CHEMISTRY & CHEMICAL TECHNOLOGY

Chem. Chem. Technol., 2026,
Vol. 20, No. 1, pp. 183—199

Chemistry

DESIGN AND SYNTHESIS OF IMIDAZOLE-BASED LIGAND AND
ITS METAL COMPLEXES: SPECTROSCOPIC CHARACTERIZATION
AND EVALUATION OF ANTIBACTERIAL, ANTIOXIDANT
AND HEMOLYTIC ACTIVITIES

Howraa A. Khudair?, Sawsan K. Abbas?, Suhad K. Abbast#?

! Department of Chemistry, College of Science, University of Kerbala, Karbala, Iraq
2 Department of Chemistry, College of Education for Pure Science, University of Kerbala, Karbala, Iraq

*suhad.k@uokerbala.edu.iq
© Khudair H., Abbas S., Abbas S., 2026

https://doi.org/10.23939/chcht20.01.183

Abstract. In this study, new complexes containing a multi-
substituted aryl imidazole ligand, namely (2-(1H-phenan-
thro[9,10-d] imidazol-2-yl) phenol, have been synthesized.
Imidazole ligand L was synthesized via a condensation
reaction between diketone (9,10-phenathroquinone), aroma-
tic aldehyde (2-hydroxy benzaldehyde), and ammonium
acetate in the presence of glacial acetic acid as a solvent and
catalyst. Subsequently, metal complexes were prepared by
reacting this ligand with transition metal salts, including Fe
(1), Cu (1), Ni (1), and Co(ll) chlorides, in an appropriate
solvent like ethanol under controlled temperature and stirring
conditions to ensure the formation of stable complexes. The
structures of the ligands and their metal complexes were
characterized utilizing different spectroscopic techniques,
such as (UV-Vis), FT-IR, H NMR, 3C NMR spectroscopic,
mass  spectroscopy, magnetic  susceptibilities, molar
conductivity, and elemental analysis (C. H. N). It is observed
that the synthesized complexes have tetrahedral and
octahedral geometrical structures. The ligand and its com-
plexes play important roles in supramolecular assemblies
because they can also provide bidentate N-donor sites for
chelating with metal ions to form a bridge ligand. The
biological evaluation was performed using the agar well
diffusion method to assess the antibacterial activity of both
ligand and metal complexes against selected Gram-positive
and Gram-negative bacterial strains. The results revealed that
the free ligand and its metal complexes displayed
significantly enhanced antibacterial activity compared to the
reference drug. Antioxidant potential was assessed using the
DPPH radical scavenging assay; metal complexes generally
showed higher radical inhibition percentage. Hemolytic
activity was evaluated on human red blood cells to determine
cytocompatibility. The findings showed that the ligand and

metal complexes exhibited low to moderate hemolytic
activity, indicating acceptable biocompatibility for potential
biomedical applications.

Keywords: 9,10-phenathroquinone, imidazole ligand,
complexes, antibacterial activity, antioxidant potential.

1. Introduction

Imidazole is a nitrogen-containing heterocyclic
compound® that forms the structural core of many
biologically important molecules.? Its five-membered
aromatic ring contains two nitrogen atoms in non-adjacent
positions,® allowing it to participate in numerous chemical
and biological processes.* Natural imidazole derivatives
include histidine and histamine,> which play essential roles
in enzyme function,® neurotransmission,” and immune
responses. Thanks to its electron-rich nitrogen atoms,® the
imidazole ring can participate in hydrogen bonding and
metal ion coordination, making it an ideal pharmacophoric
vehicle for drug design.® Imidazole derivatives are known
for their broad range of biological activities, including
antiviral,'® antifungal,* anti-inflammatory,'? anticancer,
antimicrobial, and antioxidant properties.’* Many
pharmaceuticals contain imidazole rings, such as
metronidazole (antimicrobial), ketoconazole (antifungal),
and cimetidine (antiulcer). These biological effects stem
from the ring’s ability to interact with enzymes, DNA, and
receptor proteins,** thereby affecting vital biochemical
pathways.'® Furthermore, substitutions in the imidazole ring
allow for fine-tuning of the electronic and steric properties,
enabling selective activity against specific targets.*® Metal
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complexes play a pivotal role in modern drug design,'’ as
they significantly impact the physical, chemical,'® and
biological properties of pharmaceutical compounds.®®
Coordinating biologically active ligands with metal ions
often improves the compound's stability, solubility, and
bioavailability.?® In addition, metal complexes may have
mechanisms of action different from those of the free
ligand, enhancing their selectivity and efficacy against
specific biological targets.?! Transition metals, such as
copper, nickel, and zinc, are among the most widely used
elements in this field due to their unique catalytic and redox
properties,?? which contribute to their antimicrobial,
anticancer, and antioxidant properties when coordinated
with appropriate organic ligands.?® Chelating also plays a
role in modifying the properties of a drug compound, such
as its lipophilicity and membrane permeability,?
facilitating its absorption and increasing its effectiveness
within cells.?* Often, metal-complex-based drugs exhibit
synergistic effects, with both the metal ion and the organic
ligand contributing to the owverall therapeutic activity. A
prominent example of this class is cisplatin, a platinum
compound used as an anticancer agent, along with sulfur-
containing metal complexes used as antimicrobials.?
Accordingly, metal complexes represent a promising
strategy for developing multi-targeted therapeutic agents,
opening new avenues for the treatment of infectious,
inflammatory, and degenerative diseases.?

