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An oxidation of primary and secondary alcohols to the corresponding aldehydes and ketones by
chromium trioxide supported on silica gel at room temperature under solvent-free conditions is
described.

Chromium(VI)-based reagents have been exten-
sively used in organic synthesis [1—3], especially in
oxidation of alcohols. However, they are not without
their problems. For instance, overoxidation can occur,
work-up can be problematical, and at all times re-
moval of the product from toxic chromium contamina-
tion is a concern, especially with respect to large-scale
preparations.
Recently considerable attention has been paid to

the solvent-free reactions [4, 5], a number of these
studies have focused on the use of microwave tech-
nology in organic and organometallic synthesis [6]. In
many cases, solvent-free reaction (or solid-state reac-
tion) occurs more efficiently and more selectively than
does its solution counterpart, since molecules in a crys-
tal are arranged tightly and regularly. Furthermore,
avoiding organic solvents during the reaction in syn-
thesis leads to a clean and economical technology. For
example, safety is largely increased, work-up is consid-
erably simplified, cost is reduced, increased amounts
of reactants can be used in the same equipment, reac-
tivity and sometimes selectivity are enhanced without
dilution. These factors are especially important in in-
dustry.
On the other hand, it is well known that the bene-

fits of using solid-supported reagents for organic syn-
thesis are considerable [7], especially as they offer
remarkable ease of handling and use; often one can
simply weigh the amount of the reagent to be used. At
the end of the reaction a filtration suffices to remove
the contaminating by-products. Another advantage is
reduction in product contamination assured by hav-

ing the reagent fully bound to a solid support. This is
very important for oxidation reactions so that overoxi-
dation can be minimized. Solid-supported oxidants are
relatively safe to handle owing to full chemisorption of
the toxic chemicals.
On the basis of the previous investigations on ad-

vantageous oxidations under solvent-free conditions
[8—10] and with solid-supported reagents [11—14], a
new, simple, and general procedure for the oxidation of
primary and secondary alcohols to the corresponding
aldehydes and ketones with chromium trioxide sup-
ported on silica gel [11] at room temperature under
solvent-free conditions without microwave irradiation
has been elaborated.
In present reactions, the 1 to 1.2 mole ratio of the

oxidant (30 % CrO3 to silica gel) to substrate is em-
ployed. First the oxidant is carefully* added to the
substrate and the mixture is stirred magnetically at
room temperature. The progress of the reaction is
monitored by TLC (plates: aluminium-backed silica
gel Merck 60 GF254) using hexane—ethyl acetate (ϕr
= 8:2) as eluent. In general, the oxidations are com-
pleted within 10 min. The reaction mixture is then
extracted with dichloromethane or diethyl ether. Dis-
tillation of the solvent affords a product that is of ac-
ceptable purity for most purposes.
Mainly, the oxidations are more efficient and selec-

* Caution: CrO3 is a highly toxic agent. The mutagenic-
ity of chromium(VI) compounds is well documented [15].
Special care must always be taken when adding CrO3 to
organic media with respect to the exothermic oxidation.

*The author to whom the correspondence should be addressed.
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Table 1. Solvent-Free Oxidation of Alcohols with Chromium
Trioxide Supported on Silica Gel

Reaction time Yield
Substratea Productb

min %

n-C4H9-CH2-OH 10 n-C4H9-CHO 85
n-C8H17-CH2-OH 10 n-C8H17-CHO 79
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a) For solid substrates the reaction temperature should be near
or above their melting points; b) All the aldehydes and ketones
have been described previously in the literature and were identi-
fied by their IR spectra or by the IR spectra and melting points
of their 2,4-dinitrophenylhydrazones.

tive, the reaction times are shorter, the work-ups are
easier, and no overoxidation products are observed. As
can be seen in Table 1, this method is generally appli-

cable to a range of alcohols and gives the correspond-
ing aldehydes and ketones in good yields. Therefore, it
offers special promise for the oxidation of alcohols to
the corresponding carbonyl compounds, and thus can
be compared favourably with traditional CrO3-based
oxidation methods [16].
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