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Abstract: A Schiff base ligand (H,L) derived from 2'-hydroxypropiophenone
and (¥)trans-1,2-cyclohexanediamine was synthesized. The reactions of
MCl, xH,0O (M = Cu(Il), Co(II), Zn(IT) and Mn(II)) with the di-Schiff base lig-
and (H,L) were studied. When stirred with 1 equivalent of CuCl,.2H,0 in a
solution of ethanol and chloroform, this ligand undergoes partial hydrolysis of
the imino bond and the resultant tridentate ligand (HL') immediately forms the
complex[CuL'Cl]-3/2CHCl; (1) with an N,O coordination sphere. Under the
same condition, the reaction of H,L with MCl,-xH,O (M = Co(II) (3), Zn(II)
(4) and Mn(II) (5)) gave the complexes [ML]-1/2CHCl;-3/2H,0 (3-5) with an
N,O, coordination sphere and no hydrolytic cleavage occurred. In addition, the
reaction of H,L with CuCl,-2H,0 in THF gave the complex CuL (2) with an
N,O, coordination sphere. The ligand and the complexes were characterized by
FTIR, UV-Vis, 'H-NMR spectroscopy and elemental analysis. The homogen-
eous catalytic activities of complexes 1, 3 and 5 were evaluated for the oxid-
ation of styrene using tert-butyl hydroperoxide (TBHP) as oxidant. Finally, the
copper(Il) complex 1 was encapsulated in the nanopores of zeolite Y by the
flexible ligand method (CuL'-Y) and its encapsulation was demonstrated in dif-
ferent studies. The catalytic performance of heterogeneous catalyst in the styr-
ene oxidation with TBHP was investigated. The catalytic tests showed that the
homogeneous and heterogeneous catalysts were active in the oxidation of styrene.

Keywords: hydrolytic cleavage, solvent effect; catalyst; homogeneous; hetero-
geneous.

INTRODUCTION

During the last decades, great attention has been paid by many researchers to
the Schiff base ligands and their metal complexes due to their crucial role in
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many fields, such as catalysis,! optoelectronic materials,? inhibition of corros-
ion,3 magnetochemistry?®> and biological models.® They also exhibit antibac-
terial’-8 and anticancer®:!0 activity. Various reactions have been catalyzed by
transition metal Schiff base complexes, such as ring opening reactions of epox-
ides,!! aldol condensations!2:13 and oxidation.14 In the catalytic oxidation react-
ions, these complexes represent a very useful class of compounds because as
their structures are similar to the porphyrine ring, they are good at loading oxy-
gen and mimicking enzymes.!> Especially, olefin oxidation has received con-
siderable attention as several types of chemicals that find widespread applications
in the chemical and pharmaceutical industries are produced by this method, inc-
luding aldehydes, ketones, alcohols, acids and epoxides,.1® Therefore, the homo-
geneous or heterogeneous catalytic role of several Schiff base transition metal
complexes, such as Cu(Il),!7-19 Co(1I),20:21 Mo(VI),22-24 V(V),25:26 Ni(11)27:28
and Mn(I1)29-3! complexes in the oxidation of olefins have been extensively stu-
died. However, homogeneous catalysts have some drawbacks, such as difficulty
in separation from the product for reuse and instability at high temperatures,
which preclude their industrial utilization. Hence, many efforts involving encap-
sulation in zeolites,32-33 grafting on polymers34:35 and silica36-37 have been made
to heterogenize homogeneous catalysts. Entrapment of metal complexes into the
supercages of zeolites is an interesting technique because of reusability, chemical
and thermal stability, and improved selectivity.38

Although the synthesis of Schiff base metal complexes is well docum-
ented,39-41 there are some reports concerning the hydrolysis of the Schiff base
during complex formation. The hydrolytic cleavage of a Schiff base depends on
different parameters, such as solvent,4243 nature of the metal ion,*+47 the
counter anion,*3:4% pH of the reaction medium>? and the nature of the carbonyl
compound.S!

In this study, the synthesis and characterization of the di-Schiff base ligand
(H,L) derived from 2'-hydroxypropiophenone and (+)-trans-1,2-cyclohexanedi-
amine and its complexes (1-5) were investigated. In addition, the influence of
solvent and metal ion on the hydrolytic behavior of the azomethine linkage
(C=N) of HpoL were examined. The homogeneous catalytic potential of the
complexes 1, 3 and S in the oxidation of styrene with tert-butyl hydroperoxide
(TBHP) were studied. Moreover, the copper(Il) Schiff base complex encap-
sulated in the nanopores of zeolite-Y by the flexible ligand method and its catal-
ytic performance in the oxidation of styrene was tested.

