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In this study, two novel phthalocyanine complexes were synthesized using their corresponding metal salts and 4-
(4-(3-(2,4,5-trimethoxyphenyl)acryloyl)phenoxy)phthalo-nitrile as chalcone ligand (4), which was prepared
from the reaction of 4-nitrophthalonitrile with 4-hydroxyphenyl-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one
(3). These metallophthalocyanines showed good solubility in organic solvents such as CDCl;, DCM, THF, DMF,
and DMSO. The novel phthalocyanine compounds 4a (Pc-Zn) and 4b (Pc-Co) were characterized using their
UV-vis, FT-IR, 'H NMR, '3C NMR, and MALDI-TOF mass spectra and elemental analysis. Then the DNA-binding

and xanthine oxidase and carbonic anhydrase-I inhibition properties of compounds 4a and 4b were investigated.
Photochemical properties (such as singlet oxygen generation and photodegradation) of this novel chalcone
phthalocyanine (4a) were determined in dimethyl sulfoxide (DMSO).

1. Introduction

Phthalocyanines (Pcs) have been extensively studied due to their
distinct applications, including pigments and dyes [1], chemical sensors
[2], photodynamic therapy sensitizers [3], optical recording and non-
linear optical materials [4], photovoltaics, [5] catalysts [6], electro-
chromic materials [7], electronic device components [8], electro-
chemical applications [9], enzyme inhibition [10,11], and
photochemical [12] and photodynamic therapy [13].

Chalconoids, are natural compounds belonging to the flavonoids.
Chalcones can be easily prepared by Claisen-Schmidt condensation as
mentioned [14,15]. They exhibit electrochromic properties [16],
fluorescence properties [17], thermal and dielectric properties [18,19],
antimicrobial [20], anti-HIV [21,22], antibacterial [23], anti-in-
flammatory [24,25], and anticancer activity [26,27], and also DNA-
binding [28] and enzyme inhibition [29,30]. As stated in the literature,
chalcone compounds are biologically active molecules. In addition,
since chalcones are compounds having good solubility, they are used as
ligands in the synthesis of phthalocyanine compounds. There have been
exciting developments in the treatment of cancer in recent years, but it
still has not reached the desired level. The interaction of DNA with
metal complexes has been an important research topic. DNA is ex-
tremely negatively charged. For this reason, a strong interaction with
oppositely charged species occurs. Therefore, the interaction of
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cationically charged phthalocyanines with DNA has attracted con-
siderable interest in recent years [31-35].

There are several studies on phthalocyanine compounds containing
chalcone [36-43]. In the present study, DNA-binding and enzyme-in-
hibition studies were carried out differently from the literature and a
new study on phthalocyanines containing chalcone was performed. The
synthesis and characterization of new novel Pc-Zn (4a) and Pc-Co (4b)
compounds interdependent with 4-(4-(3-(2,4,5-trimethoxyphenyl)-ac-
ryloyl)phenoxy)phthalonitrile (4) units were conducted. Aims of the
study were therefore the synthesis and characterization of new me-
tallophthalocyanine compounds containing chalcone and study of their
some spectral and photochemical properties.

2. Result and discussion
2.1. Synthesis and characterization

4-Hydroxyphenyl-3-(2,4,5-trimethoxyphenyl)prop-2-en-1-one  (3)
was prepared according to a method reported [15,44]. 4-(4-(3-(2,4,5-
trimethoxyphenyl)-acryloyl)phenoxy)-phthalonitrile (4) was prepared
and used as a starting material for the preparation of novel mono
phthalocyanines. The synthetic route of the new phthalocyanines can
be exhibit in Scheme 1. The novel compounds of phthalocyanine
showed good solubility in different solvents (acetone, DCM, THF, DMF,
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Scheme 1. Synthetic route of compounds 3, 4, 4a, and 4b. (i) KOH 10%, EtOH,
r.t., 24 h; (ii) K,CO3, DMF, 50 °C; (iii) 4a Zn(OAc)»2H,0, DMF, 140 °C, 12 h; 4b
Co(OAc),4H,0, DMF, 140 °C, 12 h.

