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Abstract

Chemoselective oxidation of various alcohols was proceeded by using a catalytic amount of KBr in the presence of periodic acid or iodic acid
and wet SiO, under mild and heterogeneous conditions with moderate to excellent yields.
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In recent years, the search for environmentally benign chem-
ical processes or methodologies has received much attention
from chemists, because they are essential for the conservation
of the global ecosystem. The development of heterogeneous cat-
alysts for fine chemical synthesis has become a major area of
research, as the potential advantages of these materials (sim-
plified recovery and reusability; the potential for incorporation
in continuous reactors and micro reactors) over homogeneous
systems can lead to novel environmentally benign chemical pro-
cedures for academia and industry [1]. From this viewpoint,
catalytic oxidation is a valuable process because the use of
stoichiometric reagents that are often toxic poses inherent lim-
itations from both economical and environmental viewpoints
regarding product purification and waste management [2].

The selective oxidation of alcohols to aldehydes and ketones
is a highly desirable and much sought after transformation both
in industrial chemistry as well as in organic synthesis, due to
the wide-ranging utility of these products as important precur-
sors and intermediates for many drugs, vitamins and fragrances
[1]. In particular, the controlled oxidation of primary alcohols
to aldehydes without forming over-oxidized products is a chal-
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lenging task for chemists. Numerous methods are available for
alcohol oxidation; however, the development of newer methods
and methodologies is currently gaining much attention due to
the significance of this reaction [3].

A combination of an oxidizing agent and Br™ as an oxidiz-
ing system for the above-mentioned transformation have been
reported previously. Especially, oxidation of primary alcohols to
aldehydes with hydrogen peroxide as a oxidizing agent by using
a suitable catalyst such as methyltrioxorhenium and bromide
ions as co-catalysts [4], oxoammonium salt and bromide ions [5]
and/or hydrobromic acid [6] have been described. Also combi-
nation of oxone® and Br~ was used for the oxidation of alcohols
[7]. Recently, we reported trichloroisocyanurc acid/KBr in
the presence of wet SiO; for the catalytic oxidation of
alcohols [8].

Application of solid acids in organic transformation have very
important role because, solid acids have many advantages such
as simplicity in handling, decreased reactor and plant corrosion
problems, and more environmentally safe disposal. Also, wastes
and by-products can be minimized or avoided by developing
cleaner synthesis routes [9]. Among solid acids, oxidation of
alcohols with periodic acid (HIO4-2H;0O) with various catalysts
has been well documented. In recent years, periodic acid has
been employed for oxidation of alcohols with various catalysts,
such as pyridinium fluorochromate, pyridinium chlorochromate,
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Oxidation of alcohols 1 to their corresponding carbonyl compounds 2 using periodic acid (I) or iodic acid (II), a catalytic amount of KBr (III) and wet SiO; in the
chloroform at room temperature

Entry Substrate 1 Product 2 Reagent/catalyst/substrate (mmol)* Time (h) Yield (%)°
I I I
1 Benzyl alcohol Benzaldehyde 2 - 0.2 1 68
2 Benzyl alcohol - 2 - - 6.5 -
3 Benzyl alcohol Benzaldehyde - 3 0.3 2.83 1004
4 4-Bromobenzyl alcohol 4-Bromobenzaldehyde 2 - 0.2 1.75 90
5 4-Bromobenzyl alcohol 4-Bromobenzaldehyde - 3 0.3 4.66 80
6 4-Chlorobenzyl alcohol 4-Chlorobenzaldehyde 2 - 0.2 3.75 35¢
7 4-Chlorobenzyl alcohol 4-Chlorobenzaldehyde 2 - 0.2 1.5 92
8 4-Chlorobenzyl alcohol 4-Chlorobenzaldehyde - 3 0.3 4.5 79
9 2,4-Dichlorobenzyl alcohol 2,4-Dichlorobenzaldehyde 2 - 0.2 1.75 82
10 2,4-Dichlorobenzyl alcohol 2,4-Dichlorobenzaldehyde - 3 0.3 2.16 70
11 4-Methylbenzyl alcohol 4-Methylbenzaldehyde 2 - 0.2 1 1004
12 4-Methylbenzyl alcohol 4-Methylbenzaldehyde 2 - 0.4 1 1004
13 4-Methylbenzyl alcohol 4-Methylbenzaldehyde - 3 0.3 2.5 1004
14 4-Nitrobenzy! alcohol =< 2 - 0.2 1 -
15 4-Nitrobenzyl alcohol ¢ - 3 0.3 4 -
16 4-Fluorobenzyl alcohol 4-Fluorobenzaldehyde 2 - 0.2 1.75 89f
17 4-Fluorobenzyl alcohol 4-Fluorobenzaldehyde - 3 0.3 3 1004
18 4-Methoxybenzyl alcohols = 1 - 0.2 1 -
19 4-Methoxybenzyl alcohols < - 3 0.3 6 -
20 1-Indanol 1-Indanone 2 - 0.2 0.45 75
21 1-Indanol 1-Indanone - 3 0.3 2 80
22 2-Phenyl ethanol 2-Phenyl ethanal - 3 0.3 100 1004
23 2,4-Dichlorobenzyl alcohol 2,4-Dichlorobenzaldehyde 2 - 0.2 2 1004
24 2,4-Dichlorobenzyl alcohol 2,4-Dichlorobenzaldehyde - 3 0.3 3.5 1004
25 Benzhydrol - 2 - 0.2 1 -
26 Benzhydrol Benzophenone 1 - 0.2 2 75
27 Benzhydrol Benzophenone - 1 0.2 2 70
28 2-Menthol 2-Menthon - 3 0.3 100 1004
29 1-Cyclohexyl ethanol 1-Cyclohexyl ethanone 2 - 0.2 8.5 1004
30 1-Cyclohexyl ethanol 1-Cyclohexyl ethanone - 3 0.3 13 1004
31 Cyclohexanol Cyclohexanone 2 - 0.2 12 1004
32 Cyclohexanol Cyclohexanone - 3 0.3 48 624
33 3-Pentanol 3-Pentanone 2 - 0.2 6 1004
34 3-Pentanol 3-Pentanone - 3 0.3 11 62¢
35 1-Octanol 1-Octanal 2 - 0.2 6.5 1004
36 1-Octanol 1-Octanal 2 - 0.2 6.5 1004

