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Abstract:The synthesis of novel zinc, cobalt, indium, and metal-free phthalocyanines carrying four 3-(4-phenyloxy)couma-
rins in the periphery /nonperiphery were prepared by cyclotetramerization of 3-[4-(3,4-dicyanophenyloxy )phenyl|coumarin
(2)/3-[4-(2,3- dicyanophenyloxy)phenyl]coumarin (3). The novel chromogenic compounds were characterized by elemen-
tal analysis, ' H NMR, mass spectra, F-IR, and UV-vis spectral data. The effects of the coumarin units on the zinc,

indium, and metal-free phthalocyanine complexes (2a/3a, 2¢/3c, 2d/3d) were also investigated.
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1. Introduction

Coumarins are naturally occurring benzopyrone derivatives. They have been used largely in the pharmaceuticals,
perfumery, and agrochemical industries as starting materials or intermediates. They are also used as fluorescent
brighteners, as efficient laser dyes, and as additives in food and cosmetics.'™2 The natural and synthetic

4 anti-

coumarins attract great attention due to their wide range of biological properties, including anticancer,
HIV,® anti-inflammatory,% and antibacterial” activities. Plants are the most important source of coumarins, but
extraction from plants is tedious and time consuming and needs sophisticated instrumentation. Many synthetic
methods, like Pechmann condensation; Perkin, Reformatsky, and Wittig reactions; Knoevenagel condensation;

and Claisen rearrangement have been investigated for the synthesis of coumarins. 310

Phthalocyanines (Pcs) were discovered in 1928!! and from then on these synthetic analogues of the
naturally occurring porphyrins have been the subject of extensive research in many different fields.'? Pcs are
planar aromatic macrocycles consisting of 4 isoindole units presenting an 187m-electron aromatic cloud delo-
calized over an arrangement of alternated carbon and nitrogen atoms. Pcs, remarkably robust and versatile
compounds first developed as industrial pigment, have been applied in a wide range of areas such as photo-

15,16 glectrochromic displays,” and photodynamic therapy (PDT)

voltaic devices,'3 catalysts,'4 gas sensors,
agents. '®1° These properties may be modulated by central metals and a huge variety of substitutions attached
to the Pc cores.?%?! Photodynamic cancer therapy (PDT) has been developed over the last century because
of its potential usage in the treatment of some cancers. PDT uses a photosensitizing agent (PS) that is in-

troduced followed by illumination using light of a specific intensity and wavelength to activate the particular
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PS agent. Metallophthalocyanines have been used as photosensitizing agents for photodynamic therapy due to
their intense absorption in the visible region.?2=27

In this study, we aimed to synthesize and investigate the photophysical (fluorescence quantum yields
and lifetimes) and photochemical (singlet oxygen generation and photodegradation) properties of zinc, indium,
and metal-free phthalocyanine complexes substituted with 3-(4-phenyloxy)coumarin as potential PDT agents.
These properties, especially singlet oxygen generation, are very important for PDT of cancer.

This work also explores the effects of ring substitutions on the fluorescence quenching of zinc, indium,

and metal-free phthalocyanines by 1,4-benzoquinone (BQ) using the similar literature. 2

2. Results and discussion

2.1. Synthesis and characterization

3-(4-Phenyloxy)coumarin (1) and 4-nitrophthalonitrile or 3-nitrophthalonitrile were added successively with
stirring to dry DMF. After stirring for 15 min, finely ground anhydrous Ko CO3 was added portionwise over 2
h and the mixture was stirred vigorously at room temperature for a further 48 h. The crude products (2 and 3)
were purified by column chromatography over silica gel using CHCl3 as eluent (Scheme). The metal-free and
metallo-Pc complexes show good solubility in solvents such as DMF and DMSO. The novel compounds were
characterized by elemental analysis FT-IR, 'H NMR, and MALDI-MS spectroscopy.

The IR spectra showed 4 vibration peaks at ca. 3108-3042 cm ~! /3100 cm ! for compound 2/3 due to
the aromatic C—H stretching band. The characteristic vibrational peaks of the carbonyl (C=0) appeared in the
region 1720/1700 cm ~! (for 2 and 3). The vibration peaks corresponding to the C~O-C ether chain appeared
in the range 1234/1256 cm ~! (2/3). The characteristic C=N peaks were also seen at 2222 cm ~! for compound
2 and 2223 cm ! for compound 3.

The 'H NMR spectra showed the expected peak resonances and peak integrals due to the protons of 3-[4-
(3,4-dicyanophenyloxy)phenyl]coumarin (2) and 3-[4-(2,3-dicyanophenyloxy)phenyljcoumarin (3) in DMSO-dg.
The 'H NMR spectra of 2 and 3 showed a characteristic singlet peak for vinylic protons at § 8.20 ppm. In
addition, the chemical shifts of the aromatic protons were observed at 7.85-7.30 ppm for compound 2 and
8.01-7.20 ppm for compound 3 as doublets, respectively.

