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Abstract

Coordination compounds of Schiff base-based isonicotinic acid of transition
metals has formed complexes of cobalt(ll), nickel(ll), copper(ll) and zinc(ll)
utilizing new bi dentate ligands;HL namely as: and HL namely: (E)-N'-(3,5-
dimethoxybenzylidene)isonicotinohydrazide. The two new ligands were
synthesized by the condensation reaction of isoniazid with ethanolic solution of
3,5-dimethoxybenzaldehyde. The metal complexes were prepared and isolated
in their solid state after adjusting the reaction conditions such as time reaction,
mole ratios (M: L), and pH of the reaction medium. The synthesized isoniazid
Schiff base and its metal complexes were fully characterized based on elemental
analyses (C.H.N.S), metal content ,;; FAAS, IR, UV-visible-NIR, NMR spectra,
molar conductivity, and magnetic susceptibility measurements. The results
revealed an octahedral geometry around cobalt (1), nickel (I1), copper (I1) ions
in [M (L) Cl, (H,0),].2H,0 formula. According to result of biological activity,
free ligands had little to no effect, while the majority of metal complexes,
especially those of cobalt, demonstrated strong antibacterial and antifungal
activity. The results of biological activity showed that cobalt (I11) and copper (1)
complexes were most effective than the free ligand, L and its nickel (II) complex
against all microorganisms tested. The suggestion for these results has been
assigning to the effect of less polarity and formation the coordination and
covalence bonding in the metal complexes rather than the free ligand, beside the
penetration of metal complexes the lipophilic layer of bacteria and fungi may be
ascribed to chelation effect.

Keywords: Schiff bases of isoniazid, Isoniazid complexes, biological activity of
isoniazid complexes.
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1. Introduction

The coordination compounds derived from isoniazid Schiff bases [1-5] have
been currently attracting much interest as potential therapeutic agents [6-7].
Recently, the use of iron (II) complexes of isoniazid as a non-enzymatically
activated has been devoted by some of us and proposed as a possible remedy to
replace the default enzymatic activation step [8]. Isonicotinic acid hydrazide has
widely used as main drug in treatment of tuberculosis beside the combination
with other drugs like pyrazinamide. The development of Schiff bases derived
from isoniazid condensation with 3,5-dimethoxybenzaldehyde [10-15] have
interested the scope of coordination chemistry applications especially in the
modification of their separation in analytical chemistry methods like high
performance liquid chromatography (HPLC) and other colorimetric methods
[16-18]. Md.Ashraful and co-workers [19] have been investigating experimental
and density functional theory for metal complexes of isoniazid Schiff base with
respect to spectroscopic studies of IR, NMR, HPLC-MS and magnetic
susceptibility measurements and the results afforded octahedral environment
around cobalt (I1), nickel (1) and copper (11) ions.
2. Experimental

2.1. Material and methods

The starting materials and solvents were purchased from Merck company used
as received without further  purification like isoniazid, 3,5-
dimethoxybenzaldehyde . Melting points were recorded by a Stuart melting point
SMP30 apparatus. FT- IR spectrum was recorded by a Shimadzu (FT-IR) model
4800 s spectrophotometer in the range (4000-400) cm™. The UV-Visible-NIR
spectra of the prepared reagents with their metal complexes were recorded by
Shimadzu UV-Vis 160 ultraviolet spectrophotometer in the range at (200-1100)
nm at (10°) M in ethanol and DMF solvents. The percent of metals (cobalt,
nickel and copper) in their solid complexes were determined by flame atomic
absorption (F.A.AS) on Shimadzu AA680G atomic  absorption
spectrophotometer at the laboratories of Ibn-Sina Company. Elemental analysis
for the prepared Schiff base, L and their complexes were carried out by
(C.H.N.S) calibration Linear Regression Euro EA elemental analysis. The
suggested molecular weight of the free ligand and its metal complexes were
measured by electron ionization mass spectroscopy on GC-MS (DIRECT
PROBE) via ES technique. The NMR spectra of reagents in DMSO-d6 solvent
were recorded on Bruker DMX- 500 spectrophotometer (400MH;z). The molar
conductance of complexes solutions in DMF solvent were determined at 283°C
using Jenway conductivity meter with a KCI reference salt bridge and platinum
electrode. The effective magnetic moments of the solid complexes were
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measured on Auto magnetic susceptibility Balance in Mustansiriyah University,
College of science, chemistry Department.

