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In this report, highly efficient oxidative decarboxylation of carboxylic acids with sodium periodate cata-
lyzed by a supported manganese(III) porphyrin is described. In the presence of manganese(III) tetra(4-
pyridyl)porphyrin supported on cross-linked chloromethylated polystyrene, [Mn(T4PyP)-CMP], as cata-
lyst, carboxylic acids were converted to their corresponding carbonyl compounds via oxidative decarbox-
ylation with sodium periodate using imidazole as axial ligand. The oxidation of anti-inflammatory drugs
such Indomethacin and Ibuprofen was carried out successfully and the decarboxylated products were
obtained. This catalyst can be reused several times without loss of its catalytic activity in the oxidation
reactions.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Synthetic metalloporphyrin complexes have been used for
mimicking the function of cytochrome P-450 dependent mono-
oxygenation enzyme.1–3 The main approach in this area is design-
ing selective, stable, and high turnover catalytic systems.4 Several
simple oxidants such as iodosylbenzene, hypochlorite, m-chloro-
perbenzoic acid, hydrogen peroxide and periodates have been
extensively used in the oxidation of organic compounds catalyzed
by these metal complexes.5–10 Unfortunately, these expensive cat-
alysts are instable toward oxidative degradation and it is difficult
to recover them, which limit the practical applications of metallo-
porphyrin catalysts in both synthetic chemistry and industrial pro-
cesses. One way to overcome these limitations is to immobilize the
metalloporphyrins on solid supports. Such immobilization can pro-
vide catalysts, which are easier to handle, and may exhibit im-
proved selectivities and activities because of the support
environment. Among the models of metalloporphyrin microenvi-
ronment, the polystyrene derivatives are often utilized, because
they can provide suitable microenvironment for the ‘accommoda-
tion’ of porphyrin catalytic center.

Many supported metalloporphyrin catalysts have been reported
for oxidation of organic compounds.11–33 Previously, we have
ll rights reserved.
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oghadamz@yahoo.com
reported the use of supported manganese(III) porphyrins in the
oxidation of organic compounds with sodium periodate.34–50

Oxidative decarboxylation reactions are oxidation reactions in
which a carboxylate group is removed, forming carbon dioxide.
They often occur in biological systems.

Anti-inflammatory drugs such as Indomethacin and Ibuprofen
are decarboxylated during drug metabolism in vivo by cytochrome
P-450. The released CO2 reduces the pain effects.51,52

The high catalytic activity of Mn(T4PyP) supported on cross-
linked chloromethylated polystyrene, [Mn(T4PyP)-CMP], in the
alkene epoxidation and alkane hydroxylation,38,39 oxidation of
alcohols,40 oxidation of 1,4-dihydropyridines41 and oxidation of
sulfides,42 prompted us to investigate the catalytic activity of this
catalyst in the oxidative decarboxylation of diphenylacetic acid
with sodium periodate at room temperature in aqueous acetoni-
trile (Scheme 1).

2. Experimental

All materials were commercial reagent grade. The tetra-
pyridylporphyrin ligand (T4PyP) was purchased from the Fluka
Chemical Company, and metalated and supported according to lit-
erature procedures.38,53 IR spectra were run on a Philips PU9716
spectrophotometer. 1H NMR spectra were obtained with a Brucker
90 or 400 spectrometers in CDCl3 as solvent and TMS as internal
standard.
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Table 2
Effect of different solvents on the oxidative decarboxylation of diphenylacetic acid
with NaIO4 catalyzed by Mn(T4PyP)-CMPa

Solvent Time (min) Conversionb (%)

CH3CN–H2O 45 100
CH3COCH3–H2O 45 79
CH3OH–H2O 45 42
CH3CH2OH–H2O 45 25
CH2Cl2–H2O 45 15

a
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2.1. General procedure for oxidative decarboxylation of
carboxylic acid with NaIO4 catalyzed by [Mn(T4PyP)-CMP]

