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Abstract

Substituted phenol pollutants are produced as by products of many industrial processes. Aerobic oxidations for their deg-
radation in the context of effluent treatment or environmental remediation often lack selectivity. In this work Co(II) and
Cu(II) phthalocyanines-catalyzed approach is described that converts substituted phenols into less harmfull products. New
cobalt(Il) and copper(II) phthalocyanine complexes are used as catalyst for degradation of substituted phenols with differ-
ent oxidants. The oxidation process exhibits remarkable selectivity and conversion owing to the fact that Co(II) and Cu(II)

phthalocyanines work with high performance.
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Introduction

Substituted phenols are found to be one of the most prevalent
contaminants of wastewater streams from petrochemical,
polymeric resins, pharmaceuticals, coal conversion plants
and chemical industries [1, 2]. Due to their high aqueous
solubility and weak adsorption to soils, phenolic compounds
are common pollutants in natural waters [3]. Considering
their negative impact to the environment in general, phenols
are recognized by both U.S. EPA [4] and European Com-
mission [5], as priority pollutants, while the World Health
Organization recommended the permissible concentration
of phenolic contents in potable waters to be <1 g L™! [6,
7]. They are characterized by low biodegradability making
them difficult to remove from the environment by natural
occurring processes. Thus, there is a need to develop energy
efficient and economical method for degradation of phenolic
compounds with high selective catalysts.
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In the last decade, increased interest has developed on
new catalsyst systems of metal centered tetrapyrrole mac-
rocyclics. As an analogue to porphyrin, phthalocyanine
compounds are a kind of N -macrocycles with high stabil-
ity, diverse coordination properties, excellent spectroscopic
characteristics and reversible redox chemistry [8, 9]. Due to
the facile preparation, good thermal stability, high catalytic
activity and low toxicity, metallophthalocyanine-based cata-
lysts have attracted considerable attention for their environ-
mental applications [10] especially in the treatment of dye
pollutants, which are a serious source of environment con-
tamination in many countries [11, 12]. Because of the redox
properties of metal, cobalt phthalocyanines are widely used
in many catalytic processes [13—16]. At this point, low solu-
bility of phthalocyanines appears as a disadvantage in cata-
lytic processes. It can be improved by attaching sulfo [17] or
quaternary ammonium groups [18], crown ethers [19], long
substituted alkyl [20], alkoxy [21], alkylthio [22], macrocy-
clic groups [23] peripherally or non-peripherally position on
the phthalocyanine ring. Thanks to the 4-(9-anthryl(methyl))
amino substituent groups, Co(Il) and Cu(Il) phthalocyanine
complexes 4 and 5 can readily dissolve in common organic
solvents [24]. When environmentally friendly oxygen was
used as oxidant, substituted metallophthalocyanines acted
as homogeneous catalysts in oxidation of toluene, benzyl
alcohol, olefins, phenols [16, 25-28]. However, these con-
ventional reactions usually required high temperature and
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pressure, and faced difficult to separate catalysts. In this
paper, 4-(9-anthryl(methyl))amino substituted cobalt(II)
4 and copper(Il) 5 phthalocyanine have been synthesized
and reported that the successfull application of Co(II) and
Cu(II) phthalocyanines as oxidation catalysts for oxidation
of 2,3-dichlorophenol, 4-methoxyphenol, 4-nitrophenol,
2,3,6-trimethylphenol under mild conditions.

Experimental
Materials

The used materials, equipments and catalysis procedure
were supplied as supplementary information.

Synthesis
Synthesis of 4-[9-anthryl(methyl)amino] phthalonitrile (3)