and DMSO). The compounds 4a and 4b were characterized using their
UV-vis, FT-IR, "H NMR, **C NMR, and MALDI-TOF. The IR spectra of
compound 4 show aromatic (Ar—H) peak at 3069 cm™!; aliphatic
(C—H) peak at 2939 cm™ Y (C=N) peak at 2229 cm ™Y (C=0) peak at
1656 cm ~'; (C=C) peak at 1608, 1584 cm ™~ '. The absence of the O—H
peak at 3284 cm ~ ! in the spectrum and the formation of the C=N peak
at 2229 cm ™! indicate the formation of 4 compounds. No observation
of the peak at 2229 cm ~! (C=N) in the spectrum of compounds 4a and
4b shows that the compounds are phthalocyanine.

The NMR data of compounds 3 and 4 are detailed in the experi-
mental section. In the 'H NMR spectrum the compounds data also
confirm the structures of 3 and 4. The aromatic protons for all the
compounds exhibit between 8.15 and 6.52 ppm. The methoxy protons
for compounds 3 and 4 were observed at 3.94, 3.90, and 3.89 ppm,
respectively. The integral heights in the spectrum of compound 4
confirm the numbers of protons as well. The '*C NMR spectral data are
given in the experimental section. The carbonyl carbon atoms for 3 and
4 were appeared at 190.43 and 189.57 ppm, respectively. The aromatic
carbon atoms appear between 160.96 and 96.87 ppm. The methoxy
carbons for compounds 3 and 4 were observed at around 56.80 and
56.20 ppm, respectively. UV-vis spectra are the best indication for
phthalocyanine compounds. Generally, two absorption bands are ob-
served in the electronic absorption spectrum of phthalocyanine com-
pounds. One of them is in the visible region at about 300-450 nm in the
B band and the other one is in the visible region at 600-750 nm in the
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Fig. 1. UV-vis of compound 4a (1 x 10~ °mol/dm®) in different solutions.

Q-band. The Q-band is bonded to the &t — " transition from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied mole-
cular orbital (LUMO) of the phthalocyanine ring. The B-band absorp-
tions are observed from deeper x levels to the LUMO transitions. In the
present study, the phthalocyanine complexes 4a and 4b in different
solvents (DMSO, DMF, DCM) showed characteristic absorption regions;
one of them is in the UV region at about 360-385nm in the B-band
region and the other one is in the visible region at 580-700 nm in the Q-
band region (Figs. 1 and 2). The mass spectra of phthalocyanines 4a
and 4b were also recorded. Molecular ion peaks were identified at m/
z = 1828.10 as the [M+H]* for 4a and m/z = 1821.05 as the [M
+H]™" for 4b. Molecular ion peaks in the mass spectra support the
proposed molecular formula.

2.2. DNA binding studies

2.2.1. Fluorescence spectroscopic studies

Binding constant (Kg) and n values are calculated by drawing a
chart of log (Fo — F)/F versus log [Q]. Ky is obtained by dividing the
intercept by the slope and the n value is the slope of the plot [45]. The
plot of (Fo — F)/F versus log [Q] is given for 4a and 4b, respectively
(Figs. 3 and 4). The results are shown in Table 1.

Fig. 3 shows the fluorescence spectrum emission spectra of 4a in the
presence of DNA in 5 mM Tris-HCl (pH 7.4) buffer. The arrow represent
intensity changes on the increase in DNA concentration.

Fig. 4 shows the fluorescence spectrum emission spectra of 4b in the
presence of DNA in 5 mM Tris-HCI (pH 7.4) buffer. The arrow represent
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Fig. 2. UV-vis of compound 4b (1 x 10~ °mol/dm®) in different solutions.
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Fig. 3. Fluorescence spectrum emission spectra of the plot of (F, — F)/F versus log [Q] of 4a.

intensity changes on the increase in DNA concentration.

When we titrate the 4a complex with increasing DNA concentration,
fluorescence intensity is increased. This means 4a complex binds to
DNA in a hyperchromic manner. DNA structure and confirmation were
changed by an agent that possesses the hyperchromic feature because
DNA double strands open and these molecules with the intercalator
property intervene between the DNA strands. Titration of 4b with rising
DNA concentration results in decreasing fluorescence intensity; this
effect is named the hypochromic effect. The molecules binding to DNA
with hypochromicity exhibit electrostatic, hydrogen bonding, and hy-
drophobic interactions and therefore these molecules approximate to
the sugar-phosphate backbone. These kinds of agents are generally
groove binders [46].