2.2. Synthesis of the (E)-N’'-(3,5-dimethoxybenzylidene)isonicotinohydrazide
Dissolve (1.73 g, 0.01 mole) of isoniazid in 15 ml of absolute ethanol, stir in a
water bath, add to it 1.67g, or the equivalent of 0.012 mole of glyoxalic acid,
next, three drops of glacial acetic acid was added and keep on heating under
reflux for 5 hours, then left at room temperature for several hours to get a pale
yellow precipitate of the new Schiff base, HL. The recrystallization from hot
methanol afforded dark yellow crystals, Chemical Formula: Ci5sH35N3O3, M.P
(195-197) C°, weight 2.32 g, Yield 75 %; TLC (ethyl acetate :chloroform, 3:1, Rf
=0.72, Scheme (1).

OCH;

o CHO
X N/NH2 > 0
+
Z HsCO OCHs N| P H

Scheme (1) Synthesis of HL Schiff base

2.3. Synthesis of the metal complexes C1-C3
2.3.1. Cobalt (I1) Complex C1

A solution of (0.286 g, 0.001 moles) in hot ethanol 20 mL was added to ethanol
solution of CoCl,.6H,O (0.237 g, 1mmole). The olive mixture at pH=7.5
(adjusting by addition 5 drops of of 5% sodium hydroxide solution) was formed
and then the reactants were refluxed for 90 minutes. Finally, the complex was
separated from the filtrate, continuously washed with ether, and finally dried in
air and oven for two hours, Chemical Formula: C15H9CoN3Os5, M.P (270-273)
C°, weight: 1.36 g, yield 72%.
2.3.2. Nickel (11) Complex C2

A solution of (0.286 g, 0.001 moles) in hot ethanol 20 mL was added to ethanol
solution of NiCl,.6H,O (0.237 g, Immole). The olive mixture at pH=7.0
(adjusting by addition 5 drops of of 5% ammonia solution) was formed and then
the reactants were refluxed for 60 minutes. Finally, the complex was separated
from the filtrate, continuously washed with ether, and finally dried in air and
oven for two hours, Chemical Formula: C;sHgNiN;Os, M.P (280-282) C°,
weight: 1.79 g, yield 70%.
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2.3.3. Copper (I1) Complex C3

HL (0.286 g; 0.001 moles) disbanded in 20 mL of hot ethanol to a mixture of
CuCl,.2H,0 (0.171 g; 0.0012 mole) dissolved in 10 mL of hot ethanol. The
reaction mixture was adjusted at pH in the range 8.0 by addition (1.5 ml) of 10%
ammonia solution and the reactants were then stirred for 30 minutes on water
bath. A green precipitate was formed and its yield equals about 95%. Weight
2.33 g. The resulting solid complex was obtained by filtration, washed
continuously with diethyl ether, and then left to dry in a dryer over CaCl.,.
Chemical Formula: C15H,9CuN3;Os Decomposed at 300 C°.

Table (1) Condition of preparation of metal complexes with HL
Metal Weight of ligand

chloride Weight (g) (@) Reaction conditions
CoCl,.6H,0 0.237 L=0.286 90 min/ refluxed
NiCl,-6H,0 0.237 0.286 60 min / reflux
CuCl,.2H,0 0.171 0.286 30 min / stirred

2.4. Biological activity

The agar well diffusion method was used to detect the antibacterial activity of
the prepared Schiff base, (E)-N'-(3,5- imethoxybenzylidene)isonicotinohydrazide
and its metal complexes (C1,C2 and C3) against various pathogens, including
two strains of gram-positive bacteria (Staphylococcus aureus and
Staphylococcus epidermidis), two strains of gram-negative bacteria
(Escherichia coli and Klebsiella sp.), as well as against fungus such as Candida
albicans, at the concentrations of 10 and 10 M according to chelation theory
[22]. All of the bacterial isolates used in this study were grown in nutrient broth
and incubated at 37C° for 18 to 24 hours. After the incubation period, 0.1 ml of
each bacterial solution was applied to the nutrient agar surface and left for 24
hours at 37C°. A bacterial suspension with a moderate turbidity, which is
approximately equivalent to 1.5x10° CFU/mL when compared to the standard
turbidity solution, was obtained by adding a single colony to a test tube
containing 5 mL of normal saline. A portion of the bacterial suspension was
carefully transferred and evenly distributed on Mueller-Hinton agar medium
using a sterile cotton swab, and it was then allowed to sit for ten minutes. In the
prior agar layer, three wells per plate with a diameter of five millimeters were
created. After detaching the agar discs, a micropipette was used to add 50 pl of
the synthesized compounds to each well. After an 18-hour period of incubation
at 37C°, the diameter of the inhibitory zones on the plates was determined. The
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results were compared with those of common medications, such as fluconazole
for Candida albicans, vancomycin hydrochloride for gram-negative bacteria, and
exigent for gram-positive bacteria. As a control, DMSO was employed.

