chiral GC (Chiraldex γ-TA
column). h The absolute configurations were determined by
comparing the measured optical rotations with the reported ones.
i Absolute configuration (R,R) assumed by analogy with entry 5.
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