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Abstract

In this study, two novel metallophthalocyanines (ZnPc and CoPc) were synthe-

sized using the corresponding metal salts 4-(4-(4-[4-chlorophenyl]-5-methyl-

isoxazol-3-yl)phenoxy)-phthalonitrile (11), prepared from the reaction of

4-nitrophthalonitrile and 4-(4-[4-chlorophenyl]-5-methylisoxazol-3-yl)phenol

(9). These metallophthalocyanines (MPcs) showed quite solubility in organic

solvents such as dichloromethane (DCM), tetrahydrofuran (THF), dimethyl

formamide (DMF), and dimethylsulfoxide (DMSO). The novel compounds 11a

and 11b have been characterized using their UV–Vis, FT–IR, 1H NMR, 13C

NMR, X-Ray, and MALDI–TOF mass spectra. Supporting information

cocerning with the study has been supplied. Photochemical, photophysical,

and cyclic voltagram properties of these novel 4-(4-(4-[4-chlorophenyl]-5-meth-

ylisoxazol-3-yl)phenoxy substituted metallophthalocyanines (11a and 11b)

were determined in DMF. DNA binding, metal chelating effect assay, and

DPPH [2,2-diphenyl-1-picrylhydrazyl hydrate] radical scavenging assay and

electrochemical studies of MPcs were investigated. Further, the inhibitory

effects of the COX-inhibitor based novel metallophthalocyanines (11a and

11b) and their ligands (10 and 11) were examined on human erythrocyte

carbonic anhydrase I (hCA-I) and II (hCA-II) isoenzymes, and the synthesized

molecules exhibited very strong inhibitory effects on both isoforms.

In addition, the hCA-I and hCA-II inhibition potential of Zn (II) and Co

(II) Phthalocyanine complexes was supported by molecular docking studies.

The binding interaction of metallophthalocyanines complexes 11a, 11b

enzymes were analyzed in detail.
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1 | INTRODUCTION

Phthalocyanines (Pcs) are stable molecules against heat,
light and solvents. Due to the these properties, they have
been used for many years in different fields such as

electrical conductivity, optical storage devices,[1]

gas sensors, antioxidant potential, dyes, and
pigments,[2,3] photovoltaic optics,[4–6] solar cells,[7–9] laser
dyes,[10,11] chemical sensors,[12–15] nonlinear optics,[16,17]

semiconductors,[18–20] liquid crystals,[21] catalytic activity,
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electrochromic properties, and paint industries.[22,23]

Also, phthalocyanines are used as an alternative treat-
ment and diagnostic technique for cancer, and are used
as photosensitizers in PDT by stimulating electrons from
molecular oxygen transferred to reactive single oxygen
species (ROS) in tissue.[24,25] It is very important to use
photosensitizers in the removal of tumor tissues without
the need for surgical intervention. While radiotherapy,
chemotherapy and surgery may have some side effects
such as organ dysfunction occur in the body, in PDT
treatment there is no side effects like this.[26–28] The
another important factor that makes phthalocyanines
viable depends on their solubility. For example; the solu-
bility in common solvents is low, closing the solution
path for the fabrication of electronic and photonic
devices.[29] However, this adverse effect can be elimi-
nated by adding appropriate solubility enhancing side
groups. Azoles, using as appropriate solubility enhancing
side groups, are compounds in the pharmaceutical indus-
try that have numerous applications and are critical for
the synthesis of complex molecules. In particular, five
member aromatic heterocyclic isoxazols; muscimol (1)
has been used as a GABAA agonist and a psychotropic
drug,[30] ibotenic acid (2) used as a neurotoxin,[31]

leflunomide (3) used as an immuno suppressive agent
effective in the treatment of rheumatoid arthritis,[32]

isocarboxazid (4) used as an antidepresant and oxidase
inhibitors (MAOIs),[33] cycloserine (5) used as in
multidrug-resistant tuberculosis (MDR-TB) treatment,[34]

parecoxib and valdecoxib (6) used as a COX-II selective
inhibitors,[35–38] 5-aminoisoxazoles and 5-alkylisoxazoles
used in the construction of molecules with antihista-
minic, analgesic, antibacterial, insecticidal, antiviral
activity (Figure 1).[39]

The determination of dual inhibitors of human car-
bonic anhydrase and human cyclooxygenase enzymes for
the development of new generation drugs, especially for

use in cancer treatment, is an interesting topic with
promising future in the field of medicinal chemistry.[40,41]

So, the selective oxygenase inhibitor derivatives were
treated against carbonic anhydrate isoforms-I and -II,
which had a strong inhibitory effect on the CA inhibitor
isoforms. There are two main groups of CA inhibitor
isoforms (isoform I and isoform II). The first isoform is
the inorganic anions that make the metal complex; the
second isoform is the molecules containing the sulfon-
amide group. Considering these two groups, various
pharmacological classes of CA inhibitors have been
developed.[42] Selective COX-2 inhibitors containing the
sulfonamide group also act as potent inhibitors of various
CA isoenzymes.[41,43] For example, it has been deter-
mined that palmacoxib,[44] celecoxib,[45] valdecoxib,[46]

which are selective inhibitors of COX-2, also have a
strong inhibitory effect on CA-I and CA-II isoenzymes.

Based on this result, the researchers stated that the
potential side effects of COX-2 inhibitors could be
reduced by the inhibitory effect of COX-2 inhibitors on
CAI and CAII isoenzymes[44] Therefore, studies to deter-
mine the effect of COX inhibitors on CA-I and CA-II. iso-
enzymes are very important in terms of evaluating the
potential clinical effectiveness of these inhibitors.

In this study, the synthesis, characterization, determi-
nation of photochemical properties and inhibition effects
on human erythrocytes hCA-I and hCA-II izoenzymes of
new and novelty COX-inhibitor based meta-
llophthalocyanines containing substituted azole groups
were aimed. For this purpose, synthesis, purification and
characterization of ZnPc (11a) and CoPc (11b) meta-
llophthalocyanine compounds, which interdependent
with 4-(4-(4-[4-chlorophenyl]-5-methylisoxazol-3-yl)
phenoxy)-phthalonitrile (11) units, were conducted.
Then, DNA binding, metal chelating effect assay, and
DPPH [2,2-diphenyl-1-picrylhydrazyl hydrate] radical
scavenging assay and electrochemical studies of these

FIGURE 1 Selected examples of

isoxazoles with pharmacological activity
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molecules were investigated. And also the inhibition
effects of these molecules on hCA-I and hCA-II isoen-
zymes were examined. We believe that the results
obtained in the study will make a significant contribution
to the literature.

2 | EXPERIMENTAL

2.1 | Materials and chemicals

4-Hydroxybenzaldehyde, bezylchloride, hydroxy-
amoniumchloride, pyridine, N-chlorosuksinimide (NCS),
hydrochloric acid (HCl), 4-chlorophenylacetone, sodium
hydride (NaH), triethylamin (TEA), 4-nitrophthalonitrile,
potassium carbonate (K2CO3), 1,8-diazabicyclo[5.4.0]
undec-7-ene (DBU), Zn (OAc)2.2H2O, Co (OAc)2.4H2O,
1,3-diphenylisobenzofuran (DPBF), 4-nitrophenyl acetate
(Sigma), potassium phosphate buffer, calf thymus DNA
(CT-DNA) (Sigma), uric acid, tetrabutylammonium
hexafluorophosphate (TBAPF6) were obtained from
commercial suppliers. The solvents such as acetone,
tetrahydrofuran (THF), diethylether, dimethyl
sulfoxide (DMSO), dichloromethane (DCM), N,
N-Dimethylformamide (DMF), and ethanol were dried
and purified.

