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ABSTRACT
In recent years, acetylcholinesterase (AChE) and a-glycosidase (a-gly) inhibition have emerged as a
promising and important approach for pharmacological intervention in many diseases such as glau-
coma, epilepsy, obesity, cancer, and Alzheimer’s. In this manner, the preparation and enzyme inhib-
ition activities of peripherally 1,2,3-triazole group substituted metallophthalocyanine derivatives with
strong absorption in the visible region were presented. These novel metallophthalocyanine derivatives
(2-6) effectively inhibited AChE, with Ki values in the range of 40.11±5.61 to 78.27±15.42mM. For
a-glycosidase, the most effective Ki values of compounds 1 and 2 were with Ki values of 16.11 ±3.13
and 18.31± 2.42mM, respectively. Also, theoretical calculations were investigated to compare the
chemical and biological activities of the ligand (1) and its metal complexes (2–6). Biological activities
of 1 and its complexes against acetylcholinesterase for ID 4M0E (AChE) and a-glycosidase for ID 1R47
(a-gly) are calculated. Theoretical calculations were compatible with the experimental results and these
1,2,3-triazole substituted phthalocyanine metal complexes were found to be efficient inhibitors for
anticholinesterase and antidiabetic enzymes.
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1. Introduction

Health services are among the most prominent subjects of
the 21st century as a result of the increase in the elderly
population in the world, prolongation of life expectancy, and
socioeconomic changes. With the prolongation of the aver-
age life expectancy, the possibility of being exposed to
health problems and chronic diseases at later ages increases.
Considering these dynamics, while the need for healthcare
services increases, innovative drugs will help prevent dis-
eases and reduce treatment costs, so innovative drugs, and
treatments will become more and more important in the
pharmaceutical industry. Diabetes mellitus is a chronic dis-
ease characterized by hyperglycemia, which is a result of
insulin resistance and generally accompanying relative insulin
insufficiency. Today, it has emerged as a health problem of
growing importance because of the frequency and problems
all around the world. The prevalence of diabetes mellitus is
growing in our country and the world. Due to the high
prevalence of diabetes, innovative therapies are needed to
provide a healthier life to patients with diabetes (Turkan
et al., 2019). The target of diabetes treatment is to normalize
the levels of blood glucose and to prevent macro- and

microvascular complications. There are different oral antidia-
betic agents with different mechanisms of action and differ-
ent-acting insulins used in type 2 diabetes mellitus treatment
(Boztaş et al., 2015). This article will be focusing on the cur-
rent treatment of type 2 diabetes mellitus.

a-Glycosidase is the enzyme that breaks down oligosac-
charides and disaccharides found in brushy edge cells in the
small intestine into monosaccharides (Agalave et al., 2011).
Acarbose is the only alpha-glucosidase enzyme inhibitor
available in our country. There are 50 and 100mg tablets. It
is recommended to take it with the first bite of the meal. Its
main side effects are gastrointestinal disorders such as bloat-
ing and gas seen in patients. This is when the undigested
carbohydrates that reach the lower segments of the intestine
are used by the bacterial flora, resulting in gas. Severe diar-
rhea can be seen in 3% of the cases. This gastrointestinal dis-
comfort can create a tendency to forgo excessive
carbohydrate consumption and increase dietary compliance.
Also, cholinesterases (ChEs) are considered to be a class of
enzymes that catalyze the hydrolysis of acetylcholine (ACh)
to choline and acetic acid, a key process for the restoration
of cholinergic neurotransmission. Although there are many
ongoing research activities for the treatment of Alzheimer’s
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disease, only some medicines such as Tacrine, Donepezil,
and Rivastigmine have been approved by the Food and
Drug Administration (FDA) (Ismail et al., 2012).

Phthalocyanines (Pcs) and its metal complexes have
attracted a lot of attention due to their electronic structure
properties and have been recognized as important com-
plexes for many applications in materials science. The prop-
erties of phthalocyanines can be modulated by altering their
chemical structures by adding different metals that can
coordinate to the cavity of the macrocycle and using varying
axial and peripheral ligands and substituents. Pc complexes
that chemical properties can be changed in these ways, con-
tinue to be used in important areas such as electrochromic
devices (G€uzel et al., 2019b), photosensitizers (G€uzel et al.,
2013; Ogbodu et al., 2020), solar cells (Yıldız et al., 2019), cat-
alysts (Jiang et al., 2013), heavy metal sensors (Beduoǧ lu
et al., 2020) and enzyme inhibitors.

