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A B S T R A C T   

Utilizing ligands based on pyrazole synthesized some transition metal complexes. Selected salts such as Co 
(CH3COO)2⋅4H2O, Ni(CH3COO)2⋅4H2O (in the presence of triethylamine), Cu(CH3COO)2⋅H2O (in the presence of 
triethylamine) and CuCl2⋅2H2O reacted with the ligand (E)-1-(amino(1H-pyrazol-1-yl) methylene) guanidinium 
chloride in methanol as a solvent. Obtained novel metal complexes characterized using different analyses such as 
infrared spectroscopy, electrospray ionization mass spectrometry, single-crystal X-ray diffraction, and elemental 
analysis. Additionally, a novel series of complexes (2a-d) were investigated for their ability to inhibit enzymes. 
They exhibited highly potent inhibition effect on human carbonic anhydrase I and II (hCA I and II) and 
α-glycosidase (Ki values are in the range of 7.14 ± 1.97 to 29.34 ± 3.18 µM, 9.86 ± 2.46 to 32.47 ± 4.82 µM, 
and 2.08 ± 0.11 to 4.03 ± 0.30 µM for hCA I, hCA II, and α-glycosidase, respectively). Indeed, insulin and oral 
antidiabetic medications are the two mainstays of clinical diabetes treatment. To learn more about the potential 
of pyrazole-based metal complexes of Cu, Ni, and Co and how successfully they can inhibit hCA I, hCA II, and 
α-Gly enzymes, molecular docking applications were performed.   

1. Introduction 

Many significant studies carried out based on pyrazoles last two 
decades. In these studies, various experimental studies were conducted 
to identify the structures of their derivatives. Utilizing cutting-edge 
technologies gained data about the dynamic and thermodynamic 
properties of all synthesized substances. Besides several unusual prop-
erties, chemical activity, and applications made pyrazol complexes 
favorable. Adding some significant properties such as health, environ-
ment, green chemistry, and et al. gained additional importance to these 
compounds. Recent studies are tending to obtain pyrazole-based anti-
cancer drugs (without platinum metal). Building blocks including pyr-
azole and its derivatives play a crucial role in pharmaceutical chemistry. 

Various features of pyrazol and its derivatives are encountered in 
different drugs such as anti-obesity, analgesic, and antidepressant [1–3]. 
As selective inhibitors of COX-2 were applied different substituted pyr-
azoles were and the result said that the newly obtained products had 
robust anti-inflammatory abilities with less ulcerogenic activities 
compared to commercial drugs such as aspirin, ibuprofen, and celecoxib 
[4]. Today several studies carried out using pyrazole and its derivatives 
as a ligand in organometallic chemistry [5]. 

New pyrazole analogs have been shown to exhibit inhibitory actions 
and pharmacokinetic properties through in silico and in vitro studies 
[6]. 

Zinc metalloproteins called carbonic anhydrases (CAs) release a 
proton when converting carbon dioxide to bicarbonate. They play a 
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number of functions, such as ion transport, fluid secretion, pH regula-
tion, and bone resorption. They are also involved in the transfer of 
protons and CO2 across biological membranes. Only the α-CA isoforms 
are found in humans, but at least eight families (the α-, β-, γ-, δ-, ζ-, η-, θ-, 
and ι-CAs) of CAs separately evolved [7,8]. The conserved cone-shaped 
pocket at the base of the active sites of the catalytically active 
mammalian α-CA isoforms contains a required Zn2+ ion for catalysis. 
X-ray crystallographic studies indicate that a water molecule/hydroxide 
ion and three histidine residues (His94, His96, and His119) coordinate 
the metal ion. The hydroxyl moiety of Thr199, which is bridged to the 
carboxylate moiety of Glu 106, and the zinc-bound water molecule 
engage in hydrogen bond interactions. These interactions increase the 
nucleophilicity of water molecules coupled to zinc and speed up the 
conversion of CO2. Numerous diseases have been connected to the 
overexpression of specific carbonic anhydrase (CA) isoforms in humans. 
Altitude sickness, glaucoma, epilepsy, retinal and brain edema, and 
tumor growth have all been linked to hCA I and hCA II isoforms [9,10]. 