4-Nitrophthalonitrile (2) (2.00 g, 11.55 mmol) was dissolved
in 10 mL dry DMF under N, atmosphere, and of 9-(meth-
ylaminomethyl)anthracene (1) (2.55 g, 11.55 mmol) added
to mixture. After stirring for 30 min at 55 °C, finely ground
anhydrous K,CO; (4.781 g, 34.65 mmol) was added portion
wise within 2 h. The reaction mixture was stirred under N, at
60 °C for 3 days. At the end of this time, the reaction mixture
was poured into ice-water and stirred at room temperature
for 3 h to yield a crude product. The mixture was filtered and
dried in vacuum over P,Os for 4 h and recystallized from
ethanol to give red crystalline powder. Yield: 3.28 g (85%).
mp: 85-87 °C. Anal.calc. for C,3H;5N; IR (KBr pellet), v,/
cm™': 3091, 3067 (Ar—H), 2945, 2933, 2876 (Aliph. C-H),
2229 (C=N), 1510-1486 (C-N), 1436, 1413, 1398, 1375,
1325, 1277, 1260, 1215, 1172, 1136, 1085, 978, 955, 911,
886, 869, 833, 782, 753. 'H-NMR. (CDCl,), (5:ppm): 7.86
(m, 4H, Ar-H), 7.68 (s, 1H, Ar—H), 7.55 (m, 4H, Ar-H),
7.34 (d, 1H, Ar-H), 7.25 (d, 1H, Ar-H), 7.07 (s, 1H,
Ar-H), 3.12 (s, 3H, N-CH;). 3*C-NMR. (CDCl,), (8:ppm):
162.68(C4), 136.92(C5-Cy), 136.50(C,,), 136.70(C,),
126.66 (C,—C,y), 126.14(C;), 125.16(Cy—C,), 124.48
(C,—C3), 123.23(C,;—Cy), 119.56(C,—C5), 118.45(C,-),
117.34(C,;)), 115.88 (C,=N), 115.45(C,,=N), 104.85(C ),
102.90 (Cy), 36.55(C,5). MALDI-TOF-MS, (m/z): Calcu-
lated: 333.38; Found: 351.37 [M+H,0]" C,3H,sN5: calcd.
C 82.86; H 4.54; N 12.60%; found: C 81.74; H 4.50; N
12.41.

General procedure of metal phthalocyanines 4-5
To give the metal phthalocyanies, the mixture of phthaloni-

trile compound 3 (0.8 g, 2.39 mmol), the related anhydrous
metal salt (CoCl,) (77.47 mg, 0.598 mmol) for compound
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4, CuCl, (80.46 mg, 0.598 mmol) for compound 5 and
two drops of DBU was heated at 160 °C in dry n-pentanol
(3 mL) in a sealead tube, and stirred for 24 h. At the end
of the reaction, green product was precipitated by addition
of ethanol (20 mL) and filtered off. Along 2 h, the green
solid product was refluxed with ethanol (30 mL), filtered
off again and washed with hot ethanol, distilled water and
diethyl ether. After drying under vacuum, the product was
purified on basic alumina column with chloroform—metha-
nol (94:6) for compound 4, (92:8) for compound 5 solvent
system as eluent.

Synthesis of cobalt(ll) phthalocyanine (4) Yield: 350 mg
(42%). Mp>300 °C. Anal.calc. for Cy,HeN;,Co FT-IR
vmax/cm_l (KBr pellet): 3088, 3012 (Ar-H), 2991, 2983,
2856 (Aliph. C-H), 1620, 1590, 1555, 1483, 1433, 1402,
1390, 1357, 1277, 1245, 1186, 1135, 1094, 1044, 916, 871,
751, 732. UV-Vis (CHCIL,): A,,, nm (log €): 674 (4.88),
610 (4.46), 327(4.80). MALDI-TOF-MS, (m/z): calculated:
1392.47; found:1393.38 [M+H]" Cy,Hy(N,,Co: caled. C
79.35; H4.34; N 12.07%; found: C 78.85; H4.27; N 12.18.

Synthesis of copper(ll) phthalocyanine (5) Yield: 400 mg
(45%). Mp>300 °C. Anal.calc. for Cy,HgN;,Cu FT-IR
umax/cm_l (KBr pellet): 3090, 3056 (Ar—H), 2990, 2933,
2870 (Aliph. C-H), 1603, 1582, 1540, 1482, 1467, 1413,
1365, 1327, 1293, 1256, 1191, 1062, 990, 945, 830, 756, 704.
UV-Vis (CHCL): A,,,,» nm (log €): 672 (4.94), 617 (4.44),
325 (4.58). MALDI-TOF-MS, (m/z): Calculated:1397.08;
Found:1398.12 [M+H]* Cg,HgN,,Cu: calcd. C 79.09; H
6.33; N 12.04%; found: C 78.92; H 6.38; N 12.12.

