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study, new iron and cobalt phthalocyanines bearing (2-{2-[3-
(dimethylamino)phenoxy|ethoxy}ethoxy) groups at peripheral positions have been synthesized
and characterized by the spectroscopic methods (IR, "H NMR, '*C NMR, UV-vis, mass spectroscopies
and elemental analysis). Catalytic activity of Fe(II) and Co(II) phthalocyanines have been investigated in
the presence of an oxidant such as TBHP (tert-buthylhydroperoxide), m-CPBA (m-chloroperoxybenzoic
acid) and H; 0, (hydrogen peroxide). Fe(I) and Co(II) phthalocyanines exhibit excellent activity and high
conversion under mild conditions. Substrate ratio, oxidant ratio, temperature and oxidant type have
also been investigated in 3 h and found the best optimum reaction conditions in this catalytic system.
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1. Introduction

The selective oxidation of benzyl alcohol is essentially vital in life
science and extremely useful in industry for preparing many drugs,
vitamins and fragrance [1,2]. The oxidation products of benzyl alco-
hol are benzaldehyde, benzoic acid and benzoquinone. In terms of
industrial use, benzaldehyde has an important role among the oxi-
dation products of benzyl alcohol. Benzaldehyde is commonly used
as a precursor for dyes and other organic compounds, ranging from
pharmaceuticals to plastic additives (for instance; the aniline dye
malachite green is prepared from benzaldehyde and dimethylani-
line) [3-5]. Additionally, benzaldehyde is also used in perfumery,
cosmetic, food industries to confer flavor and odor [6,7].

Due to metalloprophyrin complexes have been used in the oxi-
dation reactions, they have become well known for their catalytic
activity during the past few decades [8-11]. They could be used
as intermediate of oxygen carriers for biological systems, as model
catalysts of cyctochrome P-450. Metalloporphyrin complexes are
widely used as homogeneous catalysts with TBHP, m-CPBA, H,0,,
PhIO (iodosyl benzene) as oxidant in oxidation catalysis [12-15].
But the several problems (such as easily decomposition and dif-
ficulty in recovery process) have croped up during their use in
homogeneous catalysis systems [16-18]. Metallophthalocyanine
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complexes have similar structure of the metalloporphyrins, but
the former are more stable. Metallophthalocyanine complexes have
macro aromatic ring that contain delocalized 18- electron system
and their derivatives have been studied since 19th century. How-
ever, researchers are still interested in this class of compounds [19].
Thanks to their attractive properties, Pc-based materials find many
applications such as in nonlinear optics [20], optical data storage
[21], photodynamic cancer therapy [22], sensor [23], catalysis [24],
and solar energy conversion [25].

In the literature, gold and palladium catalysts have been used
for oxidation of benzyl alcohol [26-32] but only a few cobalt and
iron catalysts have been reported. Bekaroglu et al. have reported
catalytic activity of perfluoroalkyl group substituted Co(Il) and
Pd(II) phthalocyanines in fluorous biphasic system on benzyl alco-
hol oxidation. In another report, Co(Il) and Pd(Il) phthalocyanines
have been found active catalysts with high benzaldehyde selec-
tivity [33]. Iron and cobalt phthalocyanine complexes can transfer
oxygen from various oxygen donors to aromatic compounds, phe-
nols, alcohols [34-41]. Iron(II) phthalocyanine complexes can react
with oxygen to form p-oxo diiron phthalocyanine complexes
(PcFe'—0—Fe!"Pc) via intermediate formation of p.-peroxo dimer.
But this dimer molecule can not be formed for sterical reason. Then,
homolytical cleavage of O—O bond produces PcFelV=0 complex.
Cobalt(Il) phthalocyanine complexes can also react with oxygen
to achieve O—O bond formation. Because of this, iron and cobalt
phthalocyanine complexes have been known as oxidation catalysts
[42].
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Herein, we have reported the synthesis and characteri-
zation of new iron(ll) (4) and cobalt(Il) 5 phthalocyanine
substituted with four (2-{2-[3-(diethylamino)phenoxy]ethoxy}
ethoxy) groups. We choosed especially (2-{2-[3-(diethylamino)
phenoxyJethoxy}ethoxy) group due to the high solubility of poly-
oxyethylene groups. In this report, iron(Il) (4) and cobalt(Il) 5
phthalocyanine complexes have been found excellent activity on
benzyl alcohol oxidation. Moreover, different factors effecting
benzyl alcohol oxidation, such as substrate, oxidant amount, tem-
perature and oxidant type, have been investigated.