2.2 | Equipment

1H NMR and 13C NMR spectra were recorded in CDCl3
(d 7.26 and 77.0 for 1H and 13C NMR, respectively) using
an VARIAN Infinity Plus 300 MHz NMR spectrometer
with and TMS as the internal standards. UV–Vis spectra
was measured on a Shimadzu UV 2600 model spectro-
photometer and Infrared spectra were recorded on an Ati
Unicam Mattson 1000 Series FT–IR (ATR system) spec-
trometer. MALDI–TOF spectra were recorded on Bruker
Daltonics flex Analysis. Fluorescence spectra were mea-
sured in a quartz cuvette using Hitachi U-2910 and
Fluoro Max-4 (Horiba Jobin Yvon), respectively. Elemen-
tal analysis was carried out by a LECO 932 CHNS-O
apparatus. General Electric a light source a halogen lamp
(500 W) was used. A 550-nm glass cut off filter (schott)
and a water filter off infrared radiation and ultraviolet,
respectively.

2.3 | Synthesis

For the synthesis of compound (9); the cycloaddition
reaction of arylnitriloxide (8) and 4-chlorophenylacetone
(7) was carried out as in literatures.[38,47,48]

2.3.1 | Synthesis of 4-(4-[4-chlorophenyl]-
5-methylisoxazol-3-yl)phenol (10)

The synthesis of compound 10 was prepared as in the liter-
ature with little modification.[49] To a solution of com-
pound 9 (1.0 g, 2.66 mmol) and Pd/C (10%, 0.18 g) in ethyl
acetate (100 ml) was stirred at room temperature under H2

atmosphere. The completion of the reaction was followed
by TLC indication, finished after for 18 h. After the filtra-
tion of the solution the filtrate was concentrated to give 10
as a colorless residue, recrystallization of the residue gave
white crystals (0.7 g, 93%). Mp 178–180�C. FT–IR
max cm�1: 3161 cm�1 (–OH); 1611, 1594, 1471 cm�1

(C=N, C=C); 1230, 1173, 1091 (C-O and C-N). 1H NMR
(300 MHz, DMSO-d6) δ 9.85 (s, 1H, OH), 7.44
(d, J = 8.5 Hz, AA0 part of AA0BB0 system 2H, Ha and Ha

0),
7.19 (d, J = 8.5 Hz, BB0 part of AA0BB0 system, 2H, Hb and
Hb

0), 7.13 (d, J = 8.6 Hz, AA0 part of AA0BB0 system, 2H,
Hc and Hc

0), 6.74 (d, J = 8.6 Hz, BB0 part of AA0BB0 system,
2H, Hd and Hd

0), 2.48 (s, 3H, [-CH3]);
13C NMR (75 MHz,

DMSO-d6) δ; 167.4, 161.0, 159.4, 133.1, 132.1 (2C), 130.2,
129.6 (2C), 129.5 (2C), 119.6, 116.2 (2C), 114.5, 12.0.

2.3.2 | Synthesis of 4-(4-(4-[4-chlorophenyl]-
5-methylisoxazol-3-yl)phenoxy)phthalonitrile
(11)

4-nitrophthalonitrile (0.61 g, 3.50 mmol) and
4-(4-[4-chlorophenyl]-5-methylisoxazol-3-yl)phenol 10
(1.0 g, 3.50 mmol) was dissolved in 25 mL of DMF. K2CO3

was added over the mixture for 15 min intervals and the
mixture was stirred at 50�C for 24 h under N2 atmosphere.
The reaction was stopped and then precipitated in ice
water. It was filtered, washed with plenty of water and
then dried. A white solid product was obtained. Yield;
1.1 g (76%). Mp 161–163�C. FT–IR max cm�1: 3089 cm�1

(Ar–H); 2929 cm�1 (aliphatic C–H); 2234 cm�1 (C ≡ N);
1629, 1592, 1564 cm�1 (C=N, C=C); 1247, 1209, 1012 (C-O
and C-N). 1H NMR (300 MHz, CDCl3) δ 7.67 (d,
J = 8.4 Hz, 1H), 7.44 (d, J = 8.2 Hz, 2H), 7.32 (d,
J = 7.9 Hz, 2H), 7.24 (s, 1H), 7.19 (d, J = 8.2 Hz, 1H), 7.06
(d, J = 7.9 Hz, 2H), 6.96 (d, J = 7.9 Hz, 2H), 2.38 (s, 3H);
13C NMR (75 MHz, CDCl3) δ; 167.5, 161.3, 160.0, 154.9,
135.8, 134.3, 131.3, 130.9, 129.5, 128.7, 127.1, 122.3, 122.1,
120.8, 118.0, 115.1, 115.0, 109.7, 11.8.

2.3.3 | Synthesis of zinc (II) phthalocyanine
(11a)

Compound 11 (0.2 g, 0.48 mmol) and Zn (OAc)2.2H2O
(0.05 g, 0.24 mmol) dissolved in 15 ml of DMF. 2–3 drops
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of DBU were added onto the solution. The reaction was
then stirred for 24 h at 130�C under N2(g) atmosphere.
The progression of the reaction was controlled with TLC
in THF and MeOH, 1/1 ratio. The mixture was precipi-
tated 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. This compound
is readily soluble DCM, THF, DMF and DMSO. Yield;
48%. Mp > 350�C. FT–IR max cm�1: 2956 cm�1 (Ar–H);
2925, 2855 cm�1 (aliphatic C–H); 1601, 1519, 1492 cm�1

(C=N, C=C); 1229, 1168, 1090, 1012 (C-O and C-N). UV–
Vis (DMF), λmax, nm: 679, 612, 358. MALDI–TOF MS:
m/z [M]+ calcd. For C96H56Cl4N12O8Zn:1711.76; found
[M + H]+ 1712.87.

2.3.4 | Synthesis of cobalt
(II) phthalocyanine (11b)

Compound 11 (0.2 g, 0.48 mmol) and Co (OAc)2.4H2O
(0.06 g, 0.24 mmol) dissolved in 15 mL of DMF. 2–3
drops of DBU were added onto the solution. The reaction
was then stirred for 24 h at 130�C under N2(g) atmo-
sphere. The mixture was precipitated in 100 ml of ice
water. The precipitate was filtered, washed with hot
water and hot alcohol, and dried. 0.12 g of dark green
solid product was obtained. This compound is readily sol-
uble DCM, THF, DMF and DMSO. Yield; 63%.
Mp > 350�C. FT–IR νmax (cm�1): 2952, 2925 cm�1 (Ar–
H); 2855 cm�1 (aliphatic C–H); 1601, 1519, 1491 cm�1

(C=N, C=C); 1232, 1167, 1012 (C-O and C-N). UV–vis
(DMF), λmax, nm: 666, 600, 331. MALDI-TOF MS: m/z
[M]+ calcd. For C96H56Cl4N12O8Co:1705.31; found [M
+ H]+ 1707.39.