2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyaninato zinc (II) (2a)/1(3),
8(11), 15(18), 22(25)-tetrakis[3-(4-phenyloxy)phenyljcoumarin phthalocyaninato zinc (II) (3a), 2(3), 9(10),
16(17), 23(24)-tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyaninato cobalt (IT) (2b)/1(3), 8(11 (18)
22(25)-tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyaninato cobalt(II) (3b), 2(3), 9(10), 16(17), 23(24)-
tetrakis[3-(4-phenoxy )phenyl]coumarin phthalocyaninato indium(IIT)acetate (2¢)/1(3), 8(11), 15(18), 22(25)
tetrakis[3-(4- phenyloxy)phenyljcoumarin phthalocyaninato indium(I1I) acetate (3c) and 2(3), 9(10), 16(17)
23(24) tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyanine (2d)/1(3), 8(11), 15(18), 22(25)—tetrakls[3—(4—

phenyloxy)phenyl]coumarin phthalocyanine (3d) complexes were prepared by cyclotetramerization of novel 3-

—
—
ot
—
o

[4-(3,4-dicyanophenyloxy)phenylcoumarin (2) and 3-[4-(2,3-dicyanophenyloxy)phenylcoumarin (3), respectively.
Cyclotetramerization of the dinitril compounds (2 and 3) to the ZnPc¢, CoPc, In(OAc)Pc, and metal-free
complexes (2a-2d/3a-3d) was confirmed by the disappearance of the sharp C=N vibration at 2222 and
2223 cm ! for compounds 2 and 3, respectively. The IR spectra showed characteristic vibrational peaks at
3100/3050/3070/3075/3100-3050/3085/3060/3080 cm ! for complexes 2a/3a/2b/3b/2c/3c/2d/3d to aro-
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Scheme. Synthesis of the starting compounds and metallo-phthalocyanines.

matic C-H stretching frequency. The characteristic vibrational peaks of the carbonyl groups (C=0) appeared
at 1740 em~1 /1720 ecm ! for complexes 2a/3a, at 1712 cm~! /1710 cm~! for complexes 2b/3b, at 1715
em 1 /1729 em ! for complexes 2c/3c, and at 1708 cm ~! /1712 cm ~! for complexes 2d/3d, respectively. The

vibrational peaks were observed at ~1200-1250 cm ~! for all complexes corresponding to C—O-C ether chains.
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The mass spectra of complexes 2 and 3 confirmed the proposed structure. Figures 1 and 2 show the mass
spectral study by the MALDI-TOF technique on the newly synthesized phthalocyanine complexes (2a and 3a)
identified at m/z: 1523 [M] T /1524 [M + 1] in the presence of 2,5-dihydroxybenzoic acid (DHB) (20 mg/mL

in DMF) as a matrix.

= i

3 .

= ] 5

- 5

g ] 5

2 500+ E

£ 500+ @ .
<=t2anrm

4004

300+

200

100

Dmﬁmdwmm

400 600 800 1000 1200 1400 1600 1800 2000 2200

Figure 1. The positive ion and linear mode MALDI-TOF MS spectrum of 2(3), 9(10), 16(17), 23(24)-tetrakis[3-(4-
phenyloxy)phenyl|coumarin phthalocyaninato zinc(II) (2a) (20 mg/mL in DMF) were obtained using a nitrogen laser

accumulating 50 laser shots.
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Figure 2. The positive ion and linear mode MALDI-TOF MS spectrum of 1(3), 8(11), 15(18), 22(25)-tetrakis[3-(4-
phenoxy) phenyl] coumarin phthalocyaninato zinc(II) (3a) (20 mg/mL in DMF) were obtained using a nitrogen laser

accumulating 50 laser shots.
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2.2. UV-visible electronic absorption spectra

The ground state electronic spectra of the compounds showed characteristic absorption bands in the Q band
region at 677/690 nm for 2a/3a, 699/686 nm for 2b/3b, 693/690 nm for 2¢/3c, and 699/685 nm for 2d/3d
in DMF. The B band region was observed around 346/334 nm for 2a/3a, 338/333 nm for 2b/3b, 338/334 nm
for 2¢/3c, and 331/340 nm for 2d/3d in DMF (Table 1). Theoretical knowledge about the UV-vis spectrum
is given in the literature.?*=2% Figure 3A shows a bathochromic shift of 4 nm for compound 2a, with 5 nm for
compound 2b in Figure 3B, 3 nm for compound 2c in Figure 3C, 5 nm for compound 2d in Figure 3D, 17 nm
for compound 3a in Figure 3E, 15 nm for compound 3b in Figure 3F, 12 nm for compound 3c in Figure 3G,

and 10 nm for compound 3d in Figure 3H.

Table 1. The absorption, excitation, and emission wavelengths of the compounds.

B band Q band Excitation | Emission | Stokes shift
Compound )\max (nm) >\max (nm) log c )\Em (nm) )\Em (nm) Asitokes (nm)
2 309 - 4.98/- - 432 123
3 320 - 5.01/- - 441 121
2a 346 677 4.86/5.17 | 682 690 13
2b 338 699 5.00/4.06 | - - -
2c 338 693 5.00/4.78 | 698 700 7
2d 331 699 5.38/4.06 | 703 708 9
3a 334 690 4.9/5.24 | 696 704 14
3b 333 686 5.25/5.41 | - - -
3c 348 691 5.06/4.84 | 700 703 12
3d 338 715 4.74/4.59 | 717 723 8

The differences of UV-vis spectral changes between peripheral and nonperipheral positions are investi-

gated with atomic and molecular orbital theory in the literatures. 2431

2.3. Photophysical measurements (fluorescence quantum yields and lifetimes)

Fluorescence emission spectra were recorded for compounds 2a/3a, 2c/3c, and 2d/3d in DMF for zinc Pc,
indium Pc, and metal-free complexes. The emission peaks were observed at 690/704 nm for 2a/3a, 703 nm
for 2c and 3c, and 708/723 nm for 2d/3d (Table 1). The excitation spectra of all the Pc complexes (2a/3a,
2c/3c, and 2d/3d) are similar to the absorption spectra, and they are mirror images of the fluorescence emission
spectra. Figures 4A—4D show the absorption, fluorescence emission, and excitation spectra for zinc and indium
complexes (2a/3a and 2c/3c), respectively, in DMF.

The fluorescence quantum yields (®r) of the studied zinc Pc, indium Pc, and metal-free complexes
are given in Table 2. The ®p values of peripherally and nonperipherally substituted zinc Pc and indium Pc
complexes were similar and typical of MPc complexes in DMF. The @ values of the substituted zinc Pc, indium
Pc, and metal-free complexes (2a/3a, 2¢/3c, 2d/3d) are lower compared to unsubstituted zinc Pc complex.