The triazole groups are important nitrogen heterocycles
that have been extensively investigated to obtain many
strong azole fungicides (Tan et al., 2012). Especially in recent
years, compounds containing 1,2,3-triazole groups have
started to be used in light stabilizers and optical brighteners.
1,2,3-triazole groups have advantages in binding biological
molecular targets, such as being stable against metabolic
degradation, being able to bind hydrogen, and increasing
the solubility of the compound (Dalvie et al., 2002; Sepehri
et al., 2020; Seth Horne et al., 2004). Synthetic compounds
containing 1,2,3-triazole units have various biological activ-
ities and are indispensable as starting compounds for the
synthesis of many heterocycles. Compounds with the triazole
group have been used as HIV-1 protease inhibitors, human
b3-adrenergic receptors, antituberculosis, antinuclear, anti-
bacterial, and anticancer agents (Agalave et al., 2011; Bulut
et al., 2018; G€uzel, 2019).

In a current conflict, efforts have been made to develop
more effective and more active drug molecules. It is seen in
these studies that it tries to form a complex with metal
atoms to synthesize more effective and active molecules
(G€unsel et al., 2019; Seth Horne et al., 2004). It is seen in
these studies that the metal complexes formed were found
to be more effective than ligand molecules. The theoretical
and experimental results made also support this situation.
Many theoretical methods are used to compare the chemical
and biological activities of the studied ligand molecule and
its metal complexes. The most important of these methods
are calculations made with the gaussian software program
and molecular docking calculations. The working ligand and
its metal complexes were calculated with the Gaussian soft-
ware program in HF/6-31G and B3LYP/6-31G basis sets. Then,
molecular docking calculations were made to compare the
biological activities of the ligand and its metal complexes
against the studied enzymes whose name are acetylcholin-
esterase for pdb ID:4M0E (AChE) (Cheung et al., 2013) and
a-glycosidase for pdb ID:1R47 (a-Gly) (Garman &
Garboczi, 2004).

Taking these properties into consideration, it has focused
on non-aggregate phthalocyanine derivatives as a strategy in
conjunction with the 1,2,3-triazole groups to study enzyme

inhibitions and theoretical and molecular docking calcula-
tions. In the literature, there are few studies in which tri-
azole-substituted phthalocyanines are used as enzyme
inhibitors (Arslan et al., 2019a, 2019b; Kantar et al., 2015).
a-Glycosidase enzyme inhibition activities of 1,2,3-triazole
groups substituted phthalocyanines have not been reported
in the literature and this is the first study of 1,2,3-triazole
groups substituted phthalocyanines as a potential a-glycosi-
dase enzyme inhibitor. So, we have investigated the inhib-
ition effects of anticholinesterase and antidiabetic enzymes
and to record favorable and good AChE and a-glycosidase
inhibition properties of these compounds to give directions
to further studies.

2. Experimental

2.1. Materials and methods

The used equipment, materials, and application parameters
were presented as supplementary information. 4-((1-phenyl-
1H-1,2,3-triazol-5-yl)methoxy)phthalonitrile (1) and its zinc
phthalocyanine derivative (2) were prepared according to
the reported method (G€uzel, 2019).

2.1.1. Synthesis
2.1.1.4. General procedure for the synthesis of the phtha-
locyanines (2–6). Phthalonitrile derivative (1) (0.100 g,
0.36mmol), anhydrous ZnCl2, Mn(CH3COO)2, NiCl2, CuCl2,
CoCl2 � (0.025 g, excess) in amyl alcohol and 1,8-diazabicy-
clo[5.4.0]un-dec-7-ene (DBU, 0.05mL) were heated in sealed
tube under an argon atmosphere for 10 h. After, the resulting
green mixture was cooled to room temperature. The crude
products were precipitated by methanol-water, filtered off,
and then washed with the ethanol. The crude products were
further isolated by column chromatography utilizing a mix-
ture of THF:EtOH (20:1 v/v) as an eluent.

Yield of 3: 25.7mg (24.4%). FT-IR (tmax/cm
�1): 3060 (Ar-C-

H), 2936-2888 (Aliph. -C-H), 1610 (Ar-C¼C), 1502, 1440
(-N¼N), 1366 (-C-N) 1230, 1115, 1042, 766, 688. UV-vis kmax

(nm) THF: 735, 652, 484, 312. MS (MALDI-TOF): m/z
1260.22 [M]þ.