2.4 | X-ray data collection of compound
(11)

Crystal Dimensions: Compound 11, approximate 0.13 x
0.12 x 0.10 mm was mounted on a glass fiber. Crystal
System: triclinic, Lattice Type: Primitive, Lattice Parame-
ters: a = 8.7996 (12) Å, b = 9.7400 (11) Å, c = 12.7902
(16) Å, α = 86.169 (5)�, β = 82.076 (6)�, γ = 67.850 (5)�,
V = 1005.5 (2) Å3, Space Group: P-1, Z value: 2, Dcalc:
1.360 g cm�3, F000: 424, μ (MoKα): 0.22 mm�1. Diffrac-
tometer: Measurements were made on a BRUKER
D8-QUEST diffractometer with graphite mono-
chromated, Radiation: MoKα (λ = 0.71070 Å), Absorption
correction: multi-scan, Detector Position: distance was
40.00 mm, θmax/θmin: 26.4�/2.5�, No. of Reflections Mea-
sured: Total: 33893, Unique: 4111 (Rint = 0.076), Absorp-
tion: Tmin = 0.678, Tmax = 0.745. Structure Solution:

Direct Methods, Refinement: Full-matrix least-squares on
F2, Anomalous Dispersion: All non-hydrogen atoms,
No. Observations (I > 2.00σ[I]): 2566, R[F2 > 2σ(F2)]:
0.057, wR(F2): 0.160, Goodness of Fit Indicator: 1.04,
Maximum peak in Final Diff. Map: 0.24 e�/Å3,
Minimum peak in Final Diff. Map: �0.43 e�/Å3.

The structure solution and refinement were realized
by direct methods using SHELXS-97 and refined
by full-matrix least squares methods on F2 using
SHELXL-97,[50] All non-hydrogen atoms were refined
with anisotropic parameters. All H atoms were located
from difference maps and then treated as riding atoms
with C-H distances of 0.93–0.98 Å. The following proce-
dures were implemented in our analysis: program used
for molecular graphics were as follow: MERCURY
program,[51] software used to prepare material for
publication: WinGX[52] Supramolecular analyses were
made and the diagrams were prepared with the aid of
PLATON.[53]

2.5 | Electrochemical study

In this study, cyclic voltammograms of ZnPc and CoPc
compounds (Dyes) were recorded on Gamry Interphase
1000 potentiostat with their electrode system; glassy car-
bon as working electrode, Pt disk as reference electrode,
Pt wire as counter electrode at a scan rate of 100 mV s�1.
All electrochemical measurements were carried
out in DMF solvent containing tetrabutylammonium
hexafluorophosphate (TBAPF6) as supporting electrode
and Fc/Fc + redox couple was utilized as external
standard to calibrate the results.

2.6 | Enzyme inhibition studies

2.6.1 | Isolation and purification of carbonic
anhydrase hCA-I and hCA-II izoforms

Isoenzymes I and II were purified from human erythro-
cytes using the sepharose-4B-L-tyrosine sulfanilamide
affinity column at 280 nm as in our previous
studies.[54–56] The activities of isoenzymes were measured
as in Wilbur–Anderson,[57] purification and quantitative
protein determination was done as in Bradford
method.[58] The purity of The hCA-I and hCA-II isoen-
zymes was checked by Laemmli's SDS-PAGE method
(3%–8%),[59] imaged as a single protein band at approxi-
mately 29 kDa. Active enzyme fractions were pooled and
dialyzed overnight against 0.05 M Tris-SO4 (pH 7.4)
buffer. After dialysis, hCA-I and hCA-II isoenzymes were
separated into small fractions of 1 ml before storation at

4 of 20 KARAKILIÇ ET AL.

 10990739, 2022, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/aoc.6537 by A

hi E
vran U

niv-K
irsehir B

agbasi M
ah.A

hi E
vran U

ni, W
iley O

nline L
ibrary on [27/07/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



�80�C for using. During the experimental studies,
carbonic anhydrase use the p-nitrophenyl acetate
as substrate and hydrolyzes p-nitrophenyl acetate to
p-nitrophenol and acetic acid. The formation of
p-nitrophenol from p-nitrophenyl acetate is monitored by
measuring the absorbance at 348 nm, 25�C for 3 min
using a spectrophotometer. The enzyme unit
was calculated using the absorption coefficient
(ε = 5.4 � 103 M�1 cm�1) of p-nitrophenyl acetate at
348 nm.[60] The enzyme unit is defined as the amount of
enzyme that hydrolyzes one micromole of p-nitrophenyl
acetate to p-nitrophenol and acetic acid under optimal
conditions at 25�C.

2.6.2 | In vitro inhibition studies on hCA-I
and hCA-II izoenzymes

After isolation and purification of enzyme izoforms,
the inhibitory effects of the COX-inhibitor based novel
metallophthalocyanines (11a and 11b) and their
ligands (10 and 11) were determined on the esterase
activity of hCA-I and hCA-II. The activities were
assayed in the presence of at least five different con-
centrations of inhibitors. The experiments were
repeated in triplicate for each inhibitor concentration.
The control activity of the enzyme was accepted as
100%, and activity % plots against the inhibitor concen-
tration were plotted. From these graphs, IC50 values
expressing the inhibitor concentration that reduced the
enzyme's activity by half were determined. Acetazol-
amide (AZA) used as a standard inhibitor for hCA-I
and hCA-II isoenzymes.

2.7 | Moleculer docking assay

2.7.1 | Target preparation

Crystal structure of human Carbonic anhydrase-I (hCA-I)
and Crystal structure of human carbonic anhydrase iso-
zyme II (hCA-II) were selected for docking studies with
pdb id: 5GMM and 3 M98, respectively.[61,62] X-ray crystal
structures of hCA-I and hCA-II were downloaded from
PDB Databank (www.rcsb.org/) with resolutions 2.0 Å
and 1.5 Å, respectively. Enzyme structures were prepared
using the Maestro Protein Preparation Wizard.[63] During
preparation, the missing side chains were filled using the
Prime Module and water molecules except within 5 Å
from the bound ligand were removed. The OPLS-2005
force field was applied to minimize the structure of the
protein. The PROPKA module of Maestro was used to
define the protonation states of amino acid residues.

Schrodinger Suite software was used for these
procedures.[64]

2.7.2 | Ligand preparation

The 3D-Structures of reference ligand, acetazolamide
(Aza) and polmacoxib (Pox) were obtained from the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/).
3-D structures of the metallophthalocyanine complexes
(11a and 11b) and metal free ligand 10 and 11 were
drawn in gauss view GUI. The most stable conformers of
entire ligands were obtained by using Gaussian 09 soft-
ware employing the semiempirical PM6 method in the
implicit solvent of water with the CPCM method. The
best conformers were further optimized by the DFT/
wB97XD/6–31 G(d,p) level. The optimized structures
were exposed to ligand preparation procedure on the
LigPrep module to produce the possible 3D conforma-
tions under the neutral pH by using the OPLS3 force field
and saved in the sdf file format.

2.7.3 | Docking protocol

The AutoDock Vina-based CB-Dock server was used for
the docking experiments.[65] CB-Dock automatically pre-
dicts binding regions of a given protein, calculates the
centers and sizes with a curvature-based cavity detection
approach, customizes the docking box size, and then per-
forms molecular docking with AutoDock Vina.[66]

Autodock Vina use both genetic and local search, a
hybrid Lamarckian genetic algorithm.[67] The results of
docking calculations were evaluated as Vina scores. The
docked pose with the best Vina score and cavity size was
selected to analyze the binding mode using the Maestro
pose viewer. Five different binding sites for each ligand
were defined as the target grid center and set to the
default value of 9 as the pose required for the completion
of each insertion. Vina scores were used as Gibbs free
binding energies obtained from each run. The best bind-
ing free energies obtained for each region were also used
for the calculation of Boltzmann-averaged binding ener-
gies (ΔGba) by means of the Boltzmann distribution equa-
tion (Equation 1), where the number 5 represents each
binding region of enzyme.[68] ΔGba were utilized to calcu-
late binding constants using the following Equation 1:
Kb = exp[�ΔGba/RT], where R is the gas constant and
T = 298 K.