Table 1

Binding characteristic of 4a and 4b complexes with CT-DNA.
Compound K¢/(L mol ™) n
4a 7821.75 1.20
4b 8113.34 0.67

2.2.2. Enzyme inhibition assay

Xanthine oxidase inhibition activity of 4a and 4b was studied be-
tween 0.125 and 20 uM concentration. The results are presented in
Table 2.

The best enzyme inhibition activity was observed with 4a derivative
and the ICsq value of this compound was 0.290 uM.
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Fig. 4. Fluorescence spectrum emission spectra of the plot of (Fp — F)/F versus log [Q] of 4b.
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Table 2

Inhibition properties of phthalocyanine derivatives against xanthine oxidase.
Compound Percentage xanthine oxidase inhibition 1Cso
Concentration (HM) 0.125 0.250 0.375 0.4 0.45 10 15 20
4a 27.45 28.43 65.69 72.55 84.22 - - - 0.290
4b - - - - - 12.02 17.05 17.09 ND
Allopurinol 5.038"

# Allopurinol was used as positive control for xanthine oxidase inhibition and concentration range was 1-25 uM.

* 1Cso value could not be determined.

Table 3

Inhibition properties of phthalocyanine derivatives against carbonic anhydrase.
Compound Percentage carbonic anhydrase-I inhibition ICso
Concentration (uM)  0.625 2.500 3.125 3.750
4a 27.08 51.04 75.0 81.25 1.69
4b - - - - ND’
Acetazolamide - - - - 7.07"

# Acetazolamide was used as positive control for carbonic anhydrase in-
hibition and concentration range was 1-13.5 uM.
* 1Csp value could not be determined.

A carbonic anhydrase inhibition assay was performed for the two
compounds and inhibition activity was observed just for 4a in very low
concentrations, whereas no inhibition effect was observed for the other
compound (4b) although concentration was increased up to 100 uM
(Table 3) [47,48].

Both xanthine oxidase inhibitors and carbonic anhydrase inhibitors
are important drug candidates for several diseases such as epilepsy
[49], altitude diseases [50], and glaucoma [51]. Moreover, several
isoforms of carbonic anhydrase have anticancer activity such as against
breast cancer [52], prostate cancer [53], and kidney cancers [54]. The
best enzyme inhibition activity was exhibited by 4a for both enzymes.
Compound 4b exhibited inhibition activity against xanthine oxidase
even in very small percentages, but carbonic anhydrase was inhibited
by just 4a. Acetazolamide is an approved and effective inhibitor for
carbonic anhydrase-I and we calculated the ICso value for this com-
pound as 7.07 uyM and compound 4a exhibits better inhibition ac-
cording to acetazolamide. Zn?* ion in the complex might compete with
Zn of the enzyme active site. In the complexes, Zn>* forms complex by
binding N atom of each ligand also carbonic anhydrase is a me-
talloenzyme and it contains Zn>* ion and surrounded by three histidine
residue and water molecule. When Complex 4a containing Zn** ion is
added to reaction media metal ion of complex might replace by metal
ion found in active site of enzyme. On the other hand, we cannot
speculate similar situation for complex 4b. Our results thus indicate
that compound 4a is a strong CA inhibitor that may be used as a lead for
generating more powerful CA inhibitors in further studies.

In our study, the xanthine oxidase ICsy value for allopurinol was
5.038 uM whereas compound 4a had an ICs, value of 0.290 uM.
Compound 4a has crucial inhibition peculiar for this enzyme according
to the positive control. Xanthine oxidase has three major domains; Fe/S
domain, FAD-binding domain and molybdopterin center [55]. Complex
4a is a promising agent for xanthine oxidase inhibition whereas 4b
shows inhibition effect less than almost 100 times of 4a. These two
compounds have similar structure except coordination metals, mo-
lybdopterin region is crucial for xanthine oxidase activity. Compounds
with metal ions can act as antagonistic for molybdenum in mo-
lybdepterin domain. It is declared that some compounds with Zn and Cu
are decreased uric acid level importantly and also xanthine oxidase
activity by preventing oxidation of xanthine, physiological substrate of
the enzyme [56]. In the light of these literature we can suggest that
metal ion is responsible for inactivity of the enzyme.
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Fig. 5. Change observed in UV-vis spectrum during measurement of singlet
oxygen quantum yield of compound 4a in DMSO.

