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5.1: Oxidation of Alcohols

Oxidation of alcohols to carbonyl compounds is a pivotal process in organic chemistry. In particular, the oxidations that use readily
available molecular oxygen, especially ambient air, as the stoichiometric oxidant are the most preferable. During the recent years,
asymmetric version of the process has been developed using molecular catalysis, which can be divided into kinetic resolution of
secondary alcohols and desymmetrization of meso - or prochiral diols (Scheme 5.1.1).
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Scheme 5.1.1

5.1.1 Palladium Catalyst

The palladium catalyzed aerobic oxidation of alcohols to carbonyl compounds has received much attention in recent years and the
catalytic cycle for this process is presented in Scheme 5.1.2. The cycle consists two separate processes: the oxidation of alcohols
and the regeneration of the catalyst. In the oxidation of alcohols palladium alkoxide is generated after the coordination of the
alcohol, and then f -hydride elimination occurs to afford the carbonyl compounds. The resultant palladium hydride reacts with
molecular oxygen to generate palladium hydroperoxo complex and the subsequent ligand exchange reproduce the catalyst.
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A series of experiments by three research groups have carried out using palladium complex bearing naturally occurring diamine,
(-)-sparteine, to catalyzes the oxidation of aliphatic, benzylic and allylic alcohols with moderate to good k¢ values (Scheme 5.1.3).
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Pdll salt ( 5 mol %)
OH  (-)-sparteine (20 mol %) OH 0
RR ~ RTR

R” R solvent, additive, O, temp.

Stoltz's method A Pdnbd)Cl, PhCH; MS34, 80°C
Sigman's method B: Pd{OAc)z, DCE, no additive, 60°C
Sigrman's method €. PA{CH;CN),Cl, DCE no additive, 70°C

Jensen, D, R. etal, J Am Chem Soc. 2001, 123 7475.
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MethodB: 65.9% conv., 98.2% ee, kg 13.0 99.4% corw., 82.0% ee, &g 8.7 -
|Method C: 53.9% conv,, 86.9% ee, kg 17.5  57.5% corw., 88.5% ee, & 11.6 43.5% corv., 66.1% ee, &g 236

Scheme 5.1.3

However, the isolated palladium-sparteine complex shows no catalytic activity and the reaction is effective employing additional
(-)-sparteine (Scheme 5.1.4). This result suggest that the additional (-)-sparteine serves as base to abstract a proton to a palladium
bound alcohol in the alkoxide formation process.
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Scheme 5.1.4

Subsequently, the combination of palladium complexes bearing chiral and achiral N-heterocyclic carbene lignads with (-)-sparteine
has been used for the kinetic resolution of secondary alcohols with high selectivity (Scheme 5.1.5).
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Scheme 5.1.5

The reaction is found to be accelerated in the presence of Cs;CO3 under ambient air (Scheme 5.1.6). The procedure is found to be
useful for the synthesis of several pharmaceutically important substances including Prozac®, Singlair®, and Merck's h-NK1
receptor antagonist.
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5.1.2 Ruthenium Catalyst

Chiral Ru-salen complex 3 having nitrosyl ligand has been found to be effective catalyst for the oxidative kinetic resolution of
secondary alcohols under ambient air as oxidant under visible light (Scheme 5.1.7). The irradiation of the visible light promotes
dissociation of the nitrosyl ligand and generates a catalytically active ruthenium species. Kinetic resolution of aryl, alkynyl and
alkyl alcohols has been observed with ke up to 30.

/C{i 3 (2 mal %) or i
B
R PhClor toluene, C R Q
hu, air, RT Koy up to 20

Makamura, Y. et al, Telrahedron 2007, 6.3, 6383
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Scheme 5.1.7

The chiral ruthenium based complex 4 is also effective for the oxidative desymmetrization of 1,4- meso -diols (Scheme 5.1.8).
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Scheme 5.1.8

Scheme 5.1.9 shows the proposed mechanism for the Ru-catalyzed aerobic oxidation of alcohols which is similar to the galactose
oxidase system.
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5.1.3 Vanadium Catalyst

Vanadium complexes having chiral tridentate Schiff base ligand 5 derived from optically active amino alcohol and benzaldehyde
derivative catalyze efficiently the kinetic resolution of « -hydroxy carbonyl compounds (Scheme 5.1.10). The reactions of o -
hydroxy esters can be accomplished with kranging from 6 to 50. Subsequently, the chiral tridentate Schiff base ligand 6 derived
from optically active « -amino acids and aldehydes have also been found to be effective for the vanadium catalyzed aerobic kinetic
solution of hydroxy compounds (Scheme 5.1.11). For example, the reaction of o -hydroxyphosphonic acids can be accomplished
with excellent selectivity (k, 99). The observed experimental results suggest that these oxidation reactions don't involve radical

process.
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Scheme 5.1.10
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Scheme 5.1.11

5.1.4 Iridium Catalyst

Few studies are focused on the use of chiral iridium complexes for the oxidative kinetic resolution of racemic secondary alcohols.
Chiral iridium complex 6 has been shown to catalyze the oxidation benzylic alcohols with high k. under air. Using these reaction
conditions, the oxidation of 1-indanol is reported with enantioselectivity of up to 99% and 50 yield.
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Arita, S. et al., Angew. Chem. Int. Ed. 2008, 47, 3755.
Scheme 5.1.12

Iridium chloride complex 7 has been used for the oxidation of racemic secondary alcohols with kas high as 48.8 (Scheme 5.1.13).
The Rh analogue 8 exhibits high catalytic activity in the presence of base, while the related Ru complex 9 gives diminished result.
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Scheme 5.1.13
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