2. Experimental

The used materials, equipments and the general procedure for
the oxidation of benzyl alcohol were supplied as supplementary
information.

2.1. Synthesis

2.1.1. 2(3),9(10),16(17),23(24)-Tetrakis-(2-{2-[3-
(dimethylamino)phenoxy Jethoxy }ethoxy)-phthalocyaninato
iron(Il) (4)

A mixture of 4-(2-{2-[3-(dimethylamino)phenoxy]ethoxy}-
ethoxy)phthalonitrile 3 (0.35 g, 0.99 mmol), Fe(CH3COO), (85 mg,
0.49 mmol), 4 drops of 1.8-diazabicyclo[5.4.0Jundec-7-ene (DBU)
in n-pentanol (4 ml) was refluxed with stirring for 12 h under N5.
After cooling to room temperature, 50 ml ethanol was added to pre-
cipitate the product. The precipitate was filtered and dried in vacuo.
Lastly, purification was achieved using column chromatography
with basic alumina as column material and CHCl5 as eluent. Yield:
206 mg (57%). IR (KBr tablet) vmax/cm~1: 3072 (Ar-H), 2921-2871
(Aliph.C—H), 1606, 1572, 1481, 1446, 1406, 1341,1278,1231,1119,
1091,997,958, 820, 746, 685. "H NMR. (CDCl3 ), (§: ppm): 8.71-8.43
(m, 8H, Ar-H), 7.15-7.12 (m, 8H, Ar-H), 6.38-6.31 (m, 12H, Ar-H),
4.23-4.07 (m, 32H, -CH,-0), 2.88 (s, 24H, -CH3). 13C NMR. (CDCl3),
(8: ppm): 163.64, 151.93, 148.62, 142.19 135.81, 134.20, 129.72,
122.99,120.86, 112.63, 110.70, 105.91, 101.08, 99.92, 70.64, 66.07,
40.50. UV-vis (DMF): Amax, nm (loge): 360 (5.08), 607 (4.63), 705
(5.02). Elemental analysis calcd (%) for CggHgqN1201,Fe: C 65.75,
H 5.79, N 11.50%; found: C 65.97, H 6.10, N 11.23. MALDI-TOF-MS
m/z: 1461 [M]*.

2.1.2. 2(3),9(10),16(17),23(24)-Tetrakis-(2-{2-[3-
(dimethylamino )phenoxy Jethoxy }ethoxy )-phthalocyaninato
cobalt(1l) (5)

Synthesized similarly to 4 from 3. Yield: 94 mg (30%). IR (KBr
tablet) vmax/cm~1: 3077 (Ar-H), 2921-2872 (Aliph. C—H), 1607,
1573, 1500, 1480, 1446, 1409, 1349, 1279, 1230, 1120, 1093,
1060, 997, 961, 820, 751, 685. UV-vis (DMF): Amax, nm (loge):
329 (5.14), 605 (4.63), 667 (5.05). Elemental analysis calcd (%) for
C80H84N120]2COI C65.61,H5.78, N 11.48%; found: C 65.90, H 6.06,
N 11.20. MALDI-TOF-MS m/z: 1464 [M]*.

3. Results and discussion
3.1. Synthesis and characterization

Cyclotetramerization of the phthalonitrile derivative 3 to the
peripherally tetra-substituted iron(Il) and cobalt(Il) phthalocya-
nines 4 and 5 was achieved in the presence of anhydrous
Fe(CH3C0O0),, CoCl, in n-pentanol and DBU (Fig. 1).IR, ' HNMR, 13C
NMR, MS, UV-vis and elemental analyses confirmed the proposed
structures of the compounds.

