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A simple and environmentally friendly procedure for the oxidation of alcohols is presented utilizing Oxone� (2KHSO5 ÆKHSO4 ÆK2

SO4) as oxidant and polymer-supported 2-iodobenzamide as catalyst in CH3CN/H2O mixed solvents.
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One of the most common reactions in the chemistry is
the oxidation of alcohols to the corresponding carbonyl
compounds. These compounds represent important
intermediates for the preparation of various other useful
chemicals. Despite the availability of a variety of
methods, there is a growing need for green methodolo-
gies that obviate the use of copious amounts of heavy
metal oxidants and environmentally unfriendly haloge-
nated solvents [1]. In this case, hypervalent iodine
reagents, especially 1-hydroxy-1,2-benziodoxole-3(1H)-
one-1-oxide (IBX) have attracted more and more inter-
ests [2]. The major drawbacks of IBX, however, are its
virtual insolubility in common organic solvents except
dimethylsulfoxide and the use of excess reagent in the
reaction and thus produces large amount of by-products
which result in the difficulties in separating the products.
Polymer-supported reagents have found widespread
utility in organic synthesis. The attachment of a chem-
ical reagent to an insoluble polymer matrix enables easy
reaction work-up. A simple filtration process allows the
product to be recovered and moreover recovery of the
spent reagent enables it to be recycled, thus meeting the
requirements of environmentally friendly chemistry.
Several syntheses of solid-supported IBX have been
published recently and the reagent could be used in
several other organic solvents except DMSO [3].
Although this progress extended the scope of the
applications of IBX, the low loading (generally less than
1 mmol/g) and the demand for the huge amount of the

supported IBX for the large scale oxidation of alcohols
make it impossible to transfer this method to automated
high through-put applications. For example, the com-
plete oxidation of 1 g of benzylalcohol generally needs
20–25 g supported IBX.

Oxone� which commercially available as a mixture of
2KHSO5 ÆKHSO4 ÆK2SO4 was used for the oxidation of
several organic compounds such as sulfides, amines, and
alkenes [4]. Bolm reported that TEMPO/Oxone�/n-
Bu4NBr is effective for the oxidation of alcohols [5].
Bagherzadeh reported that the oxidation of alcohols to
their corresponding aldehydes and ketones could be
carried out with Oxone� catalyzed by mer-tris- [(2-ox-
azolinyl) phenolato] manganese (III), Mn (phox)3 using
2 equiv. of the oxidizing component of Oxone� [6].
Maradur oxidized aliphatic and benzylic alcohols with
Oxone� catalyzed by 12-tungstocobaltate (II) [7].
Oxone� was also used to prepare IBX which is a effec-
tive oxidant for the oxidation of alcohols (One mole
pure IBX needs 3 mole Oxone�, 1.5–6 equiv. of IBX is
generally used for the oxidation of alcohols) [8]. In a
previous report, we described a procedure for the oxi-
dation of alcohols in that we used tetra-n-butyl ammo-
nium Oxone� n-Bu4NHSO5 as oxidant [9]. Recently
Thottumkara et al. demonstrated catalytic use of IBX in
the presence of Oxone� for the oxidation of primary and
secondary alcohols in user-and eco-friendly solvent
mixtures [10]. This interesting report inspired us to
exploit a new and more convenient procedure for the
oxidation of alcohols utilizing commercially available
Oxone� as oxidant and polymer-supported hypervalent
iodine as catalyst.
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In this article, we report a mild and efficient protocol
for the oxidation of primary and secondary alcohols.
The catalyst we used is a polystyrene-supported 2-iod-
obenzamide which could be prepared in large scale in a
very simple manner without the use of any expensive
chemicals. After the oxidation, the catalyst can be easily
separated from reaction mixture and recycled. Ami-
nomethylated polystyrene (1.39 mmol/g 100–200 mesh);
crosslinked with 2% divinybenzene was obtained from
NanKai University. The resin was pre-swollen with
DMF solvent at room temperature for 0.5 h. 2-Iodo-
benzoic acid was coupled to the resin by the standard
coupling method affording 2-iodobenzamide resin
(Scheme 1) [11].

Polystyrene-supported 2-iodobenzamide was investi-
gated by IR and weight change [11a, 12]. In the IR
spectra of polystyrene-supported 2-iodobenzamide (fig-
ure 1), the strong absorption peaks at 1660 cm)1 is
attributed to C=O stretching vibration of carbonyl
group and this indicated that 2-iodobenzamide has been
linked to the polymer. After the reaction, the weight of
the polymer increased from 0.500 g to 0.615 g. We cal-
culated from this weight change that the loading of 2-
iodobenzamide which is corresponding to the loading of
iodine is about 1.00 mmol/g.

A typical reaction was carried out as follows: alco-
hols (0.10 mmol), Oxone� (2KHSO5 ÆKHSO4 ÆK2SO4)
(1.3 equiv. to alcohol) and polymer-supported 2-iod-
obenzamide resin (15 mg, 7.5� 10)3mmol) were put in
CH3CN/H2O (2 mL/1 mL). The mixture was stirred
for 16 h at 70 �C. Formation of products and con-

sumption of substrates were monitored by TLC. The
identity of products was determined by GC/MS anal-
ysis. The conversion and product selectivity were
determined using GC analysis. The results are shown in
table 1.

Having established an effective oxidation protocol a
series of alcohols were treated with Oxone� and poly-
mer-supported 2-iodobenzamide resin. Benzyl alcohol,
4-chlorobenzyl alcohol and 3-methylbenzyl alcohol
were easily oxidized to the corresponding aldehyde
and acid within 16 h, Benzhydrol, 4-methylbenzhydrol,
4-chlorobenzhydrol, could completely transform to the
corresponding ketones in 16 h. Oxidation of secondary
alcohols to ketones are not complicated by the unde-
sired accompaniment of Bayer-Villiger oxidation of
ketones due to the presence of Oxone� in the reaction.
To chain alcohols, conversion gradually reduced from
81% to 47% as which the chain increased from 6 to
16. In order to investigate catalyst recycling, the
polymer-supported 2-iodobenzamide was separated by
filtration after each oxidation and used for another
batch of oxidation. The reactions were carried out
with used polymer-supported 2-iodobenzamide in
CH3CN/H2O (2 mL/1 mL) at at 70 �C for 16 h using
4-chlorobenzyl alcohol as substrate. When the catalyst
is repeatedly filtered out and submitted to a new
reaction batch without any further treatment, the
activity is lowered to 91%, 80%, and 72% from the
original 92% after 2, 3, and 4 cycles respectively. The
results suggest that the catalyst can be recycled for at
least 4 cycles.

In summary, we have developed a powerful and
versatile oxidation system which is particularly suitable
for the oxidation of alcohols under mild conditions to
the corresponding acid and ketones. This method could
reduce the dosage of iodinane and prevent organic
iodine from losing. The catalyst can be prepared in large
scale in a very simple manner and can be recycled. The
oxidation procedure is mild and environmentally
benign.
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Scheme 1.

Figure 1. IR spectra of Aminomethylated polystyrene (left) and polystyrene-supported 2-iodobenzamide (right).
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