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Abstract: In the present work, complexes of cobalt(Il), copper(Il), and zinc(Il), 2-amino-4-
methylpyrimidineand, and 2,3-diaminopyridine were successfully prepared and characterized using
elemental analysis, UV-visible, and FTIR spectroscopy, as well as magnetic susceptibility measure-
ments, molar conductance, TGA analysis, and X-ray diffraction. From elemental and spectral data,
the formulae [M(L1)(L2)Cly(H,O)] (where L1 = AMPY (2-amino-4-methylpyrimidine) and L2 =
DAPY(2,3-diaminopyridine)) and M = Co(Il) (2), Cu(Il) (2), and Zn(Il)) for the metal complexes have
been proposed. The geometric structures of the mixed-ligand complexes were found to be octahedral
around the metal ions, and the XRD patterns showed monoclinic crystal systems with space group
P2;. The mode of bonding was pentacoordinate for Cu and hexacoordinate for Zn and Co. Different
features may result from the fact that not all molecules have the same electron distribution. For
example, Zn and Co have larger electron densities in at least one of the chlorides in the HOMO
compared with pentacoordinate Cu, which has a small electron distribution on the chloride. Thermal
analysis indicated that all metal complexes are stable up to about 88 °C with thermodynamically
favored overlapped chemical reactions. Excellent antibacterial and antifungal activity was shown by
the three synthesized forms of the complexes. The Zn(II) complex had a high level of antioxidant
activity with a DPPH scavenging of 91.5%, whereas the Cu(II) complex had a low level of antioxidant
potential (16.5%). The docking tests also showed that all compounds had good binding energy levels
(7.2-7.9 kcal mol~1). For this reason, all molecules can easily fit in the receptor protein’s catalytic
sites. However, the Co(II) complex is shown to be more active.

Keywords: mixed-ligands; DFT calculations; HOMO; LUMO; antimicrobial; antioxidant assays;
molecular docking analysis

1. Introduction

Transition element ions (TEI) have a good and important role in the self-assembly of
complexes. Additionally, the wide field of chemistry using transition elements and organic
ligands as building blocks is enriched with high design ability and a variety of structural
architecture [1-4]. The cobalt(Il), copper(II), and zinc(Il) ions are of particular interest
because they relate to labile metal centers with the coordination number of M?* ranging
from two to six and more. Co(II), Cu(II), and Zn(II) compounds are most commonly given
with nitrogen-containing ligands with functional groups and different geometries. For
example, pyridine, pyrimidine, and its derivatives react with metal ions (MIS) to give both
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polynuclear and discrete coordination compounds and participate in hydrogen-bonding
and 7-ring interactions, including weak interactions as well as coordinates to the transition
element [5-7]. Moreover, it has an immense influence on various biological and chemical
processes as well [8]. We have observed this through antimicrobial and antioxidant assays of
the prepared compounds. 2-amino-4-methylpyrimidine (AMPY) and 2,3-di-aminopyridine
(DAPY) serve as useful chelating ligands in a diversity of inorganic and organometallic
applications and anti-bacterial, anti-fungal, antioxidant, anti-inflammatory, and pharma-
ceutical applications [9-15]. It can be assumed from several scientific works [9-17] that the
qualities of antimicrobial and antioxidant actions depend on the type of ligands forming the
bioactive complexes. For that, we have found that we can obtain different products with
only a slight variation in the published procedure. That is why we have decided not only
to optimize the discussed preparation method but also to determine the reaction products
unambiguously and to collect information regarding the biological activity of the discussed
complex better than that reported in the literature. On the basis of the stated facts, we
have decided to prepare and characterize the biological activity of cobalt(Il), copper(Il),
and zinc(II) complexes. Indeed, the chemistry of Co(II), Cu(ll), and Zn(II) compounds
with nitrogen donor ligands, especially aminopyridine and aminopyrimidine derivatives,
has been extensively studied over the past few decades [16-18]. In this study, we pre-
pared three complexes [Co(AMPY)(DAPY)Cl,(H,0)], [Cu(AMPY)(DAPY)Cl,(H,0)], and
[Zn(AMPY)(DAPY)Cl;(H,0)] in aqueous media and characterized them by analytical and
different spectroscopic methods.