Lifetimes of fluorescence (7r) are calculated using the literature.?4=27 A good correlation was found for
the experimentally and theoretically determined fluorescence lifetimes for the phthalocyanine molecules as is the
case in this work for 2a/3a, 2c/3c, and 2d/3d in DMF solution. While 77 and natural radiative lifetime (1)
values of peripherally and nonperipherally substituted zinc, indium, and metal-free phthalocyanine complexes

were lower than the 77 and 7 values of unsubstituted ZnPc complex in DMF'. The rate constants for fluorescence
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Figure 3. UV-vis spectra of metal-free and metallo-Pcs (A: 2a, B: 2b, C: 2¢, D: 2d, E: 3a, F: 3b, G: 3c, H: 3d) in
DMF (1.107° M).
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Figure 4. Fluorescence absorption, emission, and excitation spectra of A: 2a, B: 2¢, C: 3a, and D: 3¢ in DMF.
Excitation wavelength = 682 nm for 2a, 698 nm for 2¢, 696 nm for 3a, 700 nm for 3c.

Table 2. Photophysical and photochemical parameters and fluorescence quenching data of unsubstituted and substituted

phthalocyanine complexes in DMF.

Ikp (571 _ k,/1010
Compound | &p OIN 0¥ TF (ns) | 70 (ns) (Xlo(g) ) Ksy (M™1) (K/I/*l 1)
2a 0.0266 | 0.968 | 3.2 x 10~% 0.247 0.247 0.10 2.49 0.1
2b - - - - - - - -
2c 0.0072 | 0.668 | 1.88 x 10~* 0.154 0.154 | 0.046 5.50 035
2d 0.08 0.408 | 7.83 x 10~° 0.255 0.255 | 0.015 8.75 1.0
3a 0.0153 | 0.632 | 8.67 x 10~° 0.136 0.136 | 0.11 4.76 0.35
3b - - - - - - - -
3c 0.0042 | 0.747 | 3.68 x 10~* 0.071 0.071 | 0.059 5.46 0.6
3d 0.0091 | 0.513 | 1.51 x 10~% 0.174 0.174 | 0.052 4.51 0.259
ZnPc* 0.17%3 [ 0.56% | (2.3 x 107°)%3 | 1.03%3 6.80 1.47 31.90 2.61

“k p is the rate constant for fluorescence. Values calculated using kp = @ JTF .
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(k) of tetra-substituted Pc complexes (2a/3a, 2¢/3c, and 2d/3d) were lower than for unsubstituted ZnPc
complex in DMF.

2.4. Photochemical measurements (singlet oxygen generation)
Theoretical information is given about photochemical measurements (singlet oxygen generation) in the literatu-
e, 24-27,32

In this study, the singlet oxygen quantum yield values of the tetra-substituted zinc, indium, and
metal-free phthalocyanines (2a/3a, 2¢/3c, and 2d/3d) were determined in DMF by chemical method us-
ing diphenylisobenzofuran (DPBF) as a singlet oxygen quencher as in the literature.?* The decreasing of the
absorbances of DPBF at 417 nm under the appropriate light irradiation at 5-s intervals was monitored using
UV-vis spectrometer. No changes were observed in the Q band intensities of the studied phthalocyanines during
the FD determinations, indicating that the studied phthalocyanine compounds were not degraded under light
irradiation (30 V) during singlet oxygen determinations.?4=27 Figures 5A-5C show singlet oxygen quantum
yield respectively for complexes 2a, 2c, 3a, and 3c in DMF. The ® values of 2a/3a and 2c/3c complexes
are higher when compared to unsubstituted ZnPc in DMF.

2.5. Photodegradation studies

Theoretical information is given about photodegradation measurements in the literature.24=27:32

Stable zinc phthalocyanine complexes show ®,; values as low as 106 and for unstable molecules values
of the order of 10 =3 have been reported.?4=27:33 Tt seems that all synthesized Pc complexes (2a/3a, 2c/3c, and
2d/3d) also show similar ®, values and stability to the known zinc phthalocyanine complexes. The ®, values
of the peripherally and nonperipherally substituted zinc Pc complexes are higher than those of the unsubstituted

ZnPc in DMF. Figures 6A—6D show absorption changes during the photodegradation studies for complexes 2a,
2c, 3a, and 3c in DMF.

2.6. Fluorescence quenching studies by 1,4-benzoquinone (BQ)

The fluorescence quenching of zinc phthalocyanine complexes by 1,4-benzoquinone (BQ) was similar to the
literature.24=27 Figures 7TA and 7B show the quenching of complex 2a and 3a by BQ in DMF solution. The
slope of the plots shown in the inset of Figures 7A and 7B gave the K gy values, listed in Table 2. The K gy
values of the peripherally and nonperipherally substituted Pc complexes (2a/3a, 2c/3c, and 2d/3d) were
lower than those of the unsubstituted ZnPc. The substitution with coumarin groups seems to decrease the
K gy values of the complexes in DMF. The bimolecular quenching constant (k,) values of the substituted zinc,
indium, and metal-free phthalocyanine complexes (2a/3a, 2¢c/3c, and 2d/3d) were also lower than those for
the unsubstituted ZnPc, but generally substitution with coumarin groups seems to decrease the k, values of

the complexes.

