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The oxidation reaction of 2-aminophenol with dioxygen to 2-amino-phenoxazin-3-one has been inves-
tigated in water using cobalt(Il) phthalocyaninetetrasodiumsulfonate as catalyst. The oxidation reaction
was followed by measuring dioxygen uptake. Cobalt(II) phthalocyaninetetrasodiumsulfonate has been
found to enhance the rate of oxidation of 2-aminophenol to 2-amino-phenoxazin-3-one. The rate con-
stants of oxidation reaction showed linear dependence on catalyst concentration and saturation kinetics
in both 2-aminophenol concentration and dioxygen pressure. A mechanism has been suggested for the

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Considerable attention has been given to selective oxidations
of organic compounds with dioxygen metal complexes [1] and
metal-ion activation of oxygen [2,3] since these reactions could
mimic some biological oxidations [4,5]. The oxidative coupling of
2-aminophenol (OAP) to 2-amino-3H-phenoxazine-3-one (APX) 1
through catalytic activation of dioxygen by transition metal com-
plexes has been considered as one of the important reactions
[6-17].

2-Amino-3H-phenoxazine-3-one also known as questiomycin
A, is related to the naturally occurring antineoplastic agent acti-
nomycin D, which acts by inhibiting DNA-directed RNA synthesis
[18,19] and is used clinically for the treatment of certain types of
cancer [19-23]. APX has been used as a model for the behaviour
of actinomycin D. Phenoxazinone synthase catalyzes the oxidative
coupling of two molecules of substituted 2-aminophenol to the
phenoxazinone chromophore in the final step at the biosynthesis
of actinomycin D. Actinomycin biosynthesis has generated interest
in the conversion of OAP into APX catalyzed by transition-metal
complexes with a view to the possible modeling of phenoxazinone
synthase activity.

Soluble as well as polymer-supported cobalt(Il) phthalocyanine
catalysts have been used successfully for the oxidation of vari-
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ous organic substrates [24-41]. Examples are the auto-oxidation of
ascorbicacid[25], phenols [26-29], thiols [29-36], sulfides [37-40],
hydrazine and hydroxylamine [41].

We report in this paper the ability of cobalt(ll) phthalo-
cyaninetetrasodiumsulfonate 2 to catalyze the oxidation of
2-aminophenol to 2-amino-3H-phenoxazine-3-one in aqueous
medium.

2. Experimental
2.1. Materials and reagents

2-Aminophenol (Aldrich) was used as received. Cobalt(Il)
phthalocyaninetetrasodiumsulfonate (CoPcTSNay) was prepared
and purified as reported by Weber and Busch [42]. Water used in
the reaction was double distilled (deionized water).

2.2. Auto-oxidation reactions

Oxidations of 2-aminophenol were performed as previously
[34] by stirring of 100ml of an aqueous mixture containing
5volume% methanol in a 250-ml round bottomed flask attached to
a gas burette. The pH was adjusted to 9.0 using borate buffer. lonic
strength was kept constant by using 0.1 M KCl. All reactions were
carried out at 40 °C and at constant oxygen pressure. Lower partial
pressures of oxygen were obtained by use of oxygen/nitrogen
mixture at 1atm total pressure. After completion of the reaction
the mixture was extracted by diethyl ether. The extract was
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analyzed quantitatively with preparative layer chromatography,
PLC (PSC-GFy54 Silica gel plates, Merk) plates, 2-mm thickness,
20cm x 20 cm using chloroform-methanol (volume ratio 20:1) as
eluent. The products were identified by comparison with authentic
samples. All kinetic experiments were carried in duplicate and
reproducible results were obtained.

3. Results and discussion
3.1. Auto-oxidation of 2-aminophenol

Auto-oxidation of 2-aminophenol in aqueous mixture at pH
9.0 and slightly less than 1atm of dioxygen at 40°C catalyzed
by cobalt(Il) complex of phthalocyaninetetrasodiumsulfonate 2
gave within 2h APX in 70% yield and unidentified tar-like
material.

Gas burette measurements of dioxygen consumption as the
reaction proceeded showed that after an induction period, the
volume of dioxygen consumed was linear with time, indicating a
zero-order dependence on substrate concentration. Results illus-
trated in Fig. 1 shows the faster reaction and shorter induction
time achieved with CoPcTSNa4 compared with the reaction in the
absence of the catalyst.

