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Efficient oxidation of primary and secondary alcohols to the corresponding carbonyl compounds can be
carried out in acetonitrile, using chloramine-T in the presence of catalytic zinc(II) salts. Primary alcohols
are selectively oxidized to aldehydes without carboxylic acid byproduct.
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Oxidation of primary and secondary alcohols to the correspond-
ing carbonyl compounds is a frequently used transformation in or-
ganic synthesis.1 A variety of methods have been documented in the
literature,2 such as Dess–Martin oxidation,3 Swern oxidation,4 and
various transition metal reagents. However, the use of a stoichiom-
etric amount of transition metal oxidants and a large quantity of
toxic byproducts was still the disadvantage of conventional meth-
ods. Therefore, there has been a continuous demand to develop
environmentally friendly synthetic methods for this conversion.

Zinc salts have been widely used in organic synthesis especially
taking the place of expensive and toxic metals in some reactions,
because of their inexpensiveness, abundance, and low toxicity.5

At the same time, chloramine-T which was used usually as biocide
and mild disinfectant is an inexpensive, commercially available re-
agent. When used as the oxidant, chloramine-T has an advanta-
geous point that the catalytic oxidation could be performed by a
simple operation without adding any bases and dehydrating
agents.6 Inspired by recent findings,7 herein we report that a sim-
ple method to oxidized primary and secondary alcohols to corre-
sponding carbonyl compounds under mild conditions by using
chloramine-T as an oxidizing agent and zinc(II) salt as a catalyst.

In the preliminary study, we chose the oxidation of diphenyl-
carbinol 1 as our model system, and several commercial zinc(II)
salts as potential catalysts were used to screen the most efficient
catalyst and the best reaction conditions. The results were shown
in Table 1. It was found that high conversion and good yield of
ll rights reserved.

.

oxidation product 2 were obtained employing 20 mol % of ZnBr2

as the catalyst in acetonitrile (Table 1). Modest yields were ob-
served with ZnCl2, ZnSO4, and Zn(OAc)2. ZnBr2 showed a remark-
ably high activity even at room temperature, while the
transformation cannot proceed in the absence of ZnBr2 at room
temperature.

In order to elucidate the efficiency of the catalyst, several
amounts of ZnBr2 were then examined for the oxidation of diphen-
ylcarbinol using chloramine-T in acetonitrile. As indicated in Table
2, it is clear that 20 mol % ZnBr2 shows exceedingly high catalytic
efficiency compared to 5 mol % ZnBr2 and there is no significant in-
crease in the yield at a mole rate of 50 mol %. Hence, the required
catalyst to ZnBr2 is 20 mol %, beyond which no appreciable effect
on the yield has been observed.

Encouraged by these results, we screened several different sol-
vents for the oxidation of 1 using ZnBr2 and chloramine-T at room
temperature. Excellent yields of benzophenone were observed
after 12 h in dichloromethane and acetonitrile (Table 3, entries 1
and 2) among the solvents examined. However, tetrahydrofuran
(THF), dimethyl sulfoxide (DMSO), toluene, and diethylether were
not suitable for this transformation.

The substrate scope of this method was investigated under stan-
dard reaction conditions, and the results are shown in Table 4.8

A variety of alcohols were efficiently oxidized to their correspond-
ing carbonyl compounds. The para- and meta-substituted benzyl
alcohols were oxidized to the corresponding substituted benzalde-
hydes in good to excellent yields (Table 4, entries 2–9). It seems that
the reaction rates of benzyl alcohols with electron-donating groups
are higher than electron-withdrawing groups. Dimethylamino,
thiomethyl, ester, and cyano groups were tolerated under standard
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Table 4
Scope of ZnBr2-catalyzed the oxidation of alcohols to corresponding carbonylsa

R1 R2

OH

chloramine-T (1.0 eq)
CH3CN, reflux

ZnBr2 (0.2 eq)
R1 R2

O

Entry Alcohols Time (h) Yield (%)

1
OH

1.5 95

2 OH 1.5 96b

3
OH

N 3 85

4
OH

MeO
1.5 94

5
OH

MeS
2 90

6
OH

Cl
2 91

7
OH

MeOOC
3 83

8
OH

NC
4 80

9

OH

NO2

2 88

10
N

OH
2 90

11
N OH 2 89

12
OHO

O
4 78

13 OH 1.5 95b

14 OH 2 90b

15 OH 3 91b

16
OH

4 96b

17
OH

5 95

18

OH

MeO

5 92

19

OH

Cl

5 90

20

OHCl

Cl
F

5 93

21
OH

4.5 86

22

OH

Me

1.5 94

23

OH

Cl Cl

2 89

a Unless otherwise stated, reaction was run using alcohol (1 mmol), 20 mol % ZnBr2,
and 1 equiv chloramine-T in CH3CN at reflux.

b Determined by GC analysis.

