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ABSTRACT

The surfactant encapsulated cobalt complex, keggin type 12-tungstocobaltate (1) is prepared
using cationic surfactant and characterized which is used for environmental friendly
oxidation of many simple aliphatic, aromatic and substituted alcohols. This encapsulated
catalyst can be recycled number of times without losing its activity more than 5%. To
understand the mechanism of the oxidation, kinetic study of oxidation is also studied.
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INTRODUCTION analytical reagent grade used without further

Many of the present oxidizing agents used for
oxidation of alcohols are hazardous and
carcinogenic. In search of green and environmental
friendly oxidation, we prepared surfactant
encapsulated cobalt complex and used it for
oxidation reactions as a catalyst using hydrogen
peroxide as a green oxidizing agent

All the solutions required throughout the work
were prepared in doubly distilled water, and
standardized before starting the experiment. The
cobalt complexes [Co""'W1,04]> and
[Co"W1,04]% were prepared® by the reported
method. The solutions of Ks[Co"'W,,04] and
Kg[C0"W;1,040] were standardized
spectrophotometrically * ( at 388 nm for
[Co"W1,040]° and at 624 nm for [Co"W;,040]*
respectively ) using cystronic 119 UV-VIS
spectrophotometer. All other chemicals were of

purification. The organic solvents like acetonitrile
and 1-4, Diaxon were of spectroscopy grade used
without further purification.

RESULTS AND DISCUSSION

The oxidation of aliphatic alcohols by hydrogen
peroxide catalyzed by surfactant encapsulated
keggin type 12-tungstocobaltate (I1), prepared by
using cationic surfactant and characterized by IR,
and C, H, N, analysis, has been carried out in
buffer as well as weak acid solution. The oxidation
of aromatic and substituted aromatic alcohols by
hydrogen peroxide catalyzed by surfactant
encapsulated keggin type 12-tungstocobaltate (I1)
has been studied in 50% aqueous acetonitrile
solution. Alcohol (2.2 mmol) and Hydrogen
peroxide (10 mmol) were taken in a buffer of pH =
4 and the catalyst [Co"W;,040]% (0.4gm) was
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added. In case of benzyl and substituted benzyl
alcohols,50-50% acetonitrile was used as solvent.
The reaction mixture was stirred at 40°C for 5-10 h.
The progress of the reaction was monitored by
TLC. After completion of the reaction, the resulting
solution was extracted with dichloromethane. The
combined organic layer was washed with a solution
of NaHCO; and dried over MgSO,. The products

aldehydes and secondary alcohols are ketones. The
organic solution was then filtered and concentrated
to obtain the crude carbonyl compound. The
melting points of the 2-4 DNP derivatives of the
products obtained agree well with the literature
values (Some examples are given in table 1)
confirming the aldehydes or ketones as the
oxidation products in the case of all the alcohols

of oxidation of primary alcohols are respective studied.
Table- 1

Melting Point of 2,4 DNP
Alcohol Observed Literature
Methyl alcohol 165 166
Ethyl alcohol 170 168
n-Propyl alcohol 154 155
Isopropyl alcolol 127 128
n-butyl alcohol 120 123
Isobutyl alcohol 185 187
Hexyl Alcohol 235 265
Benzyl alcohol 264 265
2-nitro-benzyl alcohol 300 302
4- nitro-benzyl alcohol 263 265
4- choloro-benzyl alcohol 231 233

To understand the mechanism of the reaction,
various effects like effect of H™ ion concentration,
catalyst concentration and substitution
concentration in case of benzyl alcohol is studied.
With the help of kinetic results and activation

H+

+ HO, ——=—

HO, +

HO, +

The Kkinetic data of both aliphatic and benzyl
alcohols suggest that the initiation of the reaction
occurs by interaction of the catalyst and oxidant
generating oxidized form of the catalyst, 12-
tungstocobaltate (I11), which then oxidizes the
substrate in a rate determining step. In order to

[CO'"W,,0,0] 7 — =
Slow

[CO'W 1,0, 67 4 Hf —=

parameters obtained, the following mechanism is
proposed for the reaction. The mechanism of
oxidation of [Co"W,,04]% by hydrogen peroxide
was studied separately in our laboratory and found
to be as represented in Scheme 1.

H,0,

[CO'W,,0,]57 4+ HO,

[Co'"W,,0,0] 5~ 2HO

+

Fast

understand the nature of the active species of the
reactants the effect of pH was studied. In case of
aliphatic alcohols the time of reaction decreases
with increase in pH of the solution which is due to
prior protonation equilibria. Here unprotonated
form the reactant, HO, is an active species. Since
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catalyst, 12- tungstocobaltate(ll), do not undergo
protonation as evidenced by spectroscopic studies®
and alcohol also do not undergo protonation. It is
protonation of the oxidant which affects the time of

H* + HO, ——

H,0,

Since the rate of reaction increase with increase in
pH or decrese in [H*], the unprotaned HO, is the
active species in the present study. There is no
significant variation in the reaction time even when
the nature of alcohol is changed; it indicates that
the initiation of the reaction is due to the interaction
of oxidant and the catalyst, [Co"W;,04]%. The
detailed study of the mechanism reaction between
oxidant and the catalyst was found to involve two
single-electron transfer steps (Scheme 1) with HO,
as the oxidant species. In the [C0"W1,04]%
catalyzed alcohol oxidation also, the reaction
proceeds with the generation of [Co""'W1,04]" in
the slow step which then abstracts an electron from

[ CO'W,,0,,] +HOO"

[Co"W,,0,,]5 + RCH,OH

. . fast
HO0O2 + RCHOH

Scheme 2

The catalyst, [Co"W,,04]% is recovered by simple
filtration and it can be recycled number of times
without losing its catalytic activity in measurable
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