The current work focuses on the design, synthesis,
and characterization of novel metal complexes derived
from biologically active ligands, and evaluates their
pharmacological potential, particularly their antimicrobial,
antioxidant, and hemolytic activities.

2. Experimental

2.1. Materials and Instrumentation

The chemicals and solvents used in this work were
purchased from various suppliers, including Sigma Aldrich,
BHD, GCC, and Hi-Media. They were used without further
purification. All reactions were monitored by thin-layer
chromatography (TLC), and the spots were visualized by
heating KMnOs-stained plates. UV-Visible spectra were
recorded using a Shimadzu UV-1800 UV-Vis
Spectrophotometer. IR spectra were recorded as KBr disks
using a SHIMADZU FTIR-8400S. 'H NMR and *C NMR
spectra were measured in deuterium dimethyl sulfoxide
(DMSO0-d6) using a Bruker Bio Spin at 400 MHz and
125 MHz, Mass spectra were recorded using an Agilent 5973
Mass Spectrometer (Agilent Technologies, USA). Melting
points were determined utilizing a Stuart SMP-30 capillary
melting apparatus. Magnetic susceptibility measurements
were performed using a VSM MDK magnetometer, and
molar conductivity was measured under standard conditions.
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2.2. Methods

2.2.1. Synthesis of Imidazole-Based
ligand (L)

A mixture of diketone (9,10-phenathroquinone)
(1 mmol), aromatic aldehyde (2-hydroxy-5-methoxyben-
zaldehyde) (1 mmol), NH4OAc, (4 mmol) was dissolved
in glacial acetic acid (20 mL) and placed in 100 mL round
flask, the mixture was reflexed at 120°C for (6-8) hours,
and the reaction progress was detected by Thin-layer
chromatography (TLC). After completion, the reaction
mixture was poured into a sufficient amount of cold water,
followed by the dropwise addition of ammonium
hydroxide solution under stirring to precipitate the
product, then the solid was filtered and thoroughly washed
with deionized water to remove residual base and salts,
dried, and recrystallized from ethanol .

2-(1H-phenanthro[9,10-d] imidazol-2-yl) phenol
(L): M. p. 264-266 °C; yield 77 %. FT-IR (KBr, cm™):
3309 phenolic (OH), 3064 aromatics (C—-H), 2941-2879
aliphatic (C-H), 1658 (C = N). 'H NMR (400 MHz,
DMSO-d6) 6 13.72 (s, 1H), 13.17 (s, 1H), 8.97 — 8.87 (m,
2H), 8.62 (d, J = 8.0 Hz, 1H), 8.52 (d, J = 7.9 Hz, 1H),
8.27 (dd, J =8.1, 1.7 Hz, 1H), 7.80 (dt, J = 13.8, 7.5 Hz,
2H), 7.71 (t, J = 7.1 Hz, 2H), 7.41 (td, J = 8.4, 1.6 Hz,
1H), 7.20-7.01 (m, 2H). 13C NMR (100 MHz, DMSO) §
157.85, 149.78, 134.59, 131.58, 128.42, 128.16, 127.99,
127.80, 126.71, 126.36, 126.28, 126.12, 125.99, 124.68,
124.39, 122.66, 122.36, 122.19, 119.58, 117.67, 113.42.
Anal. Calculated for C21H14N20 : C, 81.27; H, 4.55; N,
9.03. Found: C, 81.32; H, 4.45; N,9.10.

