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CERIUM(IV) AMMONIUM NITRATE-CHARCOAL SYSTEM.
AN EFFECTIVE CATALYST FOR THE AIR OXIDATION OF BENZYL ALCOHOLS AND ACYLOINS

Yasuo Hatanaka, Tsuneo Imamoto: and Masataka Yokoyama
Department of Chemistry, Faculty of Science, Chiba University
Yayoi-cho, Chiba City 260, Japan

Summary: Cerium(IV) ammonium nitrate (CAN) adsorbed on activated charcoal
has been found to be an effective catalyst for the air oxidation of benzyl
alcohols and acyloins to the corresponding carbonyl compounds.

It is well known that, among various oxidants, tetravalent cerium compounds
exhibit characteristic oxidizing ability.1) Nevertheless, the practical use of
these compounds as oxidizing reagents are limited to some special cases,a's)
because the extremely strong oxidizing power of them often causes undesirable
over-oxidations to result in complex reaction mixtures.]) Only recently, a new
method using a catalytic amount of cerium(IV) ion in the presence of sodium
bromate was devised,7’8) and it was successfully applied to the selective oxida-
tion of alcohols.g)

During the course of our investigation on the utilization of cerium and its
major derivatives in organic synthesis,1o']2) we found that CAN adsorbed on
charcoal effectively catalyzed the air oxidation of benzyl and related alcohols
to afford the corresponding carbonyl compounds in good to high yields.]B) We
wish to report herein some examples of this synthetically useful oxidation.

Air
RR'CHOH > RR'C=0
(NH,,) ,Ce(NO5 ) ¢ ~Charcoal

The preparation of the catalyst (CAN~Charcoal) and the subsequent air oxida-
tion can be carried out conveniently. A typical experiment is as follows:
Activated charcoal (Special Grade, purchased from Wako Pure Chemicals Ltd.)
(3.00 g) was added to a solution of CAN (0.82 g) in water (100 ml) with stirring.
After 10 min, the solid was collected by filtration and dried over P205 in vacuo
for 15 h to give 3.85 g of catalyst. Next, a mixture of the catalyst (385 mg),
which contained ca. 0.15 mmol of CAN, p~-chlorobenzyl alcohol (1 mmol), and
toluene (3 ml) was heated with stirring at 100 °C in an open flask. After 2 h,
the reaction mixture was cooled and the catalyst was removed by filtration. The
filtrate was concentrated and the residue was purified by preparative thin layer
chromatography on silica gel to give p-chlorobenzaldehyde (117 mg, 82 %).
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Table 1. Air Oxidation of Benzyl Alcohols and Acyloins Catalyzed by CAN-Charcoal

Entrya) Substrate Catalyst Time Product Yieldb)

(mol %) (h) (%)
1 p-Clc6H40H20H 15 2 p-ClC6HACHO 82
2 p-BrC H ,CH S0H 15 2 p-BrC¢H 401{0 68
3 p~0,NC¢H, CH,OH 15 1.5 P-0,NC¢H, CHO 78
L4 p-CH50CH, CH,0H 15 2 p~CHz0CgH, CHO 92
5¢) HO(CHZ)B-@CHZOH 20 16 HO(CHZ)B@CHO 73
6 CSH5CH(OH)COCGH5 15 2 061{5000006}15 86

7 cH}o{j}cn(orﬂco(@}ocn3 15 18 CH30@COCO@OCH3 92

8 o@cn(on)co@o 15 20 o@coco 0 86
& 3 & Q3

9 (®)-cuom)co(w) 20 9 (®)-coco~(K) 82

ag All reactions were carried out in toluene at 100 °C unless otherwise stated.
b) Isolated yield. <¢) The reaction was performed in dioxane.

In a similar manner, various benzyl alcohols and acyloins were subjected to
air oxidation.IQ) The results are summarized in Table 1.

It is noted that the oxidation of benzyl alcohols afforded benzaldehydes
without formation of benzoic acids. Another characteristic of this method is
that, as is shown in Entry 5, benzylic alcohol moiety was selectively oxidized
and other hydroxy group remained unaffected.

The oxidation of acyloins also proceeded cleanly to give d-diketones in high
yields. The results are in sharp contrast to those obtained by the reaction
using stoichiometric amount of CAN, in which C-C bond fission occurs to yield
aldehydes and carboxylic acids.15
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