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45 Rue des Saints-Pères, 75270 Paris Cedex 06, France

Received 6 July 2006; accepted 11 August 2006
Available online 22 August 2006

bstract

A new Mn-porphyrin bearing four pyridinium substituents bound through their nitrogen atoms on the meso-positions of the tetrapyrrole ring
as synthesized in three steps from Zn-�-octaethylporphyrin. It was characterized by elemental analysis, electrospray mass spectrometry, UV–vis

nd dual polarization mode EPR spectroscopy, and electrochemistry. Electrochemical and EPR studies showed that the Mn-porphyrin prepared by
his method existed as a 80/20 Mn(II)/Mn(III) mixture, the redox potential of the Mn(III)/Mn(II) couple being +345 mV (versus SCE, in CH3CN).
t catalyzed alkene epoxidation and alkane hydroxylation by PhIO with characteristics comparable to those of Mn[TDCPP = meso-tetra-(2,6-
ichlorophenyl)porphyrin]Cl. It also catalyzed the hydroxylation of anisole, naphthalene and ethylbenzene by H2O2 in CH2Cl2/CH3CN, as well

s the hydroxylation of the drug diclofenac by oxone in water. It is a new biomimetic catalyst exhibiting two distinctive characteristics: a good
olubility in both hydrophobic aprotic solvents and water for pH > 5, and an unusual structure with four positive charges very close to the metallic
entre.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Manganese porphyrins have been described as good catalysts
or the monooxygenation of alkenes, alkanes and aromatic
ompounds by various oxygen atom donors, and several
ystems based on manganese and iron porphyrin catalysts have
een reported to mimic the cytochrome P450 chemistry [1–6].
any manganese porphyrins derived from Mn(III)(TPP = meso-

etraphenylporphyrin) have been synthesized in order to improve
ts efficiency as an oxidation catalyst. A first generation of better
atalysts has been obtained after introduction of substituents,

uch as CH3 or Cl, at positions 2 and 6 of each meso-phenyl
ing, as in Mn(III)(TMP = meso-tetramesitylporphyrin) or

n(III)[TDCPP = meso-tetra-(2,6-dichlorophenyl)porphyrin],
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roxide

r after replacement of the meso-phenyl rings by N-methyl-
yridinium substituents, as in Mn(III)[T4MPyP = meso-tetra-(4-
-methyl pyridiniumyl)porphyrin]. A second generation of even
etter catalysts has been obtained by introduction of electron-
ithdrawing substituents, such as Cl, Br, SO3H or NO2, at the
-positions of the porphyrin ring of Mn(TMP), Mn(TDCPP)
r Mn[TF5PP = meso-tetra-(pentafluorophenyl)porphyrin] for
nstance [1–6].

Very few catalysts have been described so far in
he Mn(OEP = �-octaethylporphyrin) series and it has been
eported, at the beginning of the development of metallopor-
hyrin oxidation catalysts, that metal complexes of OEP were
ess resistant towards oxidative degradation than the correspond-
ng TPP complexes [7]. A recent article has shown that it

as possible to synthesize a Zn(OEP) complex bearing four
eso-pyridiniumyl substituents bound to the tetrapyrrole ring
y their nitrogen atoms, by reaction of electrochemically oxi-
ized Zn(OEP) with an excess of pyridine [8] (Fig. 1). This new

mailto:pierrette.battioni@univ-paris5.fr
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Fig. 1. Synthesis of M

ind of dodeca-substituted porphyrin, [H2OEPy4P]4+, appeared
o be especially interesting because it incorporates four pos-
tive charges close to the porphyrin core. In order to study
he influence of this particular structure on the catalytic prop-
rties of manganese porphyrins, we decided to synthesize the
orresponding manganese porphyrin. This article describes the
ynthesis and the electrochemical, spectroscopic, and catalytic
roperties of this new manganese porphyrin.

