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CHROMIUM TRIOXIDE SUPPORTED ONTO COPPER
SULFATE AS AN EFFICIENT OXIDIZING AGENT
FOR OXIDATION OF ALCOHOLS UNDER SOLVENT
FREE CONDITIONS
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Alcohols are rapidly oxidized to carbonyl compounds using CrOg sup-
ported onto CuSOy4 under solvent free conditions. Over-oxidation of
aldehydes to carboxylic acids and damage to carbon-carbon double
bond is not observed by this method.
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The oxidation of alcoholic groups to carbonyl compounds is a fundamen-
tal transformation that is encountered at all levels of organic synthesis’
and, because of its significant role, the development of newer methods is
attracting much current interest in spite of the availability of numerous
methods reported in the literature.?

Chromium trioxide, CrQOs, based oxidants are one of the most widely
used of all oxidizing reagents for this transformation.*® Over the years
they have been continually developed and modified to overcome the typ-
ical problems that occur during the oxidation and to accept wider ranges
of substrates with improved selectivity.® A drawback against such ox-
idants and their use in multistage organic synthesis in spite of their
power is their lack of selectivity, for example, overoxidation of aldehy-
des to carboxylic acids and the degradation of unsaturated substrates
are often unavoidable side reactions.? Moreover the utility of chromium
(VI) reagents in the oxidative transformation is compromised due to
their inherent toxicity, cumbersome preparation and potential danger
(ignition or explosion) in handling of its complexes, difficulties in terms
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of product isolation and waste disposal.® Application of heterogeneous
systems especially by introduction of reagents on solid supports and
under solvent-free conditions has circumvented some of these problems
and provided an attractive alternative in organic synthesis.” The ad-
vantage of these methods over conventional homogenous reactions is
that they provide greater selectivity, enhanced reaction rates, cleaner
products, and manipulative simplicity.®? Moreover the absence of sol-
vent reduces the risk of hazardous explosion when the reaction takes
place in a closed vessel.

Very recently Heravi et al. have reported that CrO3 supported onto
both wet silica gel® and Zeolite HZSM-5' can be used as oxidizing
agents for the oxidation of alcohols to carbonyl compounds under mi-
crowave irradiation in solvent less system. They discovered that in the
absence of inorganic supports the oxidation reactions under microwave
irradiation are sluggish and considerable amounts of starting materials
were recovered unchanged. In 2002, a report by Ji-Dong Lou et al.? out-
lined that CrOj3 can slowly oxidize primary alcohols to the correspond-
ing aldehydes in solvent free conditions at room temperature. Having
the above facts in mind, now we wish to report an extremely convenient
method for oxidation of alcoholic groups into their corresponding car-
bonyl compounds with CrOs supported onto CuSOy4 under solvent free
conditions.
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Chromium trioxide supported on copper sulfate was prepared by sim-
ply cogrinding CuSOy4 with CrOj in the ratio 10:1 (w/w) in an agate
mortar. In this simple and efficient method the starting alcohols were
converted to the corresponding carbonyl compounds in a mortar with
grinding by a pestle in the presence of supported CrO3 on CuS0y. The
feasibility of the present oxidation of alcohol was first examined using
benzyl alcohol as a model substrate. Thus, benzyl alcohol was thor-
oughly mixed with 2 equivalent of CrO3/CuSOy in a mortar with a
pestle and in an ambient air environment at room temperature and
benzaldehyde was obtained in 75% yield within 7 min. It is noteworthy
that the oxidation did not proceed to completion even after prolonged
hours of reaction when less than 2 equivalents of the oxidant were used.

With the first successful result in hand, oxidation of other alcohols
with CrO3s/CuSQ, were carried out under similar reaction conditions.
The results obtained are presented in Table I. As shown in Table I,




Oxidation of Alcohols

TABLE I Conversion of Aleohols to Carbonyl Compounds Using CrOg
Supported onto CuSO,*

Entry Substrate Product Time (min)  Yield®¢ (%)

1 CH3(CH;);CH,OH CH4(CHy);CHO 7 69
2 CH3(CH3);CH,0OH CH;](CH-‘Q)(;CHO 7 70
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@Molar ratio of reagent to substrate was 2:1.

b¥ields refer to pure isolated products.

“Products were characterized by comparsion of their physical data, IR, NMR spectra
with known samples.
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primary and secondary saturated aliphatic, benzylic, and the hetero-
eyclic aleohols were oxidized to the corresponding carbonyl compounds
in good to excellent isolated yields with very short times (5-10 min).
Overoxidation of primary benzylic alcohols to carboxylic acids, which is
common for some other reagents was not observed. One of the interest-
ing properties of this reagent was its ability to convert hydrobenzoin
to benzoin contrasting to the results obtained by many other reagents,
which cleave the carbon-carbon bond to give the corresponding alde-
hyde or acid. 4-Phenyl-but-3-en-2-0l as a «,8-unsaturated alcohol was
easily converted to 4-phenyl-but-3-en-2-one in 85% yield showing that
carbon-carbon double bonds are not prone to cleavage using this method
and no isomerization of double bonds is observed.

The promoting effect of CuSO4 was definitely confirmed by compar-
ing our results with those previously reported by Ji-Dong Lou et al.’
that applied CrOj in the absence of inorganic support for the oxida-
tion of primary alcohols to the corresponding aldehydes in solvent free
conditions at room temperature. For example, the oxidation of benzyl
alcohol with CrO; was completed under solvent free condition after 3 h,
while with CrO3/CuSQy, the required time for completion of oxidation
reaction is 7 min.

The rapid and selective formation of oxidation products demon-
strates the efficiency of this new method. The structure of all the prod-
ucts were established from their analytical and spectral (IR, '"H NMR)
data and by direct comparison with authentic samples.

In conclusion, oxidation of primary and secondary alcohols with
Cr03/CuS0;, in solvent-free conditions is a rapid, manipulatively sim-
ple, selective, and environmentally friendly protocol when compared to
the conventional solution phase or heterogeneous condition, and should
have utility in contemporary organic synthesis.

EXPERIMENTAL

General

Alcohols, CrQO3, and CuSO4 were purchased from Fluka and Merck.
The purity determination of the products and reaction monitoring were
accomplished by TLC on silica gel polygram SILG/UV 254 plates.

General Procedure for the Oxidation of Alcohols
Using CuS0,4/CrO3

CuS0y (2 g) and CrO; (0.2 g, 2 mmol) were crushed together in a mor-
tar so as to form an intimate mixture. A neat alcohol (1 mmol) and two




Oxidation of Alcohols 461

drops of t-BuOH were added to this mixture. The reaction mixture was
ground for the time specified in the Table 1. The progress of reaction
was monitored by TLC using ether-CCly. Then the reaction mixture was
poured into a mixture of ether (20 ml) and water (10 ml). The organic
layer was passed through a small bed of alumina and evaporated to dry-
ness using a rotary evaporator to give the pure corresponding carbonyl
compound (Table I). (Caution: Chromium is listed by the Environmen-
tal Protection Agency as one of 129 priority pollutants. CrOsj is a highly
toxic agent. All chromium (VI) reagents must be handled with care. The
mutagenicity of chromium (VI) compounds is well documented.!!
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