The synthesis of the iron(Il) and cobalt(Il) phthalocyanines
4 and 5 were accomplished by cyclotetramerization of dinitrile

compound 3. Conversion of dinitrile derivative 3 into the iron
and cobalt phthalocyanines, the sharp peak for the C=N vibration
disappeared in the IR spectra. The ' H NMR spectrum of iron(II)
phthalocyanine 4 was as expected. The ! H NMR spectrum of 4
showed aromatic protons as multiplets at 8.71-8.43, 7.15-7.12,
6.38-6.31 and aliphatic protons as multiplet at 4.23-4.07, singlet
at 2.88 ppm. 13C NMR spectrum of 4 showed typical chemical shifts
for aliphatic carbon signals at 70.64, 66.07, 40.50 ppm and aro-
matic carbon signals between 163.64 and 99.92 ppm. On the other
hand, NMR spectrum of cobalt phthalocyanine 5 could not be taken
because of the paramagnetic cobalt(Il) centers [43]. The MALDI-
TOF mass spectrum showed the molecular ion peaks at 1461 for
complex 4, 1464 for complex 5, respectively.

The UV/vis spectra of iron(Il) and cobalt(Il) phthalocyanines 4
and 5in DMF at room tempereture is shownin Fig. 2. In UV-vis spec-
tra of the iron and cobalt phthalocyanines Q-bands were observed
at around 705 nm for 4, 667 nm for 5 with the shoulders at around
607 nm for 4, 605 nm for 5 and the B bands were observed between
360 and 329 nm.

3.2. Catalytic studies

3.2.1. Oxidation of benzyl alcohol with 4 and 5

Schlenk tube was charged with benzyl alcohol (0.71 x 10~3 mol),
catalyst (3.41 x 10-6 mol) and TBHP (1.70 x 10~3 mol) in acetoni-
trile (0.011) and refluxed at 70 °C with 900 rpm stirring in a pattern
catalytic reaction. Slowly progressive reactions in the absence of
complexes 4 and 5 under these conditions demonstrate that cat-
alyst have a worthy role in this oxidation process. In Tables 1-4,
comparative studies of the catalytic activity of 4 and 5 for oxidation
of benzyl alcohol confirmed that both complexes are active cata-
lysts in acetonitrile. The benzyl alcohol oxidation reactions gave
benzaldehyde as the main product and benzoquinone and benzoic
acid in small yields by using gas chromatography by both spiking
and comparison with standards (Fig. 3). Based on the activity work
we have done before [44,45], we chosed this group as a substituent
and investigated activity of iron(II) and cobalt(II) phthalocyanines.
The influence of various parameters on the percentage conversion
and selectivity of products were studied (Tables 1-4).

Fig. 4a and b shows that the changing of product yield with reac-
tion time on benzyl alcohol oxidation with TBHP as an oxidant.
Higher yield was obtained for benzaldehyde than benzoic acid and
benzoquinone by using catalysts 4 and 5. Conversion of the three
products increased with time, but after 3 h these conversions are
level off. This situation is most probably owing to the degradation
of the FePc and CoPc catalyst by oxidant, with time.

As depicted clearly in Table 1, the reaction rate and conversion
enhance with increasing the substrate catalyst molar ratio. For both
catalysts 4 and 5, same main product (benzaldehyde) was obtained
with selectivity of 72% and 70% respectively. In order to control the
experiments, same reaction was carried out with the iron and cobalt
salts (FeCl, and CoCl,) as catalysts, it is seen that the oxidation
process was not triggered. Also only trace amount of benzyl alcohol
could be converted to benzaldehyde (<8%).

Table 2 shows the changes in the conversion of benzyl alco-
hol by varying the oxidant-to-catalyst ratio from 300/1 to 900/1
at 70°C. The results indicate that the conversion of benzyl alco-
hol increased with an increasing oxidant ratio until the maximum
conversion of 94% for complex 4 and 89% for complex 5 when
500/1 oxidant/catalyst ratio was used. Whereas, increasing oxi-
dantratio beyond 500/1, decreased the selectivity of benzaldehyde.
The excess oxidant effects coordination around the iron and cobalt
ion and leads to the generation of inactive intermediate species.
[46-51]. This study showed that only 500/1 ratio of oxidant/catalyst
was needed for the reaction to get an optimum conversion of benzyl
alcohol to reduced products.
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Fig. 1. The synthesis of iron and cobalt phthalocyanines. Reagents and conditions: (i) dry DMF, K;COs, 60 °C; (ii) n-pentanol, DBU, 160°C, CoCl,, Fe(CH3COO)s,.