. Experimental

.1. Synthesis of Mn(OEPy4P)

It was done in three steps. The first one, the preparation of
n(OEPy4P)(PF6)4 from Zn(OEP) was performed as described
reviously [8], with a slightly modified workup procedure. After
he electrolysis, a precipitate was formed on the working elec-
rode. This precipitate was dissolved in CH3CN. Then, after
vaporation of the solvents of the crude reaction mixture, the
esidue was dissolved in CH3CN. Both CH3CN fractions were
ut together, evaporated, and the resulting residue was dis-
olved in a large volume of CH2Cl2/ether (4/1). The precipitate
btained upon cooling of the solution at 0 ◦C was filtered on a
intered glass no. 4 and thoroughly washed with a CH2Cl2/ether
4/1) mixture (80% yield of Zn(OEPy4P)(PF6)4). In the second
tep, Zn(OEPy4P)(PF6)4 (136 mg, 0.091 mmol) in 1 ml CH3CN

as demetallated by treatment with 2 ml CF3SO3H (22.6 mmol,
48 equiv.). After 1 h at 20 ◦C, the solution was carefully poured
n ice. The free base porphyrin slowly precipitated. After filtra-
ion the solid was treated by water and CH2Cl2. The aqueous

3
λ

m
(

Py4P) from Zn(OEP).

hase was evaporated, and the resulting residue was dissolved in
he minimum quantity of CH3OH and filtered on a LH20 column
o eliminate Zn salts. After evaporation of the solvent, the solid
as washed two times with ether and filtered. After drying, the
rotonated free base (H2OEPy4P)(CF3SO3)4, CF3SO3H, was
btained in a 80% yield (106 mg, 0.073 mmol). El. anal. for
60H63F12N8O12S4, CF3SO3, 4H2O—found: C, 43.85; H, 3.85;
, 6.69; calc.: C, 44.02; H, 4.24; N, 6.73. UV–vis (CH3CN):
m (ε in cm−1 M−1) = 368 (50,700) (sh), 423 (73,800) (sh),
59 (93,400), 552 (15,100) and 611 nm (10,300) (sh). 1H NMR
250 MHz, CD3CN): δ (ppm relative to Me4Si) = 10.52 (d, 8H),
.42 (t, 4H), 8.8 (dd, 8H), 2.74 (broad s, 8H), 1.63 (broad s, 8H),
.59 (t, 24H); −0.98 (broad s, 2H, NH). Mass spectrum (elec-
rospray): m/z = 1443.4 [H2OEPy4P(CF3SO3)4 + H]+, 1293.4
H2OEPy4P(CF3SO3)3]+, 572.3 [H2OEPy4P(CF3SO3)2]2+ and
32.3 [H2OEPy4P(CF3SO3)]3+.

The third step was the insertion of manganese into the
ree base porphyrin. Mn(OAc)2, 4H2O (79 mg, 0.33 mmol)
as added to (H2OEPy4P)(CF3SO3)4, CF3SO3H (100 mg,
.066 mmol) dissolved in 1 ml methanol containing imida-
ole (8 mg, 0.132 mmol). After 30 min at 30 ◦C, the solu-
ion was evaporated and the residue dissolved in methanol
nd filtered three times on a LH20 resin column. After
vaporation and drying, Mn(OEPy4P) was obtained in a
5% yield. El. anal. for Mn(OEPy4P)(CF3SO3)4, 8H2O,
60H60F12MnN8O12S4, 8H2O—found: C, 43.68; H, 4.02; Mn,

.33; calc.: C, 43.93; H, 4.67; Mn, 3.35. UV–vis (H2O)
m = 381, 466 and 580 nm. Mass spectrum (electrospray):
/z = 1346.4 [Mn(OEPy4P)(CF3SO3)3]+, 598.2 [Mn(OEPy4P)

CF3SO3)2]2+ and 349.6 [Mn(OEPy4P)(CF3SO3)]3+.
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Table 1
Comparison of the catalytic properties of Mn(OEPy4P)a and Mn(T4MPyP)b in
the oxidation of various compounds by PhIO

Substrate Products Yields (%)c

Mn(OEPy4P) Mn(T4MPyP)

Cyclooctene Epoxide 90 40

Cyclohexene Epoxide 66 –
ene-2-ol 9
ene-2-one 9
Total yield 93

Cis-stilbene Cis-epoxide 60 55
Trans-epoxide 5 9
Total yield 65 64

Cyclohexane ol 25 5
one 17 1
Total yield 59 7

Anisole o-Phenol <1 <1
p-Phenol <1 <1

Naphthalene �-OH 23 <1
�-OH 3 <1
Total yield 26

Ethylbenzene PhCHOHCH3 32 11
PhCOCH3 68 44
Phenols <1 <1

a Conditions: Mn-porphyrin:PhIO molar ratio = 20:1 in CH2Cl2/CH3CN
(1/1), 2 h at 20 ◦C; [Mn-porphyrin] = 1 mM in the presence of substrate in excess;
substrate/catalyst = 800 for cyclooctene, cyclohexene, and cyclohexane, 1000 for
anisole and ethylbenzene, 500 for naphthalene and 200 for cis-stilbene.

b Identical conditions except that the solvent mixture was CH3CN/CH2

Cl2/CH3OH = 6/3/1.
c Yields (%) based on starting PhIO. Yields of cyclohexenone, cyclohexanone,
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nd acetophenone were calculated on the basis that 2 mol of PhIO were con-
umed for their formation.