Diabetes is a complicated metabolic disease marked by consistently 
elevated blood sugar levels, usually brought on by insufficient insulin 
synthesis in the body. Numerous major consequences, such as cardio-
vascular disease, retinal damage, kidney disease, and neuropathy, can 
result from persistently high blood sugar. One of the most important 
strategies to manage blood sugar and lower the risk of problems is to 
block the activity of α-glycosidase [11,12]. One of the 
membrane-binding enzymes in the hydrolase family, α-glycosidase, is a 
key target for treatment of postprandial hyperglycemia. The processing 
of glycoproteins and the digestion of carbohydrates are significantly 
aided by α-glycosidase. To be more precise, α-glycosidase breaks down 
glycosidic linkages to catalyze the hydrolysis of carbohydrates into 
monosaccharides that can be absorbed [13,14]. 

As it can be seen that significant bioactivities, synthesis, and usage 
areas favor pyrazole and its metal complexes. There are several studies 
carried out based on pyrazole but fewer studies about metal complexes. 
Herein we studied new functional heterocyclic compounds and their 
metal complexes were obtained based on pyrazole. The study of mo-
lecular docking gives opportunities to consume less time, and resources 
by decreasing potential interactions before physical experiments are 
conducted. It is a fascinating process where basic sciences intersect with 
medical and industrial sciences. In this study, we aimed to determine the 
structural relationship between the biological activities of pyrazole 
compounds containing Cu, Ni, and Co metals, as well as to investigate 
the biological activities of the target enzymes in vitro analyses. 

2. Experimental part 

2.1. General procedure 

Synthesis overview of ligand based on pyrzole: 
Obtaining mixture utilizing pyrazole (12 mmol), cyanoguanidine (12 

mmol), hydrochloric acid (12 mmol), and deionized water (3 ml) heated 
at 80 ◦C for 1/2 h. After the reaction mixture cooled at room tempera-
ture materialized white crystals were filtered and isolated. Using 
different methods (GC MS–, and FT-IR) was convenient to characterize 
the obtained ligand. 

2.2. Synthesis procedure of metal complexes 

Ligand and metal salt were dissolved in methanol (3-4 mL) and 
mixed at room temperature. A small amount of metal salt was dissolved 
in methanol (3-4 mL). After the reaction was completed, 2–3 drops of 
sodium hydroxide were added to the mixture and then kept for recrys-
tallization through methanol. All metal complexes (2a-d) were fully 
characterized by infrared spectroscopy, electrospray ionization mass 
spectrometry, single-crystal X-ray diffraction, and elemental analyses. 

[Ni(H4L)2] (2a): yield, 68% (based on Ni). Orange crystalline com-
pound soluble in methanol, ethanol and DMF. Elemental analysis, Anal. 

Calcd. (%) for C10H14N12Ni (Mr = 361.0 g/mol): C 33.27, H 3.91, N 
46.56. Found: C 33.21, H 3.87, N 46.41. ESI-MS: m/z: 362.1 [Mr+H+]. 
IR (KBr, selected bands, cm− 1): 3347 ν(N − H) and 1595 ν(C = N). 

[H6LCuCl3] (2b): yield, 80% (based on Cu). Green crystalline com-
pound soluble in methanol, ethanol, and DMF. Elemental analysis, Anal. 
Calcd. (%) for C5H11Cl3CuN6O (Mr = 341.1 g/mol): C 17.61, H 3.25, N 
24.64. Found: C 17.58, H 3.21, N 24.60. ESI-MS: m/z: 324.1 
[Mr− H2O+H+]. IR (KBr, selected bands, cm− 1): 3582 and 3466 ν(O −
H), 3217 and 3038 ν(N − H) and 1657 ν(C = N). 

[Cu(H4L)2] (2c): yield, 77% (based on Cu). Pink crystalline com-
pound soluble in methanol, ethanol, and DMF. Elemental analysis, Anal. 
Calcd. (%) for C10H14CuN12 (Mr = 365.8 g/mol): C 32.83, H 3.86, N 
45.94. Found: C 33.79, H 3.85, N 45.90. ESI-MS: m/z: 366.8 [Mr+H+]. 
IR (KBr, selected bands, cm− 1): 3377 ν(N − H) and 1592 ν(C = N). 

