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Abstract

Polymer supported transition metal complexes of N,N'-bis (o-hydroxy acetophenone) hydrazine (HPHZ) Schiff base were prepared by anchoring
its amino derivative Schiff base (AHPHZ) on cross-linked (6 wt%) polymer beads and then loading iron(III), copper(Il) and zinc(II) ions in methanol.
The loading of HPHZ Schiff base on polymer beads was 3.436 mmol g~! and efficiency of complexation of polymer anchored HPHZ Schiff base for
iron(III), copper(Il) and zinc(II) ions was 83.21, 83.40 and 83.17%, respectively. The efficiency of complexation of unsupported HPHZ Schiff base
for these metal ions was lower than polymer supported HPHZ Schiff base. The structural information obtained by spectral, magnetic and elemental
analysis has suggested octahedral and square planar geometry for iron(IlI) and copper(Il) ions complexes, respectively, with paramagnetic behavior,
but zinc(II) ions complexes were tetrahedral in shape with diamagnetic behavior. The complexation with metal ions has increased thermal stability
of polymer anchored HPHZ Schiff base. The catalytic activity of unsupported and polymer supported HPHZ Schiff base complexes of metal ions
was evaluated by studying the oxidation of phenol (Ph) and epoxidation of cyclohexene (CH). The polymer supported metal complexes showed
better catalytic activity than unsupported metal complexes. The catalytic activity of metal complexes was optimum at a molar ratio of 1:1:1 of
substrate to oxidant and catalyst. The selectivity for catechol (CTL) and epoxy cyclohexane (ECH) in oxidation of phenol and epoxidation of
cyclohexene was better with polymer supported metal complexes in comparison to unsupported metal complexes. The energy of activation for
oxidation of phenol (22.8 kJ mol~!) and epoxidation of cyclohexene (8.9 kJ mol~!) was lowest with polymer supported complexes of iron(III) ions

than polymer supported Schiff base complexes of copper(II) and zinc(II) ions.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The transition metal complexes are frequently used as homo-
geneous catalysts in various reactions such as epoxidation of
olefins [1,2], oxidation of phenols [3,4] and coupling reactions
[5], but in these processes, the separation of catalysts from the
reaction mixture is difficult in comparison to supported cata-
lysts, which are separated easily without any significant loss
in their catalytic activity [6,7]. The supported metal complexes
also showed high catalytic activity [8,9] and selectivity [10] in
comparison to unsupported complexes. Although various sup-
ports [11-15] have been tried to anchor metal complexes, but
polymer supports provided better control on activity and selec-
tivity of metal complexes [1,16,17]. The metal complexes on
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various supports have been anchored either physically [18,19]
or by forming a bond between metal complexes and the sup-
ports [20-22], but the recycling of physically anchored catalysts
produced inactive catalyst in comparison to bonded catalyst.
Unsupported metal complexes of B-diketones [23] and salen
[18] Schiff bases showed low activity and enantioselectivity in
epoxidation of olefins in comparison to supported metal com-
plexes [6,10,24-26]. Polymer supported Schiff base complexes
of metal ions showed high catalytic activity in decomposi-
tion of hydrogen peroxide [27] and in oxidation of phenol
in presence of t-butyl hydroperoxide [28]. Although unsup-
ported metal complexes were used in oxidation of phenol
and epoxidation of olefins in presence of hydrogen peroxide
[29,30], but supported metal complexes showed high activity in
these reactions [31] and in epoxidation of cyclohexene with #-
butyl hydroperoxide [32,33]. Although zinc(II) ions complexes
have been used as catalyst in various reactions, viz., hydroly-
sis of p-nitrophenyl acetate and p-nitrophenyl picolinate [34],
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epoxidation of olefins [35], ring opening polymerization
(ROMP) of caprolactum [36] and hetero-Dielder reactions [37],
but have used less commonly than Schiff base complexes of
other metal ions [38—41]. Although Schiff base ligands of
hydrazine with o-hydroxy acetophenone were used for com-
plexation with transition metal ions to produce metal complexes
with twisted ligands around N-N bond, but no catalytic activity
of these metal complexes was studied [42]. In these investi-
gations, N,N'-bis (0-hydroxy acetophenone) hydrazine (HPHZ)
Schiff base was synthesized by using hydrazine and o-hydroxy
acetophenone in 1:2 mole ratio, which subsequently produced
unsupported and polymer supported metal complexes in 1:1
mole ratio of HPHZ Schiff base ligand and metal ions as pro-
posed on the basis of their characterization. Since no report
is available for catalytic activity of unsupported and polymer
supported metal complexes of N,N'-bis (o-hydroxy acetophe-
none) hydrazine (HPHZ) Schiff base; hence, efforts were also
made to evaluate the catalytic activity of unsupported and
polymer supported HPHZ Schiff base complexes of iron(III),
copper(Il) and zinc(Il) ions in oxidation of phenol and epox-
idation of cyclohexene using hydrogen peroxide as oxidant.
The catalytic activity of these complexes was evaluated under
different experimental conditions and reaction mechanism for
oxidation of phenol and epoxidation of cyclohexene was pro-
posed.

2. Experimental
2.1. Materials

Chloromethylated polystyrene beads with fixed cross-linked
density (6.0wt%) were obtained from ion exchange India
Ltd., Mumbai, India. Anhydrous chloro salts of iron(III), cop-
per(I) and zinc(IT) ions were received from Ranbaxy, Mumbai,
India, and used without further purifaiction. Cyclohexene, phe-
nol, hydrogen peroxide (30 wt%), o-hydroxy acetophenone and
hydrazine were procured form E. Merck, India. All other chemi-
cals and solvents were of analytical grade (>99%) and used after
purification using standard methods [43].

2.2. Characterization of Schiff base and its metal complexes

IR spectra of synthesized HPHZ Schiff base and its metal
complexes were recorded on KBr pellet using PerkinElmer 1600
FTIR Spectrophotometer and electronic spectra were recorded
with Shimadzu 1601 PC UV-vis Spectrophotometer. Ther-
mogravimetric analysis (TGA) of HPHZ Schiff base and its
metal complexes was carried out using PerkinElmer Thermal
analyzer (Pyris Diamond) at a heating rate of 10°C min~!
under nitrogen atmosphere. The metal ions complexation with
HPHZ Schiff base was determined using Atomic Absorption
Spectrophotometer (PerkinElmer Model 3100) at correspond-
ing wave length (Apax) of metal ions. The magnetic moment
() of metal complexes was measured using vibrating sam-
ple magnetometer (Model-155). The molecular weights of
HPHZ Schiff base and its metal complexes were measured with
Vapor Pressure Osmometer (Knauer K-700, Germany) using

dimethyl formamide (DMF) as solvent and benzyl as a stan-
dard.