Results and discussion
Synthesis and characterization

We synthesized new symmetrical 4-(9-anthryl(methyl))
amino substituted Co(II) and Cu(II) phthalocyanines. The
synthetic strategy for the synthesis of the target compounds
4 and S is shown in Fig. 1. Compound 1 was reacted with
4-nitrophthalonitrile with K,CO; in DMF to form compound
3 with 85% yield. Then, compound 3 was converted into
phthalocyanines through the usual cyclotetramerization
reactions in the presence of DBU and a metal salt CoCl,
and CuCl, in 1-pentanol with good yields. These com-
pounds were eventually fully characterized by a combina-
tion of elemental analysis and spectroscopic data (UV—-Vis,
FT-IR, MALDI-TOF mass). The spectral investigations of
all of the novel products were consistent with the given
structures. Co(II) and Cu(Il) phthalocyanines 4 and 5 were
purified by column chromatography on basic alumina using
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Fig. 1 The synthetic route of the phthalonitrile, cobalt phthalocyanine and copper phthalocyanine. Reagents and conditions: (i) dry DMF,

K,CO;, 60 °C, 96 h; (ii) n-pentanol, DBU, 160 °C, CoCl,, CuCl,

[(CHCI;:CH;0H, 94:6) or (CHCl;:CH;OH, 92:8)] solvent
mixtures as eluents, respectively.

In the IR spectrum, sharp characteristic peak of the C=N
stretching vibration of the phthalonitrile was obtained at
2229 cm™'. In the "H NMR spectrum of compound 3, the
aromatic protons were obtained at 7.86—7.07 ppm and ali-
phatic protons were obtained at 3.12 ppm. The '3C-NMR
spectra of compound 3 indicated carbon atoms between at
162.68-36.55 ppm. The nitrile carbon atoms for compound
3 were also observed at 115.88 and 115.45 ppm. In the mass
spectum of compound 3, the presence of molecular ion peak
at m/z=351.37 [M+H,0]" confirmed the proposed struc-
tures. The results of the elemental analysis also confirmed
the structure of compound 3.

Here, by comparing the IR spectrum absorption bands
between the phthalonitrile 3 and metal-phthalocyanines,

the sharp peak characteristic of the C=N stretching vibra-
tion of the phthalonitrile at 2229 cm™! disappeared in all
phthalocyanines, indicative of phthalocyanine formation.
All metal-phthalocyanine compounds display almost simi-
lar IR absorption bands. The NMR spectra of peripherally
tetra-substituted Co(II) and Cu(II) phthalocyanines 4 and
5 were not be able to take into precluded owing to their
paramagnetic nature [29]. The mass spectra of compounds
4 and 5, which showed peaks at m/z=1393.38 [M+H]* and
1398.12 [M + H]* respectively support the proposed formula
for these compounds. The results of the elemental analysis
also confirmed the structure of complexes 4 and 5.

Co(II) and Cu(II) phthalocyanines were soluble in most
of organic solvents such as, tetrahydrofuran (THF), dichlo-
romethane, chloroform, DMF, DMSO and pyridine. For
compounds 4 and 5 in CHCI3, the Q bands caused by n—n*
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transitions were observed at 674 and 672 nm respectively
(Fig. 2). The shoulders of compounds 4 and 5 were observed
at: 610 for 4, 617 for 5. Q band regions of compounds 4
and 5, the longer wavelength absorptions are due to the
monomeric species and shorter wavelength absorptions
are due to the aggregated species [30-32]. So, in CHCI,
at 1 x 107 mol dm™ concentration, monomeric behaviour
of MPcs was proved by the dominance of the longer wave-
length absorptions. B bands arising from deeper n levels
to LUMO were observed at: 327 and 325 for compounds 4
and 5, respectively (Fig. 2). In contrast to MPcs, the Q-band
absorptions of metal-free Pcs split to Qx and Qy, and there
were two strong absorption bands in the visible region.

Catalytic studies

The oxidation of substituted phenols with different oxygen
source (TBHP, m-CPBA, H,0, and air oxygen) catalyzed by
Co(II) and Cu(II) phthalocyanines 4 and 5 has been inves-
tigated. The reactions were carried out in a 10 mL DMF
at different temperature. The oxidations were monitored by
GC analysis quantitatively. Among the substituted phenol
oxidation process, 2,3,6 trimethylphenol oxidation gave
the highest product conversion and selectivity (Table 1).
2,3,6-Trimethyl-1,4-benzoquinone (TMBQ) determined as
major product and 2,2',3,3',5,5-hexamethyl-4,4 -biphenyldiol
(BP) as side product were determined (Fig. 3).

Oxidation of substituted phenols did not proceed in the
absence of either oxidant or catalysts 4 and 5. Dioxygen in
air under the reactions were carried out was not acted as
an oxidant for the reactions in the absence of oxidant. It is
proved that presence of the catalyst and oxidant are essential
for the oxidation. All substrate, major products, catalysts
within the oxidation processes are summarized in Table 1.