ΔGba ¼
X5

i¼1

e�ΔGi=kT

P5
i¼1 e

�ΔGi=kT
ΔGi ð1Þ
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3 | RESULTS AND DISCUSSION

3.1 | Chemistry

In this study, the cyclooxygenase (COX) enzyme inhibi-
tors, catalyzes the speed limiting phase in the
prostanoids formation from arachidonic acid (AA).
Oxygenase inhibitors encoded by two different genes
are known as COX-1 and COX-2 isoforms. COX-1,
known as the cleaning gene, is present in all tissues,
and while high COX-1 expression is present in throm-
bocyte and gastric mucosa, COX-2 responds to inflam-
matory and mitogenic stimuli.[38] Therefore synthesis
and biological studies of new active molecules by plac-
ing oxygenase enzyme inhibitors such as compound 10,
in a different skeleton are important. The synthesis was
initiated by 1,3-dipolar cycloaddition. It is think that
the aryl nitrile oxides 8 are considered to be a good pre-
cursor for 1,3-dipolar cycloaddition to achieved the syn-
thesis of oxygenase inhibitor derivative 9 by using
cycloaddition reaction of arylnitrile oxides 8 to the
phenylacetone enolate ion 7 regioselectively in the pres-
ence of lithium diisopropylamide at 0�C afforded 9 (yield
65%)[38,47,48] debenzylation reaction of compound 9 with
Pd/C (10%) in ethyl acetate at room temperature under
H2 atmosphere was afforded compound 10
(Scheme 1).[69] The cyclooxygenase derivative 10 was
turned to ftalonitrile compound 11 in DMF using
4-nitrophthalonitrile. After, the metallophthalocyanines
compounds 11a and 11b were performed, their charac-
terization, photophysical, photochemical and electro-
chemical properties were performed, and also this
metallophthalocyanines and their ligands (10 and 11)

were evaluated on the esterase activity of hCA-I and
hCA-II against acetazolamide (AZA).

i. NaH, THF, 0�C, ii. EtOH, Pd/C 10%, H2, 25�C, iii.
EtOH, Pd/C 10%, H2, 25�C, iv. 4-Nitrophthalonitrile,
K2CO3, DMF, 50�C, 24 h. in quant.

Thus, oxygenase inhibitor derivative 10 was reacted
with 4-nitrophthalonitrile in DMF in the presence of
potassium carbonate to obtain new phthalonitrile com-
pound 11 (Scheme 1).[69] Phthalonitrile compound 11 is
thought to have the advantage of application studies for
N4-macrocyclic core of ZnPc and CoPc as ligand. There-
fore, the structure of this compound was studied in detail.
In the 1H-NMR spectrum of compound 11, symmetric
protons resonated in the deserved region, giving doublets
for the two phenyl groups attached to the isooxazole ring.
Three other prominent protons for the nitrile bonded
ring resonated at 7.67 ppm as doublet 7.67 (J = 8.4 Hz,
1H), 7.24 ppm as singlet (s, 1H) and 7.19 ppm as doublet
(J = 8.2 Hz, 1H), respectively. The 20 lines in the 13C-
NMR spectra also confirm the structure. IR spectra of
phthalonitrile compounds exhibited the aromatic (Ar-H)
peak at 3089 cm�1 the aliphatic (Ar-H) peak at
2929 cm�1; the most prominent nitrile (C ≡ N) peak at
2234 cm�1; the double bond (C = C, N = N) peak at
1629, 1592, 1564 cm�1; the single bond (C-O, C-N) peak
at 1247, 1209, 1012 cm�1. For the further analysis, the
single crystal structure analysis of compound 11 was per-
formed (Figure 2).

In this study, peripheral tetra-substituted compounds
containing new Zn (II) phthalocyanine (ZnPc) 11a and
cobalt (II) phthalocyanine (CoPc) 11b were synthesized.
In the procedure, after the ligand 11 and Zn (OAc)2.2H2O
or Co (OAc)2.4H2O were dissolved in DMF, then DBU

SCHEME 1 Synthesis route of compounds

9, 10, and 11
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(2–3 drops) were added onto the stirred solution under
the N2(g) atmosphere at reflux temperature. The progres-
sion of the reaction was controlled with TLC in THF and
MeOH, 1/1 ratio. The forming phthalocyanines after 24 h
were participated and washed with water then hot etha-
nol resulted in 48% yield for ZnPc and 63% yield for CoPc
respectively (Scheme 2).

3.2 | Synthesis and characterization

The synthetic procedure for the new compounds is
outlined in Scheme 2. 11a and 11b phthalocyanine
compounds demonstrated good solubility in organic
solvents such as THF, DCM, Chloroform (CHCl3), DMF

and DMSO. The novel compounds 11a and 11b have
been characterized using their FT–IR, MALDI–TOF, and
UV–Vis. The analysis of 11a was characterized by IR
spectra exhibiting aromatic (Ar-H) peak 2956 cm�1; ali-
phatic (C-H) peaks at 2925, 2855 cm�1; (C=N, C=C)
peaks at 1601, 1519, 1492 cm�1; (C-O and C-N) peaks at
1229, 1168, 1090, 1012 cm�1. Likewise, the compound
11b exhibited aromatic (Ar-H) peaks 2952; aliphatic
(C-H) peaks at 2925 cm�1, 2855 cm�1; (C=N, C=C)
peaks at 1601, 1519, 1491 cm�1; (C-O and C-N) peaks at
1232, 1167, 1012 cm�1 in IR spectra. Also, the absence
of the nitrile (C ≡ N) peak at 2234 cm�1 indicates the
formation of compounds 11a and 11b. The molecular
ion peak for the mass spectra of phthalocyanines 11a
and 11b were also documented. This ion peaks gave m/z

FIGURE 2 Crystal structures of 11

SCHEME 2 Synthetic route of compounds 11a, and
11b from ligand 11

KARAKILIÇ ET AL. 7 of 20
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[M] + calcd. For 11a (C96H56Cl4N12O8Zn):1711.76;
found [M + H] + 1712.87 and for 11b
(C96H56Cl4N12O8Co):1705.31; found [M + H] + 1707.39.
The MALDI–TOF MS results were found to be consistent
with the proposed structures.

3.3 | Crystal structure of compound 11

The molecular structure of compound 11 with the atom
labeling is shown in Figure 2. Both nitriles in molecule
are equivalent and typical of N ≡ C triple bonds [1.137
(3) and 1.140 (3) Å]. The C6-O1-C9 bond angle is 119.45
(19)�, while the C12-C15-C16-C19 torsion angle is 5.4(4)�.
The dihedral angles between isoxazole and phenyl rings
are 23.11 (15)� and 55.67 (12)�. The molecules of com-
pound 11 are connected by C-H���N hydrogen bonds. The
C10 atom acts as hydrogen-bond donor, via atom H10, to
atom N2 in the molecule at (�x, 1 � y, �z), forming a
centrosymmetric R2

2(18) ring centered at (0, 1/2, 0). The
compound 11 also contains three C-H���π interactions.
The combination of these interactions produces 3D
framework.

3.4 | UV–Vis absorption and aggregation
studies

In phthalocyanines is very important to determine the
two absorption bands (B and Q bands) by UV–Vis. One
of these absorption bands is the B band in the visible
region at rougly 300–450 nm, and the other is the Q band
in the visible region at 600–750 nm for meta-
llophthalocyanines. It is seen that absorptions belonging
to B band transition from low energy π levels to LUMO,
whereas the Q-band is bonded to the π ! π* transition
from the highest occupied molecular orbital (HOMO) to

the lowest unoccupied molecular orbital (LUMO) of the
phthalocyanine ring.

