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A convenient and efficient one-pot way to synthesize a,b-epoxy ketones directly from ketones and alde-
hydes has been described. Reactions were carried out at room temperature and the corresponding a,b-
epoxy ketones were isolated in moderate to excellent yields.

� 2008 Elsevier Ltd. All rights reserved.
a,b-Epoxy ketones have played a pivotal role in many organic
reactions because they could be readily transformed into various
synthetically useful intermediates, such as a- and b-hydroxy car-
bonyls, a,b-epoxy alcohols and 1,3-diols.1

The Darzens reaction2 is a well-known synthetic method for
generating a,b-epoxy ketones from a-halo carbonyl compounds
and aldehydes directly. However, the limitation of Darzens reac-
tion is the inconvenience in the preparation of a-halo carbonyl
compounds.

Epoxidation of a,b-unsaturated ketones is another general way
to synthesize a,b-epoxy ketones.3 This method usually requires
nucleophilic oxidation under basic conditions. However, various
a,b-unsaturated ketones should be obtained from the aldol reac-
tion of ketones and aldehydes firstly, which made this synthetic
method to be more complicated. What is more, sometimes the
preparation of a,b-unsaturated ketones from ketones and alde-
hydes is troublesome according to the procedures reported before.4

For example, subjecting 1.0 equiv of 2-prop-2-ynyloxybenzalde-
hyde 1a and 2.0 equiv of 1-(4-chlorophenyl)ethanone 2a into the
aqueous NaOH solution without any other solvents, we could only
get product 3a rather than the corresponding enone (Scheme 1).
Only after the aldol reaction product 3a was dissolved in MeOH
with further addition of NaOH upon a prolonged reaction time,
the corresponding enone was then finally obtained. Further exper-
iments revealed that the formed enone could also be partially
hydrolyzed to 3a under either weak acidic or weak basic condi-
tions, causing some trouble to obtain pure enone for further use.
Therefore, we envisaged that if the formed enone could be directly
used for further epoxidation without isolation to synthesize a,b-
epoxy ketone from ketone and aldehyde in a one-pot manner,
these problems would be easily resolved.

In this Letter, we wish to report a convenient and efficient
method using ketones and aldehydes as raw materials to synthe-
ll rights reserved.
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size a,b-epoxy ketones directly in a one-pot manner for the first
time. This synthetic protocol involves two steps: (i) formation of
enone from ketone and aldehyde; (ii) epoxidation of enone with
H2O2 (Scheme 2).

The reaction was initially carried out using equimolar amounts
of ketone 1a and aldehyde 2a in the presence of catalytic amount
of 10% aqueous NaOH (0.3 equiv) under solvent free conditions.
When the starting materials were consumed completely, 1.0 mL
of 30% H2O2 was slowly added to the above system at 0 �C. To
our disappointment, the reaction gave a very poor result. However,
it was found that when the reaction was carried out in methanol,
the reaction outcome could be improved significantly. The forego-
ing experiment showed that 1.0 equiv of base was the best choice
to the reaction. It should be noted that if the solubility of the
formed a,b-unsaturated ketone in methanol was poor, the more
amount of solvent should be required.

After a series of careful examination of the reaction conditions,
we found that subjecting equimolar amounts of ketone 1a, alde-
hyde 2a, and aqueous NaOH solution in methanol at room temper-
ature resulted in the production of a,b-unsaturated ketone
exclusively without the formation of the corresponding aldol prod-
uct 3a. Then, adding excess amounts of 30% hydrogen peroxide
slowly afforded a,b-epoxy ketone 4a immediately as white solid
in good yield.

This simple and efficient reaction procedure could be success-
fully extended to a variety of ketones and aldehydes.5 The results
of these studies are listed in Table 1. Treating 1-(4-chloro-
phenyl)ethanone 2a with aryl aldehydes such as 1a and 1b pro-
duced the corresponding a,b-epoxy ketones 4a and 4b in
moderate yields (Table 1, entries 1 and 2), although when aliphatic
aldehyde was used into this reaction, no desired product was ob-
tained along with the recovery of 54% of 2a (Table 1, entry 3). Con-
ducting other ketones such as 2b and 2c with various aldehydes
under the standard conditions afforded the corresponding a,b-
epoxy ketones in moderate to good yields (Table 1, entries 4–9).
As for the aldehyde 1h bearing two strongly electron-donating
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Scheme 1. Aldol reaction between 2-Prop-2-ynyloxybenzaldehyde 1a and 1-(4-Chlorophenyl)ethanone 2a in the aqueous NaOH solution.
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Scheme 2. Protocol for the one-pot synthesis of a,b-epoxy ketones.
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methoxy groups on the aromatic ring, no reaction occurred (Table
1, entry 10). The best results were obtained by using one electron-
Table 1
Scope of the one-pot reaction for the synthesis of a,b-epoxy ketones from ketones and ald

Entry Aldehyde Ketone

1

O

O

1a

O

Cl
2a

2
O

Cl
1b

2a

3b O
1c

2a

4 1a

O

2b

5
O
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O

2c

7 1b 2c

8

O

Br
1f

2c
donating group substituted acetophenones 2d, 2e, and 2f as the
substrate to react with various aryl aldehydes, affording the de-
sired products in good to excellent yields (Table 1, entries 11–20).

Further examination of the scope and limitations of the reaction
surprisingly revealed that treatment of 3-phenylpropenal 1l and 1-
phenylethanone 2c under the optimized conditions only afforded
1-phenyl-3-(3-phenyloxiranyl)propenone 5 in 35% yield rather
than the corresponding a,b-epoxy ketone (Scheme 3). Moreover,
using 2-butenal 1m as the substrate under identical conditions
ehydes
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Table 1 (continued)

Entry Aldehyde Ketone Product Yielda (%)
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Scheme 3. One-pot synthesis of 1-phenyl-3-(3-phenyloxiranyl)propenone.
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Scheme 4. One-pot reaction between 4-chlorobenzaldehyde and acetone under the optimized reaction procedure.

Table 1 (continued)

Entry Aldehyde Ketone Product Yielda (%)

19 1a

O

Me
2e

O
O

Me

O
4s
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20 1b

O

O
2f

O
4t

O
O

Cl
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a Isolated.
b 54% of 1-(4-chlorophynyl)ethanone 2a was recovered.
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did not result in the formation of product 6. Compared with the
synthetic methods reported before, our new synthetic procedure
is very simple to produce these kinds of products.6

We have also attempted the one-pot synthesis of a,b-epoxy ke-
tone from 4-chlorobenzaldehyde 1b and acetone under the similar
reaction conditions. But, it was found that products 7 and 8 were
obtained in 19% yield and in 6% yield, respectively, rather than
the corresponding a,b-epoxy ketone (Scheme 4).

Inspired by the above results, we next examined the reaction of
benzaldehyde with nitroethane under identical conditions. To our
disappointment, complex product mixtures were formed without
the formation of the desired product.

In conclusion, we have developed a one-pot synthetic approach
to synthesize a,b-epoxy ketones from aldehydes and acetophenon-
es in moderate to excellent yields. Compared with the previously
reported methods, our approach has several advantages, for exam-
ple, easily available starting materials (aldehydes and ketones),
mild reaction conditions, simple procedures, and highly improved
yields. The scope and limitations of this one-pot procedure are still
under progress in our laboratory.
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