Table 1
Screening of the zinc(II) salts used as the catalyst

Entry Catalyst (0.2 equiv) Time (h) Yielda (%)

1 — 5 46
2b — 12 N.R.
3 ZnCl2 3 80
4 ZnSO4 3 85
5 Zn(OAc)2 3 88
6 ZnBr2 1.5 95
7b ZnBr2 12 87

a Isolated yield by column chromatography.
b At room temperature.

Table 3
Optimization of solvents for the oxidation of diphenylcarbinol

Entry Solvent Time (h) Yield (%)

1 CH2Cl2 12 82
2 CH3CN 12 87
3 THF 24 60
4 DMSO 24 65
5 Toluene 24 70
6 Et2O 24 30

Table 2
The amounts of catalyst optimization for the oxidation of diphenylcarbinol

Entry ZnBr2 (equiv) Time (h) Yield (%)

1 1 1 95
2 0.5 1.5 95
3 0.2 1.5 95
4 0.1 3 90
5 0.05 5 82
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conditions (Table 4, entries 3, 5, 7, and 8). Moreover, the generality
of the methodology was further confirmed by applying the same
reaction conditions to heterocyclic alcohols. The transformation of
2-hydroxymethylpyridine and 3-hydroxymethylpyridine to the
corresponding aldehydes proceeded smoothly in good yields
(Table 4, entries 10 and 11). Piperonyl aldehyde was achieved from
piperonyl alcohol in moderate yield (Table 4, entry 12). Under the
present reaction conditions, simple aliphatic alcohols, such as 1-
butanol, were also oxidized to aliphatic aldehydes in high yields.
With the increase of the carbon chain the reactivity decreased
slightly. For example, the oxidation of 1-hexanol needs 2 h with
90% yield, consuming more time than the transformation of
1-butanol. In these reactions, the produced aldehydes were not
oxidized further to carboxylic acids, indicating the potential utility
of ZnBr2/chloramine-T system as a selective oxidant.

This method also can be applied to the oxidation of secondary
carbinols under the same reaction conditions. Aliphatic and ben-
zylic secondary alcohols were effectively oxidized to correspond-
ing ketones (Table 4, entries 15–23), but the reaction rate is
slower than primary alcohols. For example, the oxidation of cyclo-
hexanol afforded cyclohexanone taking 4 h in 96% yield. Similarly,
substituted 1-phenylethanols like 1-(2,6-dichloro-3-fluorophenyl)
ethanol were converted into the corresponding acetophenones
slower than 1-phenylethanol, but still in good yields. Both electron
donating and electron withdrawing groups were tolerated in this
transformation, such as methoxy- and halogen-substituted



Scheme 1. Proposed reaction mechanism of alcohol oxidation by chloramine-T
with ZnBr2 as catalyst.
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1-phenylethanols. We also tested some substituted diphenylc-
arbinols (Table 4, entries 22 and 23). In the case of 4-methyl-
benzhydrol, its corresponding ketone was obtained in high
yield.

On the basis of the above results and mechanism reported in the
literature,9 a plausible reaction mechanism is shown in Scheme 1.
Initially, coordination of alcohols to zinc bromide results in facili-
tating the cleavage of the hydroxyl bond. Then chloramine-T
successively reacts with alcohols to afford the intermediate 3.
Finally, the decomposition of the intermediate 3 into carbonyl
compounds proceeds in a concerted manner. Therefore, complexa-
tion of the oxygen atom of the alcohols with zinc should accelerate
the cleavage of the O–H bond and the hydrogen transfer in the
presence of zinc bromide.

In conclusion, an efficient procedure for the conversion of alco-
hols into the corresponding carbonyl compounds using ZnBr2/chlo-
ramine-T system has been developed. Primary and secondary
alcohols are rapidly oxidized without overoxidation to carboxylic
acids. This novel method makes use of very easily available and
cheaper reagents under mild conditions. It seems to be as conve-
nient for oxidizing both primary and secondary alcohols as other
methods reported in the literature. Additional investigations will
focus on the extension of this catalytic system.
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