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ten Brink et al.

Table 2. Comparison of Chiral Oxidation Catalysts in BV Oxidation of Bicyclo[4.2.0]octanone

for the desymmetrization of prochiral ketones have
been developed. Only a few catalysts are used in
combination with hydrogen peroxide as the oxidant.
The reactions often require low temperatures to
obtain any appreciable ee; therefore, mainly cyclobutanones such as bicyclo[4.2.0]octanone (see Figure
29) are used as substrates.75 In this case, enantiodivergent oxidation takes place.
The zirconium reagent modified with either (S)BINOL76 or (R)-BINOL77 gives fairly good enantioselectivity for the (R,S) or (S,R) isomer of the 1a

product, respectively. The reagent, although relatively easy to prepare, exhibits a low activity and is
used in stoichiometric amounts. When aluminum is
used as the Lewis acid center with the same (R)BINOL,77 lower catalyst loadings (25 mol %) still
prove successful. Better results were also obtained
by using a substoichiometric amount of a chiral
organic hydroperoxide (TADDOOH).78 In this case,
the normal product (R,R) is formed solely and 26%
of the starting material is recovered with 98% ee
(S,S). In this particular case, enzymatic reactions79

The Baeyer−Villiger Reaction

Figure 30. Asymmetric BV oxidation of prochiral 3-phenylcyclobutanone.

hardly provide an advantage over metal-catalyzed BV
reactions.
Another often used substrate is the prochiral
3-phenylcyclobutanone (Figure 30 and Table 3), and
Table 3. BV Oxidation of 3-Phenylcyclobutanone
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with some exceptions,80 better results are obtained.
The chiral BINOL complexes of zirconium,76 aluminum,77 and magnesium81 are not only active in the
asymmetric oxidation of racemic ketones, they also
catalyze the asymmetric BV oxidation of prochiral
substrates (see Table 3). The cobalt salen catalyst
developed in the group of Katsuki is by far the most
effective catalyst. Good results are obtained with only
1 mol % of cobalt catalyst in combination with the
UHP adduct or with aqueous hydrogen peroxide.82
Alternatively, the ketone can be modified with a C2symmetric 2,4-pentanediol to form a ketal, which is