2.2.2. Synthesis of Metal Complexes
(N1-N4)

Each complex was synthesized by dissolving metal
salt (FeClz ‘4H.O, CuCl-2H.O, NiClL'6H-O, and
CoCl2'6H20) in ethanol (15 mL), and mixed with a
solution of imidazole ligand (2 mmol) in ethanol (20 mL).
The mixture was refluxed at 75°C with shaking for 3-5
hours. The formation of complexes was indicated by a color
change and precipitation. The resulting precipitate was
filtered, washed with cold ethanol, and dried; the product
was purified by using the recrystallization technique.

C42H2sN4O2FeCl2 (Nl) Yield: 67 %.
IH-NMR (400 MHz, DMSO-ds) :8 13.77 (s, 1H), 11.19 (s,
1H), 8.90 (d, J = 8.2 Hz, 6H), 8.77 (s, 2H), 8.64-8.49 (m,
2H), 7.77 (d, J = 7.7 Hz, 5H), 7.71 (d, J = 7.8 Hz, 5H),
7.41 (d, J = 7.8 Hz, 2H), 7.13 (d, J = 8.1 Hz, 2H), 7.06 (d,
J = 7.5 Hz, 2H). MS(ESI): m/z =747.47 [M*].

C4H2sN4O:CuCl: (N2): Yield: 76 %. H- NMR
(400 MHz, DMSO-de) & 13.72 (s, 1H), 13.15 (s, 1H), 9.14
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(s, 2H), 9.02 (s, 1H), 8.84 (s, 2H), 8.62 (s, 1H), 8.48 (s, LH),
8.28 (s, 1H), 8.14-7.99 (m, 3H), 7.70 (d, J = 39.2 Hz, 10H),
7.36 (s, 2H), 7.05 (s, 3H). MS(ESI): m/z =755.05, [M"].

CH2sN4O:NiCL (N3): Yield: 63 %. 'H-NMR
(400 MHz, DMSO-ds) 8 13.77 (s, 1H), 11.19 (s, 1H),
8.90 (d, J = 8.2 Hz, 6H), 8.77 (s, 2H), 8.64 — 8.49 (m, 2H),
7.77(d, 3 = 7.7 Hz, 5H), 7.71 (d, J = 7.8 Hz, 5H), 7.41 (d,
J=7.8Hz, 2H), 7.13 (d, J = 8.1 Hz, 2H), 7.06 (d, J = 7.5
Hz, 2H). MS(ESI): m/z =755.25 [M*].

C+H2sN40:CoCL (N4): Yield: 84 %. IH- NMR
(400 MHz, DMSO-ds) 3 13.71 (s, 1H), 11.15 (s, 1H), 8.86
(d, J= 8.3 Hz, 4H), 851 (d, J = 26.3 Hz, 4H), 8.26 (d, J =
7.7 Hz, 2H), 7.76 (t, J = 7.5 Hz, 5H), 7.66 (t,
3 =76 Hz, 4H), 7.38 (t, J = 7.7 Hz, 2H), 7.19-7.02 (m,
5H). MS(ESI): m/z =750.30 [M*].

2.2.3. In vitro Antibacterial assay

Grow each bacterial strain overnight in the nutrient
broth at 37°C. The turbidity was adjusted to the 0.5
McFarland standard (~1.5x10® CFU/mL) using sterile
saline. Swab the adjusted bacterial suspension evenly onto
MHA plates to form a lawn. Allow the plates to dry for 5—
10 minutes. Use a sterile cork borer to create three wells
(6 mm diameter) in each MHA plate. Add 100 pL of each
sample concentration (300, 200, 100 ppm) into separate
wells. Place a carbapenem on the same plate as a positive
control. Incubate plates at 37 °C for 18-24 h. After
incubation, measure the diameter of the inhibition zones
(mm) around the well using a ruler. Measure from edge to
edge (including well diameter).

2.2.4. In vitro antioxidant assays

A standard stock solution of DPPH was prepared by
dissolving 2 mg of DPPH in 100 ml of methanol. Then,
500 uL of the DPPH solution was mixed with 100 uL of
each of the tested compounds (L and N1-N4)at various
concentrations, also dissolved in methanol. The mixture
was incubated in the dark at room temperature for 35
minutes, and absorbance was measured at 517 nm utilizing
methanol as a T percentage of DPPH radical inhibition
activity (% Inhibition) was calculated according to Eq. (1):

1 %= (A°—Ai/ A°) x 100, Q)
where A-is the absorbance of the DPPH solution without
the sample, and Ay is the absorbance in the presence of the
test compound.

