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a b s t r a c t

A new method for oxidation of alcohols to carbonyl compounds has been developed using NH2OH�HCl
and NaIO4 under mild reaction conditions at room temperature. Application of the method for the syn-
thesis of diiodo compound from a,b-unsaturated carbonyl compound is also described.

� 2012 Elsevier Ltd. All rights reserved.
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The search of a new reagent in organic chemistry is of prime
interest to chemists. Oxidation of various organic compounds is
an important methodology for both academic and industrial
purposes. Thus finding a new oxidizing agent is always interesting.
Traditionally oxidation is carried out using transition metal com-
pounds, peracids, and hypervalent halogen compounds. Generally
in each of the cases stoichiometrically excess amount of oxidizing
agent is used. In particular, chromium(VI) is established as a versa-
tile oxidizing agent for effective and selective oxidation of alcohols
to the corresponding carbonyl compounds under mild conditions. In
recent times significant improvements were achieved by the devel-
opment of new oxidizing agents such as pyridinium chlorochromate
(PCC),1,2 pyridinium dichromate (PDC),3 pyridinium fluorochromate
(PFC),4 pyridinium bromochromate (PBC),5 quinolinium chloro-
chromate (QCC),6 quinolinium fluorochromate (QFC),7 prolinium
chlorochromate,8 caffeinilium chlorochromate9 and other reagents
such as H2O2,10 NBS,11 TEMPO,12 etc. Hypervalent halogen com-
pounds are the other class of oxidizing agents such as IBX,13 NaB-
rO2,14 NaBrO3,15,16 etc. Most of the previous methods suffer from
at least one of the following general disadvantages such as low to
moderate yields, long reaction time, harsh reaction conditions,
and use of toxic metals and hazardous solvents.

Thus there is still scope for the search of new oxidizing agent. It
is well known that use of hypervalent iodine reagents such as IBX,
PhICl2�Py,17 and iodic acid18 has increased the interest in oxidation
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during last few years because they are rather selective and mild
oxidizing agents.

In continuation of our ongoing research for developing newer
methodologies,19 we have investigated the oxidizing ability of
NaIO4. In the literature it is found that NaIO4 itself acts as an oxi-
dizing agent in the presence of RuO2

20 or in the presence of Mn(III)
porphyrins21 and wet silica.22 Herein we wish to report that the
combination of NaIO4 and NH2OH�HCl as a good, selective, and
mild oxidizing agent for the oxidation of alcohols to the corre-
sponding carbonyl compounds at room temperature (Scheme 1).

The experimental procedure is very simple.23 The reaction was
carried out using 1 equiv of NaIO4 and 1.5 equiv NH2OH�HCl in
dichloromethane solvent at room temperature. The reaction is very
fast. We have examined the generality of the present reaction condi-
tions to a variety of alcohols. The results are summarized in Table 1.
A wide range of alcohols undergoes oxidation to give the corre-
sponding carbonyl compounds. Aliphatic, benzylic, and heteroaryl
substituted alcohols reacted to produce the corresponding carbonyl
compounds in good yields. It was also observed that primary alco-
hols were oxidized to corresponding aldehydes only without any
noticeable further oxidation to acids. The reaction condition is mild
R1 = Alkyl, Aryl
R2 = H, Alkyl, Aryl

Scheme 1. Oxidation of alcohols.
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Table 1
Oxidation of alcohols.

Entry Substrate Product Yielda (%) Ref.

1
CH2OH CHO

80 18

2
CH2OH CHO

85 18

3
CH2OH

MeO

CHO

MeO
82 13d

4

CH2OH

O
O

CHO

O
O

80 28

5
O

CH2OH
O

CHO 77 18

6
OH O

85 13d

7
OH O

85 24

8

OH

Cl

O

Cl
80 24

9
OH O

80 25

10

OH O
86 24

11
OH O

90 18

12
OH O

82 13d

13 Isobutanol Isobutyraldehyde 80 26
14 Isoamyl alcohol Isovaluraldehyde 82 27

15
NHBoc

HOH2C

NHBoc

OHC
78 —

16
OTHP

HOH2C

OTHP

OHC
74 —

a Isolated yields.

Table 2
Oxidation of alcohol in different conditions

OH O

NaIO4 (1 equiv.), DCM (2 ml)

reagents

30 Min

Entry Reagents Yielda (%)

1 NH2NH2�H2O 0
2 PhNHNH2�HCl 0
3 PhNH2 0
4 PhNH2�HCl 0
5 1 ml 0.1 N HCl 0
6 L(+) Alanine 0

a 100% Starting material recovered.

Ph

OH

Ph

O

6NaIO4 + 14NH2OH.HCl 3I2 + 14NO + 24H2O + 6NaCl + 8HCl

Ph

O
I

Ph

O
NO

H
-HNO

[A]

2 HNO N2O + H2O

[B]

Scheme 2. The plausible reaction mechanism.
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enough as evidenced by the oxidation of piperonol (entry 4, Table 1)
to piperonal where the acetal functionality is at risk for cleavage in
acidic condition. Protecting groups like NHBoc (entry 15, Table 1)
and OTHP (entry 16, Table 1) remain unaffected under the present
technique of oxidation. Hydrobenzoin on oxidation gives benzoin
as the sole product. By increasing the stoichiometry of the reagents,
only a trace of benzil has been found in the crude mixture. The pro-
cess is equally effective for compound containing electron with-
drawing group (entry 8, Table 1) as well as electron donating
group (entry 3, Table 1).

To investigate the role of NH2OH�HCl, and the plausible reaction
mechanism of the present method we have carried out several
experiments as shown in Table 2. From the following experiments
it is proved that NH2OH�HCl plays a vital role in oxidation of the
alcohols. The oxidation does not take place in combination of
NaIO3 and NH2OH�HCl instead of NaIO4. We also did the experi-
ments in the presence of different bases such as NaOAc (1 equiv),
NaOH (1 equiv), and excess NaOH under the present reaction con-
ditions. It shows that oxidation does not take place in the presence
of excess NaOH but the reaction proceeds in the presence of
1 equiv of either NaOAc or NaOH.

The plausible reaction mechanism is shown in Scheme 2. We
assumed from the literature (29 a–e) in the presence of iodine,
alcohol forms an intermediate [A] which on reaction with NO (gen-
erated in situ by the reaction of NH2OH�HCl and NaIO4) forms a
nitrosated intermediate [B]29e which is responsible for oxidation
of alcohols to aldehydes.

In addition, to support our hypothesis we carried out the oxida-
tion of 1-phenyl ethanol in the presence of chalcone using different
molar ratios of NaIO4 (Scheme 3). It was observed that in the pres-
ence of 2 equiv of NaIO4 and 3 equiv of NH2OH�HCl only iodination
of double bond occurs to form a,b-diiodo carbonyl compound
without oxidizing the alcohol. However, both iodination of chal-
cone and oxidation of alcohol occurred in the presence of 4 equiv
of NaIO4 and 6 equiv of NH2OH�HCl. The iodination of double bond
is not only limited for chalcone, that is a,b-unsaturated carbonyl
compound but also equally effective for simple unsaturated sys-
tems and systematic observation is on under process.

In summary, we have developed a simple and mild oxidizing
agent for oxidation of alcohols to carbonyl compounds. The notable
superiorities of this procedure are: (a) simple operation; (b) high
yields; (c) fast reaction; (d) neutral reaction conditions and (e)
above all, transition metal-free protocol. We believe that the pres-
ent methodology of oxidation will be very much useful for both
academic and industrial purposes.
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