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Abstract
This dissertation comprises four research pathways as follows:
1- First Pathway: (Synthesis of Two Ligands)

a) Azo Ligand (L.1)
N-(5-methyl-4,5-dihydroisoxazol-3-yl-4-((naphthalene-2-
yvloxy)diazenyl)benzenesulfonamide)

The ligand was synthesized via a two-step procedure. The first step involved the
preparation of the diazonium salt through diazotization of the antibiotic
Sulfamethoxazole in an acidic medium at a temperature range of 0—5 °C. This was
followed by an azo coupling reaction with 2-Naphthol in absolute ethanol.

b) Schiff Base Ligand (L.2)
2-hydroxy-5-((4-hydroxybenzylidene)amino)benzoic acid (L2)

This ligand was synthesized via a condensation reaction between 5-Aminosalicylic
acid and 4-Hydroxybenzaldehyde, using glacial acetic acid as a catalyst and
ethanol as the solvent.

2- Second Pathway: (Synthesis of Four Types of Inorganic Complexes)
a) Mononuclear Complexes (A1-A10)

Mononuclear complexes were synthesized using the azo ligand (L1) as the primary
ligand in combination with the chlorides of _element","Co(II)","cobalt ion"],
["chemical element","Ni(I1)","nickel ion"], _element","Cu(II)","copper ion"],
chemical element","Zn(II)","zinc ion"], and
chemical_element","Cd(I)","cadmium ion"], together with a nitrogenous base—
either 1,10-phenanthroline (Phen) or 2,2'-bipyridine (Bipy)—as the secondary
ligand, in a 1:1:1 molar ratio.

The general formulas of these complexes are:

[M(L1)(phen)CI2]-2H20[M(L1)(phen)Cl_2]\cdot 2H_20[M(L1)(phen)C12]-2H20
[M(L1)(bipy)C12]-2H20[M(L1)(bipy)CL_2]\cdot 2H_20[M(L1)(bipy)C12]-2H20

Where M = Co(II), Ni(II), Cu(Il), Zn(II), Cd(II).
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b) Mononuclear Complexes (A11-A20)

These complexes were prepared using the Schiff base ligand (L2) as the primary
ligand with chlorides of Co(II), Ni(II), Cu(Il), Zn(II), or Cd(II), and a nitrogenous
base (Phen or Bipy) in a 1:1:1 molar ratio.

The general formulas are:

[M(L2)(phen)CI2]-2H20[M(L2)(phen)Cl_2]\cdot 2H 20[M(L2)(phen)CI2]-2H20
[M(L2)(bipy)C12]-2H20[M(L2)(bipy)CL_2]\cdot 2H_20[M(L2)(bipy)C12]-2H20

Where M = Co(II), Ni(IT), Cu(Il), Zn(II), Cd(I1).
¢) Characterization of Ligands and Complexes

All ligands and complexes were characterized using various physical and chemical
methods, including: melting point determination, elemental analysis, infrared (IR)
spectroscopy, electronic absorption spectra, proton nuclear magnetic resonance
(“"1H NMR), magnetic susceptibility measurements, molar conductivity, and
atomic absorption spectroscopy.

The molar conductivity results indicated that the complexes are non-electrolytic
(i.e., neutral complexes). Analysis of these measurements suggested that the most
probable geometry for all complexes is octahedral.

o In the first type of complexes, the primary ligand (L1) coordinates in a
bidentate manner through the oxygen atom of the sulfonyl group and the
nitrogen atom of the amino group. The secondary ligands (Phen or Bipy)
coordinate bidentately via nitrogen atoms with chloride ions, resulting in
octahedral coordination around each metal ion and an overall octahedral
geometry.

« In the second type of complexes, the primary ligand (L2) coordinates
bidentately through the phenolic oxygen and the carboxyl oxygen without
deprotonation. The secondary ligand coordinates similarly to the first type
with chloride ions, leading to an octahedral coordination around each metal
ion and an overall octahedral geometry.

Third pathway: Physical study of the prepared complexes(A1-A20)
After the preparation and characterization of all complexes obtained in the
second research pathway, they were studied thermodynamically at five
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temperatures (298, 303, 308, 313, and 318 K) by determining their stability
constants at these temperatures under their respective optimal conditions. The
stoichiometry of each complex was estimated using the molar ratio method, which
was found to be 1:1, consistent with the inorganic study of the second pathway.
This encouraged us to calculate the thermodynamic parameters AG®, AH®, and
AS°. The results indicated that the reactions are spontaneous, exothermic, and more
ordered, as evidenced by the negative signs of all the parameters, respectively.

Fourth Pathway: Theoretical study(A1-A20) of the synthesized complexes and
evaluation of their biological activity

The experimental physicochemical studies were complemented by a theoretical
investigation using chemical software programs such as ChemDraw. The
compounds were initially modeled in Chem2D, followed by energy minimization
in Chem3D. The theoretical calculations were performed according to the Hartree—
Fock (HF) method, where the HOMO and LUMO energies were determined to
identify the binding sites and elucidate the formation of the complexes. These
theoretical findings were subsequently compared with the experimental
thermodynamic data.

Furthermore, the biological activity of all synthesized complexes was evaluated
against three Gram-positive and Gram-negative bacterial strains: Staphylococcus
aureus, Klebsiella pneumoniae, and Pseudomonas spp. Dimethyl sulfoxide
(DMSO) was used as the solvent, and a control model was employed to assess the
effect on bacterial growth under identical conditions, thereby avoiding solvent
interference. The results indicated that several of the ligands and their
corresponding complexes exhibited significant biological activity.
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