Yield of 4: 30.3mg (28.8%). FT-IR (tmax/cm
�1): 3048 (Ar-C-

H), 2936-2855 (Aliph. -C-H), 1544 (Ar-C¼C), 1525, 1456
(-N¼N), 1366 (-C-N) 1222, 1108, 1042, 752, 691. 1H-NMR
(300MHz, CDCl3): d, ppm 9.06 (s, 4H, Triazole Ar–H), 8.76-7.52
(32H, m, Pc-Ar-H, and Ar-H), 5.72 (8H, s, OCH2). UV-vis kmax

(nm) THF: 680, 610, 332. MS (MALDI-TOF): m/z 1264.12 [M]þ.
Yield of 5: 21.5mg (20.4%). FT-IR (tmax/cm

�1): 3066 (Ar-C-
H), 2930-2866 (Aliph. -C-H), 1562 (Ar-C¼C), 1512, 1448
(-N¼N), 1356 (-C-N) 1232, 1102, 1048, 760, 692. UV-vis kmax

(nm) THF: 684, 617, 346. MS (MALDI-TOF): m/z 1268.96 [M]þ.
Yield of 6: 23.5mg (22.4%). FT-IR (tmax/cm

�1): 3084 (Ar-C-
H), 2926-2852 (Aliph. -C-H), 1578 (Ar-C¼C), 1502, 1428
(-N¼N), 1344 (-C-N) 1232, 1109, 1036, 744, 698. UV-vis kmax

(nm) THF: 673, 604, 308. MS (MALDI-TOF): m/z 1264.22 [M]þ.
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2.1.2. Enzyme inhibition assays
The a-glycosidase inhibitory effect of novel synthesized com-
pounds was examined using p-nitrophenyl-D-glycopyranoside
(p-NPG) as a substrate and the absorbance values were cal-
culated at 405 nm spectrophotometrically (Demir et al., 2020;
Genc Bilgicli et al., 2020; G€ulçin et al., 2020; Lolak et al.,
2020; Tao et al., 2013; Taslimi et al., 2020; T€urkan et al.,
2020). Several solutions in phosphate buffer (PB) were pre-
pared in case of getting entire enzyme inhibition. First, 75 lL
of PB was mixed with 20 lL of the enzyme solution in PB
(0.15 U/mL, pH 7.4) and 5 lL of the sample (Bursal et al.,
2020). Then it was pre-incubated at 37 �C for 10 min before
adding the p-NPG to the initiation of the reaction. Also, 50
lL of p-NPG in phosphate buffer (5 mM, pH 7.4) after prein-
cubation was added and again incubated at 37 �C. The
inhibitory effects of AChE were determined according to the
method of Ellman’s test (Ellman et al., 1961).
Acetylthiocholine iodide (AChI) was used as substrates. 5,50-
Dithiobis (2-nitrobenzoic acid) (Ellman reagent, DTNB) was
used to measure AChE activity. Briefly, 50 lL DTNB and
100lL of Tris–HCl solution (1M, pH 8.0), 750mL of sample
solution dissolved in distilled water at disparate concentra-
tions, and 50 lL AChE (5.32� 10�3 U) solution were incu-
bated and mixed for 15min at 30 �C. Finally, the reaction
was started by adding 50 lL of AChI. The hydrolysis of sub-
strates was monitored spectrophotometrically by the forma-
tion of yellow 5-thio-2-nitrobenzoate anion as a result of the
reaction of DTNB with thiocholine, released by the enzymatic
hydrolysis of AChE, at a wavelength of 412 nm (Kocyigit
et al., 2018). The inhibition effects of novel synthesized com-
pounds were determined from activity(percent) versus syn-
thesized derivatives graphs for each compound (Akbaba
et al., 2013; Lolak et al., 2020) with at least five different
inhibitor concentrations on a-Gly and AChE. The IC50 values
were calculated from activity (%) against com-
pound inhibition.

2.1.3. Theoretical methods
2.1.3.1. Gaussian study. It is used to compare the biological
and chemical activities of molecules with bioinformatic
chemistry. A lot of information about the molecules of the
ligand and its metal complexes is obtained by bioinformatic
calculations. Using this information, molecules with higher
biological and chemical activities and their metal complexes
are synthesized. These studied molecules were performed by
the Hartree-Fock (HF) and Becke, 3-parameter (Becke, 1988;
Stephens et al., 1994), Lee-Yang-Parr (B3LYP) (Hohenstein
et al., 2008; Wiberg, 2004) method with 6-31G basis set by
Gaussian software program (Frisch et al., 2009). As a result of
the calculations made on these basis sets, many parameters
can be obtained. HOMO that is Highest Occupied Molecular
Orbital and LUMO that is Lowest Unoccupied Molecular
Orbital values are used to obtain information about the
activities of molecules by using these methods. There are
many parameters obtained from quantum chemical calcula-
tions and these are called quantum chemical parameters
such as EHOMO, ELUMO, DE (HOMO-LUMO energy gap), electro-
negativity (v), chemical potential (l), chemical hardness (g),

electrophilicity (x), nucleophilicity (e), global softness (r) and
proton affinity (PA) (Bitmez et al., 2014).

