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Solvent free oxidation of alcohols with manganese dioxide
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Abstract—The oxidation of primary and secondary alcohols to the corresponding aldehydes and ketones by manganese dioxide
under solvent free conditions are described. This new oxidation procedure is very simple and affords good yields. © 2002 Elsevier

Science Ltd. All rights reserved.

The oxidation of primary and secondary alcohols to the
corresponding aldehydes and ketones is a fundamental
reaction that is encountered at all levels of organic
synthesis. Manganese dioxide (MnQO,) is a useful selective
oxidising reagent that is available for carrying out this
transformation. For instance, the corresponding alde-
hydes or ketones can be obtained with MnO, by oxidation
of allylic alcohols in petroleum ether, hexane, acetone or
chloroform,'™ of propargylic alcohols in dichloro-
methane,>” of benzylic or heterocyclic alcohols in chlo-
roform, dioxane or acetone,® !° of saturated alcohols in
petroleum ether or acetonitrile,!! and by oxidative cleav-
age of 1,2-diols in dichloromethane.'?

It is well known that the oxidation of organic compounds
with MnO, has been performed in many solvents. The
choice of the solvents is important. Thus primary or
secondary alcohols (or water) are unsatisfactory since
they can compete with the substrate being adsorbed on
the MnO, surface and they have a strong deactivating
effect.!® A similar but less pronounced influence has also
been observed with various polar solvents such as acetone,
ethyl acetate, DMF, and DMSO. However, these polar
solvents, including water,'* acetic acid, and pyridine,
should be used at higher temperatures. This deactivating
influence due to the polarity of the solvent can be used
to control the reactivity of active MnO, and sometimes
to avoid side reactions or to improve the selectivity. In
general, most of the reactions described in the literature
are carried out in aliphatic or aromatic hydrocarbons,
chlorinated hydrocarbons, diethyl ether, THF, ethyl
acetate, acetone, and acetonitrile.
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As a part of our program related to developing new
oxidation methods'>?* we wish to report here a new,
simple, and general procedure that can be used for the
oxidative transformation of primary and secondary alco-
hols into the corresponding aldehydes and ketones using
an inexpensive and environmentally friendly oxidant,
MnO,, under solvent free conditions. Solvent free reac-
tions are of general interest because of their potential
applications in combinatorial chemistry.

Active MnO, is prepared from potassium permanganate
(KMnO,) under basic conditions according to the liter-
ature.? The amount of active MnO, required to perform
the oxidation of an alcohol substrate depends on the type
of MnO, and on the substrate. In our cases, the ratio of
MnO, to substrate is 10 to 1 by weight. The oxidation
is very simple: the oxidant is added to the substrate in
a flask in one portion and the mixture is stirred magnet-
ically at room temperature until TLC analysis indicates
a completed reaction. The residue is then washed with a
minimum amount of solvent such as dichloromethane or
diethyl ether. Distillation of the solvent gives a product
that is of acceptable purity for most purposes. The results,
which are shown in Table 1, show that the method is
generally applicable to a range of alcohols, and gives the
corresponding aldehydes and ketones in good yields.
Meantime, we have observed that unactivated alcohols
such as 1-hexanol or 1-octyl alcohol are not efficiently
oxidised under these conditions.

In summary, solvent free oxidation using MnQO, as an

oxidant is a new and efficient method for the oxidation
of primary and secondary alcohols.**
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Table 1. Solvent free manganese dioxide oxidations
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* For solid substrates the reaction temperature should be near or above their melting points.
® Caution! The mixture of manganese dioxide and an alcohol may potentially be dangerous. We have run each
reaction at least 3 times on amounts ranging from 0.050 g to 0.150 g without encountering any problem. We

nevertheless advise any user to take adequate precautions.

¢ All the aldehydes and ketones have been described previously in the literature and were identified by their IR
spectra or by the IR spectra and melting points of their 2,4-dinitrophenylhydrazones.

References

Ball, S.; Goodwin, T. W.; Morton, R. A. Biochem. J. 1948,
42, 516.

Corey, E. J.; Gilman, N. W.; Ganem, B. E. J. Am. Chem.
Soc. 1968, 90, 5616.

Bharucha, K. R. J. Chem. Soc. 1956, 2446.

Fales, H. M.; Widman, W. C. J. Org. Chem. 1961, 26, 881.
Struve, G.; Seltzer, S. J. Org. Chem. 1982, 47, 2109.
Van Amsterdam, L. J. P.; Lugtenburg, J. Chem. Commun.
1982, 946.

Bentley, R. K.; Jones, E. R. H.; Thaller, V. J. Chem. Soc.
(C) 1969, 1096.

Highet, R. J.; Wildman, W. C. J. Am. Chem. Soc. 1955,
77, 4399.

Hansel, R.; Su, T. L.; Schulz, J. Chem. Ber. 1977, 110, 3664.
Trost, B. M.; Caldwell, C. G.; Murayama, E.; Heissler, D.
J. Org. Chem. 1983, 48, 3252.

Crombie, L.; Crossley, J. J. Chem. Soc. 1963, 4983.
Ohloff, G.; Gieersch, W. Angew. Chem. 1973, 85, 401.
Mattocks, A. R. J. Chem. Res. (S) 1977, 40.

14.

15.
16.
17.
18.
19.
20.
21.

22.
23.

24.

Barakat, M. Z.; Abdel-Wahab, M. F.; El-Sadr, M. M. J.
Chem. Soc. 1956, 4685.

Lou, J.-D.; Wu, Y.-Y. Chem. Ind. (London) 1987, 531.
Lou, J.-D.; Wu, Y.-Y. Synth. Commun. 1987, 17, 1717.
Lou, J.-D. Chem. Ind. (London) 1989, 312.

Lou, J.-D. Synth. Commun. 1989, 19, 1841.

Lou, W.-X,; Lou, J.-D. Synth. Commun. 1992, 22, 767.
Lou, J.-D.; Lou, W.-X. Synth. Commun. 1997, 27, 3697.
Lou, J.-D.; Lu, L.-H.; Liu, W. Synth. Commun. 1997, 27,
3701.

Lou, J.-D. J. Chem. Res. (S) 1997, 206.

Attenburrow, J.; Cameron, A. F. B.; Chapman, J. H.;
Evans, R. M.; Hems, B. A.; Jansen, A. B. A.; Walker, T.
J. Chem. Soc. 1952, 1094.

After we submitted our manuscript, a similar study was
found: Firouzabadi, H.; Karimi, B.; Abbassi, M. J. Chem.
Res. (S)1999, 236. However, their oxidations are performed
at higher temperatures, which may present safety hazards,
and substances are limited in benzylic and aromatic allylic
alcohols.
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