2.3. Synthesis of N,N'-bis (0o-hydroxy acetophenone)
hydrazine Schiff base and its metal complexes

N,N'-bis (0-hydroxy acetophenone) hydrazine (HPHZ) Schiff
base was prepared by modifying the reported procedure
[42]. The reaction mixture containing o-hydroxy acetophenone
(20 mmol, 2.72 g) and hydrazine (10 mmol, 0.16 g) in methanol
was refluxed at 60°C for about 45 min. The reaction mix-
ture after cooling at low temperature produced light yellow
colored crystals, which were filtered and recrystallized with
methanol. Metal complexes of synthesized HPHZ Schiff base
were prepared refluxing 100 mL methanolic mixture of Schiff
base (10 mmol, 2.683 g) and metal ions (10 mmol) at 70 °C.
After 8 h, the mixture was cooled and crystallized metal com-
plexes were separated from mother liquor. Finally these metal
complexes were recrytallized in methanol and dried at 50 °C in
vacuum oven.

2.4. Synthesis of polymer anchored N,N'-bis (0-hydroxy
acetophenone) hydrazine Schiff base and its metal
complexes

To prepare polymer anchored metal complexes of N,N'-bis
(o-hydroxy acetophenone) hydrazine (HPHZ) Schiff base, the
amino derivative of HPHZ Schiff base was synthesized by
following nitrosation and reduction reactions. Nitrosation was
carried out using 10 mmol (2.683 g) of HPHZ Schiff base and
10 mmol sodium nitrite in 10 mL 1.0N hydrochloric acid at low
temperature. The resultant N,N'-bis (4-nitroso-o-hydroxy ace-
tophenone) hydrazine Schiff base was filtered and washed with
hot and cold water to remove reaction impurities. Subsequently,
the reduction of N,N'-bis (4-nitroso-o-hydroxy acetophenone)
hydrazine was carried out using 10.0mmol (3.263g) of
nitrosated HPHZ Schiff base in 20.0mL (1.0N) hydrochlo-
ric acid in presence of metallic iron, which produced N,N -bis
(4-amino-o-hydroxy acetophenone) hydrazine (AHPHZ) Schiff
base. Amino functionalized Schiff base (AHPHZ) was immo-
bilized on polymer beads by refluxing 10.0 mmol (5.967 g)
of N,N'-bis (4-amino-o-hydroxy acetophenone) hydrazine with
methanol swollen beads (5.0 g) in 50 mL methanol. After 8 h, the
HPHZ Schiff base anchored polymer beads were separated and
dried in vacuum oven. The HPHZ Schiff base anchored poly-
mer beads were subsequently used for loading of metal ions
by keeping 5.0 g HPHZ Schiff base anchored polymer beads
in 50 mL methanol containing 10.0 mmol metal ions and then
refluxing for 6.0h at 60 °C. Finally the metal ions loaded poly-
mer beads were separated and washed with hot and cold water
and dried in vacuum oven at 70 °C. The loading of metal ions
on unsupported and polymer supported HPHZ Schiff base was
calculated as efficiency of complexation (%EC) using following
equation:

Amount of metal ions loaded

%EC = 100

Amount of Schiff base used for loading x
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2.5. Catalytic activity of metal complexes in oxidation of
phenol and epoxidation of cyclohexene

To evaluate the catalytic activity of unsupported and polymer
supported metal complexes of HPHZ Schiff base, the oxida-
tion of phenol and epoxidation of cyclohexene was carried out
using hydrogen peroxide as oxidant. To carry out these reac-
tions, a calculated amount of metal anchored polymer beads was
taken in two-necked round-bottomed flask containing phenol
(50 mmol, 4.70 g), 2.0 mL acetonitrile, cyclohexene (50 mmol,
4.10 g) dissolving in 2.0 mL chlorobenzene and then calculated
volume of hydrogen peroxide (30 wt%) was added in the reac-
tion mixture (88 mmol, 5.67 g). The reaction flask was fitted with
water condenser, nitrogen inlet and heated at constant temper-
ature (70 °C) and to increase the activity of polymer beads, the
reaction mixture was vigorously stirred (1200 rpm). To follow
these reactions, the reaction mixtures were analyzed at different
time intervals using gas chromatograph. To analyze cyclohexene
(CH) and epoxy cyclohexane (ECH) in the reaction mixture, the
gas chromatograph was fitted with 1 m column packed with W-
DMCS chromosorb with liquid SE-30 phase of about 2.5 and
0.03% PEG-2000. The temperature of injection port and col-
umn was maintained at 150 and 85 °C, respectively, and carrier
gas was supplied at 20 mL min~!. For analysis of phenol (Ph),
catechol (CTL) and hydroquinone (HQ), a fused silica capil-
lary column (XE-60, 30 m x 0.2 mm x 0.3 wm) was used. The
temperature of injection port and column was 280 and 180 °C,
respectively, and carrier gas was supplied at 20 mL min~!. Oxi-
dation of phenol and epoxidation of cyclohexene was also
studied at different molar ratios of reactants and at different tem-
peratures to determine the energy of activation for oxidation and
epoxidation. These reactions were also studied without using
catalysts to determine the effect of catalyst in oxidation of phenol
and epoxidation of cyclohexene. The retention time of standards
was used to identify the reaction products and peak areas in the
chromatograms were used to estimate the amount of reaction
products. The amount of reaction products was compared with
percent conversion of phenol and cyclohexene.

3. Results and discussion

Anchoring of metal complexes on polymer supports has
increased the catalytic activity of metal complexes and their
reuse applications. Catalytic activity of supported metal com-
plexes also showed variation with nature of polymer support
and the amount of metal complex loaded on polymer supports
[44,45].

The activity of supported metal complexes was also influ-
enced by their thermal stability and interactions with reactants.
The increase in thermal stability of polymer anchored HPHZ
Schiff base after complexation with metal ions has been used
as evidence for loading of metal ions. The temperature of max-
imum rate of decomposition (7T,x) of polymer anchored Schiff
base (P-HPHZ) and its iron(IIl) ions complexes was increased
from 221 to 336 °C, whereas the increase in Ti,x was 309 and
340°C, respectively, on complexation of P-HPHZ Schiff with
copper(Il) and zinc(Il) ions, respectively (Fig. 1). This variation
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Fig. 1. Thermal stability of polymer supported HPHZ Schiff base and its metal
complexes.

in Tmax has clearly indicated that zinc(II) ions complexes were
more stable than iron(II) and copper(Il) ions complexes of poly-
mer anchored HPHZ Schiff base. The polymer anchored HPHZ
Schiff base has shown a weight loss of 45% at 300 °C, whereas
its metal complexes have shown a maximum weight loss of 5%
at same temperature (Fig. 1), which clearly indicated that the
complexation of metal ions has increased thermal stability of
HPHZ Schiff base.