Table 3 reflects all results about the effect of the reaction tem-
perature on the oxidation of benzyl alcohol with 4 and 5. All
experiments were done five different temperatures in the range
of 25-70°C. Total conversion of benzyl alcohol increased from 22%
to 94% for complex 4 and 18% to 89% for complex 5. There was
no exceptional conversion when the temperature was increased
beyond 70°C. Thus, 70°C was taken to be an optimum tempera-
ture in our study to succeed the highest conversion with TON (280
for complex 4 and 266 for complex 5) and TOF (93 for complex 4
and 88 for complex 5).

Table 4 summarizes the effect of oxygen source on the reaction
rate of benzyl alcohol oxidation. TBHP, H,0,, m-CPBA, air oxygen
and were used as an oxidant on these experiments. According to
the results on Table 4, complexes 4 and 5 were showed remarkable
activity with TBHP than m-CPBA, air oxygen and H,0,. No con-
version was observed with air oxygen for both catalysts on benzyl

— 4 =5
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e 2 o 9
N D ;v o =

o
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Fig. 2. UV-vis spectrum in DMF for complexes 4 and 5.
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Table 1
Amount of substrate effect of benzyl alcohol oxidation with complexes 4 and 5.

Catalyst Subs./cat. Aldehyde? Quinone® Acid® Tot. conv. (%) TON¢ TOF® (h~1)
4 300/1 72 12 10 94 280 93
5 70 10 9 89 266 88
4 600/1 69 10 8 87 523 174
5 62 10 9 81 487 162
4 900/1 64 9 7 80 720 240
5 59 8 6 73 657 219
4 1200/1 57 7 5 69 828 276
5 51 5 3 59 708 236
4 1500/1 48 4 3 55 825 275
5 42 3 1 46 687 229
4 1800/1 39 2 2 43 774 258
5 29 2 1 32 480 160

2 Yield of benzaldehyde.

b Yield of benzoquinone.

¢ Yield of benzoic acid.

4 TON: mole of product/mole of catalyst.

¢ TOF: mole of product/mole of catalyst x time.

Conversion was determined by GC.
Table 2
Amount of oxidant effect of benzyl alcohol oxidation with complexes 4 and 5.

Catalyst Oxidant/catayst Aldehyde? Quinone® Acid® Tot. conv. (%) TONY TOFe (h1)
4 300/1 38 10 4 52 156 52
5 31 11 6 48 144 48
4 400/1 49 12 8 69 207 69
5 38 10 7 55 165 55
4 500/1 72 12 10 94 280 93
5 70 10 9 89 266 88
4 600/1 33 10 6 49 147 49
5 30 10 6 46 138 46
4 900/1 24 6 3 33 99 33
5 21 5 1 27 81 27

2 Yield of benzaldehyde.

b Yield of benzoquinone.

¢ Yield of benzoic acid.

4 TON: mole of product/mole of catalyst.

¢ TOF: mole of product/mole of catalyst x time.

Conversion was determined by GC.
Table 3
Temperature effect of benzyl alcohol oxidation with complexes 4 and 5.

Catalyst T(°C) Aldehyde?® Quinone® Acid®© Tot. conv. (%) Reaction conversion (%) TON¢ TOF¢ (h™1)
4 25 12 7 3 22 - 65 22
5 12 5 1 18 - 53 18
4 40 28 7 3 38 16 113 37
5 34 6 2 42 24 125 42
4 50 33 11 5 48 26 134 45
5 31 9 7 47 29 140 46
4 60 47 12 10 69 47 172 57
5 51 10 9 70 42 155 52
4 70 72 12 10 94 72 280 93
5 70 10 9 89 71 266 88

2 Yield of benzaldehyde.

b Yield of benzoquinone.

¢ Yield of benzoic acid.

4 TON: mole of product/mole of catalyst.

¢ TOF: mole of product/mole of catalyst x time.

Conversion was determined by GC.
o
o o
OH catalysts4 and 5 H . OH
. ]
oxidant, 70 C i
Benzyl alcohol Benzaldehyde Benzoic acid Benzoquinone

Fig. 3. Product formed through benzyl alcohol oxidation by an oxidant in the presence of catalysts 4 and 5.
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Table 4
Different oxidant effect of benzyl alcohol oxidation with complexes 4 and 5.
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Catalyst Oxidant Aldehyde?® Quinone® Acid© Tot. conv. (%) TON¢ TOFe (h—1) Selectivity (%aldehyde)
4 TBHP 72 12 10 94 280 93 76
5 70 10 9 89 266 88 78
4 H,0, 33 17 15 65 193 64 50
5 31 14 10 55 164 54 56
4 m-CPBA 14 10 8 32 95 31 43
5 5 15 10 30 89 29 16
4 Air oxygen - - - - - - -
5 - — — _ _ — _

2 Yield of benzaldehyde.

b Yield of benzoquinone.