3. Conclusion

The photophysical and photochemical properties of the peripherally and nonperipherally tetra-substituted zinc,
indium, and metal-free Pc complexes (2a/3a, 2¢/3c, and 2d/3d) in DMF were described for comparison. In
solutions, the absorption spectra showed monomeric behavior evidenced by a single (narrow) Q band for 2a/3a
and 2¢/3c in DMF but metal-free Pc complex 2d/3d gives a doublet QQ band as a result of the Do;, symmetry.
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Figure 5. A typical spectrum for the determination of singlet oxygen quantum yield. These determinations was for A:

2a, B: 2¢, C: 3a, D: 3¢ in DMF at a concentration of 1 x 107° M. (Inset: Plot of DPBF absorbance versus time).

The 3-(4-phenyloxy)coumarin substituted Pc complexes (2a/3a, 2¢/3c, and 2d/3d) have enough singlet oxygen
quantum yields (®a) for photocatalytic reactions, but peripherally substituted zinc Pc has very high singlet
oxygen quantum yields for application in PDT. The peripherally and nonperipherally tetra-substituted Pc
complexes show similar ®; value and stabilities of these complexes.?*~27 The peripherally and nonperipherally
tetra-substituted complexes (2a/3a, 2¢/3c, and 2d/3d) showed lower K, and k, values when compared to
the unsubstituted ZnPc in DMF solution in the fluorescence quenching studies by BQ.

4. Experimental
4.1. Materials
Unsubstituted zinc(II) phthalocyanine (ZnPc) and 1,3-diphenylisobenzofuran (DPBF) were purchased from

Aldrich. 2-Hydroxybenzaldehyde and potassium carbonate (K3 CO3) was purchased from Fluka. P-Hydroxyp-
henylacetic acid was purchased from Sigma Aldrich. N,N-dimethylaminoethanol (DMAE), sodium carbonate
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Figure 6. Absorption changes during the photodegradation studies of the Pc compounds A: 2a/B: 3a and C: 2¢/D:

3c in DMF showing the disappearance of the Q band at 10-min intervals. (Inset: Plot of absorbance versus time). A

2 and energy used was

300-W general electric quartz line lamp was used as a light source. Power density was 18 mW /cm
100 W.

(Na3CO3), calcium chloride (CaCly), zinc acetate (Zn(OAc)2.2H50), cobalt acetate (Co(AcO)2.4H50), and
indium acetate (In(OAc) 3) were purchased from Acros. Dimethylsulfoxide (DMSO), dimethylformamide (DMF)
and acetic anhydride were dried as described by Perrin and Armarego3?* before use. Methanol, n-hexane, chlo-
roform (CHCl3), dichloromethane (DCM), tetrahydrofuran (THF), acetone, and ethanol were freshly distilled.
4-Nitrophthalonitrile,® 3-nitrophthalonitrile,?® and 3-(4-phenoxy)coumarin3’ were synthesized according to

the reported procedures.
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Figure 7. Fluorescence emission spectral changes and Stern—Volmer plots for 1,4-benzoquinone (BQ) quenching of A:

2a and B: 3a (1.00 x 10™° M) on addition of different concentrations of BQ in DMSO. [BQ] = 0, 0.008, 0.016, 0.024,
0.032, 0.040 M.

4.2. Equipment

The IR spectra were recorded on a PerkinElmer 100 FT-IR using KBr pellets. ' H NMR spectra were recorded on
a Varian 500 MHz spectrometer in DMSO-d¢ for compounds 1 and 2. Mass spectra were performed on a Bruker
Daltonics Autoflex IIT MALDI-TOF spectrometer. Absorption spectra in the UV-visible region were recorded
with a Shimadzu 2450 UV spectrophotometer. Fluorescence excitation and emission spectra were recorded on a
HITACHI F-7000 Fluorescence spectrophotometer using 1-cm pathlength cuvettes at room temperatures. The

studies of photo-irradiations were done as described in the literature.?*

4.3. Photophysical parameters
4.3.1. Fluorescence quantum yields and lifetimes

Fluorescence quantum yields (®r) and lifetimes (77) (2a/3a, 2¢/3c, and 2d/3d) were determined by the

comparative method in the literature.24—27
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4.4. Photochemical parameters
4.4.1. Singlet oxygen quantum yields

Singlet oxygen quantum yields (®a) of the samples (2a/3a, 2¢/3c, and 2d/3d) were determined in DMF by

using the photo-irradiation set-up described in the literature.24—27:38

4.4.2. Photodegradation quantum yields

Determination of photodegradation quantum yields (®;) was carried out as previously described in the

literature. 24—27:38

4.4.3. Fluorescence quenching by 1,4-benzoquinone (BQ)

Fluorescence quenching experiments on the substituted zinc, indium, and metal-free phthalocyanine complexes
(2a/3a, 2c¢c/3c, and 2d/3d) were carried out by the addition of different concentrations of BQ to a fixed

concentration of the complexes (2a/3a, 2c¢/3c, and 2d/3d) as reported in the literature. 24=27:39-42

4.5. Synthesis
4.5.1. Synthesis of 3-(4-phenoxy)coumarin (1)

A mixture of 2-hydroxybenzaldehyde (salicylaldehyde) (2.00 g, 16.37 mmol), p-hydroxyphenyl acetic acid
(2.43 g, 16.37 mmol), dry sodium acetate (5.25 g, 65.48 mmol), and anhydrous dry acetic anhydride (15
mL) was heated and stirred at 160-170 °C in a sealed glass tube for 8 h under nitrogen. After cooling
to room temperature, water was added and the mixture was stirred overnight. The resulting solid, 3-(4-
acetoxyphenyl)phenyl coumarin, was filtered, washed with water, and dried. The crude product was suspended
in methanol. Then 10% HCI was added to adjust pH to 3 and the ensuing mixture was heated and stirred at 90
°C for 120 h under nitrogen. The resulting solid, 3-(4-phenyloxy)phenyl coumarin, was filtered, washed with
water, and dried. The slightly brown products were purified by silica gel column chromatography using CHCl 3
as eluent. 37