[Co2{(CoIICl(L)(H2O)3}3{(CoII(CH3COO)(L)(H2O)2}3]6+[Cl− ]6 (2d): 
yield, 57% (based on Co). Orange crystalline compound soluble in 
methanol, ethanol, and DMF. Elemental analysis, Anal. Calcd. (%) for 
C36H81Cl9Co8N36O21 (Mr = 2144.79 g/mol): C 20.16, H 3.81, N 23.51. 
Found: C 20.11, H 3.76, N 23.47. ESI-MS: m/z: 324.7 [CoIII{(-
CoII(CH3COO)(L)(H2O)2}3]3+, 318.6 [CoIII{(CoIICl(L)(H2O)3}3]3+ and 
34.9 Cl− . IR (KBr, selected bands, cm− 1): 3276 ν(O − H), 2952 ν(N − H), 
1623 ν(C = O) and 1587 ν(C = N). 

2.3. Biological procedures 

Utilizing p-nitrophenyl-D-glycopyranoside (p-NPG) as the substrate, 
complexes 3 and 4 were tested for their ability to block α-glycosidase. 
The samples were made by combining 10 mg of EtOH with 10 mL of 
water. The enzyme solution in phosphate buffer (0.15 U/mL, pH 7.4) 
was combined with 100 µL of phosphate buffer, followed by 10-100 µL of 
the sample. We made several phosphate buffer solutions in case we did 
not get complete enzyme inhibition [15]. Following that, it was pre-
incubated at 35 ◦C for 12 min before the reaction was started. After 
preincubation, the mixture was added to 50 µL of phosphate buffer (5 
mM, pH 7.4), and then incubated at 37 ◦C once more. The absorbances 
were measured spectrophotometrically at 405 nm. Plots of activity (%) 
vs plant concentration were used to determine the IC50 value. Vmax and 
other inhibition parameters were calculated using Lineweaver-Burk 
graphs. These graphs were used to determine the Ki [16]. α-Glycosi-
dase from Saccharomyces cerevisiae was purchased from Sigma Aldrich. 

For the hCA inhibition experiment, Sepharose-4B-L-Tyrosine-sulfa-
nilamide affinity column chromatography was used to purify the hCA I 
and II isoenzymes. Using the esterase activity measurement method, the 
activities of the hCA I and hCA II isoenzymes were measured in inhibi-
tion studies [17]. This work used p-nitrophenylacetate as a substrate, 
which was changed into the p-nitrophenolate ion compound by both 
isoenzymes, and measured variations in absorbance during a 3-minute 
period at 348 nm. During the separation steps, the Bradford method 
was employed to estimate the amount of protein. The polyacrylamide 
gel electrophoresis technique with sodium dodecyl sulfate was utilized 
to record the presence and purity of both isoenzymes [18]. Carbonic 
anhydrase I and II isoenzymes were purified from human erythrocytes 
by affinity chromatography method and used in the study. 