2.3. Photochemical studies

2.3.1. Singlet oxygen quantum yield (®,)

A solution of compound 4a in DMSO was prepared at a concentra-
tion of 1x107°>M for singlet oxygen quantum yield. 1,3-
Diphenylisobenzofuran (DPBF) was added as a singlet oxygen extin-
guisher in solution of 4a in the dark. This mixture, which was prepared
later, was left out of light at a certain time interval of
8.15 x 10" photons™ ! ecm ™2 Absorption change at 417 nm of DPBF
from the UV-vis spectrum was observed (Fig. 5).

No change in the Q band was observed in the singlet oxygen
quantum yield measurement. The calculated result for ®, is close to the
value in the literature. The singlet oxygen quantum yield of compound
4a was calculated as seen from Table 4. As a result, this study indicates
the potential of compound 4a as a photosensitizer in applications of
PDTs.

2.3.2. Photodegradation and quantum yield (®g)

While photodegradation shows resistance to the emission of mole-
cular light, a series of chemical reactions such as dehydrogenation,
dehydromethylation occur. Also, it may cause the formation of chro-
mophore groups such as carbonyls, carboxyls, peroxides, and con-
jugated bonds. The singlet oxygen formed during photooxidation of
phthalocyanine compounds is exposed to depolymerization by in-
troducing into the ring of phthalocyanine and separation reactions

Table 4

Photochemical parameters of 4a in DMSO.
Compound @, D4
4a 0.53 8.9 x 107*
ZnPc” 0.56 2.3x10°°

2 Data from Ref. [61].
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Fig. 6. Change observed in UV-vis spectrum during photodegradation quantum
yield measurement of compound 4a in DMSO.

occur. In the case of attachment of electron-withdrawing substituent
groups to the phthalocyanine compound, oxidation of the phthalocya-
nine ring becomes more difficult and the photodegradation reaction
becomes slower. Compound 4a was dissolved in DMSO, UV-vis spectra
were obtained by exposing the specimen to light at a specific time in-
terval of 3.26 x 10'® photons ™! cm ™2, and the changes in the Q band
were examined (Fig. 6).

As a result of the photodegradation measurements of 4a, only a
decrease in the B and Q bands was observed in the spectrum and no new
peak formation was observed. The photodegradation and quantum
yield of compound 4a are given in Table 4. The calculated ®4 value was
in accordance with the values in the literature. In the literature, com-
pounds with photodegradation values in the range of 103 to 10~ are
considered stable [57].

3. Conclusions

Two novel phthalocyanines [M = Zn (4a) and M = Co (4b)] were
synthesized using their corresponding metal salts and 4-(4-(3-(2,4,5-
trimethoxyphenyl)acryloyl)phenoxy)-phthalonitrile as chalcone ligand
(4), which was prepared from the reaction of 4-nitrophthalonitrile with
4-hydroxyphenyl-3-(2,4,5-trimethoxyphenyl)-prop-2-en-1-one (3). The
newly synthesized phthalocyanines were characterized UV-vis, FT-IR,
H NMR, '3C NMR, and MALDI-TOF mass spectra and elemental ana-
lysis.

When we titrate the 4a complex with increasing DNA concentration,
the fluorescence intensity is increased, but for the 4b complex with
increasing DNA concentration, the fluorescence intensity is decreasing.
Enzyme inhibition activity was exhibited by 4a for both enzymes.
Compound 4b exhibited inhibition activity against xanthine oxidase
even in very small percentages, but carbonic anhydrase was inhibited
by just 4a. Zn®** ion in the complex might compete with Zn of the
enzyme active site.

The photochemical study of compound 4a increased singlet oxygen
production. In the photochemical study, both singlet oxygen production
and photodegradation of compound 4a increased in parallel with the
literature. According to these results, compound 4a may potentially be
used for photodynamic therapy.