The 1Cso value, defined as the concentration of a
compound required to inhibit 50 % of DPPH free radicals,
was determined by plotting the percentage inhibition
versus sample concentration. Ascorbic acid was used as a
positive control for comparison.

2.2.5. In vitro hemolysis assays

The hemolytic activity of the synthesized
compounds (L and N1-N4) was assessed utilizing human
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red blood cells (hRBCs). Fresh human blood was
collected from a healthy donor into tubes containing
heparin to prevent coagulation. The blood was centrifuged
at 1500 rpm for 10 minutes at 4 °C to separate the plasma.
The supernatant was discarded, and the RBC pellet was
washed three times with sterile phosphate-buffered saline
(PBS, pH 7.4) to remove plasma proteins and other
residues. After washing, the RBCs were diluted with PBS
to prepare a 2 % (v/v) erythrocyte suspension for the
assay. The test compounds were prepared in PBS at
various concentrations. For each test, 200 puL of the
compound’s solution was mixed with 800 pL of the RBC
suspension in sterile microcentrifuge tubes. The mixture
was incubated at 37 °C for 1h with occasional shaking.
After incubation, the tubes were centrifuged at 1500 rpm
for 10 min, and the absorbance of the supernatant was
measured at 540 nm using a UV-Vis spectrophotometer
to determine the release of hemoglobin as an indicator of
cell lysis. PBS was used as a negative control
(0%hemolysis), and 0.1 % Triton X-100 served as a
positive control (100 % hemolysis). The percentage of
hemolysis was calculated using the following formula:

% Hemolysis= (Asample—Anegative control) /

(A positive control — A negative control) x 100 %, (2)
A sample: The absorbance of the test solution; A negative control:
The absorbance of PBS; A positive control: The absorbance of
Triton X-100.

3. Results and Discussion

3.1. Preparation of ligand
and its metal complexes

The synthetic approach adopted in this study
successfully led to the formation of imidazole-based
ligands and their corresponding metal complexes with
various transition metal ions. The ligands were prepared
via a condensation reaction under controlled conditions,
resulting in high purity. As shown in scheme (1). The
presence of key donor atoms, such as nitrogen and
oxygen, within the imidazole scaffold provided suitable
coordination sites for metal ions, enhancing their ability to
form stable chelates. The proposed structures of the new
complexes are presented in Fig. 1.

3.2. The elemental analysis
and physical properties of the
synthesized compounds

The metal complexes derived from the imidazole
ligand were prepared in good yields by reacting imidazole
with FeCl2'4H.O, Cu-CL-2H.0, NiClL'6H.O, and
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CoCL'6H20. The successful formation of metal
complexes was demonstrated by the remarkable changes
in the physical properties of the products compared to the
free ligand, such as changes in color, melting point, and
solubility. Most of the complexes were found to be
colored solids that were stable in air, with melting points
above 200 °C. They exhibited low solubility in water, but

0t S

M=Fe; n=4

NH,OAc

CH;COOH
120°C/(6-8h.)

M=Cu; n=2
M=Ni ; n=6

M=Co; n=6
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were soluble in polar, aprotic solvents such as DMSO and
DMF, indicating strong metal-ligand compatibility.

Elemental (C, H, N) analysis of the ligand and
complexes agreed well with the calculated values,
Table 1. The results also indicated a 1:2 metal-to-ligand
ratio, supporting the proposed structures of these new
complexes.
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Complexes (N1-N4)

Scheme 1. Reaction scheme of Imidazole ligand L and complexes (N1-N4)
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Table 1. Physical properties and analytical data of ligand and its complexes (L and N1-N4)
. . A,
Comp Molecular M: L M. th Color I\{JI.P, Yield, Elemental analysis Ohm.
Formula g. mol C % Calc. (found) o 1
cm?mol
81.27 79.61 9.03
L C21H1aN20 - 310.36 Brown 264-266 77 (8L11) | (79.56) | (9.11) -
N1 Ca2H2sFeN4O:Cl. 1:2 747.46 Yellow 252-254 67 (2132) 3.78 7.50 13
. Dark- 73.72
N2 C42H26CuN40O,CL, 1:2 684.26 Greenish 235-236 76 (73.70) 412 8.19 76
. . Yellow- 67.32
N3 Ca2H2sNIN4O,CL, 1:2 | 67941 Greenish 210-212 63 (67.29) 3.76 747 17
N4 | CspH2CoN4OCL, 1:2 | 648.72 Dark-Blue | 244-246 84 (;ggé) 4.35 8.64 80