EXPERIMENTAL

Materials

All the starting materials and solvents, except (+)trans-1,2-cyclohexanediamine (Alfa
Aesar) and 2'-hydroxypropiophenone (Across), were purchased from Merck and used without
further purification. The synthetic reactions and work-up were performed in open air.
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Physical measurements

The IR spectra (KBr discs, 500-4000 cm™!) were recorded using a Bruker FTIR model
Tensor 27 spectrometer. The far IR spectrum (Csl disc, 150-700 cm™!) was recorded using a
Perkin—Elmer, model spectrum 400 imaging system. The elemental analyses were realized in
a 2400 Series II CHN analyzer, Perkin-Elmer, USA. The UV-Vis absorption spectra were
recorded on a Perkin—Elmer Lambda 35 spectrophotometer. Diffuse reflectance spectra (DRS)
were registered on an Ava Spec 2048 TECH spectrometer, using BaSQy, as the reference. The
IH-NMR spectra were recorded on a Bruker 500 MHz model DRX spectrometer in CDCl; or
DMSO-dg with tetramethylsilane (TMS) as the internal reference. The X-ray diffraction pat-
terns were obtained using a Philips X Pert diffractometer with CoK,, radiation (A = 1.78897
A). The oxidation products were analyzed by GC and GC-mass spectrometry using an Agilent
6890 Series with a FID detector, an HP-5 phenyl methyl siloxane capillary and an Agilent
5973 network, and a mass selective detector, HP-5ms 6989 network GC system, respectively.

Physical and spectral data of the synthesized compounds are given in Supp
Preparation of the ligand (H,L)

An ethanolic solution (10 mL) of 2’-hydroxypropiophenone (0.150 g, 2 mmol) was added
to an ethanolic solution (10 mL) of (+)trans-1,2-cyclohexanediamine (0.114 g, 1 mmol). The
bright yellow solution was stirred and heated to reflux for 1 h. The mixture was kept in air to
allow the solvent to evaporate, whereby yellowish crystals of the ligand were obtained. Yield:
97 %.

Preparation of complexes 1-5

[CuL'Cl]-3/2CHCI; (1). This copper complex was prepared by adding an ethanolic
solution (10 mL) of CuCl,-2H,0 (0.170 g, 1 mmol) to a chloroform solution (10 mL) of H,L
(0.378 g, 1 mmol). The resulting mixture was stirred for about 1 h. Finally, the precipitate of
the complex was recovered by filtration, washed several times with absolute ethanol and
dichloromethane and dried at 65 °C for 2 h. Yield: 30 %.

CulL (2). This complex was prepared by adding a THF solution (20 mL) of H,L (0.378 g,
1 mmol) to a THF solution (10 mL) of CuCl,-2H,0 (0.170 g, 1 mmol). After stirring the
resulting mixture for about 1 h, the precipitated complex was recovered by filtration, washed
with THF and Et,0 and finally dried at 65 °C for 1 h. Yield: 40 %.

[CoL]-1/2CHCI3-3/2H,0 (3).The cobalt complex was prepared in a similar manner to 1
but using CoCl,-6H,0 (0.237 g, 1 mmol). Yield: 70 %.

[ZnL]-1/2CHCI3-3/2H,0 (4). The zinc complex was prepared in a similar manner to 1
but using ZnCl, (0.136 g, 1 mmol). Yield: 77 %.

[MnL]-1/2CHCI3-3/2H,0 (5). The manganese complex was prepared in a similar manner
to 1 but using MnCl,-4H,0 (0.197 g, 1 mmol). Yield: 56 %.