.2. Typical procedure for catalytic oxidations

PhIO or H2O2 (10 �mol) was added to a CH2Cl2/CH3CN
1/1) solution of the manganese catalyst (0.5 �mol) and the sub-
trate in excess (see Tables 1 and 2 for the molar ratio used).

he total volume was adjusted to obtain a final 1 mM concen-

ration of the catalyst. After 2 h at room temperature, an internal
tandard was added and the reaction mixture was analyzed by
as chromatography. Experiments using Mn(T4MPyP) as cata-

M
b
l
a

able 2
omparison of the catalytic properties of Mn(OEPy4P), Mn(TDCPP)Cl and Mn(TDC

roducts Substrate

Anisole Naphthalene

p-OH o-OH �-OH

n(OEPy4P)a 23 3 18
n(TDCPN6P)b 7 1 20
n(TDCPP)Clb 67 7 62

a Conditions: Mn-porphyrin:H2O2:ammonium acetate ratio = 1:40:20; [Mn-porphy
n excess; substrate/catalyst = 3000, 1500 and 500 for anisole, ethylbenzene and naph
epresent para- and ortho-hydroxylated products.
b Results from Ref. [10] for reactions performed under very similar conditions.
ysis A: Chemical 263 (2007) 200–205

yst were done in CH3CN/CH2Cl2/CH3OH (6/3/1) in order to
ompletely solubilize the Mn-porphyrin.

.3. Product analysis and identification

UV–vis spectra were recorded on a SAFAS mc2 spectrometer
perating at room temperature. 1H NMR spectra were recorded
n a Bruker WR250 spectrometer, and EPR spectra on a X-
and Bruker ESP Elexsys 500 spectrometer equipped with a
ual mode cavity fitted with a liquid helium cryostat, at 5 K.

Electrochemical experiments were carried out with an EGG-
AR model 173 potentiostat, controlled by an Apple II computer
ia an EGG-PAR model 276 interface, or with a Tacussel PJT
20-1 potentiostat controlled by a PC computer via a Tacussel
MT-1 interface.

Analysis of the reaction mixtures was done by gas chromatog-
aphy using an Intersmat IGC120 apparatus equipped with a
acked 5% FFAP column with FID detection. In the particu-
ar case of the catalytic oxidations of cis-stilbene, the reaction
ixtures were analyzed by 1H NMR spectroscopy. Mass spectra
ere recorded on a Bruker ES/MS Microtof apparatus.

. Results and discussion

.1. Synthesis of Mn(OEPy4P)

It was performed in three steps starting from Zn(OEP)
Fig. 1). The first step that led to [Zn(OEPy4P)]4+(PF6)4 was
one according to the aforementioned published reaction [8]
Fig. 1). Proper conditions for the demetallation of this Zn
omplex were found by analogy to those reported for metallopor-
hyrins bearing electron-withdrawing substituents, that exhibit
elatively high redox potentials and whose demetallation is diffi-
ult [9]. In the case of [Zn(OEPy4P)]4+(PF6)4 the best conditions
ound involved a treatment by CF3SO3H in excess which led to
he CF3SO3

− salt of [H2OEPy4P]4+. The last step, metallation
y Mn(OAc)2, was easy (30 min at 30 ◦C), as usually found
or porphyrins bearing electron-withdrawing substituents [10].
t led to the triflate salt of the expected manganese porphyrin,
n(OEPy4P)4+(CF3SO3)4 (Fig. 1), with an overall yield of 50%
ased on starting Zn(OEP). Actually, as one will see in the fol-
owing, the Mn-porphyrin prepared from this procedure existed
s a Mn(II)/Mn(III) mixture. It will be called Mn(OEPy4P) in