3.2. Effect of pH on the auto-oxidation of 2-aminophenol

The auto-oxidation of 2-aminophenol was studied in the pH
range 7.0-11.0, using sodium borate and sodium phosphate buffers.
The zero-order rate constant k,,s of auto-oxidation reactions
reached an optimum at pH 9.0 and then decreased at higher pH
values (Fig. 2). The decrease of reaction rate at pH values higher
than 9 indicates that the o-aminophenoxide anion is not the active
species.

3.3. Effect of concentration of catalyst 2 on the auto-oxidation of
2-aminophenol

Data illustrated in Fig. 3 shows the effect of concentration of
CoPcTSNay4 on the observed rate constant ks of the auto-oxidation
of 2-aminophenol.
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Fig. 1. Dioxygen consumption with time during auto-oxidation of 2-aminophenol
(a) with CoPcTSNa4 and (b) without CoPcTSNag4. All reactions were carried out at
40°C and dioxygen pressure of 740 mmHg with magnetic stirring of 2 mmol of OAP
dissolved in 5.0 ml of methanol and 5 x 10~> M of CoPcTSNay. The total volume of
reaction mixture was maintained at 100 ml. The pH was adjusted to 9.0 using borate
buffer.
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Fig. 2. Effect of pH on the rate of auto-oxidation of 2-aminophenol. All reactions
were carried out under the same conditions of Fig. 1. The pH 7.0 was adjusted using
a mixture of Na,HPO4 and HCL. The pH was adjusted to 8.0 and 9.0 by using sodium
borate and HCI mixture and the pH was adjusted to 10.0 using NaHCO3; and NaOH
mixture.

The observed rate constant ks increased linearly with increas-
ing the concentration of CoPcTS from 0.5 x 10> M to 5 x 10~ M.

3.4. Effect of temperature on the auto-oxidation of
2-aminophenol

The temperature dependence of the rate constant kg, from
35°C to 60°C gave an Arrhenius activation energy of 12.07 kJ/mol
(Fig. 4).

3.5. Effect of concentration of 2-aminophenol on the rate of
auto-oxidation

The dependence of the rate constant ks of oxidation reac-
tion on the concentration of OAP was investigated in the
range 1x1073M to 3 x 10~3M (Fig. 5). The reaction rate con-
stants kg, increased with increasing the concentration of
2-aminophenol to 1.5 x 10~3 M and then leveled off. A double recip-
rocal Lineweaver-Burk plot (Fig. 6) showed that the rate fit a
Michealis—Menten kinetic model for saturation of catalyst site with
increasing concentration of 2-aminophenol.

1.0
0.9
Lﬂo (]
=x 0.8 ]
s
.-E 0.7 ]
-
S
E 06
3
X
0.5+
.
0.4 T T T T T T T T T T
0 1 2 3 4 5

10° [CoPcTs] mol L™

Fig. 3. The dependence of rate constant on CoPcTSNa4 concentration. For reaction
conditions, see Fig. 1.
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Fig. 4. The Arrhenius plot of rate data at 35-60 °C under conditions given in Fig. 1.
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Fig. 5. The dependence of rate constant on 2-aminophenol concentration. For reac-
tion conditions, see Fig. 1.

3.6. Effect of partial pressure of dioxygen on the auto-oxidation of
2-aminophenol

The effect of partial pressure of dioxygen on the auto-oxidation
of 2-aminophenol was investigated by using oxygen/nitrogen mix-
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Fig. 6. Lineweaver-Burk plot of the data in Fig. 5.
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Fig.7. The dependence of rate constant in the oxidation of 2-aminophenol on dioxy-
gen pressure. For reaction conditions, see Fig. 1.

ture to obtain reduced partial pressure of 1atm total pressure on
the reaction mixture. The data illustrated in Figs. 7 and 8 show that
the observed rate constants k,,s depend on the partial pressure of
dioxygen for saturation of catalyst site.

It is known that metal-bound oxygen is an active species in the
auto-oxidation of phenols catalyzed by cobalt(Il) phthalocyanine
[26].