3. Results and Discussion:

3.1. Physical Properties and Elemental Analyses:

The interesting and wide spectrum researchers have been creating in the
update years which they were involving the synthesis and clinical applications on
isoniazid Schiff bases and their metal complexes [18, 20]. Therefore, efficacy
works encouraged us in our project to synthesize new poly dentate ligands of
isoniazid and their metal complexes with cobalt (I1), nickel (1I) and copper (I1)
and ions besides docking and biological activates. The new Schiff base of
isoniazid HL was synthesized in their solid state after optimizing the conditions
of reactions alcoholic solution of isoniazid with the 3,5-dimethoxybenzaldehyde.
The new derivative of the chemical formulas C;sHisN3Os and its metal
complexes were confirmed by elemental analyses and flame atomic absorption
technique and the observed data are in well agreement of the calculated values.
All the metal complexes are sparingly soluble in hot methanol and ethanol and
they are soluble in DMSO and DMF solvents. The complexes solutions in
DMSO showed molar conductance values in the region (12-25) ohm™.cm®mole™
indication neutral properties [21] of all complexes and their chemical structures
are in well agreement with proposed chemical formula of [M(L)Cl,(H,0),].H,0,
M(I1)=Cu and Ni whereas the suggested formula for cobalt(ll) complex is
[CoCly(L) (H,0),].2H,0, Table (1)
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Micro Elemental Analysis Metal

General formula  M.wt (g/mol) (Calc,) content
/ color Chemical ' Found ~(Calc))
Formula Found
C% H% N% S% (M %)
_ CusHisON; 285 218- (63.15) (5.26) (14.70)
Yellow CisH1503N; 220 62.76 @ 422 1550
o1 [Co(L)CL(H,0)] 450.3 270- (3951) (417) (9.22) (12.78)
Pale green CisH1gCoCl,OsN; 273 38.70  3.24 10.66 12.11
o, INI(L)Cl(H,0);] 450.3 280- (39.90) (4.22) (9.32) (12.94)
Dark blue CisHgNICI,OsN; 282 38.42  3.09 10.77 11.56
s [CU(LCl(H0):] 4555 295 (39.92) (421) (9.32) (13.90)
Olive CisH1oCuCl,OsN; Dec. 38.20 3.89 10.22 12.88

M % = analyses by flame atomic absorption spectroscopy (FAAS), Dec=decomposed

Table (1) Physical properties and elemental analyses of ligand and its
complexes

3.1. Mass spectral studies

The MS spectra of the prepared Schiff base, (E)-N'-(3,5-
dimethoxybenzylidene)isonicotinohydrazide exhibited molecular ions at at m/z
=285.15and 309 respectively which are in agreement of their empirical structure
of the product from the condensing isoniazid with 3,5-dimethoxybenzaldehyde
[13, 15]. The cleavages of two methoxy moieties as weak points in the skeletal
structure of the Schiff base was adopted from the high intense peaks at 254, 165
and 148. However the breaking down of pyridine ring was showed as low
intense peak at m/e=121 with intensity equal to 22%. The molecular weight
resulted from the MS spectrum is good agreement with other data of elemental
analyses that supports the suggested chemical structure of the new ligand, Figure
1.
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Figure 1. MS spectrum of HL

3.2. NMR spectra

The H NMR spectrum of ligand showed  singlet at 6 = 12.10 ppm
corresponding to the de shielded proton of —~NH which is considered as tautomer
with -OH. As well as the singlet peak at 8.18 ppm is consistent with the
azomethine —CH=N- moiety revealing the condensation of carbonyl group of
3,5-dimethoxybenzaldehyde with the amino group of isonazid. The multiple
peaks at around 6.90-7.78 ppm were corresponding to the aromatic protons of
pyridine and trisubstituted aromatic ring rings respectively. As well as the singlet
peaks appeared at around at 3.82-3.99 ppm are associated with the nuclear spin
of aliphatic protons of —OCH; with area under peaks equal to six that is
confirmation to the structure of the new Schiff base, Figure 2.
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Figure 2. 'H-NMR spectrum of HL in DMSO-d6 solvent

As well as the C-13 NMR spectrum of HL in DMSO-d6 showed variable
absorptions at 168, 161,153 and 150 ppm which are consistent with —-C=0, C=N-
and C-N carbon atoms [10,15]. The carbon atoms of pyridine and phenyl ring
were shown at 149, 144-140.3 and 123, 121, 119 and 117-109.64 respectively.