2. Experimental Section
2.1. Chemicals

High purity 2-amino-4-methylpyrimidine (AMPY) (97%) and 2,3-diaminopyridine
(DAPY) (95%) were supplied by Sigma-Aldrich (St. Louis, MO, USA). They were purchased
and used without purification. Co(Il), Cu(Il), and Zn(II) compounds were synthesized
in aqueous media using cobalt(Il) chloride hexahydrates, copper(ll) chloride dehydrated,
zinc(Il) chloride salts, and 2-amino-4-methylpyrimidine (AMPY) as primary ligands. 2,3-
diaminopyridine (DAPY) was used as the auxiliary ligand for the three complexes, respec-
tively.

2.1.1. Synthesis of [Co(AMPY)(DAPY)Cl,(H,0)]

An ethanolic solution (15 mL) of 2-amino-4-methylpyrimidine (AMPY) (0.5 g,
0.45 mmol) was slowly added to 20 mL water (CoCl,.6H,0O, 1.09 g, 0.45 mmol), and to it an
ethanolic solution (15 mL) of 2,3-diaminopyridine (DAPY) (0.5 g, 0.45 mmol) was added
dropwise. The reaction mixture was heated at 60 °C for 60 min with constant stirring. The
dark brown precipitate was washed with H,O and EtOH and then dried.

2.1.2. Synthesis of [Cu(AMPY)(DAPY)Cl,(H,0)]

It was prepared following the same procedure as in (1). The molar ratios were 1:1:1,
CuCl,.2H,0 (0.78 g, 0.45 mmol), AMPY (0.5 g, 0.45 mmol), and DAPY (0.5 g, 0.45 mmol).
A dark green complex was isolated.

2.1.3. Synthesis of [Zn(AMPY)(DAPY)Cl,(H,0)]

A similar synthetic method as that for (1) was used in the preparation of the zinc(II)
complex (15 mL), ZnCl; (0.62 g, 0.45 mmol). A creamy white compound was obtained.
The structures of the ligands are presented in Figure 1.
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Figure 1. The structures of the ligands: 2-amino-4-methylpyrimidine (AMPY) and
2,3-diaminopyridine (DAPY).

2.2. Characterization Methods

The infrared spectrum of the synthesized complexes was measured in the region of
4000-400 cm~! with an Agilent spectrometer. Electronic UV-Vis spectra were recorded
using a Shimadzu spectrophotometer (UV-1650PC, Japan). C, H, and N analyses were
measured utilizing a Eurovector CHN (EA3000, Pavia, Italy). X-ray diffraction patterns
(XRD) were collected at room temperature on a Rigaku XRD diffractometer (Ultima IV,
USA) with Cu-Ka radiation (\Cu = 0.154059 A). The used diffractometer is equipped
with a monochromator. The structural and microstructural parameters were determined
using the Rietveld method. The morphology of synthesized complexes was examined
by scanning electron microscopy (SEM) in a DSM960A ZEISS microscope in secondary
electron mode, operating at a voltage of 15 kV. The SEM was equipped with a Vega-Tescan
energy dispersive X-ray spectrometry (EDS) analyzer. Thermal analyses were conducted
using a Shimadzu simultaneous instrument in a nitrogen atmosphere in the range of 0-500
°C with a heating rate of 10 °C per minute.

2.3. Microbial Strains and Culture Media

In this study, different samples were tested against Gram (—ve) and Gram (+ve)
bacterial strains, giving insight into their broad-spectrum effects. The pathogenic species
used were two Gram-positive strains, Staphylococcus aureus and Micrococcus luteus, and two
Gram-negative strains, Escherichia coli and Salmonella thyphimurium. The antifungal activity
was evaluated against a pathogenic reference strain of the yeast Candida albicans. The
species were grown in nutrient broth (Oxoid) at 37 °C for a day and cultivated on nutrient
agar (Oxoid) for 24 h at 37 °C. The yeast strain was grown in Sabouraud chloramphenicol
broth (Oxoid) at 25 °C for a day.