2.4. Molecular docking study 

With the help of Auto Dock 4.2 [19], protein(s)-ligand(s) complexes 
were molecularly docked. The RCSB Protein Data Bank (PDB ID: 1AZM, 
and 3HS4) was used to download the crystallographic 3D structure of 
hCA I and hCA II; the α-glycosidase (α-Gly) enzyme, on the other hand, 
has not been found to have a 3-dimensional structure in the relevant 
database, so placement studies were carried out using the model struc-
ture we created by homology modeling method in previous studies [20, 
21]. The protein models in this study were selected and applied in 
accordance with the kits used in biological activity analyses. 
Pre-validation procedures required for the docking studies are not 
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explained again in this study, as we have done the same in our previous 
studies. Then, in AutoDockTools 1.5.7 [22] enzyme models related to 
removal of water and solvent molecules, bound ligand, addition of polar 
hydrogen and partial assignment of charges were prepared for docking 
process. SCIGRESS software [23] was used to optimize the synthesized 
four different metal complex structures and reference drugs (Acetazol-
amide (AZA) for hCA I and hCA II; Acarbose (ACR) for α-Gly) for en-
zymes. Mechanical method with MO-G-PM6 technique [24] was used to 
optimize the structural properties of metal complexes and references. 
The format of proteins and ligands was converted to PDBQT file using 
AutoDockTools 1.5.7. Finally, based on the results of enzyme inhibition 
against hCA I, hCA II and α-Ca enzymes in our study, molecular docking 
was used to determine the binding mechanism of organometal compo-
nents to macromolecular targets and the structural relationship of their 
biological activity. In this case, the default settings of the lamarck ge-
netic algorithm were used to fix the product. The auto grid settings were 
as follows: grid size: X = 80, Y = 80 and Z = 80; grid spacing: 0.375 Å. 
Free binding energy and root-mean-square deviation (RMSD) values 
were used to evaluate the findings. Interactions between a particular 
atom or molecule and amino acids were determined using Discovery 
Studio (DS) 3.5 [25]. 

3. Result and discussion 

3.1. Chemistry 

Taking into account the significance of pyrazole and its derivatives as 
biologically active substances we synthesized pyrazole-based ligands 
based on the cyanoguanidine and pyrazole according to Scheme 1: 

The synthesis of the ligand (E)− 1-(amino(1H-pyrazol-1-yl)methy-
lene) guanidinium chloride was carried out by the nucleophilic coupling 
reaction of the nitrogen of amine of pyrazole to the cyano group of 
dicyandiamide in acidic condition. However, when this nucleophilic 
coupling reaction is carried out in the presence of sodium hydroxide as 
an alkali instead of hydrochloric acid, mixtures are obtained that are 
hard to separate and analyze. As a result of ongoing protonation five 
nitrogen atoms of the compound (E)− 1-(amino(1H-pyrazol-1-yl)meth-
ylene)guanidinium chloride coordinate to metal atoms. The structure of 
the cation part of the compound (E)− 1-(amino (1H-pyrazol-1-yl)meth-
ylene) guanidine is shown in Fig. 1 and the distances between selected 
atoms are shown in Table 1: 

The ligand (E)− 1-(amino(1H-pyrazol-1-yl)methylene) guanidinium 
chloride was obtained due to the bond formed between the atom of 
pyrazole (N3) and the carbon atom of the cyano group (C2). The bond 
length between N2 and C2 (1.2939(19) Å) corresponds to the nature of a 
double bond, while the delocalization of the positive charge between 
N1, C1 and N5 corresponds to the distance (N;C = 1.316(2), 1.318(2) Å) 
fits. Atoms N1, N2, N5 and C1 and the pyrazole ring form one plane, 
while other atoms N2, C2 and N6 form another plane. The angle be-
tween the planes in this joint is equal to 60◦. 

The synthesized ligand was used in the formation of metal, i.e., 
copper, nickel, and cobalt complexes, and these complexes can be used 
as catalysts for C(sp3)-H activation and CO2 conversion [26]. 

Four new transition metal 1,3,5-triazopentadienates, 2a- 
(C10H14N12Ni), 2b-(C5H11Cl3CuN6), 2c-(C10H14N12Cu), and 2d- 

(C36H83Cl9Co8N36O22), were synthesized by the reaction of H5L•HCl 
with Ni(CH3COO)2⋅4H2O (in the presence of triethylamine), Cu 
(CH3COO)2⋅H2O (in the presence of triethylamine), CuCl2⋅2H2O and Co 
(CH3COO)2⋅4H2O, in methanol, respectively (Scheme 2). 

We also plan to develop a facile synthetic strategy to produce metal 
complexes of the synthesized ligand. We tested copper, nickel, and co-
balt metals and generated peculiar organometallic complexes. Their X- 

Scheme 1. Synthesis of pyrazole-based ((E)-N’-(diaminomethyl)− 1H-pyrazole-1-carboximidamide).  

Fig. 1. X-ray images of (E)− 1-(amino(1H-pyrazol-1-yl)methylene) guanidin.  

