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Abstract

A variety of secondary alcohols were efficiently oxidized to corresponding ketones in excellent yields with molecular oxygen using cobalt
(I) Schiff base complexes as catalyst. In general, alcohols having a carbonyl moiety akipesition were found to be more reactive
and required lesser reaction time for their oxidation. While benzoins showed higher reactivity as compared to the acyloins, among the
benzoins those having electron-donating groups were found to be more reactive. Among the various cobalt Schiff base complexes studied,
bis[2-[{1-phenylethyl)iming methyl] phenolatdN,O]-cobalt(1) was found to be most efficient catalyst for this transformation.
© 2003 Published by Elsevier B.V.
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1. Introduction CHy  CH, HOCH; _COOCH,
CH CIH
The propensity of cobalt complexes to bind with molecu- N\m/o '\\C O
lar oxygen[1,2] and the use of such dioxygen—cobalt com- o O ,/@ 0/"’\1\,:/@
plexes as catalysts in various oxidation reactions has been a /CH\ /CL\
subject of intensive research in the recent y¢aré]. The CHs  CH, HOCH,  COOCH,

dioxygen—cobalt complexes formed from cobalt complexes
in presence of oxygen are known to catalyze a variety of

organic reactions like oxidation of thio[§], phenolg6,7], cooc,
aldehydes[8,10] and hydrocarbon§11,12] involving hy- HO%

1 2

drogen abstraction or one electron transfer. Cobalt Schiff !

base complexes; bis[Z-[-phenylethyl)imingmethyl] Q\O s \ p g \Co/ N
phenolatoN,O]-cobalt(1) [13], bis[methylN-[(2-hydroxy- N0 N A
phenyl)methylenej-serinatoN,0" Ol’]—cobalt (2) [14], CHOOC

bis[methyl N-[(2-hydroxyphenyl) methylenei-tyrosinato- 3 4

N,ON]-cobalt (3) [15], [N,N'-bis(o-hydroxybenzylidene)
ethylenediamine]-cobalf4) [16] are known to bind with
molecular oxygen and use of such dioxygen—cobalt com-
plexes as catalysts and aldehyde as sacrificial d4&rn8]

has led to the development of several synthetically impor-
tant methodologies like epoxidation of olefifi3,19-21]
oxidation of sulfides to sulfonef22,23] and imines to
oxaziridineg[24].

The oxidation of secondary alcohols to carbonyl com-
pounds is an important synthetic transformation and var-
ious stoichiometric oxidants notably chromium(VI) and
manganese reagents, producing copious amounts of heavy
metal wastes have been used to accomplished this reac-
tion [25,26] Molecular oxygen is an attractive oxidant and
development of synthetic methodologies using molecular
oxygen as the sole oxidant is the rewarding goal both from
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Scheme 1.

ketones by using metal catalysts such as hydrated RuClg
[31], RuO2.H,0 [32], combination of cobalt and ruthe-
nium [33,34], tetrapropylammonium perruthenate [35],
Rut3-exchanged hydroapatite [36], ruthenium complex
along with Co-sdlen [37], Ru-Al-Mg hydrotalcites [38],
Pd(I1) hydrotalcite [39], Pd(OAc)2 [40], Ru-TEMPO [41],
CuCl-Phen [42], Cu(OACc), [43] and cobalt complexes with
2-methylpropanal as sacrificial agent [44] has been reported
in the literature. However these reported procedures are
suffer from one or more of the drawbacks such as the use
of expensive metal catalysts like ruthenium and palladium,
addition of bases like potassium carbonate, requirement
of sacrificial aldehyde and severe reaction conditions for
example high pressure. In continuation to our studies on ox-
idation using molecular oxygen as primary oxidant [45-47].
herein we now report the first successful cobalt (I1) Schiff
base complexes catalyzed oxidation of secondary alcohols
to corresponding ketones in excellent yields with molec-
ular oxygen as the sole oxidant without use of additive
(Scheme 1).