UV–Vis spectrophotometer of ZnPc (11a) and CoPc
(11b) phthalocyanine complexes were taken in different
solvents at a concentration of 1x10�5 M. Aggregation
behavior of Pc is defined as the coplanar association of
rings from monomer to dimer. The aggregation behavior
varies depending on the concentration, solvent, structure
of the substituents, metal ions, and temperature.[70]

When aggregation occurs as a result of intramolecular
interactions between the Pc units of MPcs, the electronic
absorption spectrum of the Q band at the 630- to 645-nm
region is observed.[71] It is seen that these compounds
make long wavelength shift (red shift) in Q band position
in DCM. The compounds 11a and 11b were not aggre-
gated in DMF, DMSO and THF, but they were slightly
agglomerated at 618 nm (for 11a) and 616 nm (for 11b)
in DCM (Figure 3a,b).

In addition, the absorption of prepared phthalocya-
nine compounds (11a and 11b) in DMF at concentration
range of 12 � 10�6 and 2 � 10�6 was measured and
aggregation properties were investigated (Figure 4a,b,
respectively). As the concentration increased, it was not
observed that compounds 11a and 11b shifted any wave-
length (blue or red). In addition, concentration of these
compounds against the absorbance graph was plotted
and it was found to comply with Lambert–Beer law.

3.5 | Photochemical parameters

3.5.1 | Singlet oxygen quantum yields (ΦΔ)

Singlet oxygen is generated when its triplet state
interacts with photosensitizer through a process called
light sensitization. Ideal photosensitizers are known
for their ability to produce phototoxic single oxygen.

FIGURE 3 UV–Vis absorption spectra of (a) 11a and (b) 11b in different solutions. Concentration = 1.00 � 10�5 M

8 of 20 KARAKILIÇ ET AL.
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The amount of single oxygen formed after the
stimulation of phthalocyanines is explained as single oxy-
gen quantum yield (ΦΔ).

[72] When singlet oxygen genera-
tion has a low yield, it is possible to increase the yield by
using various photosensitizers. Singlet oxygen quantum
yield is defined as the ratio of the number of moles of the-
oretically occurring singlet oxygen to the number of
moles of absorptive photons. However, in practice singlet
oxygen is determined by consumption with the aid of an
extinguisher.

To measure singlet oxygen quantum yield of com-
pound 11a at 1.0x10�5 M in DMF was performed
according to the known method using singlet oxygen
quencher 1,3-Diphenylisobenzofuran (DPBF) at 1.0x10�3

M. The time-dependent decrease in absorbance of this
quencher every 5 seconds was monitored spectroscopi-
cally using 8.15 � 1015 photon s�1 cm�2 light at 417 nm

(Figure 5). Since the DPBF compound was very sensitive
to light, the solution was prepared in the dark. Singlet
oxygen quantum yield was calculated using Equation 2
(Table 1).

The singlet oxygen quantum yield is calculated by the
following equation.

ΦΔ ¼ΦStd
Δ

R : IStdabs

RStd:Iabs
ð2Þ

where ΦStd
Δ is the singlet oxygen quantum yield (ΦΔ)

for the standard Zn-Pc (ΦStd
Δ =0.56 in DMF)[74] R and

RStd are the DPBF photobleaching rates in the existence
of the respective samples (11a) and standard. Iabs and
IStdabs are the rates of light absorption by the samples (11a)
and standard.

FIGURE 4 Absorbance changes of

compound 11a (a) and 11b (b) in DMF at

concentrations from 12 � 10�6 to 2 � 10�6 M
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3.5.2 | Photodegradation quantum yield (Φd)

Photodegradation is the chemical reaction that results
from exposure of molecules to light. As a result of
these reactions may occur in chromophore groups.
Chromophoric groups are special structures that can
bind to color-imparting hydrocarbons. The calculation
of the photodegradation quantum yield is made by
examining the change in absorption spectrum during
the photodegradation of the material. Photodegradation
is detected by the change in the Q band. The synthe-
sized compound 11a was dissolved in DMF (1.0 � 10�5

M) and exposed to 3.26 � 1016 photons s�1 cm�2 light
at certain time intervals and UV–vis spectra were
taken to examine the change in Q bands at 679 nm.
Accordingly, Figure 6 confirms that photo distortions
without phototransformation occur with reduced Q-
band density. According to Figure 6, photodisorders
without phototransformation occur with a decrease in
Q-band density. The Φd values of phthalocyanines are
known to be as low as 10�6 for stable derivatives and
10�3 for unstable.[75] In addition, it is known that
highly unstable molecules degrade before they have
time to act, while highly stable molecules cannot be
easily eliminated by the host organism.[73] According
to the data in Table 1, it can be said that Zinc
(II) phthalocyanine 11a shows at close stability due to
conjugation when compared to standard ZnPc.

Photodegradation quantum yield (Φd) is calculated by
the following Equation 3.

Φd¼ C0�Ctð Þ:V:NA

Iabs: S: t
ð3Þ

where C0 and Ct are the samples (11a) concentrations
before and after irradiation, V is the reaction volume, NA

is the Avogadro's constant, S is the irradiated cell area,
t is the irradiation time, and Iabs is the overlap integral of
the radiation source light intensity and the absorption of
the samples (11a).

3.6 | Fluorescence quenching studies
1,4-benzoquinone (BQ)

Fluorescence quenching properties of compound 11a
were performed using a saturated benzoquinone
(BQ) solution at 1.0 � 10�5 M DMF. The results of
quenching were found to be consistent with the kinetics
of diffusion-controlled Bimolecular Reactions Kinetics
(Stern-Volmer Kinetics). The fluorescence emission
reduction of compound 11a by the addition of BQ at dif-
ferent concentrations in DMF is shown in Figure 7.

Quinones are known to have high electron affinity
and their participation in electron transfer processes is
good.[76] The lowest stimulated state energy for Quinones
is greater than the stimulated single state energy of MPc
complexes.[77] Therefore, the transfer of energy from the
stimulated MPc to the BQ is unlikely to take place; more-
over, MPcs are known to decline easily. Fluorescence
MPc quenching by BQ occurs by electron transfer from
excited state from MPc to BQ.[78] Moreover, the Stern–
Volmer constant (Ksv) value was found to be 68.4 M�1

on the slope plot plotted against BQ concentration. The

FIGURE 5 Absorbance changes for the

determination of singlet oxygen quantum yield

of complex 11a (1.0 � 10�5 M) in DMF using

DPBF as singlet oxygen quencher. (Inset: plot of

DPBF absorbance versus time)

TABLE 1 Photochemical parameters of 11a in DMF

Compound ΦΔ Φd (� 10�4)

11a 0.44 0.26

ZnPc[a] 0.56 0.23

aData from Zorlu et al.[73] and Baran et al.[74]
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substituted complex 11a appears to increase Ksv values
in DMF with the Zn (II) complex group of continuous
Schiff base containing continuous conjugation as com-
pared to the standard ZnPc (Std-ZnPc = 57.60 M�1 in
DMF).[73]

The changes in fluorescence emission spectra of
substituted Zn (II) phthalocyanine 11a by adding BQ in
different concentration were studied. And also, the
changes in fluorescence intensity related to BQ concen-
tration by the Stern–Volmer (S–V) equation Equation 4
were recorded[79]:

I0=I¼ 1þKSV BQ½ �: ð4Þ

where I0 and I are the fluorescence intensities of fluo-
rophore in the absence and presence of quencher, respec-
tively; [Q] is the concentration of the quencher, and Ksv
is the Stern–Volmer constant.