¢ Yield of benzoic acid.

4 TON: mole of product/mole of catalyst.

¢ TOF: mole of product/mole of catalyst x time.
Conversion was determined by GC.

alcohol oxidation. All results are given in Table 4 and Fig. 5. It is con-
cluded that TBHP is the best oxidant on benzyl alcohol oxidation
with high selectivity of aldehyde in our works. Rapid degradation
of the Fe(Il) and Co(II) phthalocyanines were observed when m-
CPBA was employed as an oxidant. During the oxidation reaction,
the color of reaction mixture turned from blue to brown and then to
yellow and finally pale yellow by the addition of TBHP. On the other
hand, when m-CPBA was used as an oxidant, the reaction color sud-
denly changed from blue-green to colorless. This situation is a proof
that m-CPBA is not suitable oxidant on benzyl alcohol oxidation and
cause to decomposition of complexes 4 and 5. Table 4 shows TON,
TOF and selectivity values by the use of different oxidants ranging.

a) 100
90
80
70

——o—Benzaldehyde —#—Benzoquinone Benzoic acid

60
50
40

% Conversion

30
20
10

0 [ ~ i :
0 30 60 90 120 150 180 210
Time (min)

b) 100

90

—4—Benzaldehyde Benzoic acid

——Benzoquinone

80
70
60
50
40
30
20
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% Conversion

0 30 60 a0 120 150 180 210
Time (min)

Fig. 4. Time-dependent conversion of benzyl alcohol oxidation (a) for catalyst 4,
(b) for catalyst 5. [Reaction conditions: benzyl alcohol (1.02 x 10-3 mol), complex 4
(3.42 x 10-¢ mol), complexes 5 (3.41 x 10~¢ mol), TBHP (1.70 x 10-3 mol), acetoni-
trile (0.01L), 3h and 70°C.]

m Complex4 mComplex 5

100
90
80 4
70 4
60 -
50 -
40
30 A
20 A

Total Conversion (%)

-

0 T T T T f
TBHP H202 m-CPBA  airoxygen

Fig. 5. The oxidant effect on benzyl alcohol oxidation. [Reaction conditions:
benzyl alcohol (1.02 x 1073 mol), complex 4 (3.42 x 10-5mol), complexes 5
(3.41 x 107% mol), TBHP (1.70 x 10-3 mol), acetonitrile (0.01L), 3h and 70°C.]

In addition these parameters, changing of the catalysts was
monitored by UV-vis spectrophotometer during the oxidation
reaction. Decompositon of Fe(Il) and Co(Il) phthalocyanines is a fre-
quent situation in oxidation process with the addition of an oxidant
[47-51]. It is seen that Fe(Il) phthalocyanine has broad vibronic
Q band as non oxidized complex in Fig. 6f. Co(Il) phthalocyanine
in acetonitrile has distinctive sharp vibronic Q band due to the
monomeric species in the absence of oxygen source [52]. Before
adding oxidant, characteristic sharp Q band of Co(Il) phthalo-
cyanine is seen at 668 nm (Fig. 7f). With the oxidation reaction

0,25
02
0,15
g

0,05

Absorbance

600 650 700 750 800
Wavelenght (nm)

Fig. 6. Time-dependent changes in the visible spectrumof the oxidized complex
5 observed on addition of TBHP (1.70 x 10—3mol) to a reactio mixture containing
1.02 x 10-3 mol benzyl alcohol and 3.42 x 10-% mol complex 4 catalyst in 10 ml:
(e) 36 min; (d) 72 min; (c) 108 min; (b) 144 min; (a) 180 min after addition of m-
CPBA. All spectra for the oxidized complex 4 were taken after sixfold dilution with
acetonitrile. (f) Visible spectrum of (non-oxidized) complex 4.
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Table 5
Catalytic activities toward the homogeneous oxidation of benzyl alcohol of some previously reported catalyst.
Catalyst Rxn time (h) Rxn temp. (°C) Oxidant Conv. (%) Ref.
CuPc? 30 min 70 TBAOX 25 [54]
CoPc? 5.5 70 TBHP 26.6 [33]
PdPc? 24 50 m-CPBA 313
Ru(TPP)CI¢ 30 min 60 0, 43 [55]
Co(TPP)CI® 42
Mn(TPP)CI® 45
Fe(TPP)CI¢ 32
MnTEPyP¢ 4 60 TBHP 47 [56]
NalO3 16
NalO4 84
CuTPP® nr' 60 0, 40 (in toluene) [57]