3.1. Characterization of N,N' -bis (0-hydroxy
acetophenone) hydrazine Schiff base

N,N'-bis (0-hydroxy acetophenone) hydrazine (HPHZ) Schiff
base was obtained by refluxing hydrazine and o-hydroxy ace-
tophenone at 60 °C in methanol, which produced a substantial
yield (81.79%) of HPHZ Schiff base (Scheme 1).

The IR spectrum of HPHZ Schiff base has shown absorption
bands at 1621 and 1268 cm™! for >C=N and ~C-O (phenolic)
groups (Fig. 2A) and a broad band between 3300 and 2950 cm !
was due to phenolic OH. The elemental analysis of HPHZ Schiff
base (Table 1) was corresponded to C13H20N2O» empirical for-
mula of HPHZ Schiff base. The molecular weight of Schiff base
was found to be 268.22 g mol~! (caltd. 268.31 gmol ™).

The electronic spectra of HPHZ Schiff base (Fig. 3) showed
absorption bands at 248 and 317 nm due to w — 7" andn — 7"
transitions. The 'H NMR spectrum of HPHZ Schiff base
showed proton signals at §, ppm =2.15(3H), 5.15(1H), 6.95(2H),
7.25(1H) and 7.55(1H), which corresponded to structure of
HPHZ Schiff base as shown in Scheme 1.

3.2. Synthesis and characterization of N,N'-bis
(4-amino-o-hydroxy acetophenone) hydrazine Schiff base
and its anchoring on polymer beads

Nitrosation of N,N'-bis (o-hydroxy acetophenone) hydrazine
Schiff base was carried out at low temperature in presence of
NaNO,/HCl, which resulted in 86.79% yield of N,N'-bis (4-
nitroso-o-hydroxy acetophenone) hydrazine (Scheme 2). The
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Scheme 1. Synthesis of N,N'-bis (o-hydroxy acetophenone) hydrazine Schiff base (HPHZ) and its metal complexes (HPHZ-M).

Table 1
Elemental analysis of HPHZ Schiff base its derivatives and metal complex (HPHZ-M)
Schiff base Elemental analysis (%) My, (gmol ™) n (BM)
H C N M
HPHZ 6.05 (6.03) 71.81 (71.84) 10.42 (10.47) - 268.2 (268.3) -
NO-HPHZ 4.33 (4.35) 59.21 (59.18) 17.26 (17.25) - 324.9 (324.7) -
A-HPHZ 6.06 (6.09) 64.52 (64.59) 18.80 (18.83) - 297.1 (297.5) -
Fe-HPHZ 3.61 (3.59) 48.90 (48.99) 7.11 (7.14) 14.22 (14.24) 392.0 (392.3) 1.73
Cu-HPHZ 422 (4.29) 58.37 (58.40) 8.49 (8.51) 19.22 (19.31) 329.0 (329.1) 1.73
Zn-HPHZ 4.24 (4.26) 58.04 (58.08) 8.43 (8.47) 19.70 (19.76) 330.6 (330.9) 0.00
The values in parenthesis are theoretical.
elemental analysis of N,N'-bis (4-nitroso-o-hydroxy acetophe-
none) hydrazine Schiff base (Table 1) was corresponding to
C16H14N4O4 empirical formula of nitrososated Schiff base.
©) The molecular weight of N,N'-bis (4-nitroso-o-hydroxy ace-
tophenone) hydrazine was found to be 298.5 gmol™! (caltd.
298.3gmol~!). The IR spectrum of N,N'-bis (4-nitroso-o-
hydroxy acetophenone) hydrazine showed absorption bands at
\ 1630 and 1280 cm ™! for >C=N and ~C-O (phenolic) fynctional
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Fig. 2. FTIR spectra of free HPHZ Schiff base (A), polymer beads (B) and
polymer anchored Schiff base (C).

Fig. 3. Electronic spectra of HPHZ Schiff base and its metal complexes.
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Scheme 2. Synthesis of polymer anchored Schiff base (P-HPHZ) and its metal complexes (P-HPHZ-M).

groups and absorption bands at 1550 and 1335cm™! were due
to N-O group. The nitrosation of HPHZ Schiff base has shown
a shift in NMR signals in comparison to NMR signals of HPHZ
Schiff base. The nitrosated HPHZ Schiff base has given pro-
ton signals at §, ppm = 1.05(3H), 5.15(1H), 7.20(1H), 7.82(1H)
and 8.15(1H), which were corresponding to the structure of
nitrosated Schiff base as shown in Scheme 2. The proton sig-
nals ortho to nitroso group in nitosated HPHZ Schiff base were
deshielded; hence, appeared at 7.82ppm and at 8.15ppm in
place of 7.27 and 7.60 ppm of pure HPHZ Schiff base. The
absence of proton signal at 7.0 ppm was due to the substitu-
tion of nitroso group in the benzene. The reduction of N,N -bis
(4-nitroso-o-hydroxy acetophenone) hydrazine with iron metal
in presence of hydrochloric acid, has produced 85.82% of N,N'-
bis (4-amino-o-hydroxy acetophenone) hydrazine Schiff base
(AHPHZ). The resultant AHPHZ Schiff base was characterized
for its mp, which was 189 °C. Elemental analysis of N,N -bis
(4-amino-o-hydroxy acetophenone) hyadrazine Schiff base was
corresponding to C1gH1§N4O> empirical formula of AHPHZ
Schiff base. The molecular weight of AHPHZ Schiff base was
299.1 gmol~! (caltd. 298.3 gmol~!). The IR spectrum of N,N'-
bis (4-amino-o-hydroxy acetophenone) hydrazine Schiff base
showed absorption bands at 1621 and 1268 cm™! due to >C=N
and ~C-O (phenolic) groups and a band between 1633 and

1650 cm™! was assigned to >C-N group. The NMR spectrum of
AHPHZ Schiff base showed proton signals at §, ppm =2.15(3H),
4.15(2H), 5.15(1H), 6.45(1H), 6.65(1H), 6.85(1H), which were
corresponding to AHPHZ Schiff base structure as shown in
Scheme 2.

