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Benzylic and allylic halides were conveniently oxidized to aldehydes and ketones by pyridine N-oxide in
the presence of silver oxide under mild conditions.
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1. Introduction

Aldehydes and ketones, especially aromatic and a,b-unsaturated
carbonyl compounds, are important classes of chemicals. Methods
for direct conversion of halides to carbonyl compounds have been
reviewed.1,2 Dimethyl sulfoxide (DMSO) is often employed as the
oxygen donor.3,4 However, high temperature is usually required.3,4

Oxidations involving amine oxides have also been reported.5–7 In
our attempt to modify carbohydrates with benzylic halides, we
have found that pyridine N-oxide can effectively and conveniently
oxidize benzylic and allylic halides to aromatic and a,b-unsaturated
carbonyl compounds, respectively, in the presence of silver oxide
(Ag2O) under mild conditions.8,9

The reactions were carried out in acetonitrile (toluene and
tetrahydrofuran gave much lower yield). The reaction mechanism
should be identical to that proposed for the reaction with DMSO
and base, as shown in Scheme 1.1,8 Half equivalent of silver oxide
was utilized to facilitate the reaction. Silver oxide assists the
heterolysis of the carbon–halogen bond in the substitution reac-
tion with pyridine N-oxide. The resulting hydroxide ion from the
reaction between silver oxide and halogen then functions as the
base in the elimination reaction to produce the carbonyl group.
When DMSO was employed instead of pyridine N-oxide as the
source of oxygen, the reaction did not go to completion while
giving a mixture of products.

For most bromides, the reactions were conveniently carried out
at room temperature. The reaction was complete in a few hours
but was stirred overnight for convenience. For chlorides and some
benzyl bromides with very strong electron-withdrawing substitu-
ents, slightly elevated temperature (50 �C) was required (Table 1,
entries 4–7 and 12–15). For some chlorides, only partial conversion
was observed (entries 13 and 14). The substituent effects indicate a
SN1-like mechanism for the first step in the reaction pathway.

The reaction workup was very simple. Upon completion of the
reaction, sodium sulfate or magnesium sulfate was added and
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the resulting mixture was filtered through a thin layer of Celite.
Concentration of the filtrate gave essentially pure product in quan-
titative yield.10 Further purification, when desired, consisted of
filtering the crude product through a short column of silica gel
with methylene chloride as the solvent. Pyridine by-product was
removed by initial washing of the loaded column with hexane.
The percent yields shown in Table 1 refer to the isolated yields of
the purified products and are generally good.

The above results have demonstrated that pyridine N-oxide is
an efficient oxidizing agent for the conversion of benzylic and
allylic halides to aromatic and a,b-unsaturated aldehydes and
ketones, respectively. The reaction can be applied to benzylic
halides with both electron-donating and -withdrawing substi-
tuents. The reaction described here is thus a useful and convenient
alternative to existing methods for oxidation of benzylic and allylic
halides to conjugated carbonyl compounds.

2. Experimental

All reagents were obtained from commercial sources and used
without further purification. The reactions were run in a nitrogen
atmosphere.

2.1 Typical experimental procedure

Silver oxide (0.68 g, 2.93 mmol) was added to a solution of
benzyl bromide (1.00 g, 5.85 mmol) and pyridine N-oxide (0.56 g,
5.85 mmol) in acetonitrile (10 mL) in a round-bottomed flask.
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Table 1
Reduction of benzylic and allylic halides with pyridine N-oxide in CH3CN

Entry Substrate Product Temperature (�C) Yield (isolated, %)

Br

R

CHO

R
1 R = H 25 82
2 R = p-Br 25 80
3 R = p-CO2CH3 25 81
4 R = m-CN 50 84
5 R = p-CN 50 80
6 R = m-NO2 50 86
7 R = p-NO2 50 86

8
Br CHO

25 95

9 Br O 25 84

10
Br CHO

25 85

11
Br O

25 85

12
Cl

MeO

CHO

MeO
50 92

13 Cl
MeO CHOMeO

50 74a

14
Cl

O2N

CHO

O2N
50 75b

15
Cl CHO

50 95

a The yield is based on 71% converted starting material.
b The yield is based on 50% converted starting material.
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The resulting mixture was stirred overnight under nitrogen.
Sodium sulfate or magnesium sulfate was added to the reaction
and the resulting mixture was filtered through a thin layer of
Celite. The flask and funnel were rinsed with ethyl acetate. Concen-
tration of the combined filtrate gave a slightly yellow oil. The crude
product was loaded on a short column of silica gel, which was
eluted with hexane to remove pyridine by-product and then with
methylene chloride. The methylene chloride solution was concen-
trated to yield a clear oil (0.51 g, 82%). The product was identified
by comparison of its NMR spectrum to that of an authentic
sample.10
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