Incorporation of copper(Il) in Na—Y (metal exchanged zeolite Y)

The Cu-Y was prepared using the standard procedure.’? Na-zeolite Y (4 g) was sus-
pended in 100 mL distilled water that contained copper(Il) nitrate (4 mmol). The mixture was
then stirred for 24 h. The solid was filtered and washed with deionized water and dried at
room temperature to give a light blue powder of Cu—Y. Cu content: 6.7 %

Immobilization of H,L in Cu-Y

Cu-Y (0.29 g, 0.3 mmol of Cu) and ligand H,L (0.67 g, 1.8 mmol) were mixed in a 1.5:1
volume ratio of acetonitrile and chloroform solution (25 mL) and the reaction mixture was
refluxed for 8 h in an oil bath under constant stirring. The resulting material was taken out and
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Soxhlet extracted with acetonitrile to remove the unreacted ligand from the cavities of the
zeolite as well as those located on the surface of the zeolite along with neat complexes, if any.
The non-complexed metal ions present in the zeolite were removed by exchanging with
aqueous 0.01 M NaCl solution. The resulting solid was finally washed with hot distilled water
until no precipitation of AgCl was observed on reaction of the filtrate with AgNOj; solution.
The product was then dried at 150 °C for several hours until constant weight was achieved.
General procedure for the homogeneous oxidation of styrene catalyzed by complexes 1, 3 and 5

All oxidation reactions were performed in 50 mL round bottom flasks equipped with a
water condenser. Typically, to a solution of styrene (10 mmol) and catalyst (complex 1: 0.04
mmol, complexes 3 and 5: 0.045 mmol) in CH3CN (10 mL), TBHP (for complex 1: 35 mmol,
for complexes 3 and 5: 30 mmol) was added. The resulting mixture was refluxed for 6 h for
complex 1 and 10 h for complexes 3 and 5. The products were identified and quantified by
GC and verified by GC-MS.
General procedure for the heterogeneous oxidation of styrene catalyzed by CuL'-Y

Catalyst (0.04 g), styrene (10 mmol) and TBHP (35 mmol) were mixed in 10 mL of
CH;CN and the reaction mixture was refluxed with continuous stirring in an oil bath for 4 h.
The products were collected at different times and identified and quantified by GC, and
verified by GC-MS.

RESULTS AND DISCUSSION
Synthesis and formulation

The ligand HyL was synthesized by condensation of a 1:2 mole ratio of
(¥)trans-1,2-cyclohexanediamine with 2'-hydroxypropiophenone (Scheme 1).
When HjL reacted with CuCly-2H50 in a solution of ethanol and chloroform, it
underwent partial hydrolytic cleavage to form the NoO coordination sphere of
complex 1. Notably, a subtle change in the reaction conditions, such as changing
the solvent, caused a change in the type of complex produced. Thus, when HyL

CyHs Hy
P —
nNH, =0

+2 N H3CHZC\ { o CHCHy L0 MC, xH,0 CzH§ ; i CZHS
NH, ot TtOH, CHCI,
OHHO

[MLJ-1/2CHCl; 3/2H,0

|CuC12.2H20
M =Co (3), Zn (4), Mn ()
THF] lEtOH, CHCI,
02H§ ; /Csz ? L /C2H5
C=N_ N=C H,N_ N=C
< x
g o Cl \o
Cul 2) [CuL CIJ-3/2CHCI, (1)

Scheme 1. Synthetic routes to the ligand (H,L) and the complexes 1-5.
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reacted with CuCl>-2H,0 in THF, complex 2 with a N»O; coordination sphere
was formed (Scheme 1). It is likely that under the conditions of the reaction, an
activated nucleophile was generated at the metal, which was responsible for the
ensuing cleavage reaction.43-53 Additionally, no hydrolytic cleavage was obs-
erved when H,L reacted with Co(II), Zn(II) and Mn(II) chloride salts and com-
plexes 3—5 were obtained.

FTIR and UV-Vis studies

In the infrared spectrum of the ligand (H,L), a strong and sharp band cor-
responding to the azomethine group v(C=N) appeared at 1609 cm~!. The bands
at 2857 and 2931 cm™! are indicative of the presence of the 1,2-cyclohexanediyl
groups.