Refluxing of N,N'-bis (4-amino-o-hydroxy acetophenone)
hydrazine (AHPHZ) Schiff base with cross-linked polymer
beads resulted in 85.82% loading of AHPHZ Schiff base, which
was corresponding to 3.436 mmol of HPHZ Schiff base on 1g
of polymer beads (Scheme 2). The loading of HPHZ Schiff base
on polymer beads was confirmed by comparing IR spectrum
of HPHZ anchored polymer beads (Fig. 2C) with IR spectrum
of pure polymer beads (Fig. 2B). The IR spectrum of polymer
anchored HPHZ Schiff base (Fig. 2C) has shown new absorption
bands at 1616 and 1260cm™! for >C=N and >C-O (phenolic)
groups and a broad band between 2955 and 3373 cm ™! for >C-N
group, which were absent in IR spectrum of pure polymer beads
(Fig. 2B), but were present in unsupported HPHZ Schiff base
(Fig. 2A). The IR spectrum of pure polymer beads has shown
absorption band at 1262 cm~! (Fig. 2B), due to the presence of
C-ClI group in polymer beads, which reduced significantly in
HPHZ Schiff base loaded polymer beads (Fig. 2C). This varia-
tion in absorption band was an evidence for anchoring of HPHZ
Schiff base on polymer beads. In addition to these spectral
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Table 2
Efficiency of complexation of metal ions (%EC) on unsupported (HPHZ) and
supported Schiff base (P-HPHZ)

Schiff base Tron(III) ions (%) Copper(II) ions (%) Zinc(I) ions (%)
HPHZ 80.28 82.28 81.51
P-HPHZ 83.21 82.40 83.17

variations, the appearance of new bands and a shift in absorption
bands of HPHZ Schiff base on polymer beads have confirmed
the anchoring of HPHZ Schiff base on polymer beads.

3.3. Characterization of free and polymer anchored metal
complexes of N,N'-bis (o-hydroxy acetophenone) hydrazine
Schiff base

Complexation of metal ions on unsupported (Schemes 1)
and polymer supported HPHZ Schiff base (Schemes 2) was
carried out by refluxing unsupported and polymer supported
HPHZ Schiff base in solution of metal ions at 60 °C for 6 h. The
metal anchored Schiff base (HPHZ-M) and polymer beads (P-
HPHZ-M) were purified after separation and characterized for
molecular weights, magnetic moment and composition by ele-
mental analysis (Table 1). The reaction yield and elemental and
molecular weight analysis of metal complexes of HPHZ Schiff
base has suggested for 1:1 stoichiometric ratio of HPHZ Schiff
base to metal ions like lanthanides [46], and both nitrogen atoms
of HPHZ Schiff base were coordinating directly with metal ions
without any twisting about N-N single bond of HPHZ Schiff
base as found with dinuclear complexes of transition metal ions
[42]. The efficiency of complexation of unsupported and sup-
ported HPHZ Schiff base for iron(IIl) ions was found to be 80.28
and 83.21%, respectively (Table 2), whereas in case of copper(Il)
ions, the efficiency of complexation was 82.28 and 82.40% with
unsupported and polymer supported Schiff base.

The efficiency of complexation of zinc(Il) ions on unsup-
ported and polymer supported HPHZ Schiff base has varied
from 81.51 to 83.17%, which indicated that zinc(IT) ions were
having more affinity for complexation with polymer supported
HPHZ Schiff base in comparison to complexation efficiency of
copper(Il) ions (Table 2). These results have clearly suggested
that the complexation of metal ions on polymer anchored HPHZ
Schiff base was high in comparison to unsupported HPHZ Schiff
base. The IR spectra of metal ions loaded Schiff base were
recorded (Fig. 4), which showed significant variations in absorp-
tion bands corresponding to >C=N and >C-N functional groups
of HPHZ Schiff base on complexation with metal ions. The
appearance of new absorptions bands on complexation of metal
ions was due to the formation of M—O and M—N bonds in HPHZ
Schiff base complexes (Fig. 4).

The disappearance of phenolic absorption band (-C-OH)
of HPHZ Schiff base has further provided an evidence for
complexation of metal ions with HPHZ Schiff base. The absorp-
tion bands in polymer supported HPHZ Schiff base (Fig. 4A)
appeared at low frequency in comparison to unsupported HPHZ
Schiff base (Fig. 2A). On complexation of iron(IIl) ions with
unsupported HPHZ Schiff base has shown absorption band at
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Fig. 4. FTIR spectra of polymer supported HPHZ Schiff base (A) and its metal
complexes (B-D).

1595 cm™ ! corresponding to >C=N group, whereas absorption
band in polymer supported HPHZ Schiff base was appeared at
1591 cm™! (Fig. 4A and B). Complexation of copper(Il) and
zinc(Il) ions with unsupported and polymer supported HPHZ
Schiff base shown absorption bands at 1608 and 1616 cm™!
(Fig. 4C and D) corresponding to >C=N group of HPHZ Schiff
base. These variations in absorption band for >C=N group was
indicative that metal ions in these complexes interacted with
azomethyne nitrogen of HPHZ Schiff base and appearance of
absorption band at 465cm™! with unsupported HPHZ Schiff
base and at 456cm™! with polymer supported HPHZ Schiff
base has supported the formation of M-N bond by iron(III)
ions with azomethyne nitrogen (Fig. 4B), but in case of cop-
per(II) ions these bands appeared at 456 and 452 cm ™! (Fig. 4C)
and zinc(I) ions showed these bands at 452 and 447 cm™!
(Fig. 4D) due to the formation of M—N bond by metal ions
in unsupported and supported HPHZ, respectively. The com-
plexation of iron(IIl), copper(Il) and zinc(II) ions with polymer
supported HPHZ Schiff base produced another absorption bands
at 500cm™~! (Fig. 4B), 578cm™! (Fig. 4C) and 565cm™!
(Fig. 4D), respectively, due to the formation of —-O-M bond
between metal ions and phenolic oxygen. Similar bands were
shown by unsupported HPHZ Schiff base on complexation of
these metal ions.

The complexation of metal ions with HPHZ Schiff base was
further confirmed by comparing the electronic spectra of HPHZ
Schiff base complexes of metal ions with electronic spectra of
pure HPHZ Schiff base (Fig. 2). The complexation of iron(III)
ions with HPHZ Schiff base showed variation in  — 7" tran-
sitions from 219 to 285nm and 7 — 7" transitions in Schiff
base complexes of copper(Il) and zinc(Il) ions appeared at 238
and 233 nm, respectively. On complexation of iron(III) ions, the
n— 7" transitions of HPHZ Schiff base was changed from
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317 to 285nm, whereas n— 7 transitions appeared at 277
and 293 nm on complexation with copper(Il) and zinc(Il) ions,
respectively. These C — T and d — d transitions were used as
evidences for the complexation of metal ions with HPHZ Schiff
base. The complexation of copper(Il) ions with HPHZ Schiff
base showed C — T transition at407 nm [47], butno C — T tran-
sition was observed on complexation of iron(IIl) and copper(Il)
ions with HPHZ Schiff base. The complexation of iron(IIT) and
copper(Il) ions with HPHZ Schiff base showed d — d transi-
tions at449 nm [48] and 570 nm [49], respectively, which clearly
suggested for tggeg, , tggeg and tggefgt electronic configurations
for iron(III), copper(Il) and zinc(II) ions in HPHZ Schiff base
complexes. The magnetic moment (n) of HPHZ Schiff base
complexes of iron(Ill), copper(Il) and zinc(Il) ions was 1.73,
1.73 and 0.0 BM, respectively, which indicated that iron(III) and
copper(Il) ions complexes were paramagnetic with one unpaired
electron in each and zinc(Il) ions complexes were diamag-
netic with all paired electrons. The elemental analysis, magnetic

H,0,

M-HPHZ + OOH™ —>

M-HPHZ-OOH™ +  Ph

M-HPHZ-OOH™ + CH

H3C CH3

M-HPHZ-CH-OOH"
M = Fe(I11), Cu(ll), Zn(1I)

HY + OH"

—_—

moment (w) and electronic state of metal ions in these com-
plexes have suggested octahedral geometry (d?sp?) for iron(III)
ions complexes and square planar geometry (dsp>) for copper(II)
ions complexes. The zinc(II) ions complexes showed tetrahedral
(sp?) geometry.