However the spin of aliphatic methoxy groups are located at 55.57-56.67 ppm

due to the effect of electron withdrawing atoms of oxygen [17], Figure 3.
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Figure 3. ®*C-NMR spectrum of HL in DMSO-d6 solvent.

3.3. IR Spectra of Ligands and their complexes:

The characteristic absorptions in the FT-IR spectrum of HL provided a clue to
the condensation of isoniazid with 3,5-dimethoxybenzaldehyde, Figure 4. The IR
spectrum of HL showed doublet band at (3304-3180) cm™ and a strong band at
around 1650 cm™ which are indicative of v (NH,) and v (-C=N-) respectively.
Furthermore the medium band at around 2962 cm™ is assigned to —C-H of
methoxy moiety [18]. Up on comparison the IR spectra of all metal complexes,
the lowering in frequencies of —C=0, -C=N- and C-N groups in the regions
(1635-1640), (1570-1530) and (1370-1340) cm™ revealed that the —C=0 and
HC=N- are the active sites in coordination with the cobalt (I1), nickel (Il) and
copper (I1) ions [19, 20]. Furthermore, the appearance of weak bands at around
(550-495) and (425-400) cm™ is strong evidence for formation of (M-N) and (M-
O) coordination bonds [20] in the formed solid complexes. However, the broad
absorptions at around (3400-3500) cm™ beside the rocking of —O-H bonding for
water molecules is strong confirmation for the stretching frequency of —O-H
moiety for crystalline and coordinated water molecules respectively, Figure (5).
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Figure 4. FT-IR spectrum of HL
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Figure 5. FT-IR spectrum of C2 complex

3.4 UV-Vis spectral data

The studying of electronic spectrum for the metal complexes has been
showing the strong evidence for the bonding of metal orbitals and ligand orbitals
beside the conclusions the prediction the geometry of the prepared metal
complexes. The appearance of bathochromic or hypochromic shifts in the UV
spectrum of the ligand solution after chelation with the d-block metal ions have
already caused from interaction their orbitals and the intensities and positions of
the new observed peaks are related to the weak bands of (d-d) and high intense
bands of charge transfers in both types of LMCT and MLCT. The main energy
level diagrams that help the coordination chemistry researchers are described by
two independent schemes Orgel diagrams which are applicable to weak field
complexes and Tanabe —Sugano (or simply T-S) diagrams which are applicable
to both weak field and strong field complexes [16,17]. The off white solution of,
HL in ethanol recorded two bands at 338 nm, 29585 cm™ and 265 nm, 37735 cm’
! which are assigned to n-n* and n-m* transitions respectively, Figure 6. The
green solution of CoL in DMF displayed low intensity peaks at around;672 nm,
14880 cm™ and 614 nm, 16286cm™ which are attributed to the transition
Tig—*Tog (F) (v1) and *Tig—"Asg (F) (v2) respectively. As well as the high
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intensity peak at 323 nm, 30957 cm™ is assigned to charge transfer ligand to
metal charge transfer. The spin-allowed transitions in the visible region for
cobalt(ll) complex investigates the high-spin octahedral cobalt(Il) complexes
with ground term “F which it mainly splits to three microstates from the stable
ground “T.g(F), therefore the application of T-S diagram on UV-Visible
spectrum of C1 leads to intercepts yi, Y, at Ei/B’, E,/B' to provide Racah
parameter (B') was found to be 635 cm™ and the crystal field splitting energy
10Dq found to be 14750 cm™, indicating the high spin octahedral environment
around Co(ll) ion [22, 23]. The Nephelauxetic ratio (B) was calculated and found
to be 0.88 indicating the high degree of interaction between s, p and d-orbitals of
reagent; HL and metal ions with synergetic effect, hence inter electronic
repulsion has been decreased during the process of chelation. The transition ratio
v,/vy gave value 1.35 providing further evidences for octahedral geometry for the
Co (1) complex [18], Figure 7. The magnetic susceptibility of CoL in solid state
was 4.75 BM is good proof for the presence of orbital contribution for the (t,g°
eg?) and agrees well with the (L+S) of magnetic moment calculations. The pale
green solution of C2 complex in DMF showed two spin-allowed transitions at
around 678 nm, 14749cm™ and 614 nm, 16288 cm™ assigning to *A,g—>T,g (F)
(v1) and *A,g — *Tig (F) (v,) respectively. However the intense absorption at
329 nm, 30359 cm™ is already associated with LMCT band. The application of
T-S diagram on electronic spectrum of C2 through the ratio v,/v; found to be

