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Abstract: An efficient protocol for the oxidation of secondary
and primary alcohols to the corresponding ketones and aldehydes
and/or carboxylic acids using hydrogen peroxide as oxidant is
described. A quasi-homogenous reaction system was obtained by
t-butanol as solvent to achieve high yield of the product in short
time.
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Oxidation of alcohols to the corresponding aldehydes,
carboxylic acids and ketones is one of the most important
functional group transformations in organic synthesis.1

Many catalyst systems, particularly those based on transi-
tion metal and heavy metal ions, are used for the oxidation
of alcohols to the corresponding carbonyls.2 Hydrogen
peroxide is probably the best oxidant after dioxygen with
respect to environmental and economic considerations.3

H2O2 oxidations catalyzed by easily available heteropoly-
anions and heteropolyacids such as Na2WO4, H2WO4 and
ammonium molybdate, constitute an environment friend-
ly, feasible and economical procedure.4

Recently, Noyori et al. have reported alcohol oxidation
using sodium tungstate and methyl trioctyl ammonium
hydrogen sulfate [CH3(n-C8H17)3N

+HSO4
–(Q+HSO4

–) as
phase transfer catalyst (PTC) under heterogeneous condi-
tions.5 However, the choice of the phase transfer catalyst
is critical; selection is made through trial and error and
methyltrioctylammonium hydrogen sulfate required in
this system is relatively costly. As the system is hetero-
geneous, the time required for completion of the reaction
is generally long even at a very high stirring speed.6 We
report here a general method for the oxidation of alcohols
in quasi-homogeneous mixture using easily available and
cheap PTC tetrabutyl ammonium hydrogen sulfate
(Schemes 1 and 2).

Scheme 1 Oxidation of secondary alcohols with hydrogen peroxide
in tert-butanol

Reactions were performed by dissolving alcohols in tert-
butanol, followed by addition of sodium tungstate and
tetrabutyl ammonium hydrogen sulfate. The reaction mix-
ture was heated to 90 °C and addition of 30% solution of
hydrogen peroxide gave the respective carbonyl product
in high yield. Reactions were monitored by gas chroma-
tography and yields are based on the starting alcohol used
(Tables 1 and 2).

R1 R2

OH

R1 R2

OH2O2, TBAHSO4, Na2WO4

t-BuOH

Table 1 Oxidation of Secondary Alcohols

Entry Alcohol Time (min) Yield (%)

1 30 98

2 30 100

3 30 100

4 30 100

5 30 89

6 30 100

7 30 100

8 30 100
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Simple secondary alcohols have been converted to ke-
tones under quasi-homogeneous condition using 30%
H2O2 (1:1.5 alcohol–H2O2) at 90 °C (Scheme 1). Diphe-
nyl methanol was oxidized using substrate–H2O2–PTC
in 20:30:1:1 ratio to yield 100% diphenyl ketone within
30 minutes. Another advantage of this method is that 1-(1-
naphthyl)ethanol, diphenyl methanol, 2-octanol, cyclo-
hexanol, cyclooctanol, 1-phenyl ethanol and 2-methyl-
cyclohexanol could be converted in 100% yield to the
respective ketones in 30 minutes (Table 1).

In a similar way, oxidation of benzylic alcohols gave the
respective aldehydes or acids in good yield (Scheme 2).
Benzyl alcohol was converted to benzaldehyde in 75%
yield by slow addition of 1.5 equivalents of hydrogen
peroxide.

Benzoic acid was obtained in 100% yield with 2 equiva-
lents of hydrogen peroxide. Further substitution of the
aromatic ring influenced the final product yield. p-Meth-
oxybenzyl alcohol was converted to 87% p-methoxybenz-
aldehyde in four hours, the remaining material being
unreacted alcohol and further conversion to acid did not
occur; whereas p-nitrobenzyl alcohol was converted into
p-nitrobenzaldehyde (62%) and p-nitrobenzoic acid
(30%). Non-benzylic primary alcohols on oxidation under
similar conditions (Table 2, entry 5–8) were directly
converted to their respective carboxylic acids with the in-
termediate carbonyls being detected in trace quantities.
For example, 1-heptanol on oxidation with 1.5 equiva-
lents of hydrogen peroxide gave heptanoic acid as the ma-
jor product with only traces of heptanal. Slow or portion-
wise addition of hydrogen peroxide led to similar results.
In comparison to secondary alcohols, primary alcohols in
general appeared to be less reactive towards oxidation.
This is the first time that tertiary butanol has been used as
a solvent for the oxidation of alcohols using the Na2WO4

system. By rendering the reaction mixture semi-homo-
geneous, total reaction time decreases appreciably.

Table 2 Oxidation of Primary Alcohols

Entry Substrate Product Reaction conditions
alcohol–H2O2–Na2WO4–PTC

Yield (%)

1 20:30:1:1 (8 h) 75a

2 20:40:1:1 100

3 20:30:1:1 87b

4 20:40:1:1 (18 h)

100:200:1:2 (18 h)

62

52

5 20:50:1:1 89c

6 20: 40: 1:1 84

7 20:50:1:1 87

8 20:50:1:1 59d

9 20:50:1:1 87

a Remaining 25%: benzoic acid.
b Rest is unreacted alcohol.
c Remaining 11%: heptanal.
d Yield calculated on basis of 1H NMR spectroscopy and GC.
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Scheme 2 Oxidation of primary alcohols with hydrogen peroxide in
tert-butanol
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Another advantage of tert-butanol is that it has a better
range of solubility for organic compounds than hydro-
carbons, which were used earlier as solvents. Hence
the use of tert-butanol in our system makes the reaction
easier and faster giving 100% conversion of alcohols into
ketones within one hour as compared to the earlier reports
where these reactions were taking place in 4–8 hours.

In conclusion, we describe herein an efficient protocol for
oxidation of primary and secondary alcohols with hydro-
gen peroxide in quasi-homogenous system. This protocol
is high yielding, clean, safe, operationally simple and cost
effective.

Representative Procedure
Diphenylmethanol (1.84 g, 10 mmol), sodium tungstate (164 mg,
0.5 mmol) and tetrabutyl ammonium hydrogen sulfate (169 mg, 0.5
mmol) were taken in t-BuOH (2 mL). The reaction mixture was
heated to 90 °C and H2O2 added (30% soln, 1.72 mL, 15 mmol)
drop-wise with rapid stirring. On complete addition of H2O2, small
aliquots (10 mL) of reaction mixture were taken at different time in-
tervals and monitored by gas chromatography.
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