We also investigated how the concentrations of the
oxidant, substrate and temperature affect the oxidation of
2,3,6-trimethylphenol. Results of the reactions carried out
varying oxidant, substrate and catalyst amounts are given in
Table 2. Firstly, we investigated the effect of the substrate/
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Fig.2 UV-Vis spectrum of complex 4 and 5 in chloroform
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catalyst molar ratio (500-1500) (Table 2) as the other param-
eters were kept constant. It is predicted that the reaction
rate increased with decreasing of the substrate/catalyst molar
ratio. Substrate/catalyst ratio (500) on the oxidation course
gave same main product (TMBQ) with good TON value
and selectivity. (475 for 4, 360 for 5 and 80 for 4, 85 for
5). Secondly, oxygen source effect is determined by using
with H,0,, m-CPBA, TBHP and air oxygen as oxidant. The
results in Table 2 show that TBHP is the best oxidant for
2,3,6-trimethylphenoloxidation in the presence of complex 4
and 5. Additionally, H,O, and m-CPBA can serve as an oxi-
dant but low conversion for both complexes. Adding H,O, or
m-CPBA in the reaction media, the reaction color changed
from green to light brown. This clue explains that complex
4 and 5 was degraded immediately with H,O, or m-CPBA
[33]. The results of studies for complex 4 and 5 using with
air oxygen show that there is no formation of products dur-
ing the oxidation process.

Thirdly, the another important parameter is oxidant/cata-
lyst ratio to find the optimal conditions of 2,3,6-trimethyl-
phenol oxidation. When the increasing oxidant/catalyst ratio
from 300/1 to 800/1, the rate of the reaction increased. In
contrast, while the catalytic oxidation was processing from
800/1 to 1200/1, the conversion inclined to decrasing. At this
stage, it is possible that the coordination around the cobalt
and copper ion can change and produce inactive intermedi-
ate species [34].

According to the results in Table 2, when the tempera-
ture was increased from 25 to 50 °C, the total conversion
was changed from 95 to 44% for complex 4 and 72-50%
for complex 5. It is not observed any product conversion
beyond 50 °C. Therefore 50 °C is the optimum temperature
of 2,3,6-trimethylphenol oxidation with TBHP in 3 h.

Table 3 indicates catalytic activities towards the homo-
geneously oxidation of phenolic compounds of some pre-
viously reported catalyst. Different groups substituted
cobalt(Il), iron(II), manganese(IIl), copper(Il) phthalo-
cyanines were investigated on 2,6-di-tert-buthylphenol,
2,4,6-trichlorophenol, 2,4,5-trichlorophenol, 2,3,6-trimeth-
ylphenol oxidation and 4-nitrophenol oxidation [33, 35—45].
Comparing the catalysts in these literatures, it is infered that
complex 4 will be interesting catalysts in 2,3-dichlorophe-
nol, 4-methoxyphenol, 4-nitrophenol, 2,3,6-trimethylphenol
oxidation.

The proposed mechanism for the oxidation of 2,3,6-trimeth-
ylphenol catalyzed by catalysts 4 and 5 is shown in Fig. 4.
When TBHP is the oxidant, it is believed that interaction of
catalyst and oxidant creates ter-butoxide and ter-perbutoxide
radicals then these radicals react with 2,3,6-trimethylphenol
and herewith 2,3,6-timethylphenoxide radicals are formed
[27]. According to Tiirk and Cimen, an cobalt(III)Pc com-
plex attacks to the carbon atom para position to the phe-
noxide oxygen, resulting in the formation of intermediate I
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Table 1 Oxidation of
substituted phenols catalyzed by
complex 4 and 5

—Q -

Substrate Major product Total Product TON TOF (h™")
conversion selectivity
(%) (%)
4 5 4 5 4 5 4 5
OH (o) 95 72 80 80 475 360 1583 120
(0]
OH OH 80 68 78 60 400 340 1333 1133
L <}f
NO
NO, :
OH (o) 77 70 75 55 385 350 1283 116.7
Cl
Cl
Cl
(0]
OH —O ; O— 65 55 68 56 325 275 1083 91.7
(0]

OCH;

TON =mole of product/mole of catalyst

TOF =mole of product/mole of catalyst X time

Conversion was determined by GC

Catalyst/substrate/oxidant ratio = 1/500/800, reaction time=3 h

OH (0]