In a 25 mL flask equipped with a magnetic stirring bar, a solu-
tion of NaIO4 (2 mmol in 5 mL H2O) was added to a mixture of
a-aryl carboxylic acid (1 mmol), [Mn(T4PyP)-CMP] (700 mg,
0.021 mmol) and imidazole (0.2 mmol) in CH3CN (5 mL). The pro-
gress of the reaction was monitored by GC or TLC. After the reac-
tion was completed, the polystyrene beads were filtered and
washed with EtOH. After then, water (20 mL) was added and the
reaction products were extracted with Et2O (2 � 10 mL) and were
purified on a silica-gel plate or a silica-gel column (eluent: CCl4–
Et2O). The identities of products were confirmed by IR and 1H
NMR spectral data.54,55

3. Results and discussion

3.1. Optimization of conditions

The catalytic activity of [Mn(T4PyP)-CMP] was investigated in
the oxidative decarboxylation of diphenylacetic acid with sodium
periodate. First, we optimized the catalyst amount in the oxidation
of diphenylacetic acid with 2 mmol of NaIO4. The results showed
that the highest yield was obtained in the presence of 0.021 mmol
(700 mg) of [Mn(T4PyP)-CMP]. Whereas, trace amounts of prod-
ucts (12%) was detected when the same reaction was carried out
in the absence of catalyst at room temperature (Table 1).

Different solvents were checked for choosing the reaction med-
ia. In this manner, the mixture of methanol, ethanol, acetone, ace-
Table 1
Effect of catalyst amount on the oxidative decarboxylation of diphenylacetic acid with
NaIO4

a

Row Catalyst amount (mmol) Time (min) Conversionb (%)

1 0.021 (700 mg) 45 100
2 0.018 (600 mg) 45 90
3 0.015 (500 mg) 45 82
4 0.012 (400 mg) 45 61
5 0.009 (300 mg) 45 52
6 0.006 (200 mg) 45 39
7 0.003 (100 mg) 45 27
8 No catalyst 45 12

a Reaction conditions: diphenylacetic acid (1 mmol), NaIO4 (2 mmol), imidazole
(0.2 mmol), H2O/CH3CN (5 mL/5 mL).

b GC yields.
tonitrile (single phase systems) and dichloromethane (two phase
system with Bu4NBr as phase transfer catalyst) with water were
tested, and the 1:1 mixture of acetonitrile/water mixture was cho-
sen as the reaction medium, in which the higher carbonyl com-
pound was obtained (Table 2).

In biomimetic systems using manganese porphyrins as catalyst,
addition of an axial base is necessary to obtain high catalytic activ-
ity. In this case, it is possible to obtain a pentacoordinate Mn(III)
complex which leaves a vacant position on the manganese for
catalysis. In this manner, the effect of different axial ligands such
as imidazole, 1-methylimidazle, pyridine, and 4-tert-butylpyridine
was investigated on the catalytic activity of [Mn(T4PyP)-CMP].
When imidazole or 1-methyl imidazole was added as axial ligand
to this catalytic system, the higher yield was obtained in the oxida-
tion of diphenylacetic acid (Table 3). Control experiments showed
that in the absence of imidazole, this catalytic system is less effi-
cient in the oxidative decarboxylation of carboxylic acids.
Reaction conditions: diphenylacetic acid (1 mmol), NaIO4 (2 mmol), imidazole
(0.2 mmol), catalyst (0.021 mmol).

b GC yields.

Table 3
Effect of different axial ligands on the oxidative decarboxylation of diphenylacetic
acid with NaIO4 catalyzed by Mn(T4PyP)-CMPa

Axial base Time (min) Conversionb (%)

Imidazole 45 100
1-Methylimidazole 45 97
Pyridine 45 15
4-tert-Butylpyridine 45 34
No axial base 45 8

a Reaction conditions: diphenylacetic acid (1 mmol), NaIO4 (2 mmol), axial base
(0.2 mmol), H2O/CH3CN (5 mL/5 mL), catalyst (0.021 mmol).

b GC yields.



