LibreTextsm

5.5: Baeyer-Villiger Oxidation (BVO)

Insertion of oxygen atom in between the ketone carbonyl and an adjacent carbon yielding the expanded ester is called as Baeyer-
Villiger oxidation (BVO). Under the influence of a chiral reagent, this oxidation can be carried out asymmetrically. In case of a
racemic ketone, a chiral catalyst has the potential of performing a kinetic resolution. A century after its discovery, the catalytic
asymmetric BVO remains as one of the most powerful methods to convert a ketone into an ester proceeding by insertion of an
oxygen atom into a bond.

Metal-Catalyzed Reactions

Copper(IT) complexes with oxazoline-based ligands are studied for the oxidation of substituted cyclic ketones to give lactones with
high enantioselectivity (Scheme 5.5.1). These reactions employ isobutanal as co-reductant under aerobic conditions. During the
reaction isobutanal is oxidized to the corresponding carboxylic acid.
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Scheme 5.5.1

Platinum complexes bearing chiral phosphines catalyze oxidation of substituted cyclic ketones in the presence of hydrogen
peroxide (Scheme 5.5.2). Coordination of Pt and peroxide to the carbonyl leads to the formation of a metallocycle that could be
decomposed into the target lactone. Chiral ligands associated with Pt allow for diastereomeric transition states, which discriminate
between the two possible migrating carbon atoms resulting in enantioselectivity.
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Scheme 5.5.2

The reaction conditions used for the enantioselective epoxidation of allylic alcohols (Sharpless epoxidation) is also effective for the
oxidation of substituted cyclobutanones to give lactones with moderate to good enantioselectivity (Scheme 5.5.3).
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Scheme 5.5.3
The oxidation of symmetrical cyclobutanones is effective using chiral palladium complex bearing phosphinooxazoline ( PHOX) in

the presence of urea hydrogen peroxide. For example, prochiral 3-substituted cyclobutanones undergoes oxidation to give y -
lactones, which can be recrystallized to obtain the target products with 93% ee and 91% yield. This procedure has been utilized for
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the synthesis of GABA-B receptor agonist (R) -( _ )-baclofen (Scheme 5.5.5). The racemic form of baclofen is commercially
available to treat spasticity and alcoholism; however, the ( R ) - isomer has been shown to be predominantly responsible for the
molecule's bioactivity. The molecule has been the target of many asymmetric syntheses. Several of these strategies start from
enantioenriched lactone using enzymatic BVO or from an enantioselective C-H insertion.
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In addition to the metal-catalyzed BVOs, chiral auxiliary approach is also followed to synthesis lactone with good
enantioselectivity (Scheme 5.5.6). For example, reaction of optically active 1,3-diol with an achiral cyclobutanone can give chiral
ketal. The latter can be reacted with m CPBA and SnCly to give an orthoester, which upon acidic work-up affords the lactone.
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Scheme 5.5.6

Enzyme Catalyzed Reactions

Baeyer-Villiger monooxygenases are enzymes that catalyze the insertion of an oxygen atom in a ketone, next to the carbonyl
carbon atom. So far, only a limited number of BVMO have been identified from bacteria and fungi. These enzymes typically
contain FAD or FMN as a cofactor and catalyze highly regio- and stereoselective oxygenations at the expense of NAD(P)H and
molecular oxygen. Bio-catalyzed BVO proceeds with high levels of enantioselectivity. For example, cyclohexanone
monooxygenase (CHMO), a bacterial flavoenzyme, carries out an oxygen insertion reaction on cyclohexanone to form a seven-
membered cyclic product, e-caprolactone (Scheme 5.5.7). This reaction involves the four-electron reduction of O at the expense of
a two-electron oxidation of NADPH and a two-electron oxidation of cyclohexanone to form e-caprolactone. The CHMO has been
employed successfully for the oxidative desymmetrization of cyclobutanone and cyclopentanone rings with high enantioselectivity.
CHMO mutant 1K; -F5 (Phe43, Ser) has been used with air as the oxidant in a whole-cell process. Mutant Phey3, Ser also tested for
oxidative desymmetrization of a set of 4-substituted cyclohexanone derivatives (methyl, ethyl, methoxy, chloro, bromo, iodo) and
in all cases enantioselective transformations are observed with up to 99% ee.

https://chem.libretexts.org/@go/page/168798


https://libretexts.org/
https://creativecommons.org/licenses/by-sa/4.0/
https://chem.libretexts.org/@go/page/168798?pdf

LibreTextsw

H
CHMO mutant 1Ky-F5 (0]
Pheas,Ser
Air 0
H

99% ee
CHMO mutant 1Ky-Fs /\/}1
PhegssSe
o _{Phes lf) g e
Air 97% ee

Mihovilovic, M.D. et al., Org. Lett. 2006, 8, 1221
Scheme 5.5.7

Similarly, PAMO mutant Glng3 Asn/ Prog, Asp is tested for the asymmetric desymmetrization of 4-substituted cyclohexanone
derivatives to give chiral lactones with high enantioselectivity (Scheme 5.5.8). It is interesting to note that the absolute
configuration of the lactone products is opposite to what is observed with the thermolabile cyclohexanone monooxygenase
(CHMO) as the catalyst.
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Reactions using Organocatalysis

Readily available glucose-derived oxazolidinone containing ketone can be employed for BVO of a variety of
benzylidenecyclopropanes in the presence of oxone (Scheme 5.5.9). Optically active a -aryl- y-butyrolactones and « -aryl- y -
methyl- y-butyrolactones can be obtained in reasonable yields and enantioselectivities. The reaction works via in situ epoxide
rearrangement and BVO. Chiral cyclobutanones can also be obtained by suppressing BVO with more ketone catalyst and less
oxone.
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Scheme 5.5.9
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