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CHEMOSELECTIVE OXIDATION WITH MOLYBDENUM CATALYST—t-BUTYL HYDROPEROXIDE

Yoshiro Masuyama*, Masato Takahashi, and Yasuhiko Kurusu
Department of Chemistry, Sophia University
7-1 Kioicho, Chiyoda-ku, Tokyo 102, Japan

Summary: Benzyltrimethylammonium tetrabromooxomolybdate is an excellent
chemoselective catalyst to oxidize secondary alcohols to ketones, primary
alcohols to esters, and aldehydes to acids or esters with t-butyl hydroperoxide.

Molybdenum complex—t-butyl hydroperoxide is a significant system for
olefin epoxidation.1 However, use of this system for oxidation of alcohols
has been rarely reported.2 We have been studying the catalytic reactivity of
ammonium molybdates (1)3 for olefin epoxidation.4 Consequently, we found that
benzyltrimethylammonium tetrabromooxomolybdate (BTMA-Mo) (;)5 did not catalyze
olefin epoxidation, but easily decomposed t-butyl hydroperoxide.
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We wish to report the advantages of BTMA-Mo (2) for chemoselective oxidation
of alcohols and aldehydes with t-butyl hydroperoxide. That is, alcohol oxidation
can dominate over olefin epoxidation.6 Furthermore, a secondary alcohol can be
oxidized over a primary one.7

A general procedure is as follows. A solution of BTMA-Mo (2) (0.15 mmol),
t-BuOOH (5 mmol), and the alcohol (3 mmol) in benzene (3 ml) was stirred at 60°C.
After ether extraction and evaporation, the product was purified by distillation
or chromatography. The results are summarized in Table.

An equimolar mixture of l-octanol and 2-octanol under same conditions leads
to complete conversion of the secondary alcohol (80% yield of 2-octanone) and to
recover the primary alcohol (87%). This selectivity for a secondary over primary
alcohol is also easily demonstrated in the intramolecular case (entry 9).
Elongation of the reaction time or elevated reaction temperature leads to oxidize
l-octanol to octyl octanoate via hemiacetal intermediate (entry 10, equation 1).
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Table.

Entry
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Oxidation of Alcohols

Alcohol
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Time

42 h

46 h

12 h

21 h

72 h

24 h

24 h

12 h

24 h
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72 h

72 h

20 h

48 h
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Product

Yield?

80

92

52
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Table. Oxidation of Alcohols
Entry Alcohol
17
OH
OH
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(contd.)8

Time Product Yield?

24 h [::Ljr’ 11(97)
0

24 h O\(Ph 18(95)
0

a) All yields are for isolated pure products. Yields in parentheses are based

on consumed starting material.

No by-product was detected under these

conditions. b) Room Temp. ¢) t-BuOOH 9 mmol, d) in THF, e) in MeOH.

The oxidation of l-octanol in methanol provides methyl octanoate (entry 11,
equation 1).
R0H R oR?
H

1 7
NoH

1
rlci,0f —— | rlcHo —> >c (1)

Investigation of aldehyde oxidation establishes quantitatively to convert
octanal into octanoic acid in benzene and octanal into methyl octanoate in
methanol at 60°C for 24 h. 1,2,3,6-Tetrahydrobenzaldehyde is also oxidized at
60°C in benzene to give 1,2,3,6-tetrahydrobenzoic acid (36%) without observing
olefin epoxidation.

BTMA-Mo (2) does not catalyze the epoxidation of cyclohexene and 2-octene

under same conditions contrary to the catalytic activity of la and 1b for olefin

epoxidation.4

So, the oxidation of olefinic alcohols chemoselectively gives
olefinic ketones (entry 12-18).

This oxidation may depend on the abstraction of hydride H; by t-BuOOH
(stability of carbenium ion), because of 1) high reactivity of secondary over
primary alcohols (entry 9) and the formation of ester from primary alcohol (no

isolation of aldehyde) (entry 10) and 2) no effect of radical scavengers (e.g.,
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2,6-di-t-butyl-4-methylphenol) (equation 2).9
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