2.1.3.2. Docking study. There is a method used to compare
the biological activities of the ligand and its metal complexes
against enzymes. The most common of these is molecular
docking. A few of these molecular docking methods can be
used to compare metal complexes. In this study, HEX pro-
gram is used. The ligand and its metal complexes interact
with these enzyme proteins to increase their biological activ-
ity (Kurtoglu et al., 2014). Molecular docking calculations
compared molecules’ biological activities against enzymes.
�.pdb extension file was created using the structure of the
optimized molecule with the Gaussian software program
(Frisch et al., 2009). The enzymes and molecule files were
studied at HEX 8.0.0 (Ritchie & Venkatraman, 2010). The fol-
lowing parameters are used for docking: correlation type-
shape only, FFT mode: 3D, grid dimension: 0.6, receptor
range: 180, ligand range: 180, twist range: 360, distance
range: 40. Also, Protein-Ligand Interaction Profiler (PLIP) ser-
ver was used to examine the interaction between protein
and the compounds in detail (DeLano, 2002).

3. Results and discussion

3.1. Synthesis and characterization

Figure 1 represents the synthetic route of metallophthalocya-
nine complexes (2–6). The reactions were continued utilizing
DBU and the anhydrous metal salts (ZnCI2 for 2,
Mn(CH3COO)2 for 3, NiCI2 for 4, CuCl2 for 5, and CoCl2 for 6)
and appropriate solvents (amyl alcohol) at 140 �C.

The crude complexes were isolated after washing several
times with the alcohol/water mixture. The yields obtained for
the manganese, nickel, copper and cobalt phthalocyanines
(3–6) are 24%, 28%, 20%, and 22%, respectively. Elucidation
of the novel phthalocyanine complexes was performed with
ultraviolet-visible spectrophotometry, elemental analysis,
Fourier transform infrared spectrometry (FT-IR), 1H-NMR spec-
troscopy, and MALDI-TOF mass spectrometry. The FT-IR spec-
trum of phthalocyanines (2–6), the -C�N vibration of
compound (1) at 2230 cm�1 disappeared as expected.
Stretching vibrations of aliphatic C-H bonds of phthalocya-
nines (3–6), as in the phthalonitrile derivative, were detected
at around 2930 cm�1. Similarly, stretching vibrations of aro-
matic C-H bonds of phthalocyanines (3–6) were observed at
around 3050 cm�1. 1,2,3 Triazole groups have stretching
vibrations belonging to –N¼N groups, and they appeared
around at around 1450 cm�1. Furthermore, the peak at
1352 cm�1 of the compound (2) containing 1,2,3 triazole
group proved the presence of -C-N bonds in the structure1H-
NMR investigations of complex 4 provided the expected
chemical changes for the structure. 1H-NMR spectra of (3, 5,
and 6) were precluded due to their paramagnetic nature
(Nas et al., 2017). The wide range of derivatives obtained by
MALDI-TOF techniques confirmed the expected structures.
Also, it has been found that the complexes synthesized in
the structures observed without significant fragmentation are
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stable under MALDI-MS conditions. The molecular ion peaks
were observed at m/z: 1260.22 [MþH]þ for 3, 1264.12 [M –
ClþH]þ for 4, 1268.96 [MþH]þ for 5 and 1264.24 [MþH]þ

for 6.

3.2. UV-Vis absorption studies

One of the most widely used methods to understand the
absorption properties of phthalocyanine complexes is
absorption spectroscopy. Phthalocyanines show exclusive
electronic spectra in two regions in absorption spectroscopy.
One of them is the UV region at about 300–350 nm (B band)
and the other in the visible area at 600–700 nm (Q-band)
(G€uzel et al., 2015). The UV-vis absorption spectra of the

metallophthalocyanine complexes (2-6) in THF is exhibited in
Figure 2. The intense and sharp well-defined Q-band cen-
tered at 676 for 2, 735 nm for 3, 680 nm for 4, 684 nm for 5
and 673 nm for 6 exhibits the lack of aggregation phenom-
ena in the solution.