Although there are many photochemical studies in the literature,
there is no study on the use of Pc-Co metal, due to the lack of data on
the photochemical properties of compound 4b. Furthermore, we could
not obtain any data as a result of the photochemical measurements on.
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4. Experimental section
4.1. Chemistry

4-Hydroxyacetophenone, 2,4,5-trimethoxybenzaldehyde, 4-ni-
trophthalonitrile, KOH, K,COs, 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU), Zn(OAc)>2H,0, Co(OAc)>4H,0, 1,3-diphenylisobenzofuran
(DPBF), 4-nitrophenyl acetate (Sigma), xanthine (Sigma), potassium
phosphate buffer, calf thymus DNA (CT-DNA) (Sigma), and uric acid
were obtained from commercial suppliers. The solvents, such as
acetone, DMF, DCM, DMSO, and ethanol, were dried and purified. 'H
NMR and '3C NMR spectra were recorded in CDCl; (d 7.26 and 77.0 for
'H and '°C NMR, respectively) using a VARIAN Infinity Plus 300 MHz
NMR spectrometer. UV-vis spectra were measured on a Shimadzu UV
2600 model spectrophotometer and infrared spectra were recorded on
an Ati Unicam Mattson 1000 Series FT-IR (ATR system) spectrometer.
MALDI-TOF spectra were recorded using Bruker Daltonics flexAnalysis.
Fluorescence spectra were measured in a quartz cuvette using a Hitachi
U-2910 and Fluoro Max-4 (Horiba Jobin Yvon), respectively. Elemental
analysis was carried out using a LECO 932 CHNS-O apparatus. A
General Electric halogen lamp (500 W) was used as light source. A 550-
nm glass cut-off filter (Schott) and a water filter were used to filter off
infrared and ultraviolet radiation, respectively.

4.1.1. Synthesis of 4-hydroxyphenyl-3-(2,4,5-trimethoxyphenyl)prop-2-en-
1-one (3)

Chalcone (3) was prepared according to a method reported in the
literature [15,44]. FT-IR max/cm ™ *: 3284cm~' (OH); 3070 cm ™!
(Ar—H); 2839cm™! (aliphatic C—H); 1655cm™! (C=0); 1598,
1576 cm ™! (Ar—C=C). 'H NMR (300 MHz, CD;0H): § ppm 8.10 (d,
J=15.8Hz, 1H, CH), 8.00 (d, J =8.5Hz, 1H, Ar—H), 7.50 (d,
J=5.8Hz, 1H CH), 7.12 (bs, 1H, Ar—H), 6.90 (d, J = 8.8Hz, 1H
Ar—H), 6.52 (s, 1H, Ar—H), 3.94 (s, 3H, O—CH3), 3.90 (s, 3H, O—CHz)
and 3.89 (s, 3H, O—CH3). *C NMR (300 MHz, CD;0H): § ppm 190.43,
161.77, 154.80, 152.54, 143.30, 139.72, 131.25, 130.51, 120.12,
115.69, 115.52, 111.52, 96.96, 56.72, 56.52 and 56.20. Elemental
analysis for [C1gH;805]: C, 68.70; H, 5.71. Found: C, 68.78; H, 5.77%.