2. Experimental
2.1. Materials

Cobalt Schiff base complexes; big2-[{(1-phenylethyl)
imino}methyl] phenolato-N,O]-cobalt(1) [7], bismethyl
N-[(2-hydroxyphenyl) methylene]-L-serinato-N,0" O'']-co-
balt(2) [8], bigmethyl N-[(2-hydroxyphenyl) methylene]
L-tyrosinato-N,0N]-cobalt(3) [9], [N,N’-bis(o-hydroxy-
benzyliding] ethylenediamine]-cobalt (4) [10] were pre-
pared according to literature procedure. Benzhydrol and
oc-methyl benzylalcohol were prepared by reduction of
their corresponding ketones following the literature proce-
dure [48]. Borneol was purchaged from Aldrich and used
without further purification. Benzoins were prepared by
benzoin condensation of aldehydes in presence of cyanide
ions. Acyloins were prepared from acyloin condensation of
esters in presence of sodium metal. Acetonitrile was dried
by refluxing over CaH, and stored on 4 A molecular sieves.

2.2. Oxidation of secondary alcohols to ketones
(general procedure)

Secondary alcohol (1 mmol), cobalt Schiff base complex
1(0.05 mmol, 5mol%), and dry acetonitrile (5 ml) weretaken

in a 50ml double necked round bottomed flask fitted with
a gas passing tube and a stirring bar. The mixture was then
stirred at room temperature in the presence of molecular
sieves (3A) with oxygen gas bubbled in at a slow rate.
The progress of reaction was monitored by TLC (SiO2 gel)
and after completion; the molecular sieves were removed
by filtration. The filtrate thus obtained was evaporated un-
der reduced pressure and the residual mass was dissolved
in a mixture of ethyl acetate/hexane (1:4) and then passed
through a short column of silica gel using hexane/ethyl ac-
etate (4:1) as eluent. Removal of solvent and usual workup
gave corresponding ketones, which were identified by com-
paring their physical and spectral data with those of authen-
tic compounds reported in literature.

3. Results and discussion

To evaluate the catal ytic efficiency of various cobalt Schiff
base complexes, the oxidation of 4,4'-dimethylbenzoin
was studied with molecular oxygen using different cobalt
Schiff base complexes as catalyst and acetonitrile as sol-
vent in presence of molecular sieves. These results are
presented in Table 1 and show that big[2-[{(1-phenylethyl)
imino}methyl] phenolato-N,O]-cobalt(1) is most efficient
catalyst for this transformation. In blank experiment no
oxidation was observed under similar conditions in the ab-
sence of catalyst. To examine the versatility of cobalt Schiff
base complex 1, awide variety of secondary alcohols were
oxidized to their corresponding ketones in excellent yields
by simply bubbling molecular oxygen at room temperature
into a solution of secondary alcohols and cobalt Schiff base
complex 1 in acetonitrile in presence of molecular sieves
(3A). These results are summarized in Table 1. Among
the various secondary alcohols studied, those having a car-
bonyl moiety at their «c-position were found to be most
reactive and required lesser reaction time for their oxidation
(Table 2,entry 5-14). Aromatic substituted alcohols were
found to be more reactive and afforded better yields of their
corresponding ketones as compared to aliphatic substituted
alcohols (Table 2, entry 1, 2). Benzoins in general were
showed higher reactivity as compared to acyloins (Table 1,
entry 5-12) and among the benzoins studied, those sub-

Table 1
Oxidation of 4,4'-dimethyl benzoin with molecular oxygen using different
cobalt Schiff base complexes as catayst?