August (2025) o sl M i A il (e
32



e bl e ot el | oS el
ret el bzt — Grcrlas i s 50 i

Journal of the College of Basic Education Vol.31 (NO. 132) 2025, pp. 21-41

1.201 which results in the values of y, y,, X; intercepts at E;/B’, E,/B’ and Dq/B’
was found to be 19, 22, 29 respectively, the calculation refer B’ equal to 715 cm™
and 10Dq equal to 715x19=13585 cm™ indicating octahedral environment
around nickel (I1) ion [15-20]. As well as electron- electron repletion in 3d®
configuration was decreased through overlapping with thione and -C=N- groups,
this was confirmed from synergetic effect found to be 0.95. The solid C2
complex recorded effective magnetic moment 3.20 BM which is associated with
high-spin of (t,g° eg®) and in well agreement of its octahedral geometry. The pale
green solution of C3 in DMF showed one weak shoulder band at 909 nm, 11013
cm™ which is ascribed with 2Eg— 2T2g transition. As well as the high intense
peaks at 295nm, 33892cm™ and 265 nm, 37735 cm™ are assigned to CT and n-r*
respectively. The copper (I1) ion with the electronic configuration d9 has one
unpaired electron in the 3d-shell. As well as the confirmation of z-out tetragon
ally distortion was adopted from the elevation of its effective magnetic moment
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to 1.88 BM [21].
Figure 6. UV-Vis spectral of HL
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Figure 7. UV-Vis spectral of C1 complex

3.5. Biological activity

The biological activity of the free ligand and its metal complexes (CoL, NiL and
CuL) was evaluated against a range of microorganisms, including Gram-positive
bacteria (Staphylococcus aureus and Staphylococcus epidermidis), Gram-
negative bacteria (Escherichia coli and Klebsiella sp.), and the fungus Candida
albicans, using the agar diffusion method at two different concentrations (1072
and 10~* M) in Table (2), Figure (8-10). According cobalt complexes such as
CoL have showed consistently the most effective against microorganisms tested,
including Candida albicans, Escherichia coli and Staphylococcus epidermidis.
Show NiL exceptional event with Staphylococcus aureus, this indicates the
strength of its association with the bacterial cell wall in this strain. CuL showed
the highest activity against Escherichia coli at concentrations of 107*, indicating
its effectiveness as an antibiotic. It also showed good activity against
Staphylococcus aureus, Candida albicans, and Staphylococcus epidermidis. It is
worth noting that the free ligand (HL) and isoniazid showed weaker activity
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compared to the metal complexes, supporting the hypothesis that coordination
with metals enhances the biological activity of the compounds. These results are
agreement with the new studies that highlight on [18-22].

Gram negative

Fungus bacteria Gram positive bacteria
el Staphylococ
a Escherich  Klebsiell Staphylococ pcals
albican ia coli a sp. Cus aureus : -
s epidermidis
10 - - 11 - 12
L -4
10 - - 12 - 12
2
CuL 10_4 13 16 12 12 10
10 16 22 14 20 16
10 15 13 13 12 9
CoL 7
10 25 16 14 15 16
. 10 - - 10 10 12
NIL 7
10 17 12 12 26 12
. 107 12 - 9 - 12
Isoniazid drug 7
10 11 - 12 - 14

Table (2) The inhibition zones (mm) of anti-bacterial and anti-fung
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Figure 9. Inhibition zone of gram- positive and gram-negative bacteria with
different concentration of L and its complexes Conc. (10%) M
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Figure 10. Inhibition zone of gram- positive and gram-negative bacteria with
different concentration of L and its complexes Conc. (10*) M

4. Conclusion:

The observed data from micro-elemental analyses, UV-Visible spectra and
magnetic moment measurements revealed that all synthesized complexes with
HL are octahedral in chemical formula;[M(L)(H,0),Cl,], Scheme (2). Show
these results that metal complexation plays a major role in enhancing the
biological efficacy of Schiff base ligands. CoL, NiL, and CuL have promising
antimicrobial properties, perform better than both the free ligand HL and the
reference drug isoniazid thus highlighting their potential in pharmaceutical
applications.
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N
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Cli
7 ci
OCH5
H3;CO MAID)=Co.,N1 or Cu