3.3. Infrared Spectra

The main and characteristic FT-IR bands of the
ligand (Fig. 2) and its complexes (Figs. 3-6) are depicted in
Table 2. The FT-IR spectral data of the ligand showed
characteristic absorption bands around 3315 and 3547 cm™?,
which are attributed to N-H and O-H stretching,

respectively,?” and absorption bands around 1658 cm,
which correspond to C=N stretching inside the imidazole

lower wavenumbers,

Table 2. The characteristic FT-IR absorption bands of the ligand (L) and complexes (N1-N4)

ring. As for the metal complexes, the C=N band shifted to
indicating coordination of the
imidazole nitrogen to the metal center. New bands appeared
in the range of 500-600 cm2, corresponding to M—N and
M-O vibrations, confirming metal-ligand coordination.

Fig. 2. FT-IR for L

Comp. v(N-H) v (0-H) v (C=N) v (C-N) v (M-0) v (M-N)
L 3465 3309 1658 1278 - -
N1 3360 3457 1649 1257 515 430
N2 3487 3514 1651 1235 516 424
N3 3315 3547 1653 1257 553 457
N4 3425 3508 1651 1257 543 461
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3.4. UV-Visible Spectroscopy
Table 3 shows the electronic spectra of the ligands

Table 3. Electronic Spectral Data for the free ligand
and metal complexes

with their complexes in ethanol at a concentration of Comp. £ max, M Band Assignment
103 M, and Fig. 7 shows the corresponding spectra. The
free ligand displayed characteristic (m—n*) and (n—m*) L 239,368 n—on¥, nom*
transitions in the UV region (typically 230-290 nm). N1 500 d-d / LMCT transition
pron c;mp![zxatipnt,)l addit_iona(l j(t))go;%t(i)on k)>anctits_ k;/vterg N2 548 d-d / LMCT transition
observed in the visible region (~400-700 nm), attribute —
to d-d transitions specific to each metal ion, confirming N3 455 d-d/LMCT trans!t!on
the formation of coordination complexes.2 N4 469 d-d / LMCT transition
239 L ——
1.0
469 N ——
0.8 g NZ ——
o 45 N3 ——
c 08 N4 ——
e
o
a o4 258
<<
0.2
0.0
200 300 200 500 800 700
Wavelength{nm)

Fig. 7. UV-Visible spectra for L and N1-N4

3.5. 'H-NMR spectroscopy

In the 'H-NMR spectra (Figs. 8-12), the free ligand
was confirmed by characteristic signals in the range (8.94—
7.09) ppm, which correspond to aromatic protons; the N-H
signal appeared as a singlet 13.72 ppm, and a singlet at
13.17 ppm was observed and assigned to the phenolic OH. In
the metal complexes, slight shifts and broadening of signals
were observed, suggesting ligand-metal ions interaction,

which alters the electronic environment. The spectral data of
all complexes are detailed in the experimental part.

The 'H NMR spectrum of N3. The H-NMR
spectrum did not exhibit any observable proton signals.
This absence can be attributed to the strong paramagnetic
nature of the Ni (I1) center, which induces rapid nuclear
spin relaxation. As a result, the proton resonances become
extremely broadened and diminished in intensity, rendering
them undetectable.?®
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3.6. Mass Spectra

of the Metal Complexes

The mass spectra of the complexes (Figs. 13-16)
confirmed their proposed molecular formulas. The spectra

Fig. 12. 'THNMR of N4 (DMSOds, 400 MHz)

of the complexes (Figures) showed molecular ion peaks
at m/z 747.47, 755.05, 755.25, and 750.30 for N1, N2,
N3, and N4, respectively. These values are consistent with
the calculated molecular weights from elemental analysis
(Table 1), supporting the suggested structures.
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Fig. 13. Mass Spectra of N1
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3.7. Magnetic Susceptibility
Measurement

Magnetic susceptibility is an important diagnostic
tool in inorganic chemistry that can be used to suggest the
spatial shapes of transition metal complexes. It relies
primarily on the effects resulting from the occupancy of
electrons in partially filled outer electron shells. These
measurements are used to determine the number of
unpaired electrons, thus determining whether the complex
under study has high or low spin. A metallic complex is
classified as paramagnetic when the central atom contains
unpaired electrons, while diamagnetic when these
unpaired electrons are paired.30