Fig.3 The oxidation products of 2,3,6-trimethylphenol

in Fig. 4. Then 2,3,6-trimethyl-1,4-benzoquinone is formed
by proton-mediated elimination of intermediate 1. In the
formation of 2,2',3,3',5,5'-hexamethyl-4,4’-biphenyldiol,
C-C coupling occurs between the resonance forms of

2,3,6-timethylphenoxide radicals with unpaired electron at
para position. The resulting unstable coupling product rear-
ranges itself into more stable tautomeric form. (Fig. 4) [46,
47] We also foresee that a similar mechanism is contained in
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Table2 Selective oxidation Subs./Ox./Cat Oxidant Temperature Conversion  Selectivity®  TON TOF (h™")

of 2,3,6-trimethylphenol with ©0) (%) %)

catalysts 4 and 5 using different

oxidant and temperature 4 5 4 5 4 5 4 5
500/300/1 TBHP 50 66 63 72 68 330 315 110 105
500/500/1 TBHP 50 64 66 65 66 320 330 106.7 110
800/500/1 TBHP 50 36 56 50 70 288 448 96 149.3
1200/500/1 TBHP 50 29 53 78 74 348 636 116 212
1500/500/1 TBHP 50 19 39 62 58 285 585 95 195
500/800/1 TBHP 50 95 72 80 85 475 360 158.3 120
500/1000/1 TBHP 50 70 49 56 67 350 245 116.7 81.7
500/1200/1 TBHP 50 46 43 49 57 230 215 76.7 71.7
500/800/1 m-CPBA 50 50 55 65 59 250 275 83.3 91.7
500/800/1 H,0, 50 64 58 77 69 320 290 106.7 96.7
500/800/1 Air oxygen 50 - - - - - - - -
500/800/1 TBHP 75 90 72 82 79 450 360 150 120
500/800/1 TBHP 90 93 70 61 63 465 350 155 116.7
500/800/1 TBHP 25 44 50 49 39 220 250 73.3 83.3
300/500/free cat. TBHP 50 9 8 - - - - - -
300/free ox./1 TBHP 50 - - - - - - - -

TON =mole of product/mole of catalyst

TOF =mole of product/mole of catalyst X time

Conversion was determined by GC

Reaction conditions: 500/800/1: 1.79 x 10~ mol/2.87 x 10~* mol/3.58 x 10~ mol
Selectivity of TMBQ reaction time=3 h

Table 3 Catalytic activities

Catalyst Substrate Rxn time (h) Rxn temp. (°C) Oxidant Conv. (%) Ref.
towards the homogeneous
oxidation of phenolic CoPc¢! 4-Nitrophenol 3 90 TBHP 97 [33]
compounds of some previously FePc! 75
reported catalyst CoPcTs" DTBP 24 70 o, 66 [35]
FePc*® TCP 24 60 °C KHSO; 85 [36, 37]
CoPc?
CoPcTs?* 2,4,5-TCP 24 75 H,0, 67 [38]
FePcTs? TMP 2 nr' 0, 77 [39]
CoPc! p-nitrophenol 3 90 TBHP 96 [40]
CoPcTs* DTBP 2 75 TBHP 61 [41]
FePcTs" 39
CuPcTs® 05
CoPc! DTBP 3 30 TBHP 93 [42]
FePc*® -
MnPc! 97
CuPc? -
FePcTsP TCP 24 25 H,0, 24 [43]
FePcOCh TCP 10 min 25 H,0, 6 [44]

4CoPcTs = Tetrasulponated cobalt phthalocyanine
PFePcTs = Tetrasulponated iron phthalocyanine
¢CuPcTs = Tetrasulponated copper phthalocyanine
dCoPc = Substituted cobalt phthalocyanine

*FePc = Substituted iron phthalocyanine

fMnPc = Substituted manganese phthalocyanine
£CuPc® = Substituted copper phthalocyanine
"FePcOC = Octa cationic iron phthalocyanine

inr=Not reported
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Fig.4 Proposed mechanism of 2,3,6-trimethylphenol oxidation

the oxidation of 2,3,6-trimethylphenol by the Cu(Il)Pc/TBHP
system.

Conclusion

In this work, we report on the synthesis of Co(II) and Cu(II)
phthalocyanines 4 and 5 which were characterised using
IR, UV-Vis, MALDI-TOF mass spectroscopies and ele-
mental analyses. The optimal conditions are deteremined
in 2,3,6-trimethylphenol oxidation with catalyst 4 and 5.
Results show that Co(IT)phthalocyanine enables high cata-
lytic performance for 2,3,6-trimethylphenol oxidation under
the optimal conditions. Additionally, toxic phenolic com-
pounds, are durable in nature, tun into less harmful products
with the use of complex 4 and 5. The most convenient oxida-
tion conditions are determined with TON, TOF and selec-
tivity for this practicable, time and energy-saving method.