In the IR spectrum of 1, the two primary NHj stretching modes were seen at
around 3288 and 3223 cm™! as sharp bands (doublet) for the asymmetric and
symmetric vibrations, respectively. Strong bands at 2857 and 2931 cm™! corro-
borated the presence of 1,2-cyclohexanediyl groups in the complex. In addition,
the bands due to azomethine v(C=N) and v(Cu—Cl) were observed at 1603 and 304
cm~! 54 respectively. In the IR spectrum of complex 2, strong bands appeared at
2863 and 2936 cm™!, corresponding to the presence of 1,2-cyclohexanediyl group
in the complex. The sharp band due to azomethine v(C=N) was centered at 1603
cm~!. A comparison of the IR spectra of 1 with that of 2 provided clear evidence
of the hydrolytic cleavage that had occurred in one imine bond of HyL (Fig. 1).
The IR spectra of complexes 3—5 showed a strong band due to the azomethine
group at 1604 cm~!. Moreover, the spectra of these complexes showed bands in
the range 2858-2936 cm™!, corresponding to the 1,2-cyclohexanediyl group (Fig.
1). The C=N stretching vibration of the complexes 1-5 showed a slightly lower
frequency shift in comparison to the corresponding vibration in the spectrum of
the free ligand. This indicates the involvement of azomethine nitrogen in the
coordination to the metal centers.>> The band corresponding to C-O of HoL
appeared at 1273 cm!. For the synthesized complexes, the C—O band was
shifted to a lower frequency and was observed in the 12571265 cm™! region,
indicating coordination through the phenolic oxygen.>¢

In the IR spectra of CuL'-Y, an intense band appeared at 1021 cm™!, attri-
butable to the asymmetric stretching of the Al-O-Si chain of the zeolite. The
symmetric stretching and bending frequency bands of the AI-O-Si framework of
the zeolite appeared at 789 and 458 cm1, respectively.>” The band correspond-
ing to v(C=N) appeared at 1580 cm~!. In addition, the bands due to the two
primary NHj stretching modes were observed at 3224 and 3288 cm™!. Other
bands at 2856 and 2931 cm! were indicative of the presence of 1,2-cyclohex-
anediyl groups (Fig. 2). These observations confirmed the partial hydrolysis of
the azomethine group in the encapsulated complex. The intensities of the peaks
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v/em! plexes 1-5.

in the spectrum of the encapsulated complex were weak due to their low
concentration in the zeolite matrix.

The electronic absorption spectra of complexes 1-3 consist of higher energy
bands at 258—400 nm which are due to m—n*or n—n* transition. The diffuse ref-
lectance spectra of complexes 1 and 2 showed a broad d—d band with a maximum
at 508 and 502 nm, respectively. This is consistent with square-planar geometry
around the copper ion.>8 However, the electronic spectra of 1 and 2 in DMSO are
entirely different and show d-d bands at 675 and 887 nm, respectively. This
suggests that in solution, the solvent molecules are coordinated to metal ions.5°
The cobalt(Il) complex 3 exhibited d—d transition bands at 611 and 673 nm, sug-
gesting a tetrahedral geometry.%0 In the electronic spectra of 4 and 5, absorption
bands appeared in the range 260-387 nm, which may be assigned to intra-ligand
or charge-transfer transitions.

!H-NMR studies of the ligand (H>L) and complex 4

In the 'H-NMR spectrum of HL, the phenolic protons were present at 16.6
ppm. The aromatic protons were found in the range 6.74-7.45 ppm as a multi-
plet. The spectrum showed signals at 3.91-3.93 ppm, 2.69-2.90 ppm and 1.53—
—1.76 ppm with integrations corresponding to H,, Hy and H., respectively.
Furthermore, the signals of the methyl protons were observed at 1.22—-1.25 ppm
and those of the methylene protons at 1.93—1.98 ppm.
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Fig. 2. IR spectra of Na—Y, Cu-Y and CuL-Y.

A comparison of the TH-NMR spectrum of HoL with that of complex 4
showed the disappearance of the phenolic protons present in the free ligand,
which is in agreement with a bis-deprotonation of the ligand. In the 'H-NMR
spectrum of 4, the aromatic protons appeared in the range 6.72—7.53 ppm. The
signals at 3.66—3.98 ppm, 2.70-2.84 ppm and 1.51-1.86 ppm were related to H,,
Hy and Hg, respectively. The signals of the methyl and methylene protons were
observed at 1.08—1.21 ppm and 2.5-2.7 ppm, respectively.

XRD studies

The X-ray powder diffraction patterns of Cu—Y and CuL'-Y were recorded
at 26 values between 5° and 80° (Fig. 3). The XRD of Cu-Y and CuL'-Y were
essentially similar except the intensities were slightly changed in the encapsul-
ated complex. This fact indicates that the framework of the zeolite had not
structurally changed during encapsulation.
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20/ deg Fig. 3. XRD patterns of Cu-Y and CuL'-Y.