PN6P) in the oxidation of aromatic compounds by H2O2

Ethylbenzene

�-OH PhCHOHCH3 PhCOCH3 Phenols

3 7 47 <1
3 7 12 <1
5 20 22 <1

rin] = 1 mM in CH2Cl2/CH3CN (1/1), 2 h at 20 ◦C in the presence of substrate
thalene, respectively. Yields (%) are based on starting H2O2. p-OH and o-OH
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Fig. 3. UV–vis spectroscopy study of the electrochemical oxidation of
Mn(II)(OEPy4P) at +550 mV (vs. SCE) in deaerated CH3CN containing 0.1 M
Et4NPF6 at 20 ◦C. Mn(II)(OEPy4P) (10−5 M) was obtained upon electrochemi-
cal reduction of the starting Mn complex at +100 mV; it was the species absorbing
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ig. 2. Cyclic voltammogram of Mn(OEPy4P) obtained by a three-step synthesis
rom Zn(OEP). [Mn-porphyrin] = 1 mM in CH3CN containing 0.1 M Et4NPF6;
otentials relative to SCE.

he following, without mention of the counterions and possible
n ligands that depend on the medium, except when they are

learly known.

.2. Electrochemical properties of Mn(OEPy4P)

The cyclic voltammogram of Mn(OEPy4P) in CH3CN is
hown in Fig. 2. It indicates a half-wave redox potential for
he Mn(III)/Mn(II) couple of +345 mV (versus the saturated
alomel electrode = SCE). It also suggests that the Mn-porphyrin
omplex synthesized by the above-mentioned procedure exists
s a 80/20 Mn(II) Mn(III) mixture. The existence of these
lectron-poor Mn-porphyrins as stable Mn(II) complexes in
he presence of O2 is not surprising. A similar behavior has
een reported for �-polyhalogenated [11] and �-polynitrated
10] Mn-porphyrins. Moreover, in the Mn[meso-tetra-(2,6-
ichlorophenyl)-�-polynitroporphyrin] series, the compounds
earing between 1 and 4 �-nitro substituents existed as Mn(III)
omplexes, whereas those bearing between 6 and 8 �-nitro
roups existed as Mn(II) complexes [10]. The Mn-porphyrin
earing 5 �-nitro substituents existed as a Mn(II)/Mn(III) mix-
ure [10], as Mn(OEPy4P).

.3. Spectroscopic properties of Mn(OEPy4P)

The UV–vis spectrum of Mn(II)(OEPy4P) was obtained by
pectroelectrochemistry, at +100 mV (versus SCE) under argon,
n a CH3CN solution of the crude Mn(II)/Mn(III) mixture result-
ng from the three-step synthesis described above. It was charac-
erized by a Soret peak at 467 nm and a band at 586 nm. Upon ris-
ng the potential to +550 mV, one observed the one-electron oxi-
ation of Mn(II)(OEPy4P) to Mn(III)(OEPy4P), with isosbestic

oints at 524 and 608 nm. The Mn(III) complex was character-
zed by a red-shifted Soret peak at 479 nm (Fig. 3). Lowering
he potential to +100 mV resulted in the appearance of the vis-
ble spectrum of starting Mn(II)(OEPy4P), which showed that

b
t
i
s

t 467 nm. Then, the potential was raised to +550 mV and spectra were recorded
very 2 min, leading to the Mn(III) species absorbing at 479 nm.

he electrochemical one-electron oxidation of Mn(II)(OEPy4P)
nd reduction of Mn(III)(OEPy4P) were completely reversible,
ithout irreversible changes of the starting complex.
The mass spectrum (electrospray) of Mn(OEPy4P)(CF3

O3)4 showed a peak at m/z = 1346.4 for the molecular
on corresponding to [Mn(OEPy4P)(CF3SO3)3]+ of the start-
ng complex having lost one CF3SO3

− counterion. It also
howed peaks at m/z = 598.2 and 349.6 corresponding to
Mn(OEPy4P)(CF3SO3)2]2+ and [Mn(OEPy4P)(CF3SO3)]3+,
espectively.

