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SURFACE-MEDIATED HIGHLY
EFFICIENT OXIDATION OF ALCOHOLS
BY BISMUTH NITRATE

Susanta Samajdar, Frederick F. Becker,
and Bimal K. Banik*

The University of Texas, M. D. Anderson Cancer Center,
Department of Molecular Pathology, Box 89,
1515 Holcolmbe Blvd., Houston, TX 77030, USA

ABSTRACT

Montmorillonite impregnated with bismuth nitrate was found
to be an excellent reagent for the oxidation of a variety of
alcohols in excellent yield.

Oxidation of organic compounds is one of the fundamental chemical
transformations. Therefore, oxidation chemistry in organic or in aqueous
solution continues to attract considerable attention. New versatile and selec-
tive reagents to achieve the oxidation of alcohols are constantly being
sought and as a result, many oxidizing agents have been developed.'
Some of the methods described for these reactions have significant limita-
tions, such as, long reaction times, secondary reactions, low yield, the
requirement for a number of solvents and strong acid medias, relative
unavailability of the reagents, anhydrous conditions and in some cases
stringent reaction conditions. To overcome these shortcomings, oxidation of
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alcohols under solid phase® and by catalytic reactions" are very promising.
We have been engaged in the synthesis and biological evaluation of several
polyaromatic compounds and in a preliminary study have shown the antic-
ancer activity of several of these derivatives.® Recently, we also develop a
simple oxidation method* of benzylic methylenes to the ketones mediated by
sodium bismuthate in acid media. The versatility of this method has been
exploited through the facile oxidation of allylic and benzylic alcohols to the
corresponding aldehydes.*”

Disposal of solvent and acid-base waste is a significant problem for
chemical research and therefore, we also were interested in surface-mediated
oxidation chemistry of alcohols and report here a highly efficient oxidation
method of a wide variety of alcohols by montmorillonite impregnated with
bismuth nitrate.” Montmorillonite has been used previously for the oxidation
of secondary benzylic alcohols in the presence of “clayfen”® (montmorillo-
nite-ferric nitrate) under the influence of microwave irradiation.” The notable
advantages of our method include a general procedure for the oxidation of
benzylic alcohol, allylic alcohol and aliphatic alcohol without any micro-
wave irradiation or pre-treatment® for the preparation of the solid support.

The montmorillonite-induced oxidation of the alcohols is shown in the
Table 1. Saturated alcohols (entries 1-3), benzylic alcohols (entries 4-6) and
allylic alcohols (entry 7 and 8) underwent facile oxidation in excellent yield®
(69-99%) (Scheme 1).

Similar oxidation of 2-phenylethanol (entry 4) with silica gel or acidic
alumina gave a complex mixture of products. However, oxidation of
2-phenylethanol (entry 4) with montmorillonite induced condition afforded
acetophenone in 89% yield. Thus, we believe that the nature of the support,
not the acidity is an important factor for the successful oxidation described
in this present investigation. Although, oxidation of benzylic alcohols was
reported by clayfen under microwave irradiation method, we found a facile
oxidation of the same substrates by bismuth nitrate at room temperature
within a few minutes without using microwave. The solid support being the
same, this strongly suggests that bismuth nitrate is a superior oxidizing
agent compared to ferric nitrate. Also this reagent in combination with
montmorillonite was shown to be effective for the oxidation of allylic alco-
hol and saturated alcohol. No lactones acids or epoxides could be detected

R Montmorillonite/ R
R’)_ OH Bi(NO3); 69-99% R/): 0

R=R'= aliphatic R = R/ = aromatic
R = unsaturated, R = aliphatic R = aliphatic, R’ = aromatic

Scheme 1.
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Table 1. Bi(NOs); Mediated Oxidation of Alcohols

BP/MP (°C)
Time Yield

Entry Substrate  Product (min) (%) Observed Lit.*

1 N Nt 5 91 150 149
OH (0]
OH (0]

2 Q @ 5 81 168 169-171
OH (0]

3 O/ @/ 5 69 163 162-163
OH (0]

4 é 5 2 89 202 202
OH (0]

5 ©:> ©:‘> 3 73 242 243-245

6 O.O 0.0 4 99 81 82-85
OH (0]
OH (0]

7 O @ 5 91 167 168

228 227-230

a: Aldrich chemical company

in the reaction mixture. However, all attempts to oxidize the primary
alcoholic substrates to generate the corresponding aldehydes failed.
In conclusion, we have demonstrated a facile synthetic method for the

oxidation of several alcohols to the ketones by bismuth nitrate supported on

montmorillonite.
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