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Abstract

Michael reactions in water using Lewis acid–surfactant-combined catalysts (LASCs) have been developed. In
the presence of a catalytic amount of scandium tris(dodecyl sulfate) (STDS), reactions of various�-ketoesters with
enones proceeded smoothly in water without any organic solvents, to afford the corresponding Michael adducts in
high yields. The catalytic activity in water was found to be higher than that in organic solvents. Among the Lewis
acids tested, STDS was proved to be the most superior Lewis acid catalyst for Michael reactions in water. © 2000
Elsevier Science Ltd. All rights reserved.
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Michael reactions are one of the most important carbon–carbon bond-forming reactions in organic
synthesis. Traditionally, these reactions have been performed under the influence of strong bases such as
alkali metal alkoxides or hydroxides.1 However, the strongly basic conditions are often a limiting factor
since they can lead to a number of undesirable side- and subsequent reactions. To address this issue,
Lewis acid-catalyzed Michael reactions have been developed, allowing the reactions to be carried out
under milder conditions.2 On the other hand, while most Michael reactions reported so far are performed
in organic solvents, today’s environmental concerns require organic reactions in water without using
harmful organic solvents.3–5 The use of water as a solvent in the Michael reaction of 1,3-diketones was
reported under basic conditions,6 and quite recently, Michael reactions of�-ketoesters with enones in
water were found to be catalyzed by ytterbium triflate (Yb(OTf)3),7,8 which has been developed as a
water-stable Lewis acid.9 However, the reactions were reported to proceed very slowly and needed a
period of three to five days for completion. In this paper, we report much faster Michael reactions in
water using an excellent Lewis acid catalyst.

In the course of our investigations to develop new synthetic reactions in aqueous media, we have
recently introduced new types of Lewis acids, scandium tris(dodecyl sulfate) (STDS) and scandium
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Table 1
Effects of Lewis acid catalysts

Fig. 1. Plot of isolated yield versus time for Michael reaction of benzyl 2-oxocyclopentanecarboxylate with MVK
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trisdodecanesulfonate.10 These ‘Lewis acid–surfactant-combined catalysts (LASCs)’11 form stable col-
loidal dispersion systems with organic substrates in water and have been used for Lewis acid-catalyzed
reactions such as aldol reactions. It has been suggested that LASCs create hydrophobic reaction fields
in water while an active Lewis acidic site is close to the hydrophobic sites.10 We then intended to use
LASCs in Michael reactions of�-ketoesters with enones in water.

Various catalysts were first tested in the model reaction of benzyl 2-oxocyclopentanecarboxylate
with methyl vinyl ketone (MVK) in water, and the results are summarized in Table 1. The reaction
proceeded very slowly in the presence of scandium, ytterbium, and copper triflates (entries 1–3).12

The metal dodecansulfonates, which have been used as LASCs, gave slightly better yields than the
triflates (entries 4–6). When STDS was used, the reaction was greatly accelerated (entry 7). Although
a Sc(OTf)3-catalyzed reaction in the presence of a catalytic amount of sodium dodecyl sulfate as a
surfactant proceeded smoothly, STDS was more effective (entry 11). In the absence of a Lewis acid
catalyst, the reaction proceeded sluggishly (entry 12). It should be noted that STDS worked well in water
rather than in dichloromethane or under neat conditions (entries 13 and 14). When a Brønsted acid was
used instead of Lewis acids, the yield was low (entry 15). The high catalytic activity of STDS observed
in this reaction is supposed to be ascribed to two factors; high Lewis acidity of scandium and high local
concentration of the catalyst and the substrates.

The profiles of the reactions catalyzed by Sc(OTf)3, Yb(OTf)3, STDS, and Yb(O3SOC12H25)3 were
shown in Fig. 1. STDS was the most effective among the catalysts tested, and the reaction proceeded
smoothly to give >80% yield after 8 h.

Several examples of STDS-catalyzed Michael reactions are summarized in Table 2. In all cases, the
reactions proceeded smoothly in the presence of a catalytic amount of STDS at 30°C in water, to afford
the corresponding Michael adducts in high yields. It should be noted that no bis-Michael adduct was
obtained in the reaction of an�-unsubstituted�-ketoester (entry 5). When ethyl acrylate was used, only
starting materials were recovered.

A typical experimental procedure for the LASC-catalyzed Michael reactions of�-ketoesters with
enones is described: To LASC (0.025 mmol, 0.1 equiv.) in water (1.5 mL) was added a�-ketoester
(0.25 mmol) and an enone (0.75 mmol). After stirring for 12–24 h at 30°C, the reaction mixture was
diluted with water, and the aqueous layer was extracted with ethyl acetate. To the combined organic layer
was added toluene and the solution was concentrated under reduced pressure. The residue was purified
by preparative TLC to afford the desired Michael adduct.

In summary, a Lewis acid–surfactant-combined catalyst, STDS, was found to catalyze Michael
reactions of�-ketoesters with enones smoothly in water. As far as we know, this is the most active
Lewis acid catalyst for Michael reactions in water. Development of efficient synthetic reactions in water
using LASCs as catalysts and the application of LASCs to asymmetric Michael reactions are now under
investigations.
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Table 2
STDS-catalyzed Michael reactions in watera
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