4.5.2. Synthesis of 3-[4-(3,4-dicyanophenyloxy)phenyl] coumarin (2) and 3-[4-(2,3-dicyanopheny-

loxy)phenyl] coumarin (3)
3-(4-Phenoxy)coumarin (0.50 g, 2.09 mmol) and 4-nitrophthalonitrile (0.36 g, 2.09 mmol) or 3-nitrophthalonitrile
(0.36 g, 2.09 mmol) were added successively with stirring to dry DMF (15-20 mL). After stirring for 15 min,
finely ground anhydrous K2 CO3 (0.8665 g, 6.27 mmol) was added portionwise over 2 h and the mixture was
stirred vigorously at room temperature for a further 48 h. Then the reaction mixture was poured into water
(150 mL) and the precipitate formed was filtered off and washed with water. Column chromatography of the
crude products (silica gel 60, Merck) with chloroform gave pure compounds. The compounds are soluble in
ethanol, methanol, THF, CHCl3, CH,Cly, DMF, and DMSO.

Compound 2: Yield: 0.62 g (83%). mp: 220-230 °C. IR v(cm™!): 3108-3042 (Ar-CH), 1720 (C=0
lactone), 1590 (Ar C=C), 1234 (Ar-O-C). 'H NMR (dg-DMSO, 500 MHz, § ppm): 7.32 (d,J = 8.0 Hz, 1H,
Ar-H,), 7.30 (d, J = 8.0 Hz, 1H, Ar-H,), 8.20 (s, 1H, vinylic Hj), 7.85 (d, 1H, Ar-Hy), 7.80 (d, J = 8.0
Hz, 1H, Ar-Hj), 745 (d, J =8.0 Hz, 1H, Ar-Hg), 7.60 (dd,J = 8.0 Hz, J = 3.0 Hz, 2H, Ar-Hy), 7.70 (d,
J = 8.0 Hz, 1H, Ar-Hg). UV-vis Apay (nm) (log €) (DMF) (1.107° M): 309 nm (4.98). Anal. caled. for
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Ca3H12N203: C 75.82; H 3.29; N 7.69; O 13.18%. Found: C 75.12; H 3.12; N 7.01; O 13.15%. Fluorescence
data: (EM) 1.10™5 M, Aem: 432 nm (DMF). MS (MALDLTOF): m/> 364 [M]*.

Compound 3: Yield: 0.60 g (80%). mp: 200-220 °C. IR v(cm~1): 3100 (Ar-CH), 2968-2930
(aliphatic CH), 2223 (C=N), 1700 (C=0 lactone), 1584 (Ar C=C), 1256 (Ar-O-C). 'H NMR (d¢-DMSO, 500
MHz, 6 ppm): 7.40 (d,J = 8.0 Hz, 1H, Ar-H), 7.30 (d, ortho J = 8.0 Hz, meta,J = 3.0 Hz, 2H, Ar-H,),
7.20 (d, orthoJ = 8.0 Hz, 1H, Ar-Hj3), 7.40 (d, ortho, J = 8.0 Hz, 1H, Ar-Hy), 8.20 (s, 1H, vinylic Hs), 7.70
(d, ortho J = 8.0 Hz, 1H, Ar-Hg), 7.60 (dd, orthoJ = 8.0 Hz, J = 3.0 Hz, 2H, Ar-H7), 8.01 (d, ortho J =
8.0 Hz, 1H, Ar-Hg), 7.85 (d, ortho J = 8.0 Hz, 1H, Ar-Hy), 7.80 (d, ortho J = 8.0 Hz, 1H, Ar-H;g). UV-vis
Amax (nm) (log €) (DMF) (1.107° M): 320 nm (5.01). Anal. caled. for Co3H12N2O3: C 75.82; H 3.29; N
7.69; O 13.18%. Found: C 75.12; H 3.12; N 7.01; O 13.15%. Fluorescence data: (EM) 1.10 7% M, A¢p,: 441 nm
(DMF). MS (MALDL-TOF): m/z 364 [M]*.

4.6. General procedure for the metallo-phthalocyanines

A mixture of 2 or 3 (0.100 g, 0.72 mmol) and metal salts Zn(AcO)5.2H5 0 (0.04 g, 0.06 mmol), Co(AcO)4.4H5 O
(0.04 g, 0.072 mmol), and In(OAc)s (0.04 g, 0.13 mmol) in dry 2-dimethylaminoethanol (DMAE) (1.5 mL)
was refluxed with stirring for 24 h under nitrogen atmosphere at 160-170 °C. At room temperature, methanol
(5 mL) was added to precipitate the product.?4=27 The resulting product was filtered and washed with water,

methanol, ethanol, acetonitrile, ethyl acetate, acetone, acetic acid, and diethylether. The resulting products

were purified by column chromatography on silica gel with CHCl3 as eluent.

4.6.1. Synthesis of 2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl] coumarinphthalo-
cyaninato zinc(II) (2a) and 1(3), 8(11), 15(18), 22(25)-tetrakis[3-(4-phenyloxy)phenyl]
coumarin phthalocyaninato zinc(II) (3a)

Compound 2a: Yield: 0.05 g (50%). mp: >300 °C. IR Ypax (cm™1): 3100 (Ar-CH), 1740 (C=0 lactone),

1595 (C=C), 1222 (Ar-O—C). UV-vis (DMF) Amax (log ) (nm) (1.2.10~5 M): 346 (log ¢ = 4.86), 677 (log

¢ = 5.17); Fluorescence data: (EM) 1.107° M, A, 690 nm and (EX) 1.1075 M, A.,: 682 nm (DMF). MS

(MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1523.167 [M] T .