In metallophthalocyanine complexes (2-6), the single (nar-
row) Q bands shown that these phthalocyanines are in
monomeric form in the solvent medium. All complexes dem-
onstrated intense single Q-absorption bands which are indi-
cative of the metallophthalocyanines with the D4h symmetry
(G€uzel et al., 2020, 2017; €Ozçeşmeci et al., 2012). Also, man-
ganese phthalocyanine (3) exhibits absorption at 484 nm,
which was interpreted as a charge transfer absorption
(phthalocyanine ring to metal).

3.3. Metabolic enzymes inhibition results

3.3.1. AChE inhibition results
Recently, recording novel inhibitors targeting AChE has still
been of significant interest to the researchers. Additionally, it
is recorded that selective AChE inhibitors can circumvent
classical cholinergic toxicity. Hence, the development of
novel selective AChE inhibitor compounds can provide add-
itional benefits in the therapy of AD. Recently, there is a
major interest in the extension of selective AChE inhibitors
(Bal et al., 2020; Yi�git et al., 2020). All of metallophthalocya-
nine complexes (2–5) had significantly higher AChE inhibi-
tory activity than that of standard AChE inhibitors such as
Tacrine. Furthermore, the Ki values of compounds (1–6) and
are summarized in Table 1. As can be seen from the results
obtained in Table 1, these peripherally substituted metal-
lophthalocyanine complexes (2–6) effectively inhibited AChE,
with Ki values in the range of 40.11 ± 5.6 to 78.27 ± 15.42mM.

Figure 1. The synthesis of phthalonitrile derivative (1) and its metallophthalocyanine complexes (2–6).

Figure 2. Normalized absorption spectra of the phthalocyanine complexes
in THF.
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However, the compound 1 had almost similar inhibition pro-
files with standard compound (Tacrine, TAC). The most active
3 showed Ki values of 40.11 ± 5.6mM. For AChE, IC50 values of
TAC as positive control and some novel compounds were
studied in this study the following order: 3 (44.31 mM, r2:
0.9412)< 2 (81.38 mM, r2: 0.9887) < 6 (71.52 mM, r2: 0.9032)<
4 (81.38 mM, r2: 0.9887)< 5 (88.78 mM, r2: 0.9132)< TAC
(128.08 mM, r2: 0.9144) < 1 (134.21 mM, r2: 0.9731).

3.3.2. a-Glycosidase inhibition results. Recently, many
a-glycosidase inhibitors have been discovered and studied
(Erdemir et al., 2019; Taslimi et al., 2017) Anti-diabetic drugs
that are used in clinical practice, such as acarbose, voglibose,
and miglitol, competitively inhibit a-glycosidase in the brush
border of the small intestine which subsequently interrupts
hydrolysis of carbohydrate and improves postprandial hyper-
glycemia. For enzyme glycosidase, compounds (1–6) have
IC50 values in the range of 11.65–42.14 mM and Ki in the
range of 16.11 ± 3.13 to 48.08 ± 6.40 mM (Table 1). The results
have documented that all of these compounds (1–6) have
shown the inhibitory effects of a-glycosidase similar to acar-
bose (IC50: 51.45mM) as a standard glycosidase inhibitor. The
most effective Ki values of 1 and 2 were with Ki values of
16.11 ± 3.13 and 18.31 ± 2.42 mM, respectively. For a-glycosi-
dase, IC50 values of ACR as positive control and some com-
pounds (1-6) the following order: 1 (11.65 mM, r2: 0.9861)< 2
(22.21 mM, r2: 0.9572) < 4 (26.18 mM, r2: 0.9588)< 3
(30.01 mM, r2: 0.9241)< 6 (38.56 mM, r2: 0.9581) < 5
(42.14 mM, r2: 0.9134) < ACR (51.45 mM, r2: 0.9981). Presently,
the management of diabetes involves among others adminis-
tration of oral hypoglycemic substances such as biguanide, a
thiazolidinedione, sulphonylurea, and a-glucosidase inhibitors
(He et al., 2015) (Figures 3 and 4).