2.4. Antimicrobial Activity

The antimicrobial activity of the different extracts was tested with the reference agar
disk diffusion method [19]. Before the test, 50 mg of each extract was dissolved in 1 mL of a
solution of dimethylsulfoxyde “DMSO” (5%). The species were grown in Mueller-Hinton
broth (Oxoid) at 37 °C for a day at 37 °C for 24 h and the suspensions were checked
with 0.5 McFarland standard turbidity. Afterward, 100 uL of each precultured suspension
was spread onto plates containing MH agar. Sterile filter paper discs (6 mm in diameter)
were saturated with 20 pL of the different compounds and placed on agar. The treated
plates were putted for 60 min at 4 °C and then incubated for a day at 37 °C. Then, during
incubation, the diameter of the inhibition zone (clear halo) around the discs was measured.

2.5. Antioxidant Activity
(DPPH) Radical Scavenging Assay

The free radical scavenging effect of the compounds was assessed according to the
method [20]. Briefly, 1 mL of sample (5 mg/mL) was mixed with 3 mL of a methanol
solution of DPPH (2,2-diphenyl-1-picrylhydrazyl) (300 uM). The reaction mixture was
vortexed and incubated for 30 min at room temperature. The absorbance of the solution
was measured at 517 nanometers. Vitamin C was used as a standard. The inhibitory
percentage of DPPH was measured by using the next Equation (1):

DPPH Scavenging effect (%) = [1 — (Abs compound/Abs control)] x 100 D)
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2.6. Computational Studies

The density functional theory (DFT) was performed using Gaussian09 program [21].
The optimization of the diverse complexes was performed by DFT through the functional
B3LYP and Lanl2dz/6-31G(d) basis sets. LANL2DZ basis set was limited for the treatment
of Zn(II), Cu(Il), and Co(II) atoms and 6-31G(d) basis set for all other atoms. To confirm
the stability of the structures, we calculated the vibrational frequencies at the same level
of theory.

2.7. Molecular Docking Analysis

In silico molecular docking was used to study the interactions between S. aureus
tyrosyl-tRNA synthetase and the three complexes Co(Il), Cu(Il), and Zn(Il) to investigate
the preferred occupation of the ligands in the binding active site. The crystal coordinates
were obtained from the Protein Data Bank: S. aureus tyrosyl-tRNA synthetase (PDB: 1]IJ). All
water species and the co-crystallized ligand have been deleted from the original structure.
We designated the Gasteiger charge and polar hydrogens using AutoDockTools1.5.2 (ADT),
and we prepared the PDBQT file format [22]. We used ADT to determine a docking grid.
In 1]1], the grid box site was set at x: —10.908, y: 14.432 y, and z: 86.420 z A. The size of
the grid box was 25 A for x, y, and z and 0.375 A for the grid spacing. The structures of
the compounds were those optimized in computational studies with B3LYP/LanlL.2dz/6-
31G(d). We used AutoDock Vina software [23] with 32 as an exhaustiveness parameter
to obtain the docking data. The docking conformation analysis was performed by ADT.
Enzyme-ligand interactions are investigated by Discovery Studio Visualizer [24].

3. Results and Discussion
3.1. Synthesis and Spectroscopic Characterization

These components were found to react in the molar ratios of 1:1:1 metal:L1:L2. The
compounds are air-stable. The molar conductivity values AM of the compounds in 1073 M
DMSO solutions vary from 23.2 to 38.8 to 62.1 S cm? mol ! for Zn(II), Cu(II), and Co(II)
complexes, respectively, indicating that they are of a non-electrolytic nature.

Anal. Calc. for C19H14NgCoCl,O (complex 1): C, 32.79; H, 4.40; N, 22.95; Found: C,
32.04; H, 4.56; N, 21.98. m.p. 198 °C.