3.4. Oxidation of phenol and epoxidation of cyclohexene

Catalytic activity of unsupported and polymer supported
HPHZ Schiff base complexes of metal ions was evaluated by
studying the oxidation of phenol and epoxidation of cyclohex-
ene in presence of hydrogen peroxide as oxidant. The product
identification and conversion of phenol and cyclohexene was
studied using gas chromatographic technique. Catechol (CTL)
and epoxy cyclohexane (ECH) were the major products in oxi-
dation of phenol and epoxidation of cyclohexene (Scheme 3).
The formation of reaction products in oxidation of phenol and
epoxidation of cyclohexene has been attributed to the enzymatic
behavior [50,51] of metal complexes of HPHZ Schiff base

H* + OOH 1

M-HPHZ-OOH- 2
active species

M-HPHZ-Ph- OOH 3a

intermediate species

M-HPHZ-CH- OOH gl

intermediate species

OH OH
N H
s K OH A
by / at .4aa
/) - —_—
o/ o i
OH

Catechol Hydroquinone

+ M-HPHZ + "OH

OH
0 +
OH

ECH CHDOL
4b
0] OH
Q-
CHON CHENOL
+ M-HPHZ + "OH
H,0 N

Scheme 3. Oxidation of phenol and epoxidation of cyclohexene.
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Fig. 6. Effect of reaction time on epoxidation of cyclohexene in presence of
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temperature =40 °C.

(M-HPHZ), which produced initially an active species
(M-HPHZ-OOH™) by the interactions of hydrogen peroxide
(Schemes 3). The peroxoanions (OOH™) produced in step 1
are linked through d’sp> and dsp? orbital in HPHZ Schiff
base complexes of iron(Ill) and copper(Il) ions, respectively,
and through sp> orbital in HPHZ Schiff base complexes of
zinc(Il) ions to produce the active species through a fast reac-
tion [52,53]. The subsequent interactions of active species
with phenol (Ph) and cyclohexene (CH) have produced inter-
mediates (M-HPHZ-Ph—-OOH~ and M-HPHZ-CH-OOH™)
through fast dynamic equilibrium [53]. The rate of electron
exchange in the intermediate and its decomposition though
a slow reaction step (k) has controlled the selective forma-
tion of catechol (CTL) in oxidation of phenol (Scheme 3)
and epoxy cyclohexane (ECH) in epoxidation of cyclohexene
(Scheme 3). The oxidation of phenol and epoxidation of cyclo-
hexene was more prominent with polymer supported metal
complexes (Figs. 5 and 6) in comparison to unsupported metal
complexes (Table 3).

The high catalytic activity of polymer supported HPHZ Schiff
base complexes of metal ions was due to the better control
of metal ions interactions with substrate in the intermediates
in comparison to the intermediates of unsupported metal com-
plexes. The low activity of unsupported metal complexes was
due to the formation of dimers or multimers by the catalyst
in the solution. The polymer support might have assisted in
exchange of electron in the intermediate (M—-HPHZ-Ph—-OOH™
and M-HPHZ-CH-OOH™) as well as in decomposition of
the intermediate to facilitate the formation of reaction prod-
uct though an easiest route of energy surfaces in comparison
to unsupported Schiff base complexes. The oxidation products
of phenol showed separation peaks corresponding to catechol
and hydroquinone in the chromatogram; hence, the formation
of polyphenols in the oxidation of phenol was discarded.

The oxidation of cyclohexene in presence of HPHZ Schiff
base complexes of metal ions has produced epoxy cyclohexane
as major product (ECH) and 1,2-cyclohexanediol (CHDOL), 2-
cyclohexene-1-one (CHON), 2-cyclohexene-1-ol (CHENOL) as
minor products (Scheme 3). The oxidation of phenol (Ph) and
epoxidation of cyclohexene (CH) with unsupported (Table 3)
and supported Schiff base complexes of iron(III), copper(Il) and
zinc(Il) ions (Figs. 5 and 6) was initially fast upto 6 h and then
after it was almost constant These reactions also varied with
type of the catalyst (Table 3 and Figs. 5 and 6). The percent
conversion of phenol and cyclohexene was more with polymer
supported Schiff base complexes of iron(IIl) in comparison to
copper(Il) and zinc(II) ions complexes (Figs. 5 and 6). The cat-
alytic activity of supported catalysts was almost constant up
to six recycles and then after it decreased without any signifi-
cant variation in product selectivity (Table 4), which indicated
clearly that the structures of metal complexes on polymer sup-
port remained almost same upto six recycles. This was further
confirmed by comparing the IR spectra of recycled Schiff base
complexes of metal ions with IR spectra of freshly prepared
supported metal complexes.

The catalytic activity of HPHZ Schiff base complexes of
metal ions in oxidation of phenol and epoxidation of cyclo-
hexene was also evaluated taking different molarity of phenol,

Table 3
Catalytic activity of unsupported metal complexes (M—HPHZ) in oxidation of
phenol (pH) and epoxidation of cyclohexene (CH)

Time (min) Percent conversion
Fe-HPHZ Cu-HPHZ Zn-HPHZ
Ph CH Ph CH Ph CH
0 0.0 0.0 0.0 0.0 0.0 0.0
15 7.9 14.9 34 9.6 1.5 5.6
30 17.5 26.0 9.0 16.6 35 10.6
45 27.2 36.4 20.8 30.7 7.8 18.1
60 344 43.7 274 36.8 124 23.8
90 40.7 534 33.7 46.0 14.7 30.5
240 48.0 63.6 37.2 53.8 18.0 37.3
720 50.0 65.2 38.4 55.2 18.6 39.3
1440 50.5 66.4 39.3 55.6 19.2 39.9

[H,O;]/[catalyst]/[Ph]/[CH] =0.05 M, temperature =70 °C (Ph), 40 °C (CH).
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Table 4
Efficiency of recycled supported catalysts (P-HPHZ-M) in oxidation of phenol
and epoxidation cyclohexene

Cycle number P-HPHZ-Fe P-HPHZ-Cu P-HPHZ-Zn
Conversion of phenol (%)
2 64.0 45.0 38.0
4 64.0 45.0 37.6
6 63.8 44.8 37.2
8 55.0 37.2 29.2
10 48.3 30.2 20.8
Conversion of cyclohexene (%)
2 81.3 62.6 55.3
4 81.1 62.6 55.2
6 81.0 62.1 54.8
8 75.8 55.2 43.2
10 60.2 43.2 30.8

[H,0,]/[Ph]/[CH] =0.05 M, time = 1440 min, temperature =70 °C (Ph), 40°C
(CH), CH3CN=2.0mL.

cyclohexene and hydrogen peroxide in the reaction mixture and
variation in product and product selectivity was determined.