Table 1 
Selected distances for (E)− 1-(amino(1H-pyrazol-yl)methylene)guanidine [A◦].  

N1-C1 1.316(2) 
N2-C2 1.2939 
(19) 

N1-C1 1.316(2) 
N2-C2 1.2939(19) 

N1-C1 1.316(2) 
N2-C2 1.2939(19) 

N1-C1 1.316(2) 
N2-C2 1.2939(19) 

N2-C1 1.356(2) 
N3-C2 1.4005 
(18) 

N2-C1 1.356(2) 
N3-C2 1.4005(18) 

N2-C1 1.356(2) 
N3-C2 1.4005(18) 

N2-C1 1.356(2) 
N3-C2 1.4005(18) 

N5-C1 1.318(2) 
N6 -C2 1.321(2) 

N5-C1 1.318(2) 
N6 -C2 1.321(2) 

N5-C1 1.318(2) 
N6 -C2 1.321(2) 

N5-C1 1.318(2) 
N6 -C2 1.321(2)  

Scheme 2. Synthesis of metal complexes.  
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ray structures were generated after recrystallization of the synthesized 
compounds (Fig. 2): 

A Bruker SMART APEX-II CCD area detector fitted with graphite- 
monochromated Mo-Kα radiation (λ = 0.71,073 Å) at 296 K was used 
to gather X-ray diffraction intensities of metal complexes (2a-d). 
SADABS used the absorption correction [27]. Bruker’s SHELXTL-97 was 
used to solve the structure directly, and full-matrix least-squares was 
used to improve it on F2 [28,29]. Every non-hydrogen atom underwent 
anisotropic refinement. Table 2 provides a summary of the crystallo-
graphic data details for 2a-d. 

3.2. Enzyme inhibition results 

To determine hCA I, hCA II, and α-glycosidase inhibition activity 
compounds-metal complexes (2a-d) were tested against hCA I, hCA II, 
and α-Gly as in vitro. The results are given in Table 3.  

(I) The IC50 and Ki values were computed for every compound. The 
ligand-binding affinities for both CA isozymes are indicated by Ki 
values. The efficacy of each chemical in preventing CA isozyme 

activity is also indicated by its IC50 value. This method converts 
each compound’s IC50 value to an absolute inhibition constant, or 
Ki value. The IC50 values of novel complexes (2a-d) in the current 
investigation fell within the range of 6.10 to 24.30 µM for the 
hCA I isozyme and 8.52–28.08 µM for the hCA II isozyme. 
Additionally, the new substances inhibited the hCA I and II iso-
zymes, with Ki values ranging from 7.14 ± 1.97–29.34 ± 3.18 µM 
and 9.86 ± 2.46–32.47 ± 4.82 µM, respectively. Table 3 displays 
the IC50 and Ki values of the two aforementioned isozymes 
including new compounds. The molecule that exhibited the 
greatest inhibition for both isoenzymes was compound 2d, (Ki: 
7.14 ± 1.97 and 9.86 ± 2.46 µM). The inhibition effects of 
studied novel complexes (2a-d) against hCA I were decreased in 
the following order: 2d (Ki: 7.14 ± 1.97 µM) < 2c (Ki: 14.18 ±
2.02 µM) < 2b (Ki: 19.53 ± 1.30 µM) < AZA (Ki: 27.50 ± 3.06 
µM) < 2a (Ki: 29.34 ± 3.18 µM). Compound 2a demonstrated 
the weakest suppression of dominant cytosolic hCA I and II in the 
low-micromolar range and weaker than AZA (IC50: 24.30 and 
28.08 µM). The inhibition effects of studied complexes (2a-d) 
against hCA II were decreased in the following order: 2d (Ki: 9.86 