The magnetic moment values were measured using
the Miran-Coy method for the complexes, and it was
found that they possess magnetic properties using the
following equations:

nsi=2,/S(S+1) B.M

Magnetic susceptibility measurements for the N1
recorded a magnetic moment of 1.21 B.M (diamagnetic).
This is consistent with the moments of iron (1) complexes
with an octahedral shape. Magnetic susceptibility
measurements for the N2 have a magnetic moment of
451 B.M (paramagnetic), respectively. This is attributed
to the presence of only one unpaired electron in the d°
system. The results for N3 showed that it has a magnetic
moment of 4.35 B.M., which is consistent with the
recorded measurements. Regarding the magnetic moment
values for octahedral nickel complexes, this clearly

indicates the presence of paramagnetic properties due to
the presence of two lone electrons in the (d®) system.
Magnetic susceptibility measurements for the N4 recorded
a magnetic moment of 4.28 B.M (paramagnetic). This is
consistent with the moments of cobalt complexes with a
tetrahedral shape.

3.8. Antibacterial Activity

The ligand and its complexes were tested for
antibacterial activity against four types of micro-
organisms: two Gram-positive (Staphylococcus aureus
and Streptococcus pyognenes) and two Gram-negative
(Escherichia coli and Pseudomonas aerogeza) bacteria,
using the disc diffusion method and measured as zone of
inhibition (mm) at three concentrations of 100, 200,
300 pg/mL. As depicted in Table (4) and Figs. 17 and 18,
the free ligand L showed good activity with inhibition
zones ranging from 26-40 mm, comparable to the
standard drug Carbenicillin.

The metal complexes showed variable inhibition
zones against Staphylococcus aureus. and Escherichia
coli, with the highest activity against Staphylococcus
aureus observed for N3and N4 complexes, and against E.
coli, the highest inhibitory effect was reported for the N2
and N4 complexes, respectively, with inhibition zones
ranging from 10-31 mm. On the other hand, L and all
metal complexes do not exhibit any activity against
Streptococcus pyognenes and Pseudomonas aerogeza
bacteria except for Carbenicillin. Metal complexation
enhances antimicrobial properties, likely due to improved
lipophilicity or membrane permeability.3!
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Table 4. Antibacterial activity of free ligand (L) and its complexes (N1-N4)
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Sample

Zone of inhibition (mm)
Sample Staphylococcus aureus Streptococcus pyognenes Pseudomonas aerogeza Escherichia coli
Conc., pg/mL Conc., pg/mL Conc., pg/mL Conc., pg/mL
100 200 300 100 200 300 100 200 300 100 | 200 300
L 26 33 40 0.0 0.0 0.0 0.0 0.0 0.0 17 18 15
N1 10 20 26 0.0 0.0 0.0 0.0 0.0 0.0 8 11 13
N2 21 24 28 0.0 0.0 0.0 0.0 0.0 0.0 14 17 20
N3 20 26 31 0.0 0.0 0.0 0.0 0.0 0.0 10 15 18
N4 18 25 30 0.0 0.0 0.0 0.0 0.0 0.0 19 20 19
Carbenicillin | 35 36 37 25 26 30 28 25 27 27 25 29
DMSO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2100pg/mL.  ®m200pg/ml =300 pg/ml
as
__4
£
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i
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Fig. 17. The inhibitory activity of the synthesized compounds against Staphylococcus aureus

inhibition zones dimeter{mm)
- - ~n ~N Lo
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Fig. 18. The inhibitory activity of the synthesized compounds against Escherichia Coli
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3.9. Antioxidant Activity

Antioxidants are biologically active species,
capable of scavenging free radicals associated with
diseases, like cancer.®? Their structures contain mobile
protons (e. g., OH, NH, ...), enabling them to directly
scavenge reactive oxygen species (ROS).

