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Abstract - A novel method for the asymmetric Baeyer-Villiger oxidation of
cyclobutanones using diethylzinc/oxygen/chiral amino alcohols has been
developed.  The best result was obtained using (1R,2S)-N,N-diethylnorephedrine
as the chiral ligand: 3-phenylcyclobutanone was converted into (S)-β-phenyl-γ-
butyrolactone with 39% ee and in 75% chemical yield.

Since its discovery just 100 years ago,1 Baeyer-Villiger oxidation has been widely used to transform
carbonyl compounds to the corresponding esters or lactones.2  Surprisingly, until recently only a few
papers concerning asymmetric Baeyer-Villiger oxidation3 have been published, while there are many
examples in biological systems.4  The reported procedures rely on the use of chiral Ni or Cu catalysts/O2/
RCHO,5 chiral Pt catalysts/H2O2,6 and the Sharpless catalyst.7  Besides these catalytic methods, Sugimura
and coworkers reported that chiral acetals could serve as a convenient substrate to achieve the requisite
asymmetric Baeyer-Villiger oxidation using m-CPBA/SnCl4.8

As part of our ongoing research on asymmetric Baeyer-Villiger oxidation,9 we were particularly interested
in Enders’ reports10 on an efficient asymmetric epoxidation of enones using diethylzinc/oxygen/chiral amino
alcohols (Scheme 1 , route A).  The characteris tic chiral zinc ethyl peroxide intermediate (1) formed
during the reaction sequence prompted us to examine the feasibility of applying this approach to asymmetric

Scheme 1

Et2Zn +
NR2

OH
*

C2H6
N

O
EtZn

R2

*
N

O
EtOOZn

R2

*
O2

R1 R2
O

R1 R2

O

O

 A R O

O
R

O
** *

 B

1



Baeyer-Villiger oxidation (Scheme 1, route B), since it is normally considered that there is an inherent
relationship between epoxidation and Baeyer-Villiger oxidation, as in the case of Sharpless oxidation.7  In
this Communication, we describe the realization of this expectation.  The results are summarized in Table 1.
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Table 1.  Asymmetric Baeyer-Villiger oxidation of 3-substituted cyclobutanones
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a Determined by chiral HPLC (DAICEL Chiralpak AD).  b Determined from the 
sign of the specific rotation.  See Ref. 11.  c The absolute configuration was not 
determined.  See Ref. 17.
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R = Ph
R = 4-ClC6H4
R = 4-MeOC6H4
R = 2-Naphthyl
R = 2-MeOC6H4
R = 2-HOC6H4
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Figure 1.  Ligands used in asymmetric Baeyer-Villiger oxidation of cyclobutanones
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To identify suitable reaction conditions, treatment of 3-phenylcyclobutanone (2a) with 1.2 equiv of
diethylzinc in the presence of 1.2 equiv1 4  of the chiral ligand (A ) in dry toluene under an oxygen
atmosphere gave the corresponding γ-butyrolactone (3) in favor of its  (S)-isomer, with 14% ee and in 72%
chemical yield (Entry 1).  A similar result was obtained in THF (Entry 2), while less enantioselectivity was
observed in dichloromethane (Entry 3).
Encouraged by this result, we screened over a dozen amino alcoholic chiral ligands.15  Among several
ephedrine-based chiral ligands, (1R,2S)-N,N-diethylnorephedrine (B) gave the highest ee: 39% ee of (S)-3
(R = Ph) and 75% chemical yield (Entry 4).16  Disappointingly, however, other ligands which can usually  
be used for the successful enantioselective alkylation of aldehydes with diethylzinc17 were found to be less
efficient for the present purpose (Entries 13-17).  Asymmetric induction with other 3-substituted
cyclobutanones such as 2b-2f with the assistance of chiral ligand (B) gave around 35% ee with the same S
configurations (Entries 18-22).1 8

The hypothetical reaction pathway with ligand (B) is proposed by invoking the intermediate Criegee-type
adduct (4) to explain the absolute configuration of the new stereogenic carbon center in 3 (Scheme 2).
The modes t enantioselectivity observed in each case might be due to the weak dias tereoselective
discrimination at the initial complexation of the prochiral ketone (2) with the chiral oxidizing species (1) to
derive the anti-adduct (4), and also the nonrigidity of the intermediate adduct (4) to control subsequent
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alkyl-group migration.  We expected that an introduction of a naphthalene ring on the chiral ligand should
stabilize the transition state like 4 through an additional π-π interaction between the phenyl group of 3 and
those of the ligand, but only poor results were obtained for H and I (Entries 10 and 11).  
In conclusion, we have examined the first example of a zinc-mediated Baeyer-Villiger oxidation of
cyclobutanones with oxygen in the presence of chiral amino alcohols, wherein optically active 3-substituted
γ-butyrolactones were produced.  Further studies to improve the asymmetric Baeyer-Villiger oxidation using
other types of chiral ligands are now in progress.
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