Scheme (2) Octahedral geometry of the prepared complexes
[M(L)CI3(H20).].nH,0
References
1. Heba Nassar, Moustafa H.M. Abou-El-Wafa, Hussin Elkik, Synthesis and
characterization of some coordinated metal and charge transfer complexes of
Isonicotinic acid hydrazide ligand with 2-hydroxyacetophenonylidene,
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy: Vol.
309 N0.123759 (2024).
2. Houssem Boulebd, Yasmine Zine, Imene Amine Khodja, Arif Mermer, Adem
Demir, Abdelmadjid Debache, Synthesis and radical scavenging activity of new
phenolic hydrazone/hydrazide derivatives: Experimental and theoretical studies,
Journal Molecular Structure: Vol. 1249 No. 131546 (2022).
3. Dessie Ashagrie Tafere, Mamo Gebrezgiabher, Fikre Elemo, Taju sani,
Tsegaye Belege Atisme, Tesfay G. Ashebr, Ibrahim Nasser Ahmed, Hydrazones,
hydrazones-based coinage metal complexes, and their biological applications,
RSC Advances: Vol. 15(8) N0.6191-6207 (2025).
4. Hatice Gamze Sogukomerogullari, Eylip Basaran, Resit Cakmak, Muhammed
Tilahun Muhammed, Senem Akkoc, Novel transition metal (II) complexes of
hydrazones as potential antitumor agents: Synthesis, characterization, DFT
computations, cytotoxic activities, molecular docking and simulation studies,
Inorganica Chimica Acta: Vol. 581 No. 12263 (2025).
5. Hadi Kargar, Mehdi Fallah-Mehrjardi, Khurram Shahzad Munawar, Metal
complexes incorporating tridentate ONO pyridyl hydrazone Schiff base ligands:

August (2025) o sl M i A il (e
38



s bt & | el ot | CotelSs el
et et ozl — ool i o A sl

Journal of the College of Basic Education Vol.31 (NO. 132) 2025, pp. 21-41

Crystal structure, characterization and applications, Coordination Chemistry
Reviews: Vol. 501No. 215587 (2024).

6. Daniil N. Yarullin, Sofia O. Slavova, Evgeniya O. Abramova, Maksim N.
Zavalishin, Peter M. Tolstoy, George A. Gamov, Elena V. Grachova,
Conformer-specific differences in solid-phase emission of pyridoxal 5'-
phosphate hydrazones containing heteroaromatic cycles, Optical Materials: Vol.
159, 116593 (2025).

7. Hadi Kargar, Mehdi Fallah-Mehrjardi, Muhammad Ashfag, Khurram
Shahzad Munawar, Muhammad Nawaz Tahir, Cis-dioxomolybdenum(V1)
complex bearing tridentate ONO isonicotinoyl hydrazone Schiff base: Synthesis,
characterization, crystal structure, and catalytic activity investigation for the
oxidation of sulfides, Journal Molecular Structure: Vol. 1294(2) No.136458
(2023).

8. Khlood S. Abou-Melha, Transition metal complexes of isonicotinic acid (2-
hydroxybenzylidene)hydrazide, Spectrochimica Acta Part A: Molecular &
Biomolecular Spectr: Vol. 70(1). 162-170 (2008).

9. Hatice Gamze Sogukomerogullari, Eyiip Basaran, Resit Cakmak, Muhammed
Tilahun Muhammed, Senem Akkoc, Novel transition metal (II) complexes of
hydrazones as potential antitumor agents: Synthesis, characterization, DFT
computations, cytotoxic activities, molecular docking and simulation studies,
Inorganica Chimica Acta: Vol. 581. 122634 (2025).

10.Sumaira Abbas, Imtiaz-ud-Din, Mehwish Mehmood, M. Khawar Rauf, S.
Sikander Azam, Ihsan-ul Hag, M. Nawaz Tahir, Nousheen Parvaiz, Synthesis,
structural characterization, and molecular docking studies of bioactive
bismuth(I11) complexes with substituted hydrazones, Journal of Molecular
Structure: Vol. 1230 No. 129870 (2021).

11.Ahmed I. Khodair, Dalia R. Imam, Nabila A. Kheder, Asmaa M. Fahim,
Ahmed A. El-Barbary, Synthesis, DFT investigation, molecular docking
analysis, ADMET studies, and biological evaluation of a novel series of
imidazolidinone derivatives as potential antimicrobial agents, Journal of
Molecular Structure: Vol. 1322(4), 140586 (2025).

12.Sachin S. Wazalwar, Anita R. Banpurkar, Franc Perdih, Single crystal
structure of 3-(2-(3-acetylphenyl)hydrazono)pentane-2,4-dione and molecular
docking study with CYP450 members for anticancer molecular screening,
Journal of the Indian Chemical Society: Vol.99(6), 100482 (2022).