Acknowledgements This study was supported by the Research Fund of
Karadeniz Technical University, (Project No: 5302), Trabzon-Turkey.

References

1. Juretica, D., Kusica, H., Dionysioub, D.D., Loncaric Bozica, A.:
Environmental aspects of photooxidative treatment of phenolic
compounds. J. Hazard. Mater. 262, 377-386 (2013)

2. Rappoport, Z.: The Chemistry of Phenols. Part 2. Wiley, West
Sussex (2003)

3. Pera-Titus, M., Garcia-Molina, V., Banos, M.A., Gimenez,
J., Esplugas, S.: Degradation of chlorophenols by means of
advanced oxidation processes: a generalreview. Appl. Catal. B
47, 219-256 (2004)

4. EPA, July 2002, http://www.scorecard.org

5. EC Decision 2455/2001/EC of the European Parliament and
of the Council of November 20, 2001 establishing the list of
priority substances in the field ofwater policy and amending
Directive 2000/60/EC.(L 331 of 15-12-2001)

@ Springer


http://www.scorecard.org

Journal of Inclusion Phenomena and Macrocyclic Chemistry

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

World Health Organization, Guidelines for Drinking Water
Quality. Vol.II: Health Criteria and Supporting Information,
World Health Organization, Geneva, Switzerland, (1984)
Shannon, R.D., Boardman, G.D., Dietrich, A.M., Bevan, D.R.:
Mitochondrial response to chlorophenols as a short-term toxic-
ity assay. Environ. Toxicol. Chem. 10, 57-66 (1991)
Biyiklioglu, Z., Saka, E.T., Gokce, S., Kantekin, H.: Synth-
sis, characterization andinvestigation of homogeneous oxida-
tion activities of peripherallytetra-substituted Co(II) and Fe(II)
phthalocyanines: oxidation of cyclohexene. J. Mol. Catal. A
378, 156-163 (2013)

Han, Z., Hana, X., Zhao, X., Yua, J., Xu, H.: Iron phthalocya-
nine supported on amidoximated PAN fiber aseffective cata-
lyst for controllable hydrogen peroxide activation inoxidizing
organic dyes. J. Hazard. Mater. 320, 27-35 (2016)
Pirkanniemi, K., Sillanpaa, M., Sorokin, A.: Degradative hydro-
gen peroxide oxidation of chelates catalysed by metallophthalo-
cyanines. Sci. Total Environ. 307, 11-18 (2003)

Shen, C.S., Wen, Y.Z., Kang, X.D., Liu, W.P.: H,0,-induced
surface modification: a facile, effective and environmentally
friendly pretreatment of chitosan for dyes removal. Chem. Eng.
J. 166, 474-482 (2011)

Shena, C., Wena, Y., Shenb, Z., Wuc, J., Liua, W.: Facile, green
encapsulation of cobalt tetrasulfophthalocyanine monomers in
mesoporous silicas for the degradative hydrogen peroxide oxida-
tion of azo dyes. J. Hazard. Mater. 193, 209-215 (2011)
Sorokin, A.B.: p-Nitrido diiron phthalocyanine and porphyrin
complexes: unusual structures with interesting catalytic proper-
ties. Adv. Inorg. Chem. 70, 107-165 (2017)

Ozer, M., Yilmaz, F., Erer, H., Kani, I, Bekaroglu, O: Synthesis,
characterization and catalytic activity of novel Co(II) and Pd(II)-
perfluoroalkylphthalocyanine in fluorous biphasic system; benzyl
alcohol oxidation. Appl. Organomet. Chem. 23, 55-61 (2009)
Makinde, Z.0., Louzada, M., Mashazi, P., Nyokong, T., Khene,
S.: Electrocatalytic behaviour of surface confined pentanethio
cobalt(Il) binuclear phthalocyanines towards the oxidation of
4-chlorophenol. Appl. Surf. Sci. 425, 702-712 (2017)

Saka, E.T., Caglar, Y.: New Co(II) and Cu(II) phthalocyanine
catalysts reinforced by long alkyl chains for the degradation of
organic pollutants. Catal. Lett. 147, 1471-1477 (2017)

. Sorokin, A.B.: Phthalocyanine metal complexes in catalysis.