3.7 | Electrochemical studies for ZnPc
and CoPc compounds

Cyclic voltammetry (CV) was used to investigate the elec-
trochemical properties of phtalocyanine compounds, 11a
and 11b. (Figure 8).

Cyclic voltametry were utilized to investigate electro-
chemical properties for metal phythalocyanine complexes
(MPc, M = Zn, Co). Cyclic voltamogrames of the com-
plexes calibrated with external ferrocene standard (0,36 V
vs. Pt disk pseudo-reference electrode) and recorded at
100 mV s�1 is given in Figure 8. Electrochemical parame-
ters were tabulated at Table 2. MPcs showed an
irrevesible oxidation at 0.70, 0.79 V and a reversible
reduction peaks�1.12, �1.24 V for ZnPC and CoPc
respectively, which can be assigned to ring based-redox
processes.[80] An additional oxidation peak was appeared
in CV of CoPc at 0.46 as cobalt is redox active matal

FIGURE 7 Flourescence emission spectral

changes of 11a (1.0 � 10�5 M) on addition of

different concentrations of BQ in DMF. [BQ]

= 0, 0.008, 0.016, 0.024, 0.032, 0.040 M

FIGURE 6 Electronic absorption spectral

changes during the investigation of the

photodegradation quantum yield of compound

11a (1.0 � 10�5 M). (Inset: plot of absorbance

versus time)

KARAKILIÇ ET AL. 11 of 20
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which results from the fact that central atom 3d orbitals
of MPcs lie between HOMO and LUMO orbitals of the
system at CoPcs but below the HOMO level of the system
at ZnPcs.[81,82] CoPcs display blue shifted Q band maxima
in the absorption spectra compared to ZnPc because the
complexes bearing open-shell metal ions like cobalt
(II) interact strongly with the Pc compared to zinc (II).
This leads to lower absorption onset which corresponds
to higher band gap energy.[83]

3.8 | Biological evaluation

3.8.1 | DNA binding studies

In the study of absorption spectra, predicting the DNA
binding mode and the affinity of metal compounds with
DNA is one of the important techniques. Experimental
results show that metal phthalocyanine compounds bind
to the DNA by intercalative binding mode, which has a
high binding affinity for DNA.[86,87] Zinc phthalocyanine
compound has been shown to interact with DNA and
binding of the compound does not affect the structure of
the phthalocyanine ring.[88] Electronic absorption titra-
tion is one of the most important techniques to estimate
the binding mode and propensity of compounds by CT-
DNA.[74] In electronic absorption titration, the strong

interaction of π-π * between aromatic chromophore
groups and DNA bases affects batchromism, hypo-
chromicity and isosbestic point intercalation.[89] In the
case of intercalation, a strong stacking interaction occurs
between DNA base pairs and compounds. The strong
stacking interaction, binding of an intercalative com-
pound to DNA leads to hypochromism (reduced absorp-
tion intensity) and significant barochromism (red shift
wavelength) in the absorption spectrum.[74]

In this study, titration with DNA in the absence and
presence of CT-DNA was performed to investigate the
binding mode of compounds 11a and 11b with DNA.
However, compound 11b did not bind to DNA because it
produced aggregation in the aqueous solution, and also
there was no red shift due to hypochromism and low
binding constants. The compound 11a gives a strong and
characteristic Q-band absorption in the Q absorption
region between 642 and 687 nm. The absorption spec-
trum of 11a with increasing CT-DNA concentration is
shown in Figure 9.

These results indicated that compound 11a interacts
with CT-DNA and binds to CT-DNA by intercalation
binding mode, and accordingly, demonstrated 8.6%
bathoromromic. The binding mode of compound 11a
with CT-DNA was analyzed quantitatively. Kb values of
11a estimated from the Wolfe-Shimmer equation were
4.6 � (± 0.56) 103 M�1. The binding constant of 11a is

FIGURE 8 Cyclic voltammograms of 11a and 11b in DMF

containing 0.1 M TBABF4

TABLE 2 Electrochemical properties of 11a and 11b

Dye λmax (nm) λonset (nm) Eo-o (eV)
a Ered (V) Eox (V) Eox (V) EHOMO/LUMO (eV) b,c

11a 679 699 1.77 �1.12 0.70 — �5.13/�3.36

11b 666 689 1.80 �1.24 0.79 0.46 �5.01/�3.21

aBand gap (E0–0) was calculated from the absorption onset wavelength (λonset) using E0–0 = 1240/λonset.
bHOMO level was calculated by the equation HOMO = �(4.8 + E1/2) (vs. Fc/Fc

+).[84] In this equation, 4.8 eV is the energy level of ferrocene/ferrocenium
couple below the vacuum level.
cLUMO level was estimated from ELUMO = EHOMO + E0–0.

[85]

FIGURE 9 Absorption spectrum of 11a upon increasing

amounts of CT-DNA
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lower than the binding constant of ethidium bromide a
known DNA intercalator (Kb = 1.23 ± 0.07 � 105). These
results suggest the existence of non-intercalative interac-
tions between synthesized phthalocyanines and CT-
DNA.

3.8.2 | DPPH radical scavenging assay

1,1-diphenyl-2-picrylhydrazyl (DPPH) is widely used as
free radical-scavenging in the determination of various
free radical compounds. This process is based on the
reduction of DPPH in the presence of an antioxidant in
solution and the formation of non-radical DPPH-H by
hydrogen-giving.[90] When the DPPH is reacted with the
antioxidant compound that gives off a hydrogen atom, it
causes the loss of violet color by reducing the antioxidant
by giving it an H atom and forming the DPPH-H form.[91]

The antioxidant properties of phthalocyanine compounds
(11a and 11b) were tested in vitro using DPPH free radi-
cal scavenging assay according to literature.[74] Radical
scavenging activity results of Pc compounds compared to
gallic acid are shown in Table 3. While 11a showed weak
DPPH radical scavenging capacity, 11b showed better
effect. (Study concentrations 6.65 ± 0.39%, 9.84 ± 0.42%,
23.66 ± 0.26%, 25.76 ± 0.39% and 10.2 ± 0.36%, 17.62
± 0.31%, 23.25 ± 0.28%, 29.75 ± 0.41% 11a and 11b,
respectively). 11a and 11b were not as effective as gallic
acid when their DPPH radical scavenging capacities were
taked into account (Figure 10).

3.8.3 | Metal chelating effects assay

Transition metals are essential elements that provide
enzyme activity in the human body. But at the same
time, unpaired electrons can react quickly with peroxides
and form alkoxyl radicals. Therefore, chelating transition
metals by antioxidants can be considered an important
mechanism in the oxidation process.[92] In this study,
metal chelating activities were determined by comparison
with EDTA as reference compound. Experimental

methods and applications were made according to litera-
ture.[74] Metal chelating activity of the phthalocyanines
was determined at 25, 50, 75, and 100 μM concentrations
using their 1 mM stock solutions in DMSO. Table 4 pre-
sents ferrous ions chelating activity (%) of 11a and 11b.
For all studied samples the chalation activity increased
while increasing their concentrations. 11a and 11b
showed low ferrous ion chalation properties when com-
pared with EDTA (Figure 11).