The observed rate dependence on 2-aminophenol concentration
indicates coordination of 2-aminophenol to CoPcTSNa4 through the
lone pair of electrons on the nitrogen [10].

The mechanism of auto-oxidation of 2-aminophenol cat-
alyzed by cobalt(ll) phthalocyaninetetrasodiumsulfonate
(Scheme 1) probably involves a superoxo derivative con-
taining one 2-aminophenol molecule in the axial ligand
[10,11].

The cobalt superoxo adduct (3) reacts with 2-aminophenol
by abstracting H-atom forming the reactive 2-aminophenoxyl
radical which disproportionate leading to the key intermediate
o-benzoquinone monoimine. Its further conversion into the prod-
uct APX is shown in Scheme 1. The overall reaction requires
several oxidative dehydrogenation steps involving OAP, dioxygen
and o-benzoquinone monoimine as reactants on the way to APX
[8,13,14,18].
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Fig. 8. Lineweaver-Burk plot of the data in Fig. 7.



56 M. Hassanein et al. / Journal of Molecular Catalysis A: Chemical 287 (2008) 53-56

LEol g B LCo''O,

NH, NH;
LCA"O, + C{ S—. @: + LCo! + HOz
OH o
NH, NH NH;
0 — L+ (X
- 0 OH

OAP

ol
e}

+0.50,

H
—
OH (6} OH 0

+0.5 0,
-H,0

0 @]

Scheme 1.

References

[1] Proceedings of the First International Symposium on Oxygen Activation and
Selective Oxidation Catalysis by Transition Metals, J. Mol. Catal. 7 (1980).
[2] T.G. Spiro, Metal Ion Activation of Dioxygen, Wiley, New York, 1980.
[3] LI Simandi (Ed.), Advances in Catalytic Activation of Dioxygen by Metal Com-
plexes, Kluwer Academic Publishers, Dordrecht, Boston, London, 2003.
[4] F. Basolo, B.M. Hoffmann, J.A. Ibers, Acc. Chem. Res. 8 (1975) 384.
[5] R.D.Jones, D.A. Summerville, F. Basolo, Chem. Rev. 79 (1979) 139.
[6] J. McLain, ]. Lee, ].T. Groves, in: B. Meunier (Ed.), Biomimetic Oxidations Cat-
alyzed by Transition Metal Complexes, Imperial College Press, London, 2000.
[7] F.Benedini, G. Galliani, M. Nali, B. Rindone, S. Tollari, ]. Chem. Soc., Perkin Trans.
2(1985) 1963.
[8] L.I. Simandi, S. Nemeth, N. Rumlis, J. Mol. Catal. 42 (1987) 357.
[9] S.R.Keum, D.H. Gregory, T.C. Bruice, ]. Am. Chem. Soc. 112 (1990) 2711.
[10] Z. Szevere’nyl, E.R. Mileava, L.I. Simandi, J. Mol. Catal. 67 (1991) 251.
[11] LI Simandi, T.M. Barna, L. Korecz, A. Rockenbauer, Tetrahedron Lett. 34 (1993)
717.
[12] S. Sakaue, T. Tsubakino, Y. Nishiyama, Y. Ishii, ]. Org. Chem. 58 (1993) 3633.
[13] A.B. Zaki, M.Y. El-Sheikh, J. Evans, S.A. El-Safty, Polyhedron 19 (2000) 1317.
[14] ]. Kaizer, R. Csonka, G. Speier, J. Mol. Catal. A: Chem. 180 (2002) 91.
[15] T. Horvath, J. Kaizer, G. Speier, J. Mol. Catal. A: Chem. 215 (2004) 9.
[16] T.M. Simandi, L.I. Simandi, M. Gyor, A. Rockenbauer, A. Gomory, ]J. Chem. Soc.
Dalton Trans. (2004) 1056.
[17] M.R. Maurya, S. Sikarwar, T. Joseph, S.B. Halligudi, J. Mol. Catal. A: Chem. 236
(2005) 132.
[18] LC. Szigyarto, T.M. Simandji, L.I. Simandi, L. Korecz, N. Nagy, ]J. Mol. Catal. A:
Chem. 251 (2006) 270.
[19] M. Homma, A.F. Graham, Biochim. Biophys. Acta 61 (1962) 642.
[20] H.Nakazawa, EE. Chou, P.A. Andrews, N.R. Bachur, J. Org. Chem. 46 (1981) 1493
(and references therein).
[21] E. Frei, Cancer Chemother. Rep. 58 (1974) 49.
[22] U. Hollstein, Chem. Rev. 74 (1974) 625.