Chem. Rev. 113, 8152-8192 (2013)

L’Hera, M., Goktug, 0, Durmus, M., Ahsen, V.: A water solu-
ble zinc phthalocyanine: physicochemical, electrochemical stud-
ies and electropolymerization. Electrochim. Acta 213, 655-662
(2016)

Biyiklioglu, Z., Durmus, M., Kantekin, H.: Tetra-2-[2-
(dimethylamino)ethoxy]ethoxy substituted zinc phthalocyanines
and their quaternized analoques: Synthesis, characterization, pho-
tophysical and photochemical properties. J. Photochem. Photobiol.
A 222, 87-96 (2011)

Biyiklioglu, Z., Cakur, V., Cakir, D., Kantekin, H.: Crown ether-
substituted water soluble phthalocyanines and their aggregation,
electrochemical studies. J. Organomet. Chem. 749, 18-25 (2014)
Biyiklioglu, Z., Kantekin, H., Acar, I.: The synthesis and char-
acterization of new organosoluble long chain-substituted metal-
free and metallophthalocyanines by microwave irradiation. Inorg.
Chem. Commun. 11, 1448-1451 (2008)

Acar, I, Kantekin, H., Biyiklioglu, Z.: The synthesis, using
microwave irradiation and characterization of novel, metal-free
and metallophthalocyanines. J. Organomet. Chem. 695, 151-155
(2010)

Biyiklioglu, Z., Giiner, E.T., Topcu, S., Kantekin, H.: Synthesis,
characterization and electrochemistry of a new organosoluble
metal-free and metallophthalocyanines. Polyhedron 27, 1707—
1713 (2008)

@ Springer

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Gok, H.Z., Kantekin, H., Gok, Y., Herman, G.: The synthesis and
characterization of novel metal-free and metallophthalocyanines
bearing four 27-membered dioxadiazapentathia macrocycles.
Dyes Pigm. 74, 699-705 (2007)

Sorokin, A.B.: Phthalocyanine metal complexes in catalysis.
Chem. Rev. 113, 8152 — 8191 (2013)

Isci, U, Dumoulin, F., Sorokin, A.B., Ahsen, V.: N-bridged dimers
of tetrapyrroles complexed by transition metals: syntheses, charac-
terization methods, and uses as oxidation catalysts. Turk. J. Chem.
38, 923-949 (2014)

Cimen, Y., Tiirk, H.: Oxidation of 2,3,6-trimethylphenol with
potassium peroxymonosulfate catalyzed by iron and cobalt
phthalocyanine tetrasulfonates in a methanol-water mixture.
Appl. Catal. A 340, 52-58 (2008)

Giinay, T., Cimen, Y.: Degradation of 2,4,6-trichlorophenol with
peroxymonosulfate catalyzed by soluble and supported iron por-
phyrins. Environ. Pollut. 231, 1013-1020 (2017)

Kamiloglu, A.A., Acar, 1., Bryiklioglu, Z., Saka, E.T.: Periph-
erally tetra-{2-(2,3,5,6-tetrafluorophenoxy)ethoxy} substituted
cobalt(II), iron(II) metallophthalocyanines: synthesis and their
electrochemical, catalytic activity studies. J. Organomet. Chem.
828, 59-67 (2017)

Cakir, V., Cakir, D., Goksel, M., Durmus, M., Biyiklioglu, Z.,
Kantekin, H.: Synthesis, photochemical, bovine serum albumin
and DNA binding properties of tetrasubstituted zinc phthalocya-
nines and their water soluble derivatives. J. Photochem. Photo-
biol. A 299, 138-151 (2015)

Demirbas, U., Akcay, H.T., Koca, A., Kantekin, H.: Synthe-
sis, characterization and investigation of electrochemical and
spectroelectrochemical properties of peripherally tetra 4-phe-
nylthiazole-2-thiol substituted metal-free, zinc(II), copper(I)
and cobalt(Il) phthalocyanines. J. Mol. Struct. 1141, 643-649
(2017)

Dube, E., Nwaji, N., Oluwole, D.O., Mack, J., Nyokong, T.:
Investigation of photophysicochemical properties of zinc phth-
alocyanines conjugated to metallic nanoparticles. J. Photochem.
Photobiol. A 349, 148-161 (2017)