3.8.4 | In vitro inhibition results of COX-
inhibitor based metallophthalocyanines on
hCA-I and hCA-II izoenzymes

In the literature, it was reported that palmacoxib,
celecoxib, valdecoxib'in had dual inhibitors effect on
hCOX and hCA isoenzymes.[41,44–46] Also, in recent
years, it has been determined that trimethyllithymide
compounds and dihydrothiazole benzenesulfonamides
have double inhibition effects for hCOX (COX1/COX2)
isoenzymes and hCA (CAI/CAII/CAIX/CAXII)
isoenzymes.[74]

Accordingly in this study, Zn (II) phthalocyanine
(11a) and Co (II) phthalocyanine (11b) molecules were
synthesized by placing the 10 molecule, which is a

TABLE 3 Radical-scavenging

activity on DPPH radicals (%) of the

phthalocyanines

Concentrations (μM)a 11a 11b Gallic acidb

25 6.65 ± 0.39c 10.2 ± 0.36c 68.88 ± 0.40c

50 9.84 ± 0.42c 17.62 ± 0.31c 81.53 ± 0.42c

75 23.66 ± 0.26c 23.25 ± 0.28c 87.71 ± 0.38c

100 25.76 ± 0.39c 29.75 ± 0.41c 90.58 ± 0.50c

aFour experiments were performed for all compounds in each experiment in triplicated.
bReference compound.
cMean values ± SD are shown for triplicate experiments.

FIGURE 10 Radical-scavenging activity on DPPH radicals (%)

of the 11a and 11b compounds. (GA: Gallic acid)
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cyclooxygenase enzyme inhibitor derivatives, in a differ-
ent skeleton. The inhibitory effects of these COX-
derivatives based metallophthalocyanines on hCA-I and
hCA-II isoenzymes were investigated. IC50 values of 10,
11, 11a and 11b for hCA-I were found as 9.86 μM,
13.46 μM, 350 nM, 233 nM, respectively. Looking at these
results, 11b had a stronger inhibition effect than 11a and
its ligand 11 and 10 on hCA-I isoenyzme. A low IC50

value indicates a strong inhibitory effect. According to
this, for hCA-I the order of the inhibitors is as follows:
11b > 11a > 10 > 11. IC50 values of 10, 11, 11a and 11b
for hCA-II were found as 11.86 μM, 14.76 μM, 350 nM,
233 nM, respectively. Also, For hCA-II the order of the
inhibitors is as follows: 11b > 11a > 10 > 11. According
to the results, the inhibitory power of 11a and 11b mole-
cules on hCA-I and hCA-II isoenzymes was found to be
equal. It was seen that 11b molecule containing Co
(II) had a stronger inhibitory effect for both isoenzymes
than 11a containing Zn (II). In addition, 11a and 11b
molecules were found to have a much stronger inhibitory
effect than acetazolamide, which is the standard inhibitor
of CA. On the other hand, ligands 10 and 11 had more
effective inhibition for hCA-I than hCAII. IC50 graphs
shown in Figure 12 and the inhibition results are

summarized in Table 5. Also, in Figure 13, IC50 values of
the 10, 11, 11a, 11b and AZA for hCA-I and hCA-II are
given comparatively.

Consequently, when the results obtained in the exper-
iment were compared with the AZA for hCA-I and hCA-
II, we found that COX-inhibitor-based new meta-
llophytolocyanines had an potent inhibitory effect on
enzyme isoforms at nM levels. However, in these condi-
tions, the inhibition of ligands on these enzyme isoforms
was low even at μM levels. This is because the side chains
and inner nuclei of the phthalocyanine ring with metal
in their nuclei have a major impact on their inhibition
abilities. When the metal enters the core, the metal che-
lating effect of phthalocyanines alters the electron density
and facilitates the inhibitory activity.[93–95]

Also, it has been stated that by identifying dual
inhibitors of hCOX and hCA isoenzymes, it is possible
to reduce the side effects caused by COX inhibitors,
especially to design higher-efficiency anti-cancer drugs
in cancer treatment and emphasized that this is an
important step for the design of dual inhibitors with
common pharmacological properties.[41,44–46] Thus, we
believe that our results will make a significant contribu-
tion to the literature on the design of hCOX and hCA
dual inhibitors.

3.9 | Molecular docking studies

Docking studies were performed to investigate the inhibi-
tion potential of newly synthesized meta-
llophthalocyanine complexes (MPc) and their free
ligands against hCA-I and hCA-II. It was also used to
define the interactions between the studied Pc complexes
with the amino acid residues of the target proteins.

Based on the docking study, it was found that the
ZnPc and CoPc were interacting with enzyme more
strongly than the reference drug molecules and
free ligands with range of Vina score �13.5 and
�12.0 kcal mol�1. The docking scores of each region and
calculated ΔGba dependent binding constant of all stud-
ied compounds were given in Table 6. The results show

TABLE 4 Ferrous ions chelating

activity (%) of the phthalocyanines
Concentrations (μM)a 11a 11b EDTAb

25 4.85 ± 0.20c 5.96 ± 0.22c 15.65 ± 0.15c

50 5.72 ± 0.32c 9.88 ± 0.29c 51.42 ± 0.18b

75 11.23 ± 0.19c 15.64 ± 0.22b 82.31 ± 0.08c

100 14.37 ± 0.23c 18.74 ± 0.29c 96.85 ± 0.21c

aFour experiments were performed for all compounds in each experiment in triplicate.
bReference compound.
cMean values ± SD are shown for triplicate experiments.

FIGURE 11 Chelating effect of 11a and 11b compounds on

ferrous ion. (EDTA: Ethylenediaminetetraacetic acid)
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that the experimental IC50 values and the binding
constant obtained by docking results are in good
agreement.

The hCA-I active site was defined as the catalytic Zn
(II) ion located at the bottom of a cone-shaped cavity
active site surrounded by THR199, PHE91, LEU131,

FIGURE 12 IC50 graphs of 10, 11, 11a, 11b for hCA-I and hCA-II izoenzymes

TABLE 5 Inhibition results of COX-inhibitor based

metallophthalocyanines on hCA-I and hCA-II izoenzymes

Compounds

for hCA-I for hCA-II

IC50 R 2 IC50 R 2

10 9.86 μM 0.9871 11.86 μM 0.9086

11 13.46 μM 0.9489 14.76 μM 0.9454

11a 350 nM 0.9046 350 nM 0.9200

11b 233 nM 0.9526 233 nM 0.9085

AZA* 462 nM 0.9656 389 nM 0.9500

Note: AZA acetazolamide, hCA-I and II human carbonic anhydrase
isoenzymes I and II.
*AZA used as a standard inhibitor for hCA-I and hCA-II isoenzymes.

FIGURE 13 Comparison plot of IC50 values of 10, 11, 11a, 11b
molecules for hCA-I and hCA-II
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TABLE 6 Binding energies of the best conformers for each reg.ion, Boltzmann-averaged binding energies (ΔGba) and ΔGba dependent

binding constants (Kb)

Compounds Reg 1 Reg 2 Reg 3 Reg 4 Reg 5 ΔGba (kcal mol�1) Kb (� 107)

hCA-I (5GMM) ZnPc �12.2 �11.8 �11.7 �11.3 �11.7 �11.88 51.1

CoPc �12.5 �12.1 �12.1 �10.8 �11.3 �12.20 87.8

10 �7.1 �6.6 �6.1 �6.0 �4.8 �6.75 8.95 � 10�3

11 �9.6 �8.5 �7.6 �7.2 �6.2 �9.36 0.725

Pox �8.6 �7.5 �7.5 �7.3 �7.2 �8.19 0.101

Aza �6.4 �6.1 �5.4 �5.2 �4.5 �6.09 2.93 � 10�3

hCA-II (3 M98) ZnPc �12.0 �10.7 �10.3 �10.3 �10.4 �11.66 35.0

CoPc �13.5 �10.8 �8.6 �8.3 �9.9 �13.46 739.0

10 �7.2 �7.2 �5.8 �6.3 �6.2 �6.99 0.0134

11 �8.8 �8.6 �7.2 �6.8 �7.5 �8.56 0.188

Pox �7.5 �7.2 �6.7 �6.8 �6.3 �7.17 0.018

Aza �6.5 �5.5 �5.1 �4.7 �5.3 �6.12 3.04 � 10�3

Note: The binding regions of hCA-I were surrounded by Reg1: HIS119/GLN92/THR199, Reg2:GLN242/HIS243/TYR7, Reg3: LYS113/ASN245/THR100, Reg4:
ASN24/GLN249/GLU14, Reg5: LYS34/LEU251/ASP32 residues. The binding regions of hCA-II were surrounded by Reg1: PRO201/GLN92/GLU236, Reg2:
PHE131/HIS64/LEU198, Reg3: LYS127/GLN137/THR208, Reg4: LYS225/PHE179/SER166, Reg5: LYS113/HIS15/PRO250 residues.