The ability of the free ligand and its complexes to
scavenge free radicals was assessed by various
concentrations (100500 pg/mL) utilizing UV-Vis
spectroscopy and compared to the antioxidant ascorbic
acid. The antioxidant activity increases with concentration
in all cases, indicating a dose-dependent response. As

Table 5. DPPH radical scavenging activity of L and (N1-N4)

Howraa A. Khudair et al.

depicted in Table 5, all compounds exhibited antioxidant
activity, although lower than that of ascorbic acid. Among
complexes, N2 displayed the highest activity, but it was still
lower than the reference ascorbic acid. This promising
activity is likely due to the hydroxyl group, which is known
to be responsible for DPPH scavenging.®® In fact, many
studies®* have demonstrated a link between antiradical
properties and the ability of antioxidants to transfer the H-
atom of the OH group to free radicals, following a proposed
three-step mechanism illustrated below.*

RXH + DPPH* — > RXH®" + DPPH"
RXH** ——= RX* +H"
DPPH + H¥ —= DPPHH

Comp. Concentration, pg/mL

100 200 300 400 500 IC50

L 35.41 44.18 52.83 59.64 66.33 278.39

N1 41.07 43.83 51.13 63.14 72.6 265.01

N2 58.91 68.72 76.3 84.23 90.51 56.20

N3 33.60 37.01 49.83 71.42 83.27 262.95

N4 54.2 63.4 71.5 79.3 86.7 93.04
Ascorbic Acid 59.83 68.34 77.66 88.21 97.82 3.99

3.10. Hemolytic Activity
(Cytocompatibility)

Hemolytic activity was evaluated by exposing
human red blood cells (hRBCs) to the synthesized
compounds and measuring hemoglobin release at
concentrations of 100, 200, 300, 400, and 500 pg/mL
(Table 6 and Fig. 19). The hemolysis assay revealed that
the free ligand (L) caused higher hemolytic activity
compared with its metal complexes, reaching 8.97 % at
500 pg/mL, which exceeds the acceptable limit of 5 %.
This indicates that the free ligand may exert some
damaging effect on the erythrocyte membrane at higher
concentrations. In contrast, all metal complexes (N1, N2,
N3, and N4) exhibited markedly lower hemolysis
percentages, remaining below 5 % even at the maximum
tested concentration. These findings suggest that
coordination of the ligand with metal ions significantly
improves its biocompatibility and reduces its cytotoxic
interaction with red blood cells. Among the complexes,
the N2 derivative demonstrated the lowest hemolytic
effect, highlighting its safety and potential as a

biologically compatible compound. Therefore, while the
free ligand shows mild hemolytic risk at elevated doses,
all metal complexes can be regarded as non-hemolytic and
safe according to the 5 % threshold.3* The positive control
(Triton X-100) produced nearly complete hemolysis
(95.71 %), while the negative control induced only 0.53 %
hemolysis, confirming the validity of the assay.
Furthermore, the dose-dependent increase in hemolysis
observed for both the ligand and its complexes is
consistent with concentration-related cytotoxic responses.

Table 6. Hemolytic activity of Ligand and its complexes,
% hemolysis

Concentration, pg/mL
Comp.

100 200 300 400 500
L 4.09 6.07 7.65 8.39 8.97
N1 0.97 1.15 1.84 2.66 3.52
N2 1.71 2.15 2.43 2.57 2.71
N3 1.03 1.33 1.89 2.63 3.14
N4 1.13 1.36 1.65 2.64 2.93
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Fig. 19. Hemolytic activity of L, N1, N2, N3 and N4

4. Conclusions

In this study, a multi-substituted imidazole ligand, 2-
(1H-phenanthro[9,10-d] imidazol-2-yl) phenol, and its
complexes with transition metal ions Fe (11), Cu (I1), Ni (11),
and Co (Il) were successfully prepared and characterized
using various spectroscopic techniques, magnetic and
elemental analysis. These results supported the success of
the ligand-metal coordination process. Biological
evaluation revealed that both the ligand and its metal
complexes demonstrated promising antibacterial and
antioxidant activities, with the metal complexes generally
showing superior performance compared to the free ligand
and standard drugs. Specifically, the N4 metal complex
showed the most promising antimicrobial activity,
displaying the highest inhibition zones against both
Staphylococcus aureus and Escherichia coli, making it the
most potent candidate for further biological investigations.
The N2 complex demonstrated the highest antioxidant
(radical scavenging) activity among the tested complexes;
however, its activity remained lower than the reference
standard, ascorbic acid. Hemolytic assays indicated that all
compounds exhibited low to moderate toxicity toward red
blood cells, suggesting acceptable biocompatibility.
Therefore, it can be concluded that the prepared ligand and
its complexes are promising in terms of their biological
properties and may serve as a basis for the development of
future pharmaceuticals and potential medical applications.
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PO3POBJIEHHSA TA CHUHTE3 IMIJA30JI0BOI'O
JITAHAY 1 MO0 METAJIOKOMILJIEKCIB:
CIIEKTPOCKOIIIYHA XAPAKTEPUCTHUKA

