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11.4: Enantioselective Oxidations

Biocatalysts are also turned to be useful for asymmetric oxidations. A wide range of asymmetric oxidations using biocatalytic
systems has been explored.

Baeyer-Villiger Oxidation

Baeyer-Villiger reaction is known for more than 100 years. However, the asymmetric version of this reaction remains as challenge
for organic chemists. Depending on the nature of ketones the reaction can be carried out as a resolution of racemic ketones as well
as an asymmetric desymmetrization reaction from prochiral ketones. The enzymes used for this reaction is known

as Baeyer-Villiger monooxygenases. These enzymes are cofactor dependant and are generally obtained from microbial sources. For
example, 4-substituted monocyclic cyclohexanones can be oxidized into the lactones in good yield and with high
enantioselectivities (Scheme 11.4.1). In this process, the reduced form of the cofactor (NADPH) is needed under the formation of
NADP" that is in situ recycled using an enzymatic coupled cofactor reproduction.

The scale up of the process has also been explored. For example, the racemic bicyclo[3.2.0]hept-2-enone with input of 25g/L,
proceeds oxidation in the presence of a recombinant whole-cell biocatalyst to afford regioisomeric lactones with high
enantioselectivity (Scheme 11.4.2).
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Scheme 11.4.1
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Scheme 11.4.3

A further process improvement is the coupling of a cyclohexanone monooxygenase with an ADH from T. brockii , a cosubstrate-
free “double oxidation” of an alcohol into lactones (Scheme 11.4.3). In this system, the oxidized form of the cofactor (NADP™) is
consumed in the initial ADH-catalyzed step, while the reduced form of the cofactor (NADPH) is then needed for the second,
monooxygenase-catalyzed oxidation step. In the second step, the oxidized form of the cofactor (NADP"), which is then needed for
the first step, is produced again.

Epoxidation

Optically active epoxides serve as versatile building blocks in organic synthesis. Besides metal and organocatalysts, cofactor
dependent monooxygenase turned out to be valuable catalyst for the epoxidation of alkenes. For example, the epoxidation of
styrene has been shown using a stable recombinant FAD/NADH-dependent styrene monooxygenase in aqueous-organic emulsions
(Scheme 11.4.4). The reaction condition is also effective for the oxidation of other styrene derivatives.
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Scheme 11.4.4

Oxidation of Amino Acids

The asymmetric oxidation of amine group in amino acids provides effective method for the synthesis unnatural amino acid which is
important in drug synthesis. For example, racemic tert -leucine can be oxidized to D- tert -leucine using a leucine amino
dehydrogenase and an NADH-oxidase from E-coli with excellent enantioselectivity (Scheme 11.4.5).

NH5 0
Me Me
050 NADH A/LCOZH * H)LCOZH
2 Me Me Me Mg
=99% ee

; Leucine dehydrogenase,
MNADH-oxidase -ammmonia

A0% conversion

HZU @ Me ac

W. Hummel et al., Org. Lett. 2003, 5, 3649.

Scheme 11.4.5
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Oxidation of Alcohols

The oxidation of secondary alcohols into ketones has also been investigated using biocatalytic systems. For example, the oxidation
of racemic secondary alcohols proceeds in the presence of an ADH from R. ruber (Scheme 11.4.6). The recycling of the cofactor
NADPH is carried out in situ using acetone, which is reduced into 2-propanol under the formation of NADP*.

Sulfoxidation

Optically active sulfoxides play important role in organic synthesis as chiral auxiliary as well as intermediates for the construction
of optically active molecules. Optically active sulfoxide is also present as structural unit in many biologically active compounds.
The enzymatic oxidation of sulfides provides an effective method for the synthesis optically active sulfoxides. For example,
cyclopentyl methyl sulfide undergoes oxidation in the presence of chloroperoxidase with excellent conversion and

enantioselectivity.
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