3.4. Theoretical calculations

Chemical and biological activity values of molecules are cal-
culated with theoretical calculations. With theoretical calcula-
tions, many parameters about molecules and their metal
complexes are obtained. DFT calculations were made to
compare the chemical activities of the ligand molecule and
its metal complexes (Akkoç et al., 2020; G€uzel et al., 2019a).
Many parameters were obtained from these calculations.
Among these parameters, the two most important parame-
ters are the numerical value of the HOMO and LUMO energy
levels of the molecules. The numerical value of the HOMO

energy levels of the molecules indicates the molecules’ abil-
ity to donate electrons. If one of the molecules has a higher
HOMO energy level, that molecule can more easily donate
electrons (T€uz€un, 2020). It should be known very well that
the chemical activity of the molecule that can easily donate
electrons is higher. On the other hand, another parameter is
the LUMO energy levels of the molecules. If one of the mole-
cules has a lower LUMO energy level, that molecule gets
electrons more easily. It should be well known that the more
easily absorbed electron molecule has higher chemical activ-
ity (Akkoç et al., 2020). Many parameters have been obtained
as a result of the calculations. It is seen that the numerical
values of these parameters are calculated from the numerical
value of the HOMO and LUMO energy values. Accordingly,
all calculated parameters are given in Table 2.

Many parameters were calculated as a result of the calcu-
lations. Afterward, the figural representation of some param-
eters is given in Figure 5. In the first picture, the optimized
structures of the ligand and its metal complexes are given.
The next picture shows which atoms the HOMO energy orbi-
tals of the molecule are on. The next picture shows which
atoms the molecule has the LUMO orbitals on, the last pic-
ture shows the electrostatic potentials (ESP) of the molecule.

When the numerical values obtained in the comparison of
the chemical activities of the ligand and its metal complexes
are examined, it is seen that the chemical activity of the
metal complexes is higher than the ligand molecules.
According to the calculations made in both HF and B3LYP

Table 1. The enzyme inhibition results of novel complexes (1–6) against
acetylcholinesterase (AChE) and a-glycosidase (a-Gly) enzymes.

Compounds

IC50 (mM) Ki (mM)

AChE r2 a-Gly r2 AChE
a-Gly

1 134.21 0.9731 11.65 0.9861 125.35 ± 16.21 16.11 ± 3.13
2 62.54 0.9289 22.21 0.9572 53.24 ± 11.23 18.31 ± 2.42
3 44.31 0.9412 30.01 0.9241 40.11 ± 5.61 38.51 ± 13.55
4 81.38 0.9887 26.18 0.9588 73.62 ± 11.05 26.24 ± 5.96
5 88.78 0.9131 42.14 0.9134 78.27 ± 15.42 40.34 ± 3.28
6 71.52 0.9032 38.56 0.9581 59.71 ± 7.65 48.08 ± 6.40
TAC 128.08 0.9144 – – 107.21 ± 13.48 –
ACR – – 51.45 0.9981 – 48.52 ± 8.08

Figure 3. Ki values for AChE enzyme.

Figure 4. Ki values for a-Gly enzyme.
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base sets according to the HOMO energy value of the mol-
ecule with the highest chemical activity among the metal
complexes, it is seen that the chemical activity of the Mn
metal complex is higher than the others. On the other hand,
according to the LUMO energy value, the manganese
phthalocyanine metal complex (3) has higher chemical activ-
ity than others.

As a result of molecular docking calculations, the ligand
and its metal complexes were used to compare biological
activities against enzymes. Two different enzymes were used
in the calculations. The most important factor in the process
of comparing the biological activities of the ligand and its
metal complexes is the interactions between molecules and
proteins of enzymes. It should be well known that as these
interactions increase, the biological activities of molecules
increase. It is known that there are many chemical interac-
tions between molecules and enzymes. These interactions
are hydrogen bonds, polar and hydrophobic interactions,
p–p, and halogen bonds. The results of molecular docking
calculations of the ligand and its metal complexes against
enzymes are given in Table 3. The interactions of molecules
with the highest biological activity with enzymes are given
in Figure 6. A demonstration of the interactions of the other
ligand and its metal complexes with enzymes is given in
supply Figure 1.