3.4.1. Effect of H>O> concentration on oxidation of phenol
and epoxidation of cyclohexene

The effect of HO» concentration on oxidation of phenol and
epoxidation of cyclohexene was studied by varying the molar
ratio of H,O; to phenol from 0.5 to 2.0 at constant molarity of
phenol/cyclohexene and catalyst (0.05 M) in the reaction mix-
ture. The epoxidation of cyclohexene was carried out at 40 °C
and oxidation of phenol at 70 °C. On increasing the molar ratio
of hydrogen peroxide from 0.5 to 1.0 at constant molar ratio of
phenol/cyclohexene and catalysts, the conversion of phenol and
cyclohexene increased in presence of HPHZ Schiff base com-
plexes of iron(IIl), copper(Il) and zinc(Il) ions (Figs. 7 and 8),
but on further increasing the molar ratio of H,O; (>1), the per-
cent conversion of phenol and cyclohexene decreased both with
unsupported and supported HPHZ Schiff base complexes of
iron(I1I), copper(Il) and zinc(Il) ions. The decreasing trend in
percent conversion of phenol and cyclohexene at high molar ratio
of hydrogen peroxide (>1) was attributed to the decrease in molar
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Fig.7. Effectof HO; concentration on phenol conversion. [Phenol]:[catalyst] =
1:1, temperature =70 °C.
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ratio of phenol/cyclohexene and catalyst than the molar ratio of
H,0,. The phenol and cyclohexene conversion was maximum
with HPHZ Schiff base complexes of iron(III) ions and lowest
with HPHZ Schiff base complexes of zinc(I) ions. On varying
the molar ratio of hydrogen peroxide, the product selectivity for
catechol (CTL) and epoxy cyclohexane (ECH) remained almost
constant. The average selectivity for catechol (CTL) was around
90 wt% with Schiff base complexes of iron(III) ions and 86 wt%
with Schiff base complexes of zinc(II) ions. Similarly, the aver-
age selectivity for epoxy cyclohexane (ECH) with Schiff base
complexes of iron(IIl) ions was 96.5 and 87.5 wt% with Schiff
base complexes of zinc(Il) ions. The selectivity for epoxy cyclo-
hexane was more with all metal ions in comparison to selectivity
for catechol in oxidation of phenol, which has clearly indicated
that polymer supported HPHZ Schiff base complexes were more
efficient in catalyzing the epoxidation of cyclohexene in com-
parison to oxidation of phenol.

The rate of phenol oxidation was maximum
(2.13 x 10°°moldm 3 s~1) with Schiff base complex of
iron(Ill) ions than Schiff base complexes of copper(Il) and
zinc(Il) ions in which the rate of phenol oxidation was
1.51 x 107 and 1.26 x 1079 moldm—3s~!, respectively, at
optimum molar ratio of 1:1:1 of HyO, to phenol and catalyst,
but rate of phenol oxidation and product selectivity was lowest
with unsupported Schiff base complexes of metal ions at same
molar ratio of reactants. The turn over number (TON) for
oxidation of phenol was highest (14.82gmol~! Fe h~!) in
presence of supported Schiff base complexes of iron(IIl) ions
than Schiff base complexes of copper(Il) (10.20 gmol~! Cu
h’l) and zinc(Il) ions (8.53 g mol~! Zn h’l) at optimum molar
ratio of reactants. The rate (Rp) of epoxidation of cyclohexene
was maximum at (2.74 x 1079 moldm—3 s~!) with supported
Schiff base complexes of iron(IIl) ions and lowest with
unsupported Schiff base complexes of iron(Ill) ions. The turn
over number (TON) for unsupported and supported Schiff base
complexes of metal ions in epoxidation of cyclohexene was
highest than turn over number shown by Schiff base complexes
of metal ions in oxidation of phenol.
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3.4.2. Effect of substrate concentration on oxidation and
epoxidation

The efficiency of catalysts in oxidation of phenol and in epox-
idation of cyclohexene was also evaluated at different molar
ratios of phenol and cyclohexene at constant molarity of hydro-
gen peroxide and catalyst (0.05 M). The molar ratio of phenol
and cyclohexene varied from 0.5 to 2.0 than the molar ratio
of hydrogen peroxide and catalyst. The oxidation of phenol and
epoxidation of cyclohexene increased with the increase in molar
ratio of phenol and cyclohexene from 0.5 to 1.0 (Figs. 9 and 10),
but on further increasing the molar ratio of phenol and cyclo-
hexene, the conversion of phenol and cyclohexene decreased
(Figs. 9 and 10). The decreasing trend in oxidation of phenol
and epoxidation of cyclohexene at high molar ratio (>1) of sub-
strate was due to the decrease in molar ratio of oxidant and
catalyst in the reaction mixture. The oxidation of phenol and
epoxidation of cyclohexene was maximum 1:1:1 molar ratio
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Fig. 10. Effect of concentration of cyclohexene on its oxidation. [H,O,]:
[catalyst] = 1:1, temperature =40 °C.

Table 5
Effect of supported catalyst concentration on selectivity for catechol (CTL) and
epoxy cyclohexane (ECH)

Molarity of catalyst (M) Selectivity for Selectivity forepoxy
catechol (CTL) cyclohexane (ECH)
P-HPHZ-Fe
0.025 87.2 92.8
0.050 90.5 96.5
0.100 89.2 95.1
P-HPHZ-Cu
0.025 84.1 87.8
0.050 88.8 91.2
0.100 86.4 89.8
P-HPHZ-Zn
0.025 82.5 85.6
0.050 86.1 87.6
0.100 85.3 87.1

[H,O,1/[Ph]/[CH] =0.05 M, time = 1440 min, temperature =70 °C (Ph), 40°C
(CH), CH3CN=2.0mL.

of phenol/cyclohexene to hydrogen peroxide and catalyst. The
selectivity for catechol was constant on varying the molar ratio
of phenol and was maximum with Schiff base complexes of
iron(IIl) ions than Schiff base complexes of copper(Il) and
zinc(Il) ions. Similar trend in selectivity for epoxy cyclohex-
ane was observed in epoxidation of cyclohexene, which has
indicated that the activity of catalyst remained constant on vary-
ing the molar ratio of phenol and cyclohexene in the reaction
mixtures (Table 5).