13.Ali Akram Derardja, Lynda Golea, Rim Benali-Cherif, Dominique Luneau,
Zina Boutobba, Youcef Boumedjane, Hassina Harkat, Synthesis, crystal
structure, DFT calculations, Hirshfeld surface analysis and molecular docking

August (2025) o sl M i A il (e
39



e bl e ot el | oS el
ret el bzt — Grcrlas i s 50 i

Journal of the College of Basic Education Vol.31 (NO. 132) 2025, pp. 21-41

studies of a new manganese complex, Inorganic Chemistry Communications:
Vol.146, 110198 (2022).

14. Verma, S., & Prasad, S. Molecular docking and dynamics studies of
bioactive compounds targeting key enzymes in pathogenic microorganisms.
Journal of Biomolecular Structure and Dynamics, Vol.41(3), 702—715 (2023).
https://doi.org/10.1080/07391102.2022.2032765

15. Zhang, Y., Liu, H., & Wang, Y. Antibacterial performance of nickel and
cobalt Schiff base complexes against resistant strains. Microbial Pathogenesis:
Vol. 165, 105484 (2022). https://doi.org/10.1016/j.micpath.2022.105484

16. Shaaban, S., & Yousef, T. Synthesis, characterization, and antimicrobial
activity of transition metal Schiff base complexes. Inorganic Chemistry
Communications: Vol. 120, 108134 (2020).
https://doi.org/10.1016/j.inoche.2020.108134.

17. Md. Ashraful Islam, Faria Tasnim, Md. Sajib Hossain, Md. Faruk Hossen,
Md. Kudrat-E Zahan, Md. Ali Asraf, Experimental and computational insights
into antibacterial and antioxidant properties of metal complexes with isoniazid-
based Schiff base ligands, J. Molec. Struc: VVol.1324, 140916 (2025).

18. Mohammed, A., & Al-Omari, S. Evaluation of antibacterial properties of
Cu(ll) and Co(l1) complexes with bioactive ligands. Journal of Coordination
Chemistry: Vol. 76(6), 1014-1028 (2023).
https://doi.org/10.1080/00958972.2023.2187415.

19. Nandini .B, . Amutha Selvi, Metal Complexes with Schiff Bases - A Review
of their Antimicrobial Activities: A review. Bioinorganic Chemistry and
Applications, 6632958 (2021). https://doi.org/10.1155/2021/6632958.

20. W.J. Geary, The use of conductivity measurements in organic solvents for
the characterization of coordination compounds, Coord. Chem. Rev. : Vol. 7(1)
(1971).

21. Alam, M., Khan, A. U., & Nagvi, A. Cobalt-based Schiff base complexes as
potential antifungal agents: Mechanisms and therapeutic implications. Journal of
Mycology and Medical Research: Vol. 31(2). No 109 (2021).
https://doi.org/10.1016/j.jmmr..102345..

22. K. Jagadesh Babu, Dasari Ayodhya, Shivaraj, Comprehensive investigation
of Co(Il), Ni(Il) and Cu(ll) complexes derived from a novel Schiff base:
Synthesis, characterization, DNA interactions, ADME profiling, molecular
docking, and in-vitro biological evaluation, Res. Chem: Vol.6, N0.101110
(2023).

August (2025) o sl M i A il (e
40


https://doi.org/10.1080/07391102.2022.2032765
https://doi.org/10.1016/j.micpath.2022.105484
https://doi.org/10.1016/j.inoche.2020.108134
https://doi.org/10.1080/00958972.2023.2187415
https://www.researchgate.net/scientific-contributions/B-Nandini-2290716562?_sg%5B0%5D=z8qSkZ2-CQj3A5GlH3uCzPmPd_ij3nyMb2LDC4Xe4AOYJvb1BhhUFDL1MPKteB038e0NgHM.1WxVahaa48MY72yjCkEy-cGvQ7RSMm8q1OFv5X3FFDMPMLX1qNra3ErUHkDsZg9YPv3O1L8WPpZkpB6FYRr2FQ&_sg%5B1%5D=cxPT2vlx3NPeNADd3lDFUuCzF5Jl5zsyMzsvQpj6T0d8FVQASQkilmN7ax3g6v-oJqG6e28.-pv06ur27wrK4CqyYwZ5nWkutHRI4tOWTR6Ucg3Fm0YvC8hSWKOgTbswt9pD10anNDwYe-v_ptPfkg4kjP6vfA
https://www.researchgate.net/scientific-contributions/M-Amutha-Selvi-2290690329?_sg%5B0%5D=z8qSkZ2-CQj3A5GlH3uCzPmPd_ij3nyMb2LDC4Xe4AOYJvb1BhhUFDL1MPKteB038e0NgHM.1WxVahaa48MY72yjCkEy-cGvQ7RSMm8q1OFv5X3FFDMPMLX1qNra3ErUHkDsZg9YPv3O1L8WPpZkpB6FYRr2FQ&_sg%5B1%5D=cxPT2vlx3NPeNADd3lDFUuCzF5Jl5zsyMzsvQpj6T0d8FVQASQkilmN7ax3g6v-oJqG6e28.-pv06ur27wrK4CqyYwZ5nWkutHRI4tOWTR6Ucg3Fm0YvC8hSWKOgTbswt9pD10anNDwYe-v_ptPfkg4kjP6vfA
https://doi.org/10.1155/2021/6632958
https://doi.org/10.1016/j.jmmr..102345