Catalytic activity studies in the oxidation of styrene

The oxidation of styrene catalyzed by complexes 1, 3, 5 and CuL'-Y was
realized using TBHP as the oxidant. A series of blank experiments (Table I)
showed that the presence of both catalyst and oxidant was essential for an effec-
tive catalytic reaction. Different reaction parameters, such as reaction time, react-
ion solvent, amount of catalyst, the nature and the amount of oxidant that may
affect the conversion and selectivity of the reaction were optimized.

TABLE 1. Blank experiments on the catalytic oxidation of styrene; reaction conditions:
styrene (10 mmol), TBHP (30 mmol), acetonitrile (10 mL); the reactions were run for 6 h
under reflux

Entry Catalyst Oxidant Conversion, %
1 None TBHP 0
2 None H,0, 0
3 1 None 0
4 3 None 0?2
5 5 None 02

“The reaction was run for 10 h under reflux

Catalytic activity of 1 and CuL'-Y in the oxidation of styrene

The influence of reaction time and nature of the solvent in the oxidation of
styrene catalyzed by 1 are illustrated in Fig. 4. To find the best reaction solvent,
the oxidation reactions were performed in various solvents, i.e., acetonitrile,
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1-butanol, dichloromethane and chloroform, and the highest conversion was
obtained in acetonitrile, which may be due to the polarity, hydrophilicity and size
of the solvent molecule of acetonitrile.6! To optimize the reaction time, the
oxidation of styrene was performed for different times. It was found that 6 h was
the best time for maximum conversion. Increasing the time to 8 h partially
increased the conversion, but decreased the selectivity of the product.

100 -

80 4

40 -

Conversion, %

Fig. 4. Effect of time and solvent on the oxidation of
styrene by TBHP in the presence of complex 1. Reaction
condition: styrene (10 mmol), catalyst (0.03 mmol),

60 | /:,
//

0 — TBHP (30mmol), solvent (10 mL; acetonitrile —#—,
0 2 4 6 8 10 12 chloroform —® I-butanol ~—* or dichloromethane
Time, h —*) and reflux.

In order to investigate the effect of the oxidizing agent in the oxidation
reaction, HyO, and TBHP were used (Table II). In the presence of HyO,, the
reactions did not proceed under reflux.

TABLE II. The influence of kind of oxidant on the oxidation of styrene; reaction condition:
styrene (10 mmol), catalyst (0.03 mmol), CH;CN (10 mL), oxidant (30 mmol), reaction
time, 6 h and reflux; catalyst: 1

Entry Oxidant Conversion, %
1 TBHP 89
2 H,0, 0

The influence of amount of catalyst has been studied in the oxidation of
styrene. As seen in Fig. 5a, the highest conversion (92 %) was obtained with 0.04
mmol of catalyst. Different amount of oxidant (TBHP) have been used in the
oxidation of styrene (Fig. 5b). The results indicate that the highest conversion
(100 %) was obtained at 1:3.5 molar ratio of styrene to TBHP.

In order to heterogenize the homogenous catalyst, the copper(I) Schiff base
complex was encapsulated in the nanopores of zeolite Y by flexible ligand
method. The catalytic activity data of 1 and CuL'-Y in the oxidation of styrene
are given in Table III. The results showed that when CuL’-Y is used, the reaction
times decreased, but no important change in the selectivity of products is
observed.
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Fig. 5. a) The effect of amount of catalyst 1 on the oxidation of styrene. Reaction condition:
styrene (10 mmol), CH;CN (10 mL) and TBHP (30 mmol), reaction time, 6 h and reflux;
b) The effect of amount of oxidant on the oxidation of styrene. Reaction condition: styrene,
10 mmol, catalyst, 0.04 mmol and CH;CN, 10 mL, oxidant, TBHP,
reaction time, 6 h and reflux.

TABLE III. Oxidation of styrene using TBHP catalyzed by 1 and CulL'-Y; reaction con-

ditions: catalyst, 25 mmol, CuL'-Y, 0.04 g, styrene, 10 mmol, TBHP, 35 mmol, acetonitrile,
10 mL; reflux

Entry Catalyst Conversion, % Selectivity, % Time, h
1 1 100 632 28> 9c 6
2 Cul'-Y 100 562 44b 4

aStyrene epoxide; Pbenzoic acid; ®benzaldehyde

Catalytic activity of complexes 3 and 5 in the oxidation of styrene

The oxidation of styrene, catalyzed by 3 was carried in the presence of H,O;
and TBHP. The effect of the solvent nature in the catalytic activity of 3 for
oxidation of styrene has been studied (Fig. 6). Therefore, acetonitrile, ethanol and
chloroform were used and the highest conversion was obtained in acetonitrile. As
indicated in Fig. 6, increasing the reaction time from 2 to 10 h increases the con-

version and it was found that 10 h is the best time for maximum conversion
(98 %).