Fig. 2. X-ray images of the synthesized metal complexes.  
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± 2.46 µM) < 2c (Ki: 15.52 ± 1.67 µM) < 2b (Ki: 22.35 ± 3.04 
µM) < AZA (Ki: 30.72 ± 4.09 µM) < 2a (Ki: 32.47 ± 4.82 µM). 
The primary function of hCA II is to control the bicarbonate 
content in the eyes. It is possible to lower the intraocular pressure 
that is typically linked to glaucoma by using hCA II inhibitors. 
Furthermore, malignant brain tumors, renal, gastritis, and 
pancreatic carcinomas all express hCA II. Additionally, the hCA II 
inhibitors have been explored as a chemotherapy adjunct for 
cancer [30]. The cytoplasmic isozyme human CA II exhibits a 
high degree of catalytic activity. With 259 amino acid residues 
and an estimated molecular mass of 29 kDa, hCA II is composed of 
a single polypeptide chain. Its tetrahedral form is a result of the 
coordination of three histidine residues (His-94, His-96, and 
His-119) with an active site and zinc ion. Since several of the CA 
isoforms’ inhibitors have pharmacological uses in the treatment 
of edema, glaucoma, obesity, epilepsy, and malignancies, many 
of them are therapeutic targets. Inhibitors of carbonic anhydrase 
can be divided into two categories: classical and non-classical 
inhibitors [31]. CA is traditionally inhibited by compounds con-
taining a zinc-binding group based on sulfonamide (SO2NH2) or 
its bioisosteres (sulfamates and sulfamides). Sulfonamides inhibit 
the action of CA by displacing the water/hydroxide ion that is 
linked to zinc. There are already a number of sulfonamide-based 
CA inhibitors approved for use in clinical settings to treat epi-
lepsy, glaucoma, edema, and altitude sickness [32]. 

(II) In this work, the novel derivatives (2a-d) demonstrated encour-
aging inhibitory action against α-glycosidase, as seen by their 
IC50 values ranging from 1.72 to 3.45 µM. This indicates that they 
were approximately 1–3 times more active than acarbose (IC50 =

4.58 µM). Compound 2a has the most inhibitory action of all of 

them (IC50 = 1.72 µM). According to the findings, the novel 
compounds may be a useful approach for creating possible 
α-glycosidase inhibitors. As a result, inhibiting α-glycosidase 
might be a useful strategy for treating DM. Lastly, the α-glycosi-
dase enzyme was evaluated against studied novel compounds. 
The following order was observed for the inhibitory actions of the 
investigated novel compounds (2a-d) against α-glycosidase: 2a 
(Ki: 2.08 ± 0.11 µM) < 2d (Ki: 2.57 ± 0.04 µM) < 2c (Ki: 2.90 ±
0.08 µM) < 2b (Ki: 4.03 ± 0.30 µM) < ACR (Ki: 4.96 ± 0.50 µM) 
(Table 3). α-glycosidase inhibitors have the ability to postpone 
the breakdown of carbohydrates in the small intestine, which 
consequently lowers postprandial blood glucose levels. Acarbose, 
voglibose, and miglitol are among the α-glycosidase inhibitors 
that are now being used as therapeutic medications to treat type 2 
diabetes. However, due to side effects including diarrhea and 
flatulence, these clinical medications also have significant re-
strictions. Therefore, the development of safe and effective 
α-glycosidase inhibitors is imperative for the management of type 
2 diabetes [33–36] (Fig. 3). 

3.3. Molecular docking study 

The binding orientation of metal complexes with hCA I, hCA II, and 
α-Gly enzymes was predicted using molecular docking experiments, 
which are also used to investigate specific intermolecular interactions. 
In particular, the most effective two metal complexes (2d and 2c) and 
standard molecules (AZA and ACR) were placed in model forms of hCA I, 
hCA II, and α-glycosidase enzymes. Docking binding energy values of the 
related compounds for each target were tabulated in Table 4. It is 
important to note that 2d exhibits good binding energies of − 7.31 and 
− 7.27 kcal/mol with hCA I and hCA II, respectively, compared to the 

Table 2 
Crystallographic data and structure refinement details for metal complexes.   