4.1.2. Synthesis of 4-(4-(3-(2,4,5-trimethoxyphenyl)acryloyl)phenoxy)
phthalonitrile (4)

4-Nitrophthalonitrile (0.82g, 4.77 mmol) and 4-hydroxyphenyl-3-
(2,4,5-trimethoxyphenyl)prop-2-en-1-one (3) (1.5g, 4.77 mmol) were
dissolved in 25mL of DMF. K,CO3; was added to the mixture over
15 min intervals and the mixture was stirred at 50 °C for 24 h under N,
atmosphere. The reaction was stopped and then precipitated in iced
water. It was filtered, washed with plenty of water, and then dried. A
light yellow solid product was obtained. Yield: 1.86g (86%). MW:
440.46. Mp: 193 °C. FT-IR max/cm ™~ ': 3069 cm ! (Ar—H); 2939 cm ™!
(aliphatic C—H); 2229 em ™! (C=N); 1656 cm ™! (C=0); 1608, 1584,
1560 cm ™! (C=C); 1025 cm ™' (C—O—C). "H NMR (300 MHz, CDCl,): §
ppm 8.15 (d, J = 5.2 Hz, 1H CH), 8.10 (t, J = 2.0 Hz, 1H, Ar—H), 7.78
(d, J = 8.7 Hz, 1H CH), 7.48 (s, 1H, Ar—H), 7.43 (s, 1H, Ar—H), 7.37 (d,
J=2.5Hz, 1H, Ar—H), 7.33 (d, J = 2.5Hz, 1H, Ar—H), 7.19 (d,
J = 2.4Hz, 1H, Ar—H), 7.19 (1H, s, Ar—H), 7.17 (1H, s, Ar—H), 7.12
(1H, s, Ar—H), 3.95 (3H, s, 0—CH3), 3.92 (3H, s, 0—CH3) and 3.90 (3H,
s, 0—CHs). 13C NMR (300 MHz, CDCl5): § ppm 189.57, 160.96, 157.16,
155.11, 153.03, 143.47, 141.16, 136.84, 135.80, 131.43, 122.51,
122.34, 120.32, 119.70, 118.10, 115.44, 115.36, 115.00, 111.70,
109.96, 96.87, 56.80, 56.57 and 56.34. Elemental analysis for
[Ca6H2oN20s]: C, 70.82; H, 4.51; N, 6.25. Found: C, 70.90; H, 4.58; N,
6.36%.

4.1.3. Synthesis of zinc (II) phthalocyanine (4a)

Compound 4 (0.2g, 0.45mmol) and Zn(OAc)>2H,O (0.048¢g,
0.22 mmol) were dissolved in 15 mL of DMF. Next, 2-3 drops of 1,8-
diazabicyclo [5.4.0]-undec-7-ene (DBU) were added to the solution.
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The reaction was then stirred for 24 h at 140 °C in a N, atmosphere. The
mixture was precipitated in 100 mL of ice water. The precipitate was
filtered, washed with hot water and hot alcohol, and dried. 0.10 g of
dark green solid product was obtained. Yield: 48%. Mp > 350 °C. FT-
IR vmax (cm™1): 3059cm™' (Ar—H); 2938cm™! (aliphatic C—H);
1650 cm ™! (C=0); 1595, 1567, 1504 cm~* (C=N, C=C); 1027 cm !
(C—0—C). UV-vis (DMF), Apax, nm: 679, 615, 361. MALDI-TOF MS: m/
z [M]* calc. for Cy94HgoNgOs0Zn: 1827.20; found [M+H]" 1828.10.
Elemental analysis: C, 68.23; H, 4.33; N, 6.01. Found: C, 68.36; H, 4.41;
N, 6.13%.

4.1.4. Synthesis of cobalt (II) phthalocyanine (4b)

Compound 4 (0.2g, 0.45mmol) and Co(OAc)»4H,O (0.056 g,
0.22 mmol) were dissolved in 15 mL of DMF. Next, 2-3 drops of 1,8-
diazabicyclo [5.4.0]-undec-7-ene (DBU) were added to the solution.
The reaction was then stirred for 24 h at 140 °C in a N, atmosphere. The
mixture was precipitated in 100 mL of ice water. The precipitate was
filtered, washed with hot water and hot alcohol, and dried. 0.13 g of
dark green solid product was obtained. Yield: 63%. Mp > 350 °C. FT-
IR vpax(cm™): 3069cm™! (Ar—H); 2943 cm ! (aliphatic C—H);
1652 cm ™! (C=0); 1594, 1566, 1503 cm ™! (C=N, C=C); 1028 cm ™"
(C—0—C). UV-vis (DMF), Amax, Nm: 676, 617, 387. MALDI-TOF MS: m/
z [M]* calc. for C;04HgoNgO20Co: 1820.05; found [M+H]" 1821.20.
Elemental analysis: C, 68.46; H, 4.33; N, 6.07. Found: C, 68.61; H, 4.43;
N, 6.15%.