2 Wet SiO—substrate (0.2 g:1 mmol).

b Isolated yields.

¢ Mixture of products.

4 GC yields.

¢ Without wet SiO,.

f Isolated as 2,4-dinitrophenylhydrazone derivative.

chromium(III) acetylacetonate and Fe(III)/2-picolinic acid [10].
In contrast to the periodic acid, there are two reports in litera-
ture about using iodic acid (HIO3) for the oxidation of alcohols.
HIO3/wet montmorillonite K10 under microwave irradiation
and HIO3/ammonium dichromate have been reported for the
above-mentioned purpose [11].

To the best of our knowledge all of the reported above-
mentioned catalysts have toxic transition metal cations or
reaction condition is harsh. Therefore, we decided to choose a
safe and cheap catalyst for activation of periodic acid and iodic
acid under mild condition.

In continuation of our studies on the oxidation of alcohols
[12] and also using of periodic acid and iodic acid in organic
transformation [13], we have found that these two solid acids in

the presence of a catalytic amount of KBr can be oxidized alco-
hols to aldehydes and ketones under mild and heterogeneous
condition. Herein we wish to report a very mild, simple, cheap
and chemoselective method for the oxidation of alcohols to the
corresponding carbonyl compounds using periodic acid or iodic
acid (HIO,,, n=3, 4) and a catalytic amount of KBr in the pres-
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Scheme 1.
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ence of wet SiO; in chloroform. Different types of alcohols (1)
were subjected to the oxidation reaction in the presence of peri-
odic acid (I) or iodic acid (II), catalytic amounts of KBr (IIT)
and wet SiO; in chloroform at room temperature (Scheme 1 and
Table 1).

For showing the chemoselectivity of the described system
some competitive reactions were design. A mixture of an equal
amounts of 2,4-dichloro benzyl alcohols and 2-phenyl ethanol
was subjected to oxidation in the presence of reagents under
the reaction conditions given in entries 23 and 24 of Table 1
(Scheme 2). Reaction of benzyl alcohol with HIO4 in the absence
of catalyst (i.e. KBr) produces an undesired product (entry 2,
Scheme 3). As is showing in the entry 4, reaction time in the
absence of wet Si0; is long (entries 6 and 7).

These studies clearly reveal that the described method is a
suitable catalytic procedure for the chemoselective oxidation
of benzylic alcohols in the presence of aliphatic analogous. A
plausible mechanism for the oxidation is shown in Scheme 4
based on literature [6,7], our observations and obtained results
from catalytic activity of Br~ [8] (Schemes 4 and 5).

In conclusion, chemoselectivity, the cheapness and availabil-
ity of the reagents, easy and clean work-up and high yields
make this method suitable for multi-step synthetic chemistry.
We believe that the present methodology could be an important
addition to the existing methodologies.

HIO, (n=3,4)
Br » HOBr

H'+ HOBr —————= Br' + H,0

Br
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Scheme 4.
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1. Experimental section
1.1. Typical procedure

A suspension of compound 1 (1 mmol), solid acid (I-II), wet
Si0; (50% w/w) and KBr in CHCl3 (6 ml) was stirred at room
temperature for the specified time (see Table 1). The progress
of the reaction was monitored by TLC. When the reaction was
complete the suspension was filtered. The residue was washed
with CHCl3 (20 ml). Anhydrous Na;SO4 (3 g) was added to
the filtrate and filtered off after 20 min. The crude products
were obtained after evaporation in vacuo and purified by re-
crystallization from methanol, ethanol or ethanol/water except
for products which were volatile or oils.
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