Rate of phenol oxidation and epoxidation of cyclohexene has
increased on increasing the molar ratio of phenol/cyclohexene
form 0.5 to 1.0 at constant molar ratio of hydrogen peroxide and
catalyst.

The rate of oxidation of phenol (2.13 x 10~% moldm—3s~!)
and epoxidation of cyclohexene (2.74 x 1079 moldm—3s~!)
was maximum at 1: 1: 1 molar ratio of phenol/cyclohexene with
H>0, and catalyst and with Schiff base complexes of iron(III)
ions than Schiff base complexes of other metal ions. Turn over
number (TON) was increased on increasing the molar ratio of
phenol/cyclohexene in the reaction mixture and was maximum
at 1:1:1 molar ratio of phenol/cyclohexene to hydrogen perox-
ide and catalyst. In both reactions, the turn over number was
maximum with Schiff base complexes of iron(IIl) ions and the
value of turn over number (TON) was comparatively more in
epoxidation of cyclohexene than in oxidation of phenol, which
was an indicative for high activity of Schiff base complexes in
epoxidation of cyclohexene than oxidation of phenol. The recy-
clibility of Schiff base complexes in epoxidation of cyclohexene
was more than Schiff base complexes used in oxidation of phenol
(Table 4).

3.4.3. Effect of concentration of catalysts in oxidation of
phenol and epoxidation of cyclohexene

Effect of molar ratio of catalysts in oxidation of phenol and
epoxidation of cyclohexene was evaluated using different molar
ratios of catalysts in comparison to oxidant and substrate. The
molar ratio of Schiff base complexes of iron(Ill), copper(Il) and
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zinc(Il) ions has varied from 0.5 to 2.0 at constant molarity
(0.05 M) of phenol/cyclohexene and hydrogen peroxide in the
reaction mixture. The oxidation of phenol was studied at 70 °C
and epoxidation of cyclohexene at 40 °C. On increasing the
molar ratio of Schiff base complexes of iron(III) ions from 0.5 to
1.0, the oxidation of phenol and epoxidation of cyclohexene was
increased and showed 64 wt% oxidation of phenol and 81.3 wt%
epoxidation of cyclohexene at 1:1:1 molar ratio of catalysts with
hydrogen peroxide and phenol/cyclohexene (Figs. 11 and 12).
The Schiff base complexes of copper(Il) and zinc(Il) ions
also showed highest conversion of phenol and epoxidation of
cyclohexene at 1:1:1 molar ratio of catalyst to hydrogen per-
oxide and substrates (Figs. 11 and 12). On further increasing
the molar ratio of Schiff base complexes of metal ions (>1), the
oxidation of phenol and expoxidation of cyclohexene has shown
decreasing trend (Figs. 11 and 12), which was due to the decrease
in molar ratio of phenol/cyclohexene (<1) in comparison to the
molar ratio of catalysts. The low activity at low molar ratio of
catalyst (<1) to phenol/cyclohexene and hydrogen peroxide was
due to insufficient amount of catalysts in comparison to phe-
nol/cyclohexene and hydrogen peroxide in the reaction mixture
(Figs. 11 and 12). These results have clearly indicated that the
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Fig. 12. Effect of supported catalyst concentration on epoxidation of cyclohex-
ene. [Cyclohexene]:[H,0;] = 1:1, temperature =40 °C.

oxidation of phenol and epoxidation of cyclohexene was maxi-
mum at 1:1:1 molar ratio of catalyst to phenol/cyclohexene and
hydrogen peroxide. The molar ratio of catalyst has influenced
the selectivity for catechol in oxidation of phenol and epoxy
cyclohexane in epoxidation of cyclohexene (Table 5).

Product selectivity has decreased at high molar ratio of
catalysts (>1), which was attributed for significant varia-
tion in microenvironment on active sites of the catalyst.
The interactions of phenol and cyclohexene in peroxo inter-
mediates (M-HPHZ-Ph—-OOH~ and M-HPHZ-CH-OOH™)
were affected seriously at high molar ratio of catalyst in
the reaction mixture (Scheme 3); hence, the conversion and
product selectivity decreased at high molar ratio (>1) of the
catalysts. The product selectivity remained constant during
molar ratio variation of hydrogen peroxide and substrates,
which indicated clearly that the interactions of substrates
with catalyst in the intermediates (M-HPHZ-Ph—OOH™ and
M-HPHZ-CH-OOH™) remained constant during molar ratio
variation of hydrogen peroxide and substrates. The rate of oxida-
tion of phenol and epoxidation of cyclohexene with unsupported
Schiff base complexes of iron(IIl) ions was 1.97 x 107% and
2.5 x 107 moldm—3 s’l,respectively, whereas, with supported
Schiff base complexes of iron(IIl) ions, the rate for oxidation
of phenol and epoxidation of cyclohexene was 2.13 x 1076
and 2.74 x 107%moldm~3s~!, respectively, which indicated
clearly that the activity of catalyst was influenced by poly-
mer support. The rate of oxidation of phenol and epoxidation
of cyclohexene was also high with supported Schiff base com-
plexes of copper(Il) and zinc(Il) ions than unsupported Schiff
base complexes. The turn over number (TON) at different
molar ratios of catalyst was also determined and found to be
optimum at 1:1:1 molar ratios of unsupported and supported
catalysts.

3.4.4. Effect of reaction temperature on oxidation of phenol
and epoxidation of cyclohexene

To determine the energy of activation for oxidation of phenol
and epoxidation of cyclohexene, the studies also carried out at
different temperatures. The temperature was varied from 60 to
80 °C in oxidation of phenol and from 30 to 50 °C in epoxida-
tion of cyclohexene at 1:1:1 molar ratio of phenol/cyclohexene
to catalyst and hydrogen peroxide at 0.05 molarity of the reac-
tants. The energy of activation was calculated using rate constant
(k) determined at different temperatures. The oxidation of phe-
nol and epoxidation of cyclohexene increased on increasing the
reaction temperature from 60 to 70 °C and 30 to 40 °C, respec-
tively (Table 6), but on increasing the temperature beyond 70 °C
in oxidation of phenol and 40 °C in epoxidation of cyclohex-
ene, the oxidation of phenol and epoxidation of cyclohexene
was decreased. The decreasing trend in oxidation of phenol
at high temperature (>70°C) was attributed to the decompo-
sition of hydrogen peroxide without oxidizing the phenol and
also due to the variation in microenvironment in intermediate of
the catalysts, but decreasing effect of temperature (>40°C) in
epoxidation of cyclohexene was purely due to the variation in
microenvironment in the intermediate of the catalysts on poly-
mer support.
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Table 6
Effect of temperature on conversion of phenol (Ph)/cyclohexene (CH) and prod-
uct selectivity with supported Schiff base complexes of metal ions (P-HPHZ-M)

Temperature (°C) Ph-conversion (%) and CTL-selectivity (%)

P-HPHZ-Fe P-HPHZ-Cu P-HPHZ-Zn

Ph CTL Ph CTL Ph CTL
60 42.1 86.1 31.5 83.2 29.5 80.0
70 64.0 90.5 45.0 88.8 38.0 86.1
80 61.4 88.2 424 85.7 349 82.5

Temperature (°C) CH conversion (%) and ECH selectivity (%)

P-HPHZ-Fe P-HPHZ-Cu P-HPHZ-Zn

CH ECH CH ECH CH ECH

30 66.4 92.7 42.6 85.8 38.6 83.1
40 81.3 96.5 62.6 91.2 553 87.1
50 79.4 94.9 59.9 88.3 51.7 84.6

[H207]/[catalyst]/[Ph]/[CH] =0.05 M, time = 1440 min, CH3CN=2.0mL.