4.2. DNA-binding studies

4.2.1. Fluorescence spectroscopic studies

DNA-binding properties of complexes were investigated by fluor-
escence spectroscopic method. CT-DNA was used and a constant
amount of complexes was titrated with an increasing amount of CT-
DNA. The concentration of compounds was 10 uM and the CT-DNA
concentration range was 15-100 pM for 4a and 10.3-72 uM for 4b. The
reaction mixture was composed of CT-DNA and compounds in 5 mM
Tris-HCl buffer (pH 7.4) and this mixture was incubated at 37 °C for
10 min. Excitation of compounds 4a and 4b was 348 and 361.6 nm,
respectively. The emission wavelength of 4a and 4b was 684 nm.
Fluorescence intensity of compounds binding to DNA was monitored at
684 nm. The DNA binding constant of compounds was calculated ac-
cording to Eq. (1) [45]:

F—F

log = nlogK,—nlog

1
Fo-P)IP]’
Q- 1
where K, and n are the binding constant and the number of binding
sites in base pairs unit, respectively. Fy and F are fluorescence intensity
in the absence and presence of CT-DNA, and [Q,] and [P,] are the molar
concentrations of DNA.

4.3. Enzgyme inhibition assay

4.3.1. Xanthine oxidase assay

Xanthine oxidase activity in the presence of phthalocyanine com-
plexes with metals such as Zn and Co was assayed by following uric acid
formation. Xanthine was used as substrate. For the control reaction,
reaction mixture (1 mL) containing 50 mM potassium phosphate buffer
(pH 7.5), 0.051 mM xanthine, and 0.024 U xanthine oxidase was used.
On the other hand, in the inhibitor reaction the mixture contained
0.125-40 uM phthalocyanine derivatives. The reaction mixtures were
incubated at room temperature for 5min and uric acid formation was
monitored by measuring the absorbance at 290 nm. A buffer and xan-
thine mixture was used as blank. The inhibition percentage of xanthine
oxidase activity was calculated according to Eq. (2):
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(Acontrol_Asample)

Acontrol

%Xanthineoxidaseactivity = X 100

(2)

4.3.2. Carbonic anhydrase inhibition assay

Carbonic anhydrase was purified from human erythrocytes [47]. 4-
Nitrophenyl acetate was used as substrate. The reaction mixture con-
tained complexes between 1 and 10 uM for 4a and 1 and 50 pM for 4b,
and 1 mM 4-nitrophenyl acetate from 3mM stock and 20 mM Tris
Sulfate (pH 7.4) from 50 mM Tris Sulfate (pH 7.4) and 0.32 U carbonic
anhydrase isoform I. The enzyme activity was assayed by monitoring
absorbance change at 348nm for 3min during 4-nitrophenolate
forming as product. The control reaction mixture was the same except
for complexes [48].

4.4. Singlet oxygen measurements

Compound 4a was dissolved in DMSO. Then 1,3-diphenyliso-
benzofuran (concentration of DPBF: 3 x 10~ ° mol/dm®) was added as
a singlet oxygen quencher. The UV-vis spectrum was obtained by ex-
posing DPBF to a light intensity of 8.15 x 10'® photons™* em ™2 [58].
Eq. (3) was employed for the calculations:
¢ RIH

© = O :
RStd' Iaxbs

3

where @3 is the singlet oxygen quantum yield (®,) for the standard
Zn-Pc (@3 = 0.67 in DMSO) [59]. R and R5* are the DPBF photo-
bleaching rates in the existence of the respective samples (4a) and
standard. Inss and IS are the rates of light absorption by the samples

(4a) and standard.

4.4.1. Photodegradation and quantum Yyield

Photodegradation quantum yield (®4) can be calculated by ex-
amining the change in fluorescence during the degradation of the light-
interacting material. Photodegradation in phthalocyanines is de-
termined by the decrease in the Q band and is calculated using the
trends of the calibration graphs occurring at specific time intervals.
Photodegradation quantum yield is calculated by the following Eq. (4)
[60,61]:

_ (Co—Cp-V-Ny

D,
¢ Laps-S-t

@
where Cp is concentration of the sample before light application, C; is
concentration of the sample after light application, V is the volume
used, N, is the Avogadro constant, t is the irradiation time, S is the field
of spectrophotometric cuvette used for irradiation, and I, is the power
of the light used. A light intensity of 3.26 x 10® photons ™' cm ™2 was
employed for @, determinations.
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