2a 2b 2c 2d 
Empirical formula C10H14N12Ni C5H11Cl3CuN6O C10H14CuN12 C36H63Cl9Co8N36O21 

Fw 361.04 341.09 365.87 2126.71 
Temperature (K) 150(2) 150(2) 150(2) 150(2) 
Cryst. Syst. Monoclinic Monoclinic Triclinic Trigonal 
Space group P21/c C2/c P-1 P-31c 
a (Å) 12.2955(8) 24.4255(4) 8.1733(4) 16.4531(6) 
b (Å) 4.9045(3) 8.71870(10) 9.3238(5) 16.4531(6) 
c (Å) 13.1699(9) 13.6691(3) 15.0254(8) 20.2962(13) 
α, ◦ 90 90 76.085(2) 90 
β, ◦ 116.167(2) 123.7980(10) 77.688(2) 90 
γ, ◦ 90 90 80.873(2) 120 
V (Å3) 712.79(8) 2419.01(8) 1078.89(10) 4758.2(5) 
Z 2 8 3 2 
ρcalc (g cm− 3) 1.682 1.873 1.689 1.484 
μ(Mo Kα) (mm− 1) 1.383 2.457 1.540 1.682 
F (000) 372 1368 561 2136 
R1a (I ≥ 2σ) 0.0205 0.0167 0.0259 0.0737 
wR2b (I ≥ 2σ) 0.0473 0.0461 0.0684 0.2037 
GOOF 1.071 1.104 1.056 1.064  

a R1 = Σ||Fo| – |Fc||/Σ|Fo|. b wR2 = [Σ[w(Fo
2 – Fc

2)2]/ Σ[w(Fo
2)2]]1/2. 

Synthesized metal complexes can be exploited as a homogeneous catalyst for inert C(sp3)-H bond activation to functionalize saturated hydrocarbons. 

Table 3 
The enzyme inhibition results of novel compounds against hCA I, hCA II, and α-glycosidase (α-Gly) enzymes.  

Compounds IC50 (µM) Ki (µM) 

hCA I r2 hCA II r2 α-Gly r2 hCA I hCA II α-Gly 

2a 24.30 0.956 28.08 0.981 1.72 0.984 29.34 ± 3.18 32.47 ± 4.82 2.08 ± 0.11 
2b 15.26 0.992 18.37 0.956 3.45 0.952 19.53 ± 1.30 22.35 ± 3.04 4.03 ± 0.30 
2c 11.80 0.985 14.47 0.990 2.64 0.940 14.18 ± 2.02 15.52 ± 1.67 2.90 ± 0.08 
2d 6.10 0.954 8.52 0.946 1.98 0.974 7.14 ± 1.97 9.86 ± 2.46 2.57 ± 0.04 
AZA** 22.62 0.973 26.57 0.970 – – 27.50 ± 3.06 30.72 ± 4.09 – 
ACR*** – –   4.58 0.979 –  4.96 ± 0.50  
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typical carbonicanhydrase inhibitor acetazolamide (− 6.14 and − 6.56 
kcal/mol for hCA I and hCA II). As the second potential candidate, 2c 
shows binding energy values of − 7.14 and − 7.04 kcal/mol in dimeric 
form containing Cu metal. The interaction and binding mechanisms of 
2d and 2c and acetazolamide against the target enzymes were studied 
using DS 3.5. 

Potentially active compound against hCA I target, 2d contains cobalt 
metals as well as chlorine atoms in its structure. In addition to its 
structural activity, the area it covers as a topological surface increases its 
interaction with the target models around it. Therefore, electrostatic 
interactions were observed between the chlorine atoms of 2d and the 
Lys57 and Zn ion in the active site of hCA I. The related metal complex 

also creates strong hydrogen bonds with Gln92 and Asn69 residues of 
the target and hydrophobic interactions with Leu131, Ala135, Leu141 
and Leu198 residues as given Fig. 4. 

The complex 2c, on the other hand, acts indirectly with the enzyme 
by forming a hydrophobic interaction with the His94 residue channel 
instead of directly interacting with the target’s Zn ion. In addition, the 
five-ring diazo-containing part of the Cu complex and one of the nitro-
gen atoms to which the Cu metal is attached form hydrogen bonds with 
the His64, His67 and Pro201 residues of the target, respectively. The 2 
and 3 D interactions of 2d, 2c and reference compound AZA with the 
target are shown in Fig. 4. 