The variation in interactions of substrate with catalyst and
microenvironment at high temperature has influenced the prod-
uct selectivity for catechol (CTL) and epoxy cyclohexane
(ECH) (Table 6). The selectivity for catechol in oxidation
of phenol was maximum at 70°C and for epoxy cyclohex-
ane (ECH) in epoxidation of cyclohexene at 40 °C. The rate
constant (k) for oxidation of phenol with supported and unsup-
ported Schiff base complexes of iron(IIT) ions was 4.29 x 107>
and 3.54 x 107 57!, respectively, at 70 °C. Similarly the rate
constant (k) for epoxidation of cyclohexene with supported
and unsupported Schiff base complexes of iron(IIl) ions was

Table 7
Kinetic parameters for oxidation of phenol and selectivity for catechol (CTL)

5.49 x 107 and 5.0 x 107> s~!, respectively, at 40 °C, which
clearly indicated that rate constants were higher with supported
catalysts and varied with type of metal ions in Schiff base com-
plexes. The rate constants (k) showed significant variation with
reaction temperature, which clearly indicated that oxidation and
epoxidation reactions were energy activated processes and poly-
mer support has played a significant role in reducing the energy
of activation. The energy of activation for oxidation of phe-
nol and epoxidation of cyclohexene for different catalysts is
shown in Tables 7 and 8. The energy of activation for oxida-
tion of phenol (22.8 kJ mol~') and epoxidation of cyclohexene
(8.9kImol~!) was low in presence of Schiff base complexes
of iron(Ill) ions than Schiff base complexes of copper(Il) and
zinc(Il) ions. The activation energy for oxidation of phenol
(23.1kJ mol~!) and epoxidation of cyclohexene (11.6 kJ mol 1)
with unsupported Schiff base complexes of iron(IIl) ions was
high and same trend was observed with Schiff base complexes
of copper(Il) and zinc(II) ions (Table 7),which indicated clearly
that polymer support was useful in reduction of energy of acti-
vation in oxidation of phenol and epoxidation of cyclohexene.
Although energy of activation for oxidation of phenol with Schiff
base complexes of zinc(Il) ions was low than Schiff base com-
plexes of copper(Il) ions, but percent conversion and product
selectivity in oxidation of phenol and epoxidation of cyclohex-
ene was lower than Schiff base complexes of copper(Il) ions,
which might be attributed to the difference in electronic config-
uration and geometry of Schiff base complexes of zinc(Il) ions
than Schiff base complexes of iron(IIT) and copper(Il) ions.
The difference in geometry and electronic state was respon-
sible to control the interactions of phenol and cyclohexene

Catalysts Conversion (%) Selectivity (%) Rp (x 10°ML s h TON (g mol M~'h E, (kImol™1)
With unsupported catalysts (HPHZ-M)
HPHZ-Fe 56.0 86.0 1.94 13.13 23.1
HPHZ-Cu 38.2 82.0 1.33 8.97 424
HPHZ-Zn 31.6 78.0 1.10 7.43 384
With supported catalysts (P-HPHZ-M)
P-HPHZ-Fe 61.8 90.5 2.13 14.82 22.8
P-HPHZ-Cu 434 88.8 1.51 10.20 39.7
P-HPHZ-Zn 36.3 86.1 1.26 8.53 28.9
[H20]/[catalyst]/[phenol] = 0.05 M, time = 1440 min, CH3CN =2.0 mL.
Table 8
Kinetic parameters for epoxidation of cyclohexene and selectivity for epoxy cyclohexane (ECH)
Catalysts Conversion (%) Selectivity (%) Rp (x106 ML~Ts™1) TON (gmolM~'h~1) E, (kImol™1)
With unsupported catalysts (HPHZ-M)
HPHZ-Fe 72.0 92.0 2.50 14.76 11.6
HPHZ-Cu 54.5 89.0 1.89 11.17 16.6
HPHZ-Zn 47.8 82.0 1.65 9.80 359
With supported catalysts (P-HPHZ-M)
P-HPHZ-Fe 79.0 96.5 2.74 16.20 8.9
P-HPHZ-Cu 61.2 91.2 2.13 12.55 15.2
P-HPHZ-Zn 53.6 87.1 1.86 10.98 335

[H207]/[catalyst]/[cyclohexene] = 0.05 M, time = 1440 min, CH3CN =2.0 mL.
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in peroxo intermediates (M-HPHZ-Ph—-OOH™ and
M-HPHZ-CH-OOH™). The percent conversion of phe-
nol/cyclohexene and turn over number for supported and
unsupported Schiff base complexes of iron(Ill), copper(Il)
and zinc(Il) ions are shown in Tables 7 and 8, which clearly
indicated that polymer supported Schiff base complexes were
more efficient catalysts than unsupported Schiff base complexes
of metal ions.

4. Conclusions

Polymer supported metal complexes of N,N'-bis (o-hydroxy
acetophenone) hydrazine (HPHZ) Schiff base were synthesized
successfully by anchoring N,N'-bis (4-amino-o-hydroxy ace-
tophenone) hydrazine Schiff base (AHPHZ) on polymer beads.
The unsupported and polymer supported HPHZ Schiff base
complexes of metal ions were characterized for structures by
spectral and magnetic measurements. The activity of unsup-
ported and polymer supported Schiff base complexes of metal
ions was evaluated by studying the oxidation of phenol and
epoxidation of cyclohexene in presence of hydrogen peroxide as
oxidant. Amongst the various metal ions, the activity of Schiff
base complexes of iron(IIl) ions was higher than Schiff base
complexes of copper(Il) and zinc(II) ions. The product selectiv-
ity for catechol and epoxy cyclohexane showed dependence on
polymer support and type of catalyst. The effect of various exper-
imental conditions was also studied and a suitable mechanism
and reactions steps are proposed for oxidation of phenol and
epoxidation of cyclohexene. The polymer support has played a
significant role in decreasing the energy of activation for oxi-
dation of phenol and epoxidation of cyclohexene in presence of
Schiff base complexes of iron(III), copper(Il) and zinc(I1I) ions,
which were used as catalysts.
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