Entry  Catalyst Reaction time (h)  Cornversion (%)

1 Schiff base complex 1 0.75 100
2 Schiff base complex 2 1.50 100
3 Schiff base complex 3 175 100
4 Schiff base complex 4 4.00 100
5 - 12.00 0

a8 1mmol substrate,5mol% catalyst, 5ml acetonitrile (room tempera-
ture) under atmospheric pressure of O, in presence of 3A molecular
sieves.
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Table 2
Oxidation of secondary alcohols to ketones with molecular oxygen using cobalt Schiff base complex 1 as catalyst®
Entry Secondary alcohol Reaction time (h) Yield (%)°
CH
1 @ \ @ 3.00 9%
OH
|CH3
CHOH
2 ©/ 5.50 %
/
3 OH 20.00 40
OH
4 © 15.00 45
5 @C,H '9‘@ 2.50 9%
OH O
6 H3C@CH c@cm 075 %
OH O
7 CHgo@CH c@ocm 050 97
OH O
"
OH O
10 [OJLEH_E [oj 050 97
H
11 (CH3)2N@CIH 'E@Cl 250 %
OH O
12 (CH3)2N@C,H - ‘QOCH‘ 1.00 92
OH O
CH; (CHy)2 |C ﬁ (CHy);» CHs
13 12.00 65
OHO
CHs (CHo) 4C (¢ (CHo) 4 CHy
14 OHO 12.00 70

a 1mmol substrate, 5mol% catalyst, 5ml acetonitrile (room temperature) under atmospheric pressure of O, in presence of 3A molecular sieves.

b |solated yields.

stituted with electron donating groups were found to be
more reactive and required lesser reaction time for their
oxidation. (Table 2, entry 6-9, 12).

To evaluate to the catalytic effect of cobalt Schiff base
complex 1, the oxidation of 4,4'-dimethyl benzoin was car-
ried out with different catalyst concentration under similar

reaction conditions. These results are presented in Table 3
and show that the reaction time decreases with increase in
catalyst concentration. Effect of reaction temperature was
alsoinvestigated for this reaction under similar reaction con-
ditions; these results are shown in Table 4. The oxidation of
4,4'-dimethyl benzoin was very slow at higher temperature
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Table 3
Effect of catalyst concentration on the oxidation of 4,4’-dimethyl benzoin
with molecular oxygen using cobalt(ll) Schiff base complex as catayst?

Entry  Catalyst concentration Reaction time (h)  Conversion (%)

(mol%)
1 10.00 0.25 100
2 5.00 0.75 100
3 2.00 2.50 100
4 0.50 5.00 90

@ 1mmol substrate, different catalyst concentration, 5ml acetonitrile
(room temperature) under atmospheric pressure of O, in presence of 3A
molecular sieves.

Table 4

Effect of the reaction temperature on the oxidation of 4,4'-dimethyl ben-
zoin with molecular oxygen using 5mol% of cobalt(ll) Schiff base as
catalyst and acetonitrile as solvent?

Entry Reaction
temperature (°C)

Reaction time (h) Conversion (%)

1 90 10 80
2 25 0.75 100
3 10 0.33 100
4 0 0.08 100

a8 1mmol substrate, different reaction temperature, 5mol% catalyst,
5ml acetonitrile under atmospheric pressure of O, in presence of 3A
molecular sieves.

in refluxing acetonitrile and did not complete even after 10 h,
while the same could be completed within 5min at 0°C.
The higher reaction rates at lower temperature are probably
due to the involvement of reversible dioxygen—cobalt com-
plexes, which are favorably formed at lower temperatures,
in these oxidation reactions [2].

Although the mechanism of this reaction is not clear at
this stage, the reaction probably involves the formation of
superoxo complexes by the reaction of cobalt complexes
with molecular oxygen [49] and abstraction of hydrogen
radical from more acidic hydroxyl group followed by radical
coupling to yield ketones. The experimental observations
that lower reaction temperature, which favors the formation
of superoxo complexes, increases the reaction rates support
this type of mechanism.

4, Conclusion

In summary, we have demonstrated, the first successful
example of cobalt Schiff base complexes catalyzed oxida-
tion of secondary alcohols to their corresponding ketones
with molecular oxygen as the sole oxidant without using
sacrificial aldehyde or additive. The simplicity of the sys-
tem, non-hazardous nature of the catalyst and wide appli-
cability make cobalt (I1) Schiff base catalyzed oxidation an
attractive, environmentally acceptable synthetic tool for the
oxidation of secondary acohols to ketones with molecular
oxygen.
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