Anal. Calc. for C1pH1sNgCuCl,O (complex 2): C, 32.39; H, 4.34; N, 22.67. Found: C,
31.46; H, 4.28; N, 21.04. m.p. 192 °C.

Anal. Calc. for C1pH14NgZnCl,0 (complex 3): C, 32.23; H, 4.32; N, 22.55. Found: C,
33.50; H, 4.11; N, 21.96. m.p. 186 °C.

Table 1 summarizes the infrared spectral data (cm~') of the ligands and their com-
plexes. The infrared spectral bands provide structural evidence for the coordination of
the two ligands to the Co(II), Cu(ll), and Zn(Il) ions. The stretching vibration of the
pyridine groups located at 1590 (v) C=C and 1580 (v) C=N cm~! in the DAPY ligand
exhibits a notable shift to a wave number of (1548-1567) and (1530-1540 cm™!) in all
complexes [25-27]. The C-N stretching in the ring bands found in the complexes is in
the range 1450-1495 cm ™! [28]. In the FTIR spectrum of the free AMPY, v(C-NH;) oc-
curs at 3312 cm~! with a shift to a wave number (3296-3310 cm™!) in the spectra of
the compounds [8]. A broad diffused band with medium intensity located in the range
3418-3498 cm ™! may be assigned to v(OH) for lattice H,O in Co(Il) and Cu(Il) com-
plexes [29]. For all complexes, the vOH stretching vibration of coordinated H,O appears
in the 3306-3326 cm ! region [30]. The IR spectra of the compounds appear as a band at
418-436 cm ! assigned to (M-Cl) [31]. Metal-oxygen and M-nitrogen bonding are apparent
from the manifestation of two bands at 554-570 and 468-475 cm ™!, respectively [32].
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Table 1. The infrared spectral data (cm ') of the ligands and their complexes.
. Co(II) Cu(ID Zn(II)
Assignment AMPY DAPY Complex Complex Complex
vO-H
lattice water _ _ 3498 3418 -
vO-H 3326 3306 3307
coordinated water
vNH, 3312 - 3310 3296 3302
vN-H - 3179 3132 3160 3172
vCH3 2920 w - 2928 2932 2930
vC-H 3006 m - 2998 w 2994 w 2988 w
vC=C - 1590 1548 1555 1567
vC=N - 1580 1536 1530 1540
UC-Nin ring - 1456 1450 1482 1495
vC-H 742 748 760 750
M-O - - 554 570 556
M-N - - 468 472 475
M-CI - - 418 436 428

3.2. Magnetic Moments

Magnetic susceptibility was measured at room temperature using a solid sample
by the Gouy operation. The magnetic moment shows the Co(Il) ion to be (4.78 BM)
with configuration in an octahedral environment [33,34]. The value of the determined
magnetic moment for the Cu(Il) ion is (1.73 BM) based on the configuration in octahedral
geometry [35,36]. Zn(II) is a nonmagnetic ion. It has been reported that when the value for
Co is between 4.3 and 5.2, it has a high spin state.

3.3. Electronic Spectra

In the wavelength range 200-650 nm, the optical absorption coefficient was calculated
for ligands (DMSO, 1 x 10~3 M) and their metal ions (Co(II), Cu (II), and Zn(II)), as shown
in Figure 2 below. Absorption peaks were found at 31.746, 31.250, 32.476 cm ™! and 39.682,
39.062, 39.370 cm !, which can be referred to as n-mt* and 7-7t*, transitions of DAPY and
AMPY [37,38]. The electronic spectra of the cobalt(II) complex have two absorption bands
typical of high spin and low spin octahedral geometries, designated 4 T1 g(F)—4 A2g(F)
and 2 Eg—2 Tlg transitions, respectively [34]. The Cu(II) complex presents the absorption
bands that need theoretical calculations in order to determine its coordination number.
Zn*? is a nonmagnetic ion. They have only bands for 7-* and n-7*, which are assigned
to intra-ligand charge-transfer transitions. From the above data, the structures of the
complexes can be postulated as follows (Figures 3 and 4).