Compound 3a: Yield: 0.04 g (40%). mp: >300 °C. IR ~max (cm~1): 3050 (Ar-CH), 1720 (C=0
lactone), 1591 (C=C), 1220 (Ar-O-C). UV-vis (DMF) Apax (log €) (nm) (1.2.10 75 M): 334 (log ¢ = 4.91),
690 (log ¢ = 5.24); Anal. Calc. for Co5HgaNgO12Zn: C, 72.47; H, 3.94; N, 7.12%. Found: C, 72.41; H, 3.90;
N, 7.10%. Fluorescence data: (EM) 1.107° M, A¢p: 704 nm and (EX) 1.107° M, Ae;: 696 nm (DMF). MS
(MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1524.04 [M + 1]*.

4.6.2. 2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyaninato co-
balt(II) (2b) and 1(3), 8(11), 15(18), 22(25)-tetrakis [3-(4-phenyloxy) phenyl|coumarin
phthalocyaninato cobalt(II) (3b)

Compound 2b: Yield: 0.03 g (35%). mp: >300 °C. IR Ymax (cm~1): 3070 (Ar-CH), 1712 (C=0 lactone),

1591 (C=C), 1212 (Ar-O-C). UV-vis (DMF) Apax (log €) (nm) (1.2.107° M): 338 (log ¢ = 5.00), 699 (log &

= 4.06); Anal. Calc. for Co5Hga CoNgO1o: C, 72.77; H, 3.95; N, 7.14%. Found: C, 72.76; H, 3.92; N, 7.14%.

MS (MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1517 [M] .
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Compound 3b: Yield: 0.03 g (30%). mp: >300 °C. IR Ymax (cm~1): 3075 (Ar-CH), 1710 (C=0
lactone), 1590 (C=C), 1230 (Ar-O-C). UV-vis (DMF) Apax (log €) (nm) (1.2.107° M): 333 (log € = 5.25),
686 (log ¢ = 5.41); Anal. Calc. for Cg5s Hga CoNgO1o: C, 72.77; H, 3.95; N, 7.14%. Found: C, 72.77; H, 3.93;
N, 7.12%. MS (MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1517 [M] .

4.6.3. 2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl|coumarin phthalocyaninatoin-
dium(III) acetate (2c) and 1(3), 8(11), 15(18), 22(25)-tetrakis[3-(4-phenoxy) phenyl]couma-
rin phthalocyaninato indium(III) acetate (3c)

Compound 2c: Yield: 0.01 g (15%). mp: >300 °C. IR Ymax (cm~—1): 3100-3050 (Ar-CH), 1715 (C=0
lactone), 1593 (C=C), 1210 (Ar—-O-C). UV-vis (DMF) Apax(log ) (nm) (1.2.1075 M): 338 (log € = 5.00),
693 (log € = 4.78); Anal. Calc. for Co;Hgs InNgO14: C, 69.22; H, 4.13; N, 6.66%. Found: C, 69.20; H, 4.11;
N, 6.65%. Fluorescence data: (EM) 1.10 7% M, A¢p: 703 nm and (EX) 1.107° M, A.;: 700 nm (DMF). MS
(MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1631.82 [M]*.

Compound 3c: Yield: 0.015 g (15%). mp: >300 °C. IR Ypax (cm~1): 3085 (Ar-CH), 1729 (C=0
lactone), 1595 (C=C), 1212 (Ar-O-C). UV-vis (DMF) Apax (log €) (nm) (1.2.10 7> M): 334 (log ¢ = 4.91),
690 (log € = 5.24); Anal. Calc. for CoyHgsInNgO14: C, 69.22; H, 4.13; N, 6.66%. Found: C, 69.22; H, 4.13;
N, 6.66%. Fluorescence data: (EM) 1.107° M, A¢pn: 703 nm and (EX) 1.1075 M, M..: 700 nm (DMF). MS
(MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1631.82 [M]*.

4.7. General procedure for the metal-free phthalocyanines

A mixture of 2 or 3 (0.100 g, 0.72 mmol) in dry 2-dimethylaminoethanol (DMAE) (1.5 mL) was refluxed
with stirring for 24 h under nitrogen atmosphere at 160-170 °C. At room temperature, methanol (5 mL)
was added to precipitate the product. The resulting product was filtered and washed with water, methanol,
ethanol, acetonitrile, ethyl acetate, acetone, acetic acid, and diethylether. The resulting products were purified

by column chromatography on silica gel with CHCl3 as eluent.

4.7.1. 2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyanine (2d)
and 1(3), 8(11), 15(18), 22(25)-tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyanine

(3d)

Compound 2d: Yield: 0.03 g (30%). mp: >300 °C. IR Ypax (cm~1): 3060 (Ar-CH), 1708 (C=0 lactone),
1590 (C=C), 1210 (Ar-O-C). UV-vis (DMF) Apax (log ) (nm) (1.2.107° M): 331 (log ¢ = 5.38), 699 (log
e = 4.06); Anal. Calc. for CosHgsNgO1o: C, 75.41; H, 4.36; N, 7.40%. Found: C, 75.40; H, 4.30; N,
7.25%. Fluorescence data: (EM) 1.107° M, Aep: 708 nm and (EX) 1.1075 M, A.,: 703 nm (DMF). MS
(MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1460 [M] ™.

Compound 3d: Yield: 0.025 g (25%). mp: >300 °C. IR ~Ypax (cm~1): 3080 (Ar-CH), 1712 (C=0
lactone), 1595 (C=C), 1220 (Ar-O-C). UV-vis (DMF) Apax (log €) (nm) (1.2.107° M): 340 (log ¢ = 4.82),
685 (log ¢ = 4.95); Anal. Cale. for Co5HgsNgO12: C, 75.41; H, 4.36; N, 7.40%. Found: C, 75.36; H, 4.31;
N, 7.30%. Fluorescence data: (EM) 1.10 7> M, Aep: 723 nm and (EX) 1.107° M, A.;: 717 nm (DMF). MS
(MALDI-TOF) (2,5-dihydroxybenzoic acid as matrix): m/z 1460 [M]*.