100 -
X 80
=
2 60 A
w
4
g 40 1
s Fig. 6. Effect of time and solvent on the
O 204 oxidation of styrene with TBHP in the pre-
0 .. __+«—+——4  sence of complex 3. Reaction condition: styr-

ene (10 mmol), catalyst (0.03 mmol), TBHP
. (35 mmol), solvent (10 mL; acetonitrile —¢— ,
Time, h ethanol ——, chloroform —&—) and reflux.
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In order to investigate the influence of the oxidizing agent in the oxidation
reaction, TBHP and HyO; were used (Table 1V). In the presence of TBHP, a
higher conversion was achieved. To optimize the amount of catalyst, oxidation of
styrene was performed with different amounts of 3. As indicated in Fig. 7a, 0.045
mmol of catalyst proved to be sufficient for the maximum conversion. Different
amounts of oxidant (TBHP) were studied in the oxidation of styrene (Fig. 7b).
The results indicated that the best mole ratio of styrene to TBHP for the oxidation
of styrene was 1:3.

TABLE IV. The influence of the kind of oxidant on the oxidation of styrene; reaction

conditions: styrene, 10 mmol, catalyst, 0.03 mmol, CH;CN, 10 mL, oxidant, 35 mmol,
reaction time, 10 h; reflux; catalyst: 3

Entry Oxidant Conversion, %
1 TBHP 98
2 H,0, 0
a
. 100 4 ( ) —a = 100 | (b)
9 80 &
g’ 1 g' 80 -
7 60 | Z 60 -
: :
'g 40 - 'g 40
~ 20 - “ 2
0 =L 0 :
0.015 0.03 0.045 0.06 25 30 35 40
Amount of catalyst, mmol Amount of oxidant, mmol

Fig. 7. a) The influence of the amount of catalyst 3 on the oxidation of styrene. Reaction
conditions: styrene, 10 mmol, CH;CN, 10 mL and TBHP, 35 mmol; reaction time, 10 h;
reflux; b) the effect of the amount of oxidant on the oxidation of styrene. Reaction conditions:
styrene, 10 mmol, catalyst, 0.045 mmol and CH3CN, 10 mL; oxidant, TBHP,
reaction time, 10 h; reflux.

The catalytic activity of 5 was investigated under the optimized condition for
3. The results are given in Table V.

TABLE V. Oxidation of styrene using TBHP catalyzed by 3 and 5; reaction conditions:

catalyst, 0.045 mmol, styrene, 10 mmol, TBHP, 35 mmol, acetonitrile, 10 mL, reaction time,
10 h; reflux

Entry Catalyst Conversion, % Selectivity, %
1 3 100 472 53b
2 5 40 46* 54b

aStyrene epoxide; Pbenzoic acid
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CONCLUSIONS

A Schiff base ligand (HpL) derived from (%)trans-1,2-cyclohexanediamine
and 2'-hydroxypropiophenone was prepared. It was found that the reaction
between HpL and CuCl,-2H»0 in ethanol and chloroform led to partial hydro-
lysis of HoL and complex 1 was obtained, while under the same conditions, the
reaction of HoL with MCly-xHy,O (M = Co(Il), Zn(II) or Mn(Il)) yielded com-
plexes 3—5 without hydrolytic cleavage of the azomethine linkage. Moreover, the
reaction between HyL and CuCly-2H;0 in THF gave complex 2. Therefore, it is
reasonable to conclude that the solvent and metal ion can affect the hydrolysis of
the Schiff base during complex formation. Complexes 1, 3 and 5 were used for
the oxidation of styrene with TBHP under homogenous conditions. Furthermore,
the copper(Il) Schiff base complex 1 encapsulated in the nanopores of zeolite Y
by the flexible ligand method (CulL'-Y) and its catalytic potential in the oxidation
of styrene was examined. The oxidation of styrene catalyzed by 1, 3, 5 and CuL'-Y
gave 100 % conversion with 63, 47, 46 and 56% selectivity for styrene epoxide,
respectively. The results revealed that the homogeneous and heterogeneous catal-
ysts were efficient in the oxidation of styrene.