Acar, 1., Bayrak, R., Saka, E.T., Bryiklioglu, Z., Kantekin, H.:
Novel metal-free, metallophthalocyanines and their quaternized
derivatives: synthesis, spectroscopic characterization and cata-
lytic activity of cobalt phthalocyanine in 4-nitrophenol oxida-
tion. Polyhedron 50, 345-353 (2013)

Saka, E.T., Biyiklioglu, Z., Kantekin, H., Kani, I: Synthesis,
characterization and catalytic activity of peripherally tetra-
substituted Co(II) phthalocyanines for cyclohexene oxidation.
Appl. Organomet. Chem. 27, 59-67 (2013)

Kopkalli, Y.T., Tiirk, H.: Catalysis of autoxidation of 2,6-di-tert-
butylphenol in water by metallophthalocyanine tetrasulfonates
bound to polyelectrolyte supports. Turk. J. Chem. 20, 54-61 (1996)
Colomba, C., Kudrik, E.V., Afanasiev, P., Sorokin, A.B., Cataly-
sis Today, 235, 14 (2014)

Kothari, V.M., Tazuma, J.J.: Selective autoxidation of some phe-
nols using salcomines and metal phthalocyanines. J. Catal. 41,
180-189 (1976)

Meunier, B., Sorokin, A.B.: Oxidation of pollutants catalyzed by
metallophthalocyanines. Acc. Chem. Res. 30, 470-476 (1997)
Hadasch, A., Sorokin, A.B., Rabion, A., Meunier, B.: Sequential
addition of H,0,, pH and solvent effects as key factors in the
oxidation of 2,4,6-trichlorophenol catalyzed by iron tetrasulfoph-
thalocyanine. New J. Chem. 22, 45-51 (1998)

Sanchez, M., Chap, N., Cazaux, J., Meunier, B.: Metallophth-
alocyanines linked to organic copolymers as efficient oxidative
supported catalysts. Eur. J. Inorg. Chem. 7, 1775-1783 (2001)
Agboola, B., Ozoemena, K.I., Nyokong, T.: Hydrogen peroxide
oxidation of 2-chlorophenol and 2,4,5-trichlorophenol catalyzed



Journal of Inclusion Phenomena and Macrocyclic Chemistry

42.

43.

44,

by monomeric and aggregated cobalt tetrasulfophthalocyanine. J.
Mol. Catal. A 227, 209-216 (2005)

Ichinohe, T., Miyasaka, H., Isoda, A., Kimura, M., Hanabusa, K.,
Shirai, H.: Functional metallomacrocycles and their polymers,
Part 37. Oxidative decomposition of 2,4,6-trichlorophenol by
polymer-bound phthalocyanines. React. Funct. Polym. 43, 63-70
(2000)

Pergrale, C., Sorokin, A.B.: CR Acad Sci Ser Ilc: Chim 2000
pp:803-810

Saka, E.T., Sarki, G., Kantekin, H.: Facile synthesis of highly
active Co(II) and Fe(II) phthalocyanine catalysts for aerobic oxi-
dation of phenolic compounds. J. Coord. Chem. 68, 1132-1141
(2015)

45.

46.

47.

Di Paola, A., Augugliaro, V., Palmisano, L., Pantaleo, G., Savinov,
E.: Heterogeneous photocatalytic degradation of nitrophenols. J.
Photochem. Photobiol. A 155, 207-214 (2003)

Tiirk, H., Cimen, Y.: Oxidation of 2,6-di-tert-butylphenol with
tert-butylhydroperoxide catalyzed by cobalt(II) phthalocyanine
tetrasulfonate in a methanol-water mixture and formation of an
unusual product 4,4'-dihydroxy-3,3',5,5'-tetra-tert-butylbiphenyl.
J. Mol. Catal. A 234, 19-24 (2005)

Kharasch, M.S., Joshi, B.S.: Base-catalyzed oxidations of hin-
dered phenols. J. Org. Chem. 22, 1439 (1957)

@ Springer



	Preparation, characterization of new Co(II) and Cu(II) phthalocyanines and their catalytic performances in aerobic oxidation of substituted phenols
	Abstract
	Introduction
	Experimental
	Materials
	Synthesis
	Synthesis of 4-[9-anthryl(methyl)amino] phthalonitrile (3)
	General procedure of metal phthalocyanines 4–5
	Synthesis of cobalt(II) phthalocyanine (4) 
	Synthesis of copper(II) phthalocyanine (5) 



	Results and discussion
	Synthesis and characterization
	Catalytic studies

	Conclusion
	Acknowledgements 
	References