1115



KARTALOGLU et al./Turk J Chem

Acknowledgement

We are thankful to the Research Foundation of Marmara University, Commission of Scientific Research
(BAPKO), Project: FEN-C-YLP-150513-0182.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.
25.
26.
27.
28.

1116

References

Kennedy, O.; Zhorene, R. Coumarins: Biology, Applications and Mode of Action, John Wiley and Sons: Chichester,
UK, 1997.

Takadate, A.; Tahara, T.; Fujino, H.; Goya, S. Chem. Pharm. Bull. 1982, 30, 4120-4125.
Jimeinez, M.; Mateo, J. J.; Mateo, R. J. Chromatogr. A, 2000, 870, 473-481.

Belluti, F.; Fontana, G.; Dal Bo, L.; Carenini, N.; Giommarelli, C.; Zunino, F. Bioorg. Med. Chem. 2010, 18,
3543-3550.

Kashman, Y.; Gustafson, K. R.; Fuller, R. W.; Cardellina, J. H.; McMahon, J. B.; Currens, M. J.; Buckheit, R.
W.; Hughes, S. H.; Cragg, G. M.; Boyd, M. R. J. Med. Chem. 1992, 35, 2739-2743.

Stefani, H. A.; Gueogjan, K.; Manarin, F.; Farsky, S. H. P.; Zukerman-Schpector J.; Caracelli, I.; Rodrigues, S. R.
P.; Muscard, M. N.; Teixeira, S. A.; Santin, J. R.; et al. Eur. J. Med. Plants 2012, 58, 117-127.

Basanagouda, M.; Shivashankar, K.; Kulkarni, M. V.; Rasal, V. P.; Patel, H.; Mutha, S. S.; Mohite, A. A. Fur. J.
Med. Chem. 2010, /5, 1151-1157.

Yavari, I.; Hekmat-Shoar, R.; Zonuzi, A. Tetrahedron Lett. 1998, 39, 2391-2392.
Bigi, F.; Chesini, L.; Maggi, R.; Sartori, G. J. Org. Chem. 1999, 64, 1033-1035.

Kaya, E. N.; Yiiksel, F.; Altinbag Ozpmar, G.; Bulut, M.; Durmus, M. Sensor Actuator B, 2014, 19/, 377-388.
Armaroli, N.; Balzani, V. Angew. Chem. Int. Ed. 2007, 46, 52-66.
Meyer, T. J. Acc. Chem. Res. 1989, 22, 163-170.

Kurt, O.; Ozgesmeci, 1.; Giil, A.; Burkut Kogak, M. J. Organomet. Chem. 2014, 75/, 8-15.
Kaliya, O. L.; Lukyanets, E. A.; Vorozhtsov, G. N. J. Porphyr. Phthalocya. 1999, 3, 592-610.
Guillaud, G.; Simon, J.; Germain, J. P. Coord. Chem. Rev. 1998, 180, 1433-1484.

Ding, X.; Shen, S.; Zhou, Q.; Xu, H. Dyes Pigments 1999, 40, 187-191.

Somani, P. R.; Radhakrishnan, S. Mater. Chem. Phys. 2002, 77, 117-133.

Ali, H.; Van Lier, J. E. Chem. Rev. 1999, 99, 2379-2450.

Bonnett, R. Chem. Soc. Rev. 1995, 2/, 19-33.

Bekaroglu, 0. Appl. Organomet. Chem. 1996, 10, 605-622.
Kobayashi, N. Coord. Chem. Rev. 2002, 227, 129-152.
Nas, A.; Demirbas, U7 Pigkin, M.; Durmus, M.; Kantekin, H. J. Lumin. 2014, 145, 635—642.

Okur, I. Photosensitization of Porphyrins and Phthalocyanines; Gordon and Breach Science Publishers, Amster-
dam, the Netherlands, 2001.

Esenpinar, A. A.; Durmus, M.; Bulut, M.  Spectrochim Acta A 2011, 81, 690-697.
Esenpmar, A. A.; Durmus, M.; Bulut, M. Polyhedron 2011, 30, 2067-2074.

Camur, M.; Durmus, M.; Bulut, M. J. Photoch. Photobio. A2011, 222, 266-275.
Bulut, M.; Pigkin, M.; Durmus, M. Inorg. Chim. Acta. 2011, 873, 107-116.

Stillman, M. J.; Nyokong, T. In: Phthalocyanines: Properties and Applications;  Leznoff, C. C.; Lever A. B. P.,
Eds., VCH Publishers: New York NY, USA, 1989, Vol. 1, (Chapter 3).


http://dx.doi.org/10.1248/cpb.30.4120
http://dx.doi.org/10.1016/S0021-9673(99)00890-0
http://dx.doi.org/10.1016/j.bmc.2010.03.069
http://dx.doi.org/10.1016/j.bmc.2010.03.069
http://dx.doi.org/10.1016/j.ejmech.2012.10.010
http://dx.doi.org/10.1016/j.ejmech.2012.10.010
http://dx.doi.org/10.1016/j.ejmech.2009.12.022
http://dx.doi.org/10.1016/j.ejmech.2009.12.022
http://dx.doi.org/10.1016/S0040-4039(98)00206-8
http://dx.doi.org/10.1021/jo981794r
http://dx.doi.org/10.1016/j.snb.2013.12.044
http://dx.doi.org/10.1002/anie.200602373
http://dx.doi.org/10.1021/ar00161a001
http://dx.doi.org/10.1016/j.jorganchem.2013.12.044
http://dx.doi.org/10.1016/S0143-7208(98)00049-7
http://dx.doi.org/10.1016/S0254-0584(01)00575-2
http://dx.doi.org/10.1021/cr980439y
http://dx.doi.org/10.1039/cs9952400019
http://dx.doi.org/10.1002/(SICI)1099-0739(199610)10:8&lt;605::AID-AOC527&gt;3.0.CO;2-U
http://dx.doi.org/10.1016/S0010-8545(02)00010-3
http://dx.doi.org/10.1016/j.jlumin.2013.07.056
http://dx.doi.org/10.1016/j.saa.2011.07.003
http://dx.doi.org/10.1016/j.poly.2011.05.023
http://dx.doi.org/10.1016/j.jphotochem.2011.06.007
http://dx.doi.org/10.1016/j.ica.2011.03.066

29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.
40.