The complexes (2d and 2c) show high binding affinity in the same 

Fig. 3. Lineweaver burk graph of best inhibition results.  
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manner as hCA II, the other carbonicanhydrase. The difference with the 
hCA I enzyme is that the same compounds with the hCA II enzyme show 
slightly less binding affinity, as shown in Table 4. Likewise, it is the 
compound 2d that contains the most effective complex Co metals. In 
second place is the heteroaramatic compound 2c containing Cu metal. 
The interactions and orientations of the compounds with hCA II are 
given in Fig. 5. 

Finally, the interaction of the different metal compounds synthesized 
with the alpha glycosidase enzyme exhibits a different trend than hCA I 
and hCA II. The most effective candidate is the compound 2a, which 
contains Ni metal and shows a binding energy of − 10.19 kcal/mol. The 
nitrogen atoms with which the Ni metal of this complex interacts form 
strong hydrogen bonds with the Glu276 and Asp349 amino acids of the 
target. Fig. 6 also shows that the complex containing the corresponding 
Ni metal creates strong hydrogen bonds with the amino acids Gln350, 
Glu276, Asp349, Arg439 and Asp408 of the alpha glycosidase enzyme, 
as well as hydrophobic interaction with Phe158. Then, complex 2d 
shows a binding energy of − 9.93 kcal/mol in second place with the 

related target. The chlorine atoms of 2d interact with the Arg312 and 
Arg439 residues in this target, creating an electrostatic interaction. The 
most important point to note here is that since the surface interaction of 
the target enzyme has a dominance of the hydrophobic surface rather 
than the hydrophilic surface, it shows six hydrophobic interactions 
(Phe157, His239, Lys155, Leu176, Pro240 and Arg312) in addition to 
hydrogen bonding (Glu304) with the relevant metal complex. 

4. Conclusion 

All metal complexes [C36H63Cl9Co8N36O21; C10H14N12Ni; 
C5H11Cl3CuN6O and C10H14CuN12] have been prepared by reaction of 
by the reaction of H5L•HCl with Co(CH3COO)2⋅4H2O, Ni 
(CH3COO)2⋅4H2O (in the presence of triethylamine), Cu(CH3COO)2⋅H2O 
(in the presence of triethylamine) and CuCl2⋅2H2O in methanol. The Ni 
(II), Cu(II), and Co(II/III) complexes were characterized by elemental 
analysis and X-ray single-crystal diffraction. As a result of molecular 
docking studies, it is seen that the complexes (2d and 2c) show similar 
affinity with hCA I and hCA II, but in different binding affinity modes. In 
the α-glycosidase enzyme, it has been shown that the compound 2a 
produces more activity due to the different properties of the active site. 
As a result, the complex 2d emerges as a potential enzyme inhibitor 
candidate with activity in all three target enzymes. 
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Table 4 
The binding energy and root-mean-square deviation (RMSD) values of the 
potent compounds (2a-d), AZA (as positive compound for hCA I and hCA II) and, 
ACR (as positive compound for α-Gly) with the target enzymes.  

hCA I Binding Energy (kcal/mol) RMSD (Å) 

2a − 5.85 2.159 
2b − 6.90 2.435 
2c − 7.14 1.679 
2d − 7.31 1.591 
Acetazolamide (AZA) − 6.14 1.768  

hCA II Binding Energy (kcal/mol) RMSD (Å) 

2a − 5.27 2.243 
2b − 6.93 2.179 
2c − 7.04 1.837 
2d − 7.27 1.476 
Acetazolamide (AZA) − 6.56 2.037  

α-Gly Binding Energy (kcal/mol) RMSD (Å) 

2a − 10.19 0.125 
2b − 8.23 2.459 
2c − 9.00 1.673 
2d − 9.93 0.164 
Acarbose (ACR) − 7.53 2.423  

Fig. 4. 3D and 2D interactions of 2d (magenta color, stick form on the left side), 2c (pink color, stick form on the right side) and acetazomide (AZA, orange color, ball 
and stick form on the middle side) with hCA I. 
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