Biological activities of the ligand and its metal complexes
were compared in molecular docking calculations. The
numerical value of the E total parameter obtained as a result
of the calculations shows that the molecule with the most
negative numerical value of the E total parameter used to
compare the biological activities of the ligand and its metal
complexes has the highest biological activity. The most
important factor affecting the numerical value of this param-
eter is the interaction between molecules and proteins. As
this interaction increases, the numerical value of this param-
eter decreases. The numerical value of this parameter indi-
cates that the interaction of the most negative molecule is
higher than the others. The numerical value of the E total
parameter, which consists of the interaction between ligand
and the a-Gly enzyme, is –532.15. This value is the most
negative value for this parameter. On the other hand, the
numerical value of the E total parameter, which consists of
the interaction between the ligand molecule and the AChE
enzyme, is –120.72. When the molecular docking pictures

obtained are examined, the numerical value of the E total
parameter of the molecules showing horizontal interaction
as much as possible is more negative since the surface area
of the metal complexes is large. Molecules with more vertical
interaction have a lower numerical value of this parameter.
Besides, the protein-ligand interaction profiler (PLIP) has
been studied in detail due to differences in the energy val-
ues of the interactions between proteins and compounds of
the studied enzymes. With these calculations, these interac-
tions, such as hydrophobic interactions, hydrogen bonds,
and water bridges, show the interaction distance, interaction
angle, and with which protein these interactions occur. The
interaction of the ligand (1) and its metal complex (3) of the
studied AChE and a-Gly enzymes are calculated PLIP result
page are given in Figure 7, supporting material Figures S7
and S8. These figures are given an interaction diagram and
table with interaction data for each binding site.

Figure 7 demonstrates the interaction for typical analysis
for docking calculation. Protein-ligand interaction profiler for
each binding site with ligand and metal complexes provides
2D and 3D interaction diagrams that contain the interaction
of metal complexes of the ligand with enzymes (Salentin
et al., 2015). As a result of protein-ligand interaction profiler
(PLIP) calculations, the interactions of the ligand (1) and its
metal complexes with enzymes, such as hydrophobic interac-
tions, hydrogen bonds, and water bridges, are given in sup-
porting material Figures S7 and S8. These calculations have
been made to examine the interactions that occur in mole-
cules with the highest activity by molecular docking
calculations.

4. Conclusion

Herewith, the preparation, spectral characterization, a-glyco-
sidase and acetylcholinesterase enzyme inhibition properties
of novel peripherally triazole substituted metallophthalocya-
nine complexes are presented. The substitution of 1,2,3-tri-
azole groups benefits a remarkable solubility and redshift of
the phthalocyanines Q-band. The results have documented
that all compounds (1–6) have shown the inhibitory effects
of a-glycosidase and acetylcholinesterase. Also, in theoretical
calculations, both the calculations made with the Gaussian
program and the molecular docking calculations, the bio-
logical and chemical activities of the molecules were

Table 2. The calculated quantum chemical parameters of molecules.

EHOMO ELUMO I A DE g r v P_I x e Dipol Energy

HF/6-31g level
1 –8.7230 1.4447 8.7230 –1.4447 10.1676 5.0838 0.1967 3.6391 –3.6391 1.3025 0.7678 7.6598 –27,147.5168
2 –5.5370 –0.2302 5.5370 0.2302 5.3068 2.6534 0.3769 2.8836 –2.8836 1.5669 0.6382 5.4044 –156,961.9762
3 –5.4948 –0.5516 5.4948 0.5516 4.9433 2.4716 0.4046 3.0232 –3.0232 1.8489 0.5409 9.5991 –152,377.2958
4 –5.5185 –0.2335 5.5185 0.2335 5.2850 2.6425 0.3784 2.8760 –2.8760 1.5650 0.6390 4.9650 –149,590.7088
5 –7.6584 0.4621 7.6584 –0.4621 8.1205 4.0602 0.2463 3.5982 –3.5982 1.5944 0.6272 0.4892 –153,160.1002
6 –7.3164 0.9660 7.3164 –0.9660 8.2824 4.1412 0.2415 3.1752 –3.1752 1.2173 0.8215 3.8830 –146,180.9322
B3LYP/6-31g level
1 –5.7591 –2.1375 5.7591 2.1375 3.6216 1.8108 0.5522 3.9483 –3.9483 4.3044 0.2323 8.0756 –27,319.4006
2 –4.9201 –2.7642 4.9201 2.7642 2.1560 1.0780 0.9277 3.8421 –3.8421 6.8470 0.1460 2.3830 –157,696.8098
3 –4.9136 –3.5449 4.9136 3.5449 1.3687 0.6844 1.4612 4.2292 –4.2292 13.0677 0.0765 5.9630 –153,123.9210
4 –4.9343 –2.7242 4.9343 2.7242 2.2101 1.1051 0.9049 3.8292 –3.8292 6.6344 0.1507 2.4391 –150,323.8984
5 –5.0524 –2.8262 5.0524 2.8262 2.2262 1.1131 0.8984 3.9393 –3.9393 6.9707 0.1435 1.6953 –153,897.7469
6 –4.9294 –2.7737 4.9294 2.7737 2.1557 1.0779 0.9278 3.8515 –3.8515 6.8814 0.1453 2.4839 –146,908.1341
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Figure 5. Representations of optimized structures, HOMO, LUMO, and ESP of the ligand (1) and its metal complexes (2–6).