35 (in benzene)
Trace (in acetonitrile)

2 Pc: perfluoroalkylphthalocyanine.
b Pc: un-substituted phthalocyanine.
¢ (TPP)Cl: meso-tetraphenylporphyrinchloride.
d TEPyP: water soluble metalloporphyrins.
¢ TPP: copper meso tetraphenylporphyrin.
f rt: room temperature.

Absorbance

500 550 600 650 700 750 800
Wavelenght(nm)

Fig. 7. Time-dependent changes in the visible spectrumof the oxidized complex
5 observed on addition of TBHP (1.70 x 10~3 mol) to a reactio mixture containing
1.02 x 103 mol benzyl alcohol and 3.41 x 10-% mol complex 5 catalyst in 10 ml:
(e) 36 min; (d) 72 min; (c) 108 min; (b) 144 min; (a) 180 min after addition of m-
CPBA. All spectra for the oxidized complex 5 were taken after sixfold dilution with
acetonitrile. (f) Visible spectrum of (non-oxidized) complex 5.

proceeds, this Q band shifts to 673 nm, broads and disappears at the
end of the reaction. Shifting from 668 to 673 nm attested that metal
oxidation of Co(II)-Pc to Co(Ill)-Pc [44-51]. After 3 h, this oxidized
intermediate decomposed. Besides, there was no further conver-
sion of any products. Similar statement can be formed for Fig. 6.
As the reaction time progresses, widenning and disappearing of Q
band are interpreted as in Co(Il) phthalocyanine [44-51].

F. Adam and W.T. Ooi have synthesized organic-inorganic
hybrid material as an effective catalyst by immobilizing met-
alloporphyrin complex onto the silica support in a simple
co-condensation system. They reported that the catalytic activity
of RHAC-CoPor (rice husk ash cobalt porphyrine) in liquid phase
oxidation of benzyl alcohol using hydrogen peroxide as a green oxi-
dant to form benzaldehyde. RHAC-CoPor employed good catalyst
at 70 °C with high benzyl alcohol conversion (91.9%) [53]. Rezaei-
fard et al. [54] have investigated catalytic activity of Co and Mn
porphyins in neat water. 93% product conversion was obtained
using Fe(TPP)CI as catalyst with TBAOX as an oxidant. M. Ozer
and co-workers reported that the synthesis and characterization of
some novel substituted novel CoPc derivatives and cataliytic behav-
ior of these complexes in the oxidation of benzyl alcohol. After
5.5h, they were obtained 26.6% total conversion at 70°C [55]. As
shown in Table 5 the performance of the Fe-Pc and Co-Pc catalysts
4 and 5 toward the benzyl alcohol oxidation is more successful

comparison to the other phthalocyanines and porphyrins as cata-
lyst. Lastly, we achieved the most accomplish results in terms of
% conversion, TON and TOF in literature for homogeneous benzyl
alcohol oxidation with TBHP in the presence of complexes 4 and 5.
When they were compared with each other, FePc was also found
the best catalyst on this work.

4. Conclusion

In this study, all spectroscopic data of Fe(Il) and Co(II)
phthalocyanines proved to successfully synthesized. Then, catalytic
activities of Fe(Il) and Co(IlI) phthalocyanines were investigated
by examining the effects of certain parameters. Fe(Il) and Co(II)
phthalocyanines showed excellent catalytic performance in benzyl
alcohol oxidation with benzaldehyde conversion by using TBHP as
an oxidant. In particular, it is undoubtly proof that Fe(Il) phthalo-
cyanine would be an excellent biomimetic catalysts in a reaction
time as short as 3 h to give 94% yield conversion. In conlusion, we
done this catalytic works as feasible, time-saving in terms of pro-
cedure and determined the best oxidation conditions for catalysts
4 and 5 with high TON and TOF values.
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