The X-band perpendicular mode EPR spectrum of the Mn-
orphyrin resulting from the three-step synthesis from Zn(OEP),
ither in CH3CN or in 0.1 M HCl, at 5 K, showed a signal at
= 1.996 consisting of six 55Mn hyperfine lines (A = 81.8 G)

Fig. 4), as expected for a Mn(II) complex. However, such
onventional, perpendicular mode EPR studies, that are well-
dapted for the observation of half-integer spin systems (e.g.
n(II)), are less useful for the study of integer spin Mn(III) com-

lexes [12,13]. Therefore, parallel polarization EPR studies were
one in the objective to detect the minor Mn(III) component that
as present in the Mn-porphyrin resulting from the three-step

ynthesis from Zn(OEP), as suggested by our electrochemi-
al studies (Fig. 2). The parallel polarization EPR spectrum of
his Mn-porphyrin at 5 K showed a six-lines signal at g = 7.91
A = 45 G) as expected for a Mn(III) complex [13] (Fig. 4). After
reatment of the Mn-porphyrin by Zn amalgam, this signal of the
arallel polarization EPR spectrum disappeared, whereas the
ntensity of the signal at g = 1.996 of the perpendicular polar-
zation EPR spectrum, that was assigned to Mn(II)(OEPy4P),
lightly increased. Inversely, a treatment of the Mn-porphyrin
y strong oxidants, such as PhIO or PhI(OCOCH3)2, at room

emperature, led to the disappearance of the perpendicular polar-
zation EPR signal at g = 1.996, and to an increase of the inten-
ity of the parallel polarization EPR signal at g = 7.91. These
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Fig. 4. Perpendicular and parallel polarization EPR spectra of Mn(OEPy4P).
1.1 mM Mn(OEPy4P) in 0.1 M HCl at 5 K. (a) Perpendicular polarization spec-
trum at 9.628995 GHz; (b) parallel polarization spectrum at 9.279611 GHz
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amplitude of spectrum (b) has been multiplied by 10 when compared to that
f spectrum (a)). All the EPR parameters were identical: microwave power
0.12 mW, modulation amplitude 6.28 G, and modulation frequency 50 kHz.

PR data are in complete agreement with the electrochemical
ata (Fig. 2) suggesting that the Mn-porphyrin prepared from
n(OEP) exists as a Mn(II)/Mn(III) mixture.

.4. Properties of Mn(OEPy4P) as an oxidation catalyst

Table 1 compares the properties of Mn(OEPy4P) and
n(T4MPyP), a similar tetracationic Mn-porphyrin, even

hough its four positive charges are farther from the porphyrin
ore, as catalysts for the oxidation of hydrocarbons by PhIO.
he former Mn-porphyrin was a relatively good catalyst for the
poxidation of alkenes, with yields, based on starting PhIO,
f 90% in the case of cyclooctene, and of 65–66% for cis-
tilbene and cyclohexene. Yields of cyclooctene epoxidation
ere much higher than those found with Mn(T4MPyP) (40%),

nd similar to those previously reported for the usual good epox-
dation catalyst Mn(TDCPP)Cl [14]. Oxidation of cyclohexene
lso led to the products of allylic oxidation, cyclohexen-2-ol
nd cyclohexen-2-one (9% yield), and the total yield of cyclo-
exene oxidation was 93%, if one assumes that two moles of
hIO are necessary for cyclohexenone formation. It is note-
orthy that the epoxidation of cis-stilbene mainly led to the

is-epoxide, with a 93/7 cis/trans-epoxide ratio. The stere-
selectivity of the metalloporphyrin-catalyzed epoxidation of
is-stilbene has been used as an index of the capacity of the
igh-valent metal-containing active oxygen species to more or
ess efficiently control the free radical intermediate derived from
ddition of the metal-oxo species on the alkene double bond
15,5]. The cis/trans-epoxide ratio observed for epoxidation of
is-stilbene by PhIO catalyzed by Mn(TPP)Cl, Mn(T4MPyP),

n(TDCPP)Cl and Mn(OEPy4P) were 39/61 [14,16], 85/15

Table 1), 96/4 [14] and 93/7 (Table 1), respectively. In that
egard, Mn(OEPy4P) more resembles Mn(TDCPP)Cl than the

n-porphyrins that do not bear bulky substituents at the ortho

c
a
H
l

ysis A: Chemical 263 (2007) 200–205

nd ortho′ positions of the meso-aryl rings, such as Mn(TPP)Cl
nd Mn(T4MPyP).

