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Effective Oxidation of Alcohols under Heterogeneous
Conditions with a New Reagent: Manganese Dioxide
Supported on Graphite
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A new reagent, manganese dioxide supported on graphite, un-
der heterogeneous conditions at reflux is described for the oxidation
of benzylic and allylic alcohols into the corresponding aldehydes
and ketones, respectively. The main advantage of the present ox-
idation is that the insoluble solid support, graphite, provides a
particular reaction environment capable of enhancing the reaction
selectivity and reactivity. Moreover, it turns out to be very prof-
itable in the workup, which becomes reduced to a mere filtration.
The mechanism for this oxidation is also discussed.

Keywords benzylic and allylic alcohols, graphite, manganese diox-
ide, oxidation, supported reagent

INTRODUCTION
Oxidation of alcohols to the corresponding carbonyl com-

pounds is a fundamental transformation in organic synthesis.
Because of its significant role, the development of newer meth-
ods or reagents is attracting much current interest in spite of the
availability of numerous procedures reported in the literature.
However, a drawback of most oxidants in the oxidation is their
lack of selectivity, for instance, overoxidation of aldehydes to
carboxylic acids and degradation of unsaturated substrates are
often unavoidable side reactions. In addition to their lack of se-
lectivity, oxidants like chromium-based reagents are corrosive,
irritants, toxic, etc.

It has been found that reagents supported on insoluble solid
supports, such as inorganic and polymeric supports, are partic-
ularly convenient for solving many problems in organic synthe-
sis.[1–3] One important aspect of reactions with solid supported
reagents is that in many cases both the reagent and the product
into which it is converted during reaction are strongly adsorbed
on the surface of the solid support or remain intercalated in
it; therefore, there is very little or probably no contamination
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of organic products or solvents by solid materials. Other advan-
tages of solid-supported reagents in organic synthesis are mainly
that the reactions are normally carried out in common organic
solvents, and the isolation of the organic products simply in-
volves decantation or filtration to remove the spent solid support
system, followed by evaporation of the solvent. Furthermore,
it should be possible in many cases involving solid-supported
reagents to regenerate the active reagent directly from the spent
support system by standard inorganic reactions. It is well known
that many reactions can be carried out cleanly, rapidly, and in
high yield under mild conditions using solid-supported reagents,
whereas attempts to carry out the same reactions with unsup-
ported reagents frequently either fail or result in the formation
of mixtures of products. In most cases, solid-supported reagents
have been found superior to the nonsupported reagents.

EXPERIMENTAL

Preparation of Active Manganese Dioxide Supported on
Graphite Reagent

Active manganese dioxide is prepared according to the pre-
vious references.[4–6] Potassium permanganate (1.9 g) was dis-
solved in water (50 mL) at room temperature, graphite (30 g)
was added with stirring, and the water is evaporated at 60◦C. The
residue was ground to fine powder and then added to a solution
of manganese sulfate monohydrate (4.7 g) in water (50 mL) with
vigorous stirring. After the resulting precipitate was filtered and
dried at 100◦C for 4 h, 32.1 g of manganese dioxide supported
on graphite reagent is obtained. Each gram of this supported
reagent contains around 0.78 mmol manganese dioxide.

Oxidation of Benzyl Alcohol to Benzaldehyde, Typical
Procedure

The preceding manganese dioxide supported on graphite
reagent (2.4 g) is placed in a flask together with dichloromethane
(25 mL) and the mixture is magnetically stirred. A solution of
benzyl alcohol (108 mg, 1 mmol) in dichloromethane (5 mL) is
added and after 10 h at reflux the solid is filtered and washed
with dichloromethane (3 × 5 mL). The combined filtrates are
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evaporated to give crude product, which is purified by prepara-
tive thin-layer chromatography (TLC) with hexane:ethyl acetate
(8:2) to afford 98 mg (92%) benzaldehyde.

RESULTS AND DISCUSSION
Manganese dioxide,[4] a relatively environmentally friendly

reagent, as a heterogeneous stoichiometric oxidizing agent has
been extensively used for the oxidation of a variety of func-
tional groups. However, to the best of our knowledge, only
few manganese dioxide-based reagents have been employed
in the selective oxidation of benzylic or allylic alcohols into
the corresponding aldehydes and ketones, respectively: for ex-
ample, solid manganese dioxide under heterogeneous condi-
tions at reflux,[7,8] manganese dioxide under solvent-free condi-
tions,[9,10] supported manganese dioxide reagent with or without
microwave irradiation,[11–15] etc.

In connection with our previous investigation on oxidizing
agents supported on graphite for the selective oxidation of alco-
hols into carbonyl compounds, for instance, potassium perman-
ganate adsorbed on graphite,[16,17] ferric nitrate supported on
graphite,[18,19] and Jones reagent supported on graphite,[20] we
now report here that manganese dioxide supported on graphite
is a new reagent suitable for the selective oxidation of benzylic
and allylic alcohols (1) into the corresponding aldehydes and
ketones (2), respectively, at reflux under heterogeneous condi-
tions (Scheme 1). Meanwhile, some typical aliphatic alcohols
are also investigated under the same reaction conditions.

The manganese dioxide supported on graphite reagent is eas-
ily prepared by mixing of potassium permanganate, manganese

sulfate monohydrate, and graphite at 60◦C. In our cases, the
commercial potassium permanganate, manganese sulfate mono-
hydrate, and graphite can be used without further purification.