Table 4
Oxidative decarboxylation of a-aryl carboxylic acids with NaIO4 catalyzed by [Mn(T4PyP)-CMP]

Entry Acid Product Time (h) Yielda (%)

1a

CH2COOH

1b

H

O 30 96

2a

COOHH

2b

O

45 95

3a CH3

COOHH

3b CH3

O

45 93

4a CH2CH3

COOHH

4b CH2CH3

O

75 92

5a

COOHOH

5b

O

30 95

6a CH2COOHCl 6b H

O

Cl

30 94

7a
CH2COOH

OMe

7b H

O

OMe

30 94

8a CH2COOHMeO 8b H

O

MeO

15 92

9a CH2COOHOH 9b H

O

OH

30 92

10a

CH2COOH

10b

CHO

30 93

11a

O

COOH

11b

O

O

60 92

12a

N
H

CH2COOH

12b

N
H

CHO

105 94
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Table 4 (continued)

Entry Acid Product Time (h) Yielda (%)

13a

N

C

CH3O

Cl

O

CH2COOH

CH3

13b

N

C

CH3O

Cl

O

CHO

CH3

170 85

14a CH3

COOH

14b CH3

O

160 88

a Isolated yields.
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3.2. Oxidative decarboxylation of carboxylic acids with sodium
periodate catalyzed by [Mn(T4PyP)-CMP]

The optimum condition used for the oxidation of diphenylacetic
acid with this heterogenized system was catalyst, oxidant, imidaz-
ole and substrate in a molar ratio of 0.021:2:0.2:1 ratio, respectively.

Under the optimized reaction conditions, a wide range of aryl
substituted carboxylic acids were subjected to oxidative decarbox-
ylation at room temperature. The results are summarized in Table
4. It was found that the main product was carbonyl derivative and
only small amount of the alcohol derivative was detected. This may
due to the oxidation of alcohols to carbonyl compounds by this cat-
alytic system.38

Anti-inflammatory drugs such as Indomethacin and Ibuprofen
(entries 13 and 14) were decarboxylated by this catalytic system
and afforded the corresponding carbonyl derivatives as the major
products in 85% and 88% yields, respectively. These observations
show that the metabolism of these drugs in vitro is as same as their
in vivo metabolism by cytochrome P-450.

In comparison with our previously reported system for oxida-
tive decarboxylation of carboxylic acid, this catalytic system
showed higher catalytic activity.50

3.3. Catalyst reuse and stability

The stability of [Mn(T4PyP)-CMP] was studied in repeated
oxidative decarboxylation reactions. The oxidation of diphenyl-
acetic acid was chosen as a model substrate for studying of cat-
alyst reuse and stability. The reaction was carried out as
Table 5
The results of [Mn(T4PyP)-CMP] catalyst recovery and the amounts of manganese
leached in the decarboxylation of diphenylacetic acid with sodium periodate

Run Conversiona (%) Mn leachedb (%) Time (min)

1 100 1 45
2 96 0 45
3 94 0 45
4 94 0 45

a GLC yield based on starting diphenylacetic acid.
b Measured by atomic absorption spectrometry and based on the initial manga-

nese concentration.
described above. At the end of the reaction, the catalyst was re-
moved by filtration and washed with water, acetonitrile and
diethyl ether, successively and reused. After the use of catalyst
for four consecutive times, the carbonyl yield was 95%. The
amount of leached Mn (1%) was determined by atomic absorp-
tion (Table 5). The nature of recovered catalyst was studied by
diffuse reflectance UV–vis spectroscopy. The results showed that
no changes were observed in the UV–vis spectra in comparison
with fresh catalyst which confirmed the stability of the catalyst
during the oxidation reaction.
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