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 4435



compared. As a result of the comparison made with the
numerical values of the parameters obtained by the
Gaussian program, it is the manganese phthalocyanine com-
plex with the highest chemical activity. On the other hand,
as a result of molecular docking calculations, the molecule
with the most negative E total parameter interacting most is
the manganese phthalocyanine complex. To sum up,
molecular docking studies were carried out for the effective-

Table 3. Molecular docking Etotal energy value for studies molecule.

Molecule

Protein

a-Gly AChE

1 –532.15 –120.72
2 –493.13 –231.98
3 –475.42 –233.99
4 –482.70 –218.75
5 –529.23 –207.70
6 –480.67 –232.08

Figure 6. Representation of the interaction of compound 1 and its manganese metal complex with a-Gly and AChE enzymes.

Figure 7. Representation of the interaction of compound 1 with AChE enzymes (A) and manganese metal complex (3) with a-Gly enzymes (B).
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ness of AChE and a-gly enzyme inhibition of the synthesized
compounds, and the calculated results were found to be
quite compatible with the experimental data. Finally, by mak-
ing PLIP calculations, many properties such as the type, dis-
tance and angle of the interaction between molecules and
enzyme proteins were determined. As a result, these triazole
substituted compounds stand out as promising candidates
for further studies and novel efficient inhibitors for anticholi-
nesterase and antidiabetic enzymes.
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_I., & Beydemir, Ş. (2020). Determination of the inhibition profiles of
pyrazolyl–thiazole derivatives against aldose reductase and a-glycosi-
dase and molecular docking studies. Archiv der Pharmazie (Weinheim),
353(12). https://doi.org/10.1002/ardp.202000118

Ellman, G. L., Courtney, K. D., Andres, V., & Feather-Stone, R. M. (1961). A
new and rapid colorimetric determination of acetylcholinesterase
activity. Biochemical Pharmacology, 7, 88–95 https://doi. org/10.1016/
0006-2952(61)90145-9 https://doi.org/10.1016/0006-2952(61)90145-9
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Koçak, M. B. (2013). Synthesis, characterization and photodynamic
activity of a new amphiphilic zinc phthalocyanine. Dyes and Pigments,
97(1), 238–243. https://doi.org/10.1016/j.dyepig.2012.12.027

G€uzel, E., G€uney, S., & Kandaz, M. (2015). One pot reaction and three type
products; 1(4),8(11)-15(18),22(25) adjacent azine attached as macrocycli-
cally mono, bunk-type (dimer) and polymeric metallo phthalocyanines;
synthesis, spectroscopy, and electrochemistry. Dyes and Pigments, 113,
416–425. https://doi.org/10.1016/j.dyepig.2014.08.019

G€uzel, E., G€unsel, A., T€uz€un, B., Atmaca, G. Y., Bilgiçli, A. T., Erdo�gmuş, A.,
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Unsymmetrically pyrazole-3-carboxylic acid substituted phthalocyan-
ine-based photoanodes for use in water splitting photoelectrochemi-
cal and dye-sensitized solar cells. Solar Energy, 191, 654–662. https://
doi.org/10.1016/j.solener.2019.09.043

JOURNAL OF BIOMOLECULAR STRUCTURE AND DYNAMICS 4439

https://doi.org/10.1021/ja0450408
https://doi.org/10.1002/jcc.20058
https://doi.org/10.1016/j.molstruc.2020.127802
https://doi.org/10.1016/j.molstruc.2020.127802
https://doi.org/10.1016/j.solener.2019.09.043
https://doi.org/10.1016/j.solener.2019.09.043

	Abstract
	Introduction
	Experimental
	Materials and methods
	Synthesis
	General procedure for the synthesis of the phthalocyanines (2–6)

	Enzyme inhibition assays
	Theoretical methods
	Gaussian study
	Docking study



	Results and discussion
	Synthesis and characterization
	UV-Vis absorption studies
	Metabolic enzymes inhibition results
	AChE inhibition results
	α-Glycosidase inhibition results


	Theoretical calculations

	Conclusion
	Disclosure statement
	Funding
	Orcid
	References