In order to determine the role of graphite in this oxidation
reaction, a blank test using benzyl alcohol as a representative
with graphite in dichloromethane at reflux for 96 h has been
performed, and we do not observe any conversion of benzyl
alcohol under such conditions. However, when benzyl alcohol
mixed with manganese dioxide supported on graphite reagent
in dichloromethane at reflux for 30 min, benzaldehyde can be
detected with thin-layer chromatography (TLC). Therefore, we
conclude that graphite is as a support only in the present reaction.

The oxidation is very simple. After contact of alcohols with
obtained reagent under heterogeneous and reflux conditions, the
expected products are obtained. Under our investigations, a 1
to 2 molar ratio of the substrate to the oxidant is employed,
and all reactions for benzylic and allylic alcohols are completed
within 10 h with high yields. The product is purified by prepara-
tive TLC. The obtained products are all known compounds and
identified by spectroscopic comparison with authentic samples.

The results, which are described in Table 1, show that the
present reagent is generally applicable to a range of benzylic
and allylic alcohols, and gives the corresponding aldehydes or
ketones in good yields. What we can see from Table 1 is that
benzylic alcohols, phenyl allylic alcohols, and benzoins (entries
1–6) are oxidized more readily than aliphatic alcohols (entries 7
and 8), which would indicate that the π -electrons of the double
bond have some effects; phenyl allylic alcohols (entry 1) is
oxidized more readily than benzyl alcohol (entries 2–4), which
would be due to the steric effects.

The oxidation of aliphatic alcohols, 2-hexanol and 1-hexanol,
is also investigated under this reaction conditions: After 12 h
of oxidation of 2-hexanol and 1-hexanol (entries 7 and 8) the
corresponding 2-hexanone in 25% yield and 1-hexanal in 16%
yield are obtained, respectively. The longer reaction periods of
72 h are carried out as well; in this case the corresponding 2-
hexanone is obtained in 30% yield and 1-hexanal is obtained in

C6H5 - CH2OH
MnO2

C6H5 - CH2OH/MnO2 C6H5 - CH2O Mn(IV)
O

OH

C6H5 - CHO Mn(III)
OH

OH

.
C6H5 - CHO/Mn(II)

OH

OH

C6H5 - CHO MnO/H2O+

3 (adsorption) 4 (coordination)

2)noitamroflacidar(5

1

SCH. 2.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
W

is
co

ns
in

 -
 M

ad
is

on
] 

at
 1

1:
33

 1
1 

Se
pt

em
be

r 
20

14
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TABLE 1
Oxidation of alcohols with manganese dioxide supported on graphite reagent

m.p. (◦C)

Entry Substratea Productb Reaction time (h) Yieldc (%) Found Reported[22,23]

1 9 96 255–256d 255d
OH

CHO

2 10 92 235–237d 237d
OH

CHO

3 10 90 254–256d 254d
OH

MeO

CHO

MeO

4 9 97 46–48 48–49
Ph Ph

OH

Ph Ph

O

5 6 96 93–95 95OH

O

O

O

6 6 92 103–104 104–105OH

O

CH3

H3C

O

O

CH3

H3C

7 72 30 103–105d 106d

OH O

72 22 100–101d 101–103d8 OH CHO

aAll the substrates are commercially available.
bAll the aldehydes and ketones have been described previously in the literature and were identified by their 1H-NMR and IR spectra and

melting points.
cYield of isolated pure product.
dMelting point of 2,4-dinitrophenylhydrazones.

22% yield, which may indicate that it is failed to increase the
conversion with longer reaction periods, and they remain almost
intact by this method.

We consider that the present oxidation is a free radical mecha-
nism, which is the same as that proposed earlier by Goldman,[21]

for the oxidation of alcohol 1 by manganese dioxide supported
on graphite reagent, which includes adsorption to give 3, for-
mation of a coordinated complex 4, transfer of a hydrogen atom
to give the stable radical 5, and finally intromolecular electron
transfer to afford the products 2. Here oxidation of benzyl alco-
hol is as an example (Scheme 2).

The main advantages of this oxidation are that the insoluble
solid support, graphite, provides a particular reaction environ-
ment capable of enhancing the reaction selectivity and reactivity.
Compared to previous heterogeneous MnO2 oxidation of alco-
hols, the amount of manganese dioxide used is quite reduced,[7]

the yields of the products are higher,[8] and there is no need for
using microwave equipment.[11,12] Moreover, it is well known
that for the reaction with manganese dioxide in the absence of
support, the isolation of products from the ensuing residues is
rendered more difficult and the oxidation is also accompanied
by the formation of minor contaminants; however, in the current
procedure it turns out to be very profitable in the workup, which
becomes reduced to a mere filtration.

CONCLUSION
In conclusion, the present manganese dioxide supported on

graphite reagent under heterogeneous conditions is a new and
efficient reagent for the oxidation of benzylic and allylic alco-
hols to the corresponding aldehydes and ketones, respectively.
The main advantage of this oxidation is that the insoluble solid
support, graphite, provides a particular reaction environment ca-
pable of enhancing the reaction selectivity and reactivity. More-
over, it turns out to be very profitable in the workup, which
becomes reduced to a mere filtration.
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