—CU COMmplex

Zn Complex

Co Complex

Absorbance

Ligand 1

Ligand 2

-0.5

Wawvelenghth {(nm)

Figure 2. Electronic spectra of L1, L2, Co(II), Cu(Il), and Zn(II) mixed ligand complexes.
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Figure 3. Structure of [M(AMPY)(DAPY)Cl,(H,0)] M = Co(II), Cu(Il), and Zn(II).

Figure 4. A perspective view of the complete coordination around Co(II) complex.

3.4. Theoretical Study

Molecular modeling was performed for all compounds using the density functional
theory DFT/B3LYP to study the structures and the frontier molecular orbitals (Figure 5).
The mode of bonding is pentacoordinate for Cu and hexacoordinate for Zn and Co. Selected
bond lengths (A) calculated at B3LYP are presented in Table 2. Zn is coordinated to one
nitrogen of L1 (Zn-N =2.10 A)and to two nitrogens of L2 (2.28 and 2.38 A). Cois coordinated
to one nitrogen of L1 (Co-N = 2.00 A) and to two nitrogens of L2 (2.00 and 2.37 A). Cuis
bonded to one nitrogen of L1 (Cu-N = 2.10 A) and one nitrogen of L2 (2.00 A). Generally,
the proposed model for metals is hexacoordinate, but density functional calculations show
that the copper in our environment is pentacoordinate. In the literature, we find that copper
can be pentacoordinated to some ligands [39].

*?o

J

J 9

(a) [CuCLL1L2H:0] (b) [ZnCL:L1L2H:O] (c) [CoCL:L1L2H:0]

Figure 5. Optimized geometry of the complexes. (a) Cu(Il) (b) Zn(II), and (c) Co(II).
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Table 2. Selected bond lengths (A) calculated at B3LYP.

Bond M =Cu M=Zn M =Co
M-N(L1) 2.10 227 2.00
M-N(L2) 2.07 2.28 2.00
M-N(L2) - 2.38 2.37

M-Cl 2.38 2.38 241

M-Cl1 2.37 2.58 2.36
M-OH2 2.33 2.19 2.28

The HOMO and LUMO frontier orbitals are exhibited in Figure 6. For Cu, the HOMO
is localized on L2 and the LUMO is centralized on the second ligand, L1. For Zn, the
HOMO is localized on one chloride, and the LUMO is localized on L1. For Co, both HOMO
and LUMO are found with the metal and two chlorides. This shows that the electron
distribution is not the same for all molecules, and this can lead to different properties [21].
For Cu, which is pentacoordinate, the electron distribution is small on the chloride, but for
Zn and Co, the electron density is higher in at least one of the chlorides in the HOMO.

LUMO (-0.06514) LUMO (-0.05651) LUMO -0.07099
HOMO (-0.21370) HOMO (-0.24100) HOMO (-0.21997)

(a) [CuCl.L1L2H:0] (b) [ZnCI2L1L2H:0] (c) [CoCl2L1L2H:0]

Figure 6. Frontier molecular orbitals of HOMO and LUMO in complexes with (a) Cu, (b) Zn, and
(c) Co.