TA OIIIHKA AHTUBAKTEPIAJIBHOI,
AHTHOKCHUJAHTHOI TA TEMOJITHYHOI
AKTHUBHOCTI

Anomayia. Y yvomy 0ocniodcenHi cuHme3068aHo HOGI KOMNIEKC,
wWo micmsame Mynbmusamivjeruti apuiimioasonosuil rizano, a came 2-(1H-
genanmpo(9,10-d]imioazon-2-in)penon. Imioazonosuii nieand L cunmeso-
6ano y pesyabmami peaxkyii KonoeHcayii midc ouxemonom (9,10-¢penan-
MPOXIHOHOM), APOMAMUYHUM aNbOe2ioom (2-2iopokcubensanboe2ioom) ma
ayemamom aMoOHil0 Y HPUCYMHOCMI JIbOOSIHOI OYymogoi Kuciomu SK
po3uuHHUKA [ Kamanizamopa. Jani MemanoKOMnIeKcu Ompumyean
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830EMO0IEI Yb0O2O NI2AHOY 13 CONAMU NEPEXIOHUX Memanis, d came Xio-
puoamu Fe(ll), Cu(ll), Ni(ll) ma Co(ll), y 6i0nogionomy po3uuHHUKy
(emanoni) 3a KOHMPOILOBAHUX YMOG MeMNEpamypu ma nepemiuly8anis,
wob 3abe3neyumu ymeopemms cmabinbHux Komniekcie. Cmpykmypu
Jieandie ma ixHix MemaioKOMNIEKCI68 OXapaKmepuso8ano 3a 00NOMO20i0
piznux cnekmpockoniunux memoois: (UV-Vis), FT-IR, *H NMR, *C NMR
CNeKmpOoCKonii, Mac-CheKmpOoCKONii, GUMIPIOGAHHA MACHIMHOI Ccnpuli-
HAMAUBOCI, MOJSPHOL eNeKMPONPOSIOHOCHE Ma eeMEHMHO20 aAHATi3Y
(C, H, N). Bcmanosneno, wjo cunme3o6ani KOMHIAEKCU MAiomsb mempa-
eOpuuHy ma OKmaeopuyHy ceomempuyny 0yoosy. Jlieand i tioco Kom-
naeKcu nepcnekmugHi 0N 3aCMOCY6aHHA Y CYRPAMONIEKYIAPHUX AHCAM-
61X, OCKINbKU 30amui ymeoprogamu 6ioenmamui N-OOHOpHI yeHmpu 015
XeNamy6anHs 3 IOHAMU Memanié i (QOPMYSAHH MICKOBUX Ni2AHOIG.
Bionociuny axmugnicmo oyinioganu memooom ougysii 6 aapogi nynxu s
BUBHAYEHHS AHMUOAKMEPIanbHOi  akmueHocmi  1i2aHdy ma Memano-
KOMNEKCI8 WoO0 BUOPAHUX WUMAMIE 2PAMNOZUMUGHUX | 2PAMHELATNUBHUX
baxmepiii. Pe3ynomamu nokasanu, wo 6inbHUll NieaHO ma 1020 Memano-
KOMNEKCU BUAGNAIOMb 3HAYHO GUWYY AHMUOAKMEPIaNbHY AKMUBHICMY
nopieHaHo i3 peghepenc-npenapamom. AHMUOKCUOAHMHUL NOMeEHYian
OYIHIOBANU 3a OONOMO2010 AHANI3Y No2nuHaHHA paouxanie DPPH;
MeMAanoKOMNIEKCU 3a2aioM OeMOHCMPYBAU SUWULl BIOCOMOK  [H2IOY-
BaHHA paAOUKanig. I'eMOnimu4Hy aKmueHicmos Q0CHIONCY8AIU HA epumpo-
Yumax MoOuH 015 U3HAYenHs yumocymicnocmi. Ompumani pesynomamu
C8I0UAMb NPO HU3LKY OO NOMIPHY 2eMONIMUYHY AKMUBHICIb JI2AHOY Ma
MEMANOKOMIIEKCIB, WO 6KA3YE HA NPUUHAMHY OI0CYMICHICMb 0I5t NOMEH-
YitiHO20 OIOMEOUYHO20 3ACMOCYBAHHSL.

Kniwouosi cnosa: 9,10-penanmpoxinon, imioazonosuti nieano,
KOMNIeKCU, aHmubaKmepiaibha akmueHicmb, aHMUOKCUOAHMHUL NOMeH-
yiar.
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