[23] G. Fukuda, N. Yoshitake, Z.A. Khan, M. Kanazawa, Y. Notoya, X. Che, S.
Akiyama, A. Tomoda, S. Chakrabarti, M. Odawara, Biol. Pharm. Bull. 28 (2005)
797.

[24] D.Wahrle, O. Suvorova, R. Gerdes, O. Bartels, L. Lapok, N. Baziakina, S. Makarov,
A. Slodek, J. Porphyrins Phthalocyanines 8 (2004) 1020.

[25] Y. Ogata, K. Marumo, T. Kawan, Chem. Pharm. Bull. 17 (1969) 1194.

[26] V.M. Kothari, J.T. Tazuma, J. Catal. 41 (1976) 180.

[27] H. Turk, W.T. Ford, J. Org. Chem. 53 (1988) 460.

[28] M. Hassanein, A. Selim, H. El-hamshary, Macromol. Chem. Phys. 195 (1994)
3845.

[29] N. Rajendiran, J. Santhanalakshmi, J. Mol. Catal. A: Chem. 245 (2006) 185.

[30] N.N. Kundo, N.P. Keier, Zh. Fiz. Khim. 42 (1968) 707.

[31] PK. Leung, M.R. Hoffmann, Environ. Sci. Technol. 22 (1988) 275.

[32] K.H. van Streun, W.J. Belt, E.T. Schipper, P. Piet, A.L. German, J. Mol. Catal. 71
(1992) 245.

[33] M. Hassanein, W.T. Ford, J. Org. Chem. 54 (1989) 3106.

[34] T.Buck, H.Bohlen, D. Wohrle, G. Schulz-Ekoff, A. Andreev, ]. Mol. Catal. 80 (1993)
253.

[35] V.lliev, A. Ileva, L. Bulyarska, J. Mol. Catal. A: Chem. 126 (1997) 99.

[36] M. Hassanein, H. El-hamshary, N. Salahuddin, A. Abu El-fotoh, ]. Mol. Catal. A:
Chem. 234 (2005) 45.

[37] D. Wohrle, O. Suvorova, N. Tombach, E.A. Schupack, R. Gerdes, N.M. Semenov,
0. Bartels, A.A. Zakurazhnov, G. Schnurpfeil, A. Wendt, J. Porphyrins Phthalo-
cyanines 5 (2001) 381.

[38] H. Fischer, G. Schulz-Ekloff, T. Buck, D. Wohrle, M. Vassileva, A. Andreev, Lang-
muir 8 (1992) 2720.

[39] H. Fischer, G. Schulz-Ekloff, D. Wohrle, Chem. Eng. Technol. 20 (1997) 462.

[40] H. Fischer, G. Schulz-Ekloff, D. Wohrle, Chem. Eng. Technol. 20 (1997) 624.

[41] (a) D.M. Wagnerova, E. Schwertnerova, J. Veperek-Siska, Collect. Chem. Com-
mun. 38 (1973) 756;

(b) D.M. Wagnerova, E. Schwertnerova, J. Veperek-Siska, Collect. Chem. Com-
mun. 39 (1974) 3036.
[42] ]J.H. Weber, H.D. Busch, Inorg. Chem. 4 (1965) 469.



	Study of the oxidation of 2-aminophenol by molecular oxygen catalyzed by cobalt(II) phthalocyaninetetrasodiumsulfonate in water
	Introduction
	Experimental
	Materials and reagents
	Auto-oxidation reactions

	Results and discussion
	Auto-oxidation of 2-aminophenol
	Effect of pH on the auto-oxidation of 2-aminophenol
	Effect of concentration of catalyst 2 on the auto-oxidation of 2-aminophenol
	Effect of temperature on the auto-oxidation of 2-aminophenol
	Effect of concentration of 2-aminophenol on the rate of auto-oxidation
	Effect of partial pressure of dioxygen on the auto-oxidation of 2-aminophenol

	References