3.5. Thermal Analysis
3.5.1. [Co(AMPY)(DAPY)Cl,(H,0)]

Figure 7a gives the TG and DTA curves of the [Co(AMPY)(DAPY)Cl,(H,0)] sample.
As shown, the TG-analysis reveals that the thermal decomposition processes begin at a
temperature of 35 °C and include four stages (Figure 7). The first stage corresponds to
the dehydration process occurring in the temperature range of 65 to 95 °C. The mass loss
(calc. at 4.91%, found at 4.75%) indicates the loss of H,O molecules. For this step (DTG
minimum at 98 °C), an endothermic peak is observed in the DTA curve at 101 °C. The
observed mass loss of the second step (154-230 °C) in the TG curve agrees with the loss
of chlorine (calc. at 19.36%, found at 18.84%) and a DTG peak at 192 °C. This step is
marked on the DTA curve by a broad exothermic peak at 194 °C. The third and fourth
steps (232-500 °C) corresponded to the loss of decomposition of the rest of the organic
ligands (calc. at 56.81%, found at 54.48%). For these steps, a DTG broad minimum at
298 and 310 °C and a DTA exotherm peak at 301 and 312 °C were observed. Cobalt
oxides may occur as the thermal decomposition comes to an end at about 550 °C; given
that Co(Il) is less stable than Co(IIl) and that the first can spontaneously transform into
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the latter, the ultimate residue may be Co,0O3 or perhaps a mixture of CoO and C0,0s.
However, the calculation of the remaining mass at the end of TG is around 45% of the initial
mass, and this can confirm the existence of Co,Oj3 instead of Co because its molar mass
is 166 gmol !, which corresponds to 45% of the initial mass of the complex (366 gmol ).
Conversely, the decomposition processes usually resemble complex processes, and several
decomposition reactions often overlap. Furthermore, the large exothermic peak shows
that other processes besides chloride evaporation take place at this stage. However, even
in the air, chloride prefers to evaporate as HCl rather than Cly. It is quite likely that the
intramolecular redox reaction and the exothermic impact that follow the formation of HCI
result in some structural rearrangement.

TG(%) DTA@V)
100.0f
(a) 0.0
soop - 0.0
T N
...... ~—
e -20.0
0.0 I
..... DTA
—TGA L40.0
Too 0 300 0 00 00
emperaire _
TG(%) ! DTA@Y)
100,
10.0
50, 0
L20.0
0.
= 1400
0 00 700 300 q00 300
) Temperature (°C)
TG(%) DTA@V)
200
0.0
-20.0
: -40.0
00 700 300 300 500
%empemtm‘e (°C)

Figure 7. TG- and DTA- thermograms of (a) Co(II), (b) Zn(II), and (c) Cu(II) complexes.

3.5.2. [Cu(AMPY)(DAPY)Cl,(H,0)]

As indicated by Figure 7c, the [Cu(AMPY)(DAPY)Cl;(H>O)] is stable up to 40 °C,
when a first mass loss (calc. at 4.85%, found at 4.75%) occurs. Correspondingly, a DTG peak
at 101 °C and an endothermic broad peak at 120 °C in the DTA curve were recorded. The
observed mass loss of this first stage agrees well with the loss of one water molecule. The
observed mass loss of the second step is associated with the loss of chlorine (calc. at 19.12%,
found at 18.95%). This step corresponds to a DTG peak at 202 °C and an exothermic DTA
peak at 204 °C. The third, fourth, and fifth steps of mass loss of AMPY and DAPY ligands
(calc. at 56.14%, found at 53.16%) are manifested on the DTG curve as a peak at 251, 306,
and 404 °C and an exothermic peak at 253, 308, and 406 °C in the DTA curve. The end
product at 550 °C is consistent with CuO (calc. at 21.44%, found at 20.87%).
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3.5.3. [Zn(AMPY)(DAPY)Cly(H,0)]

As shown in the TG-curve of [Zn(AMPY)(DAPY)Cl,(H,0)], several step decompo-
sitions were observed at temperatures above 48.5 °C (Figure 7b); they occur in the tem-
perature ranges of 82-112, 114-165, 167-268, 270-335, and 337-550 °C. The first mass loss
(calc. at 4.83%, found at 4.49%) corresponds to the release of a water molecule with a DTG
peak at 96 °C and an endothermic peak broad at 98 °C in the DTA curve. The observed
weight loss of the second and third steps is correlated with the decomposition of AMPY
and chlorine (calc. at 48.32%, found at 47.65%). The DTG peaks at 138 and 216 °C, and
the DTA peaks at 140 and 218 °C, respectively. The fourth and fifth steps represent the
decomposition of the remaining ligands (calculated at 29.29%, found at 27.10%). The final
stable residue is ZnO (calc. at 21.84%, found at 20.76%).