SUPPLEMENTARY MATERIAL

Physical and spectral data of the synthesized compounds are available electronically
from http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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U3BOJ
JIMTAHJ TUIIA IITU®OBE BA3E JOBUJEH U3 (*)trans-1,2-TUKIIOXEKCAHIVAMUHA
U BbETOBU BAKAP(II), KOBAJIT(II), HUHK(II) U MAHT'AH(II) KOMIIJIEKCH: CUHTE3A,
KAPAKTEPU3ALIMJA, OKCUJALIMJA CTUPEHA U XUOPOJIN3A UMHUHO BE3E ¥
BAKAP(II) KOMIUIEKCHUMA CA IIM®OBOM FA30M KAO JIMTAHIOM

MARZIEH SARKHEIL 1 MARYAM LASHANIZADEGAN

Department of Chemistry, Faculty of Physics and Chemistry, Al-zahra University, P. O. Box 1993893973,
Tehran, Iran

[Monasehu u3 2'-xupgpokcunponrodeHoHa U (*)trans-1,2-uMkIoxekcaHAMaMuHa CUHTe-
TH3oBaH je nurann tuna ludose dase (H,L). M3yuaBaHe cy peaxuuje OBOT JHraHia ca
conuma omure dpopmyne MCly-xH,0 (M =Cu(II), Co(II), Zn(II) unu Mn(II)). Kazma ce oBaj
JIUTaHZ MoMella ca ekBUBajieHTHOM KkonuuuHOoM CuCly-2H,0 y cMewmn etanoma u XJ1opo-
(popMa kao pacTBapaya A0Ja3U A0 NMapuHjadHe XUOPOIU3€ UMHUHO Be3€e U rpaheme TpUieH-
taTHor nuradga (HL'). Osaj nurang ce TpenyTHO koopauHyje ca Cu(Il) joHom mpu yemMy Hac-
taje [CuL'Cl]-3/2CHCl3 (1) xommnexkc N,O xpomodope. Ilog HCTUM eKCIIEDUMEHTATHUM
ycnosuma nuradn HpL y peakuuju ca conuma MCly-xH,0 (M = Co(II) (3), Zn(II) (4) wnu
Mn(II) (5)) rpamum xommiekce N,0, xpomadope uyuja je ommra ¢opmyna
[ML]-1/2CHCl3'3/2H,0 (3-5). Habheno je ma y oBuUM peakuujama He JI0lasd 1O XUIPOJIH-
THYKUX peakuuja. Takohe, y peakuuju HpL ca CuCly2H,0 y pacrBapauy THF monasu no
¢opmupama Cul xommiaekca 2 ca N,O, KOOpOUHOBaHUM aToMHUMa. JIUraHz U onrosapajyhu
KOMIUIEKCH Cy oKkapakTepucanu nomohy FTIR, UV—Vis u 'H-NMR CHeKTpoCKONCKHX METoNa,
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SCHIFF BASE LIGAND DERIVED FROM (#)trans-1,2-CY CLOHEXANEDIAMINE 3 8 1

Kao M Ha OCHOBY pe3yJTaTa ejleMeHTalHe MUKpoaHaiuse. McnuTHBaHa je XoMoreHa KaTa-
JIMTHYKA aKTUBHOCT Komiuiekca 1, 3 u 5 y peakuuju oxcupanvje CTUpeHa y IPUCYCTBY tert-
-dytun-xupgponepoxcusa (TBHP) xao okcupanuoHor cpefcrsa. Ha kpajy, mpuMeHOM pasiu-
YUTHX METOZA M3y4aBaHO je kancynupame Cu(Il) kommnekca y HaHomope 3eonuTa Y nomohy
meTope dnexcudbunHor nuranpa (Cul'—Y). McnutuBaHa Ccy KaTaJIWTHYKa CBOjCTBA XETEPO-
TeHOT KaTa/Ju3aTopa Ha OKCHUAALHjy CTUpeHa y nmpucyctsy TBHP kao okcuaanuoHOT cpencTsa.
Ha ocHOBy nodujeHuX pesysTaTra MOXKEe Ce 3aK/by4YHUTH Jila Cy CBU MCIIUTHBAHU XOMOTEHHU U
XEeTepOreH! KaTalu3aTopy Moka3ald aKTUBHOCT Y peaKkLUji OKCHAAlHje CTUpeHa.
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