Mn(OEPy4P) also was a much better catalyst than Mn
T4MPyP) for the hydroxylation of alkanes by PhIO. Thus,
yclohexane was oxidized to cyclohexanol and cyclohexanone
ith a total yield of 59% based on PhIO in the presence of the

ormer catalyst, as compared to 7% in the presence of the latter.
ydroxylation of naphthalene by the Mn(OEPy4P)/PhIO sys-

em led to �- and �-naphthols with moderate yields (23 and 3%,
espectively). However, Mn(OEPy4P) was also a much better
atalyst than Mn(T4MPyP) for the oxidation of this aromatic
ubstrate (Table 1). Finally, oxidation of ethylbenzene by PhIO
n the presence of both tetracationic Mn-porphyrin catalysts
xclusively led to benzylic oxidation products, 1-phenylethanol
nd acetophenone, with good yields. The lack of formation
f products deriving from an hydroxylation of the aromatic
ing of ethylbenzene is not surprising for Mn-porphyrin/PhIO
ystems, presumably because of the great reactivity of the phe-
olic metabolites towards PhIO [17–21]. Actually, the best
iomimetic catalytic systems for the oxidation of aromatic
ompounds to phenols are those using H2O2 as oxygen atom
onor and Mn-porphyrins as catalysts in the presence of ammo-
ium acetate as a cocatalyst [10]. Very good results have been
eported in that context by using Mn(TDCPP)Cl and some of
ts �-polynitro derivatives as catalysts [10]. It is why we have
ompared the hydroxylation of anisole, naphthalene and ethyl-
enzene by H2O2 catalyzed either by Mn(OEPy4P) or by the
reviously described Mn(TDCPP)Cl and Mn[TDCP(NO2)6P]
atalysts.

Table 2 shows that Mn(OEPy4P) catalyzed the hydroxyla-
ion of the aromatic ring of anisole by H2O2 with preferential
ormation of para-hydroxy anisole (23% yield based on start-
ng H2O2), and the hydroxylation of naphthalene with major
ormation of �-naphthol. The Mn(OEPy4P)-catalyzed hydroxy-
ation of ethylbenzene only occurred at its benzylic position with
he major formation of acetophenone. These regioselectivities
ere very similar to those observed for the corresponding reac-

ions catalyzed by Mn(TDCPP)Cl and Mn(TDCPN6P) (Table 2).
ith the three Mn-porphyrin catalysts, para-hydroxy anisole

nd �-naphthol were predominent (para-/ortho-hydroxyanisole
atio between 7 and 9.6; �-/�-naphthol ratio between 6 and
2), and hydroxylation of ethylbenzene exclusively occurred at
enzylic position. However, higher hydroxylation yields were
bserved with Mn(TDCPP)Cl as catalyst, and Mn(OEPy4P)
ppears to be closer to Mn(TDCPN6P) than to Mn(TDCPP)Cl as
catalyst of hydroxylation of aromatic compounds by H2O2. In

hat regard, it is noteworthy that the samples of Mn(OEPy4P) and
n(TDCPN6P) used for those reactions mainly existed under

he Mn(II) state, whereas Mn(TDCPP)Cl is a Mn(III) complex.
Mn(OEPy4P) is a new biomimetic Mn-porphyrin catalyst that

xhibits catalytic properties towards hydroxylation of hydro-
arbons by PhIO comparable to those of Mn(TDCPP)Cl and
uch better than those of the other previously described tetra-
ationic Mn-porphyrin Mn(T4MPyP) (Table 1). It also acts as
catalyst for the hydroxylation of aromatic compounds by

2O2, with a lower efficiency than Mn(TDCPP)Cl. For the
atter reactions, it exhibits characteristics similar to those of
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-polynitro–Mn(TDCPP) complexes bearing 5 and 6 nitro sub-
tituents [10]. However, when compared to Mn(TDCPP)Cl or its
-polynitro derivatives, Mn(OEPy4P) has the great advantage

o be soluble both in aprotic, relatively hydrophobic solvents
uch as CH2Cl2 and CH3CN, and in water at pH > 5. In that
egard, preliminary experiments concerning the oxidation of the
rug diclofenac by oxone, KHSO5, in water (phosphate buffer
H 6), in the presence of catalytic amounts of Mn(OEPy4P),
howed that this reaction led to the quinone-imine related to
-hydroxydiclofenac, a classical metabolite of diclofenac in
umans [22,23] (Eq. (1)). A 50% yield (based on starting
iclofenac) of this product was obtained upon reaction of two
xone equivalent relative to diclofenac under those conditions.
ts reduction by ascorbate or NaBH4 quantitatively led to 5-
ydroxydiclofenac [22,23]. Further experiments to study the
atalytic properties of Mn(OEPy4P) in various solvents and with
arious kinds of oxygen atom donors are required before to con-
lude about its potential interest related to its solubility in very
ifferent media and the presence of four positive charges close
o the metallic centre.
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