3.6. X-ray Powder Diffraction (XRD)

Figure 8 shows a typical superposition of the XRD patterns of synthesized complexes.
The crystallographic data refined by Rietveld are summarized in Table 3. As shown
previously in Figure 4, the atoms were arranged in an octahedral state. In addition, as
shown in Figure 8, the crystalline structure of the tree complexes is textured along the more
intense prominent diffraction peak located at particular angles 2 thetas of 20, 24, and 18°
for Cu(Il), Zn(II), and Co(II) complexes (Figure 8a—c), respectively. As indicated by the
known Sherrer’s formula, the crystallite size is inversely proportional to the full width at
half maxima (FWHM). The most intense peaks are used in the crystallite size calculation,
and sharp XRD peaks indicate that the particles were polycrystalline and belonged to the
monoclinic crystal system. The calculated crystallite sizes for the Co(Il), Cu(Il), and Zn(II)-
complexes are around 119, 88, and 175 nm, respectively.

@)

1 (b)

Intensity (Counts)

) ©

20 2-Theta (Li'e‘.]g)

60

Figure 8. X-ray powder diffraction (XRD) patterns of (a) Cu(Il), (b) Zn(II), and (c) Co(II) complexes.
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Table 3. XRD data of the Co(II), Cu(Il), and Zn(II) complexes.

Parameters Co(II)-Complex Cu(II)-Complex Zn(II)-Complex
E.F C10H16N6COC120 C10H16N6CUC120 C10H16N6ZHC120
EW (gmol~1) 366 370.5 372.38
Crystal System Monoclinic(P121) Monoclinic(P121) Monoclinic(P121)
a(A) 14.22 18.06 11.27
b (A) 5.94 6.19 13.28
c(A) 8.20 12.51 16.93
Alfa (°) 90.00 90.00 90.00
Beta (°) 95.88 107.92 108.05
gamma (°) 90.00 90.00 90.00
Particle Size (nm) 119 88 175
V.U.C (A%) 688.98 1330.66 2409.13

3.7. Scanning Electron Microscopy (SEM)

Figure 9 presents SEM images of the Co(II), Cu(ll), and Zn(II) complexes. As shown,
one can see that the morphology of the Co(II) complex particles is consistent with spherical
particles (Figure 9a). Whereas for Cu(Il) and Zn(II) compounds, herbal assembly and

cluster slice morphology are observed (Figure 9b,c), respectively.

# T2 81mm 100ps 2000kV 20000x 104pm 120 OptiPlan

Figure 9. SEM images of (a) Co(Il), (b) Cu(II), and (c) Zn(II) complexes.

3.8. Antimicrobial and Antioxidant Assays

The antimicrobial results are summarized in (Table 4). The Cu(Il) complex and the
Co(Il) complex have the most important effect. They showed a qualitative antibacterial
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effect with an inhibitory zone ranging between 1 cm and 2.5 cm for Gram-positive strains,
such as Staphylococcus aureus and Micrococcus luteus, and between 1.2 cm and 1.4 cm for
Gram-negative strains. The tested compounds have an antifungal effect against Candida
albicans with a maximum inhibitory zone of 2.5 cm. As summarized in Table 5, the results
demonstrated a high antioxidant potential for the Zn(II) complex with a DPPH scavenging
of 91.5%; however, the Cu(Il) complex was low (16.5%).

Table 4. Antimicrobial and antioxidant effects. (Inhibitory zone expressed in cm =+ SD).

Antimicrobial Antioxidant
S1 S4 S5 S10 9C
Co(Il) complex ~ 2.55+0:07 1455007 7454007 7 oo+0.14 2.35+007 000
Cu(Il) complex ~ 1.5+007 1254007 7 0£007 154014 1.5+0.21 16.5+212
Zn(II) complex 161014 13014 1.2%00 1.3+007 0+00 91.5+9-19

SD: Standard Deviation.

Table 5. Docking binding energy (kcal mol~!) of the complexes into the active site of the TyrRS
receptor (PDB: 1]IJ).