FIGURE 14 The docking pose of the Pc complexes on the binding region of hCA-I. Yellow dashed line: H-bond, light blue dashed line:

Pi-Pi stacking, green dashed line: Pi-cation, orange dashed line: Hydrophobic interactions
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LEU141, LEU198, HIS64, HIS67, and HIS200. In this
study, region 1 (Reg1) was selected as the top of a cone-
shaped cavity active site.[61] Likewise, the hCA-II cavity
active site was surrounded by THR198, PRO201, LEU203,
VAL134, ILE91, VAL121, PHE130, and LEU140 amino
acid residues.[62] Both Pc complexes were located at the
canonical entrance of the active region of the hCA-I and
hCA-II enzymes, while free ligands and reference mole-
cules extended toward the active catalytic site of the
enzymes. The binding modes of CoPc and ZnPc were
demonstrated in Figures 14 and 15.

The molecular structures of both Pc complexes are
very similar. Since the difference of metal atoms in the
center of the molecule affects the partial charge distribu-
tion on the molecule, it causes a change in the interac-
tion forces as well as the differentiation of the interacted
amino acids.[96] The binding interactions of Pc complexes
were given in Table 7.

When the interactions between hCA-I and CoPc
were examined, the oxygen atom of the peripheral
ligand formed a hydrogen bond with the NH of TRP7
and LYS57 residues with distances 2.72 and 2.42 Å,

respectively. The chlorine atom formed the halogen
bond with ALA132 at 2.72 Å length. The aromatic rings
of CoPc also form a pi-pi interaction with the aromatic
ring of TRP5, TYR20, and HIS64 and pi-cation interac-
tion with the LYS170 amino acid residue. The Co atom
of the Pc complex is exactly placed as a cover over the
entrance to the cone-shaped active site, as it appears on
the electrostatic surface of the enzyme. It also settles
strongly in this region by forming hydrophobic interac-
tions with amino acids such as HIS64, PHE91 and
ALA132. Closing the gate of the active site in this way is
thought to cause inhibition by preventing the substrate
from reaching the catalytic Zn (II) ion at the bottom of
this region.

Unlike CoPc, in ZnPc, one of the peripheral groups
extends toward the active site with interacting with
LEU141 and HIS67 active site residues and closes the
entrance to this region, while the rest of the molecule is
settled on the surface by making strong interactions like
hydrogen bonding, halogen bond, pi-pi interaction and
hydrophobic interactions. In interactions of ZnPc with
hCA-I, the oxygen atoms formed H-bonds with TRP5

FIGURE 15 The docking pose of the Pc complexes on the binding region of hCA-II. Yellow dashed line: H-bond, light blue dashed line:

Pi-Pi stacking, green dashed line: Pi-cation, orange dashed line: polar interactions
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(2.29 Å) and ASP72 (2.80 Å). Chlorine atom was per-
formed halogen bond with ARG89 (2.87 Å).

When the interaction of hCA-II and meta-
llophthalocyanine is examined, similar interactions with
hCA-I and a similar location to the enzyme binding site
were observed. While the CoPc metallic central active
zone was located in the form of a cap on the cone-shaped
active site, one of the side groups in ZnPc attempts to
move toward the active zone, causing the metallic cata-
lytic zone to be inactivated. CoPc makes hydrogen bond-
ing with the enzyme through amino acids TYR7 (2.72 Å)
and ASN67 (2.32 Å), and halogen bond through GLY132
(2.38 Å). Pi-pi stacking and pi-cation interactions occur
through the amino acid residues TRP5, PHE231, PHE20,
HIS64, and LYS170. GLU69, ILE91, PHE131, PRO202,
and LEU204 amino acids contribute to the binding
energy through hydrophobic interactions. In ZnPc,
between the metal complex and hCA-II enzyme, H-bond
with LYS170, TYR7, pi-pi interactions with TRP5, PHE20
and hydrophobic interactions with GLN92, ILE22,
HIS64, LEU198, PRO202, LEU204, and PHE231 were
also observed.

4 | CONCLUSION

In this study two new and novelty meta-
llophthalocyanines bearing selective oxygenase inhibitor
derivatives based azole ring were designed synthesized,
characterized, chemical, physical characters were
conducted. For the synthesis, compound 9 was prepared
from the compound 7 and 8 according to the known
method firstly. Follow up the dehydrogenation of
compound 9, using H2/Pd in absolute methanol as
in literature with slightly modification was afforded
selective COX inhibitor derivative 10 in quantitative
yield. For modification of new and novelty

metallophthalocyanines, the COX inhibitor derivative 10
was reacted with 4-nitro-phthalonitrile to afforded com-
pound 11 in quantitative yield. Phthalonitrile 11 was well
documented construction for phthalocyanine ring. Thus,
compound 11 was reacted with Zn (OAc)2.2H2O and Co
(OAc)2.4H2O respectively in DMF using (2–3) drop DBU
at reflux temperature, produced compound 11a in 48%
yield (ZnPc) and 11b in 63% yield (CoPc) after isolation
and purification. The inhibitory activity of COX-inhibitor
based metallophthalocyanines 11a, 11b and azole bear-
ing ligand 10, 11 on hCA-I and hCA-II izoenzymes were
tested, and the inhibition test results were compared
with acetazolamide under the same conditions. In addi-
tion, experimental inhibition results were supported
using molecular docking simulation. The binding affini-
ties interactions of these new complexes were found to
be better than the reference drug molecules acetazol-
amide and polmacoxib.
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TABLE 7 The binding interactions of Pc complexes with hCA-I and hCA-II. The bond lengths were given as the bracket for hydrogen

and halogen bond in Angstrom

Compounds
Hydrogen Bonds (Å)
* Halogen Bonds (Å)

π-Stacking
*π-Cation Hydrophobic Interactions

hCA-I CoPc TRP7(2.72), LYS57(2.42),
ALA132(2.74) *

TRP5, TYR20, HIS64,
LYS170*

HIS64, PHE91, ALA132

ZnPc TRP5(2.29), ASP72 (2.80),
ARG89(2.87) *

TRP5, HIS67 TYR20, ILE60, VAL62, PHE91, LEU131,
LEU141, LEU198, PRO202

hCA-II CoPc TYR7(2.72), ASN67(2.32),
GLY132(2.38) *

TRP5, PHE231, PHE20,
HIS64, LYS170*

GLY6, GLU69, GLN92, PHE131, PRO202,
LEU204

ZnPc LYS170(2.25), TYR7(2.34) TRP5, PHE20 GLN92, ILE22, HIS64, LEU198, PRO202,
LEU204, PHE231
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