e bl e ot el | oS el
ret el bzt — Grcrlas i s 50 i

Journal of the College of Basic Education Vol.31 (NO. 132) 2025, pp. 21-41

O30 Aln 3o (A e Sl (s gt g (raidall Solaod y g ytuzametl)
23y Aa 95 A (o o - (Ol o s 9 (5305 .3,5) - N'- (E)
G ralal pules 3 263l @ 3game (| S maledl g D]
23 ébﬂ\ — ey c;\-"umM\ za.nlel\ ce}‘ﬂ‘ ;\,,ISS c;\:\qﬁ\ eué
18l ad) AAIEN & Sl A 5 A pade A A1 B0 3
sl Ciligall (g Y1 2y
ayaawleed@uomustansiriyah.edu.ig

mahmoud inor71l@uomustansiriyah.edu.iq
alamri salam@yahoo.com

) palii

Uaen e A bl candine) @ e Al Baas A8 Glatas st Guanll s 8 a0
(1) 2l o5 (1) oenil (1) Sl (1) oy o AdEEY) ol 3l pabial el K 5 5Y)
A O3 (el (S e SB35 ) N- (E) 50 2 ol SIS LIS sl
(e s Y 2l 5 2 Yl s 50Y) 6l 5 (e S Je L JMA (e S 138 pdantiad 3 ) )2 50 S
dliall Leilla 8 Ll je g dpamall Cildieall juiaad ol JoaSdawy A Cpad S oS gle (S5 -3)5
Lol (PH) doa sl da a5 ¢ (ML) Al sall ol eJe il (o) Jia Jeldill Cag yla Jasia ay
Ll @il (e de sana pladinly dnided) Adiiting 5 ylandll IS jand B a% 0B el
L..g‘)ﬂ\ Ualbaiay) e‘.li:i_ml_j Al (5 gina paEi« (CHNS)L..;‘)_.A.\:J\ Jalaall senlad doblasl) g
o) aall Caad (e Ay Bdpandid) (358 2239 ¢ (IR)s ) jendl cind AxiY) Lililas ¢ (FAAS) el
b g A )Y sall ddiia i) ikl ¢ (NMR)gasbalizall (555l ()l Cada ((UV-Vis-NIR)
(1) Sl ¢(11) by oSl 38 (s yumnal) Sainal) psen Ol gl & jelal Apesylaliaall 21080
Gay Sl A Sl 3 AN J e (Octahedral) C}L_.A\ G.Lu JE el ) el g
AN ) ol LAY il o pedal a8 oy gaal) Alladlly (3lahy Lo Ll [M(L)CI2(H0).]-2H,0
U H U\M\@u\&@‘uu)ubuﬂmMwmmj\mwudm Sal)
u\mu\ J.A}A_U b paall g Uy el Uille \JL;AALLLuuu).@_Ln\_L_t_\.t}SJ\ c_\\JAa.AuAAYLU
£153Y) aen 2 (1) ISl 2dnay pall MKW e ddlad HAST uilS (11) pabadlly (1) <l S
o) AL 4 jlae J81 dpudady lial 4y 3N Claiaall (b gl a2 el Sy B yidall A 5 Saall
(e A0 Clataall 38 G LS claiaall Jals Allad ST dpealod 5 4l ol 5 (585 ila
L) 5L ) (s 3l a8 A ladl) g A Sl LA ol paad (Buanlll) Al Aakl 3) ,5al
(sl Lehalli o & 5 s Laa «(Chelation effect)

August (2025) o OO [ [N P2 X P
41


mailto:ayaawleed@uomustansiriyah.edu.iq
mailto:mahmoud_inor71@uomustansiriyah.edu.iq