Compound 1J1J
Zn(II) complex —-7.2
Cu(II) complex -79
Co(II) complex 7.2

3.9. In Silico Docking Study

In order to explore potential novel antibacterial compounds, we can study one of the
enzymes that contribute to this potential property, which is the tyrosyl-tRNA synthetase. It
is among the aminoacyl-tRNA synthetases (aaRSs) and oversees the catalysis of the covalent
bond of amino acids to their corresponding tRNAs to make charged tRNA. Therefore,
aaRSs inhibition affects the growth of the cell owing to its role in the process of protein
biosynthesis. We must notice that the complex can be degraded in the medium, and the
antimicrobial effect can also be due to the interaction of the individual components with
the enzyme.

To explore the possible antibacterial activity of the compounds against pathogenic
species, docking of the compounds was achieved with the catalytic site of TyrRS from S.
aureus built from the structure of the TyrRS receptor (pdb: 1JIJ). The three compounds
showed different values of binding energies with the TyrRS model (Table 5; Figure 10). The
results showed that all compounds have good values of binding energy (7.2-7.9 kcal mol ~!).
The docking data presented showed that all compounds fit very well in the catalytic pockets
of the proteins of the receptor. The most potent compound, Co(1l), represented appropriate
interactions with different residues of tyrosyl-tRNA synthetase, and the results are revealed
in Figure 9. The obtained results describe that the compound Co(II) having the potent
inhibitory activity occupies perfectly the catalytic site of Tyrosyl-tRNA synthetase with a
value for the binding energy of —7.2 kcal mol~!. The Co(II) complex shows four hydrogen
bonds: two between the hydrogens of the water molecule attached to the Co metal with
Asp195, and two between the hydrogens of the two NH; molecules attached to the metal
with Asp40. The rings of the ligand show 7-cation interaction with His50 and 7t-7t, T-shaped
interaction with Gly38. It shows Van der Waals interactions with the amino acids of the
active site: Asp 80, His47, Lys84, Thr42, GIn196, Ala39, GIn174, Leu70, and Tyr170. These
interactions contribute to the stabilization of the complex and suggest that it is involved in
its inhibitory effect. These interactions with His47, Ala39, GIn174, Leu70, and Tyr170 are
common to the catalytic sites found in compounds having antimicrobial activity [40]. This
suggests that they contribute to this property.
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Figure 10. (a) Three-dimensional (3D) and (b) two-dimensional (2D) interaction of Co(II) complex
with the active site of tyrosyl tRNA synthetized (PDB: 1]IJ).

4. Conclusions

Three new Co(Il), Cu(ll), and Zn(II) metal complexes were prepared with success.
Elemental analysis, UV-visible, FTIR, molar conductance, TGA analysis, X-ray diffrac-
tion, magnetic susceptibility studies, and X-ray diffraction were used to characterize the
complexes. The possible geometries of the three synthesized complexes are octahedral
structures, and these are six coordinated metal-ligand complexes. The XRD patterns indi-
cate that the particles were polycrystalline and belonged to the monoclinic crystal system
with space group P121. A spherical morphology of the particle powder of the Co(Il) com-
plex was observed, while for the Cu(Il) and Zn(II) compounds, the particles have herbal
assembly and cluster slice morphologies, respectively. Thermal analysis showed that the
thermal stability of various compounds ranged from Co-complex at 35 °C to Cu-complex at
40 °C to Zn-complex at 48.5 °C. Above their stability temperature, one can observe several
overlapping chemical reactions that are thermodynamically favorable. Conversely, the
Cu(Il) complex exhibited a modest antioxidant potential (16.5%), but the Zn(II) complex
showed significant antioxidant activity with a DPPH scavenging of 91.5%. Addition-
ally, the docking assays revealed that all substances had high amounts of binding energy
(7.2-7.9 kcal mol ). For this reason, all molecules can readily fit in the catalytic regions of
the receptor protein. The Co(II) complex, however, appears to be more active. Advanced
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in vitro investigations will be carried out to confirm these chemicals’ potential impacts, and
further attributes of these molecules will be investigated in subsequent research.
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