41.

42.
43.

KARTALOGLU et al./Turk J Chem

Wrobel, D.; Boguta, A. J. Photoch. Photobio. A 2002, 150, 67-76.

Konami, M.; Hatano, M.; Tajiri, A. Chem. Phys. Lett. 1990, 166, 605-608.

Mack, J.; Stillman, M. J. J. Am. Chem. Soc. 1994, 116, 1292-1304.

Nas, A.; Kahriman, N.; Kantekin, H.; Yayl, N.; Durmus, M. Dyes Pigments 2013, 99, 90-98.
Nyokong, T. Coord. Chem. Rev. 2007, 251, 1707-1722.

Perrin, D. D.; Armarego, W. L. F. Purification of Laboratory Chemicals; 2nd ed., Pergamon Press: Oxford, UK,

1989.

Young, J. G.; Onyebuagu, W. J. Org. Chem. 1990, 55, 2155-2159.

George, R. D.; Snow, A. W. J. Heterocyclic Chem. 1995, 32, 495-498.

Cakar, M. MSc, Marmara University Institute of Science and Technology, Turkey, 2009.

Brannon, J. H.; Madge, D. J. Am. Chem. Soc. 1980, 102, 62-65.

Seotsanyana-Mokhosi, 1.; Kuznetsova, N.; Nyokong, T. J. Photoch. Photobio. A: 2001, 140, 215-222.

Kuznetsova, N.; Gretsova, N.; Kalmkova, E.; Makarova, E.; Dashkevich, S.; Negrimovskii, V.; Kaliya, O.; Luk’yanets,

E. Russ. J. Gen. Chem. 2000, 70, 133—-140.

Spiller, W.; Kliesch, H.; Wohrle, D; Hackbarth, S.; Roder, B.; Schnurpfeil, G. J. Porphyr. Phthalocya. 1998, 2,

145-158.
Chipman, D. M.; Grisaro, V.; Shanon, N. J. Biol. Chem. 1967, 242, 4388-4394.
Pigkin, M.; Durmus, M.; Bulut, M. J. Photoch. Photobio. A 2011, 223, 37-49.

1117


http://dx.doi.org/10.1016/S1010-6030(02)00132-6
http://dx.doi.org/10.1016/0009-2614(90)87158-N
http://dx.doi.org/10.1021/ja00083a015
http://dx.doi.org/10.1016/j.dyepig.2013.04.014
http://dx.doi.org/10.1016/j.ccr.2006.11.011
http://dx.doi.org/10.1021/jo00294a032
http://dx.doi.org/10.1002/jhet.5570320219
http://dx.doi.org/10.1021/ja00521a011
http://dx.doi.org/10.1016/S1010-6030(01)00427-0
http://dx.doi.org/10.1002/(SICI)1099-1409(199803/04)2:2&lt;145::AID-JPP60&gt;3.0.CO;2-2
http://dx.doi.org/10.1002/(SICI)1099-1409(199803/04)2:2&lt;145::AID-JPP60&gt;3.0.CO;2-2
http://dx.doi.org/10.1016/j.jphotochem.2011.07.014

	Introduction
	Results and discussion
	Synthesis and characterization
	UV-visible electronic absorption spectra
	Photophysical measurements (fluorescence quantum yields and lifetimes)
	Photochemical measurements (singlet oxygen generation) 
	Photodegradation studies
	Fluorescence quenching studies by 1,4-benzoquinone (BQ) 

	Conclusion
	Experimental
	Materials
	Equipment
	Photophysical parameters
	Fluorescence quantum yields and lifetimes

	Photochemical parameters
	Singlet oxygen quantum yields 
	Photodegradation quantum yields 
	Fluorescence quenching by 1,4-benzoquinone (BQ) 

	Synthesis
	Synthesis of 3-(4-phenoxy)coumarin (1)
	Synthesis of 3-[4-(3,4-dicyanophenyloxy)phenyl] coumarin (2) and 3-[4-(2,3-dicyanopheny- loxy)phenyl] coumarin (3)

	General procedure for the metallo-phthalocyanines
	Synthesis of 2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl] coumarinphthalocyaninato zinc(II) (2a) and 1(3), 8(11), 15(18), 22(25)-tetrakis[3-(4-phenyloxy)phenyl] coumarin phthalocyaninato zinc(II) (3a)
	2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyaninato co- balt(II) (2b) and 1(3), 8(11), 15(18), 22(25)-tetrakis [3-(4-phenyloxy) phenyl]coumarin phthalocyaninato cobalt(II) (3b)
	2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyaninatoin- dium(III) acetate (2c) and 1(3), 8(11), 15(18), 22(25)-tetrakis[3-(4-phenoxy) phenyl]couma- rin phthalocyaninato indium(III) acetate (3c)

	General procedure for the metal-free phthalocyanines
	2(3), 9(10), 16(17), 23(24)-Tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyanine (2d) and 1(3), 8(11), 15(18), 22(25)-tetrakis[3-(4-phenyloxy)phenyl]coumarin phthalocyanine (3d)



