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ABSTRACT. A novel Schiff base ligand, 2-((Z)-((3-((E)-((benzo[d]oxazol-2-yl) imino) methyl)pyridin-2-
yl)imino)methyl)phenol (BOYMPIMP), and its Au(lIl) complex were synthesized and characterized. To the best of
our knowledge, this is the first reported Au(l11) complex derived from this ligand. The ligand was prepared by Schiff
base condensation, and the complex was synthesized using a 1:1 metal-to-ligand molar ratio. Structural
characterization was performed using FTIR, UV-Vis, 'H and 3C NMR, CHN analysis, molar conductivity, and
magnetic susceptibility, confirming a square-planar Au(lll) coordination environment. DFT calculations at the
B3LYP/6-311G(d,p) level supported the proposed structure and revealed a HOMO-LUMO energy gap of 7.662 eV,
indicating high electronic stability. Antioxidant activity was evaluated by DPPH, ABTS, and FRAP assays. The
Au(l11) complex exhibited significantly higher antioxidant activity than the free ligand, comparable to ascorbic acid.
Cytotoxicity was assessed against MCF-7 and MCF-10A cell lines using the MTT assay. The Au(lll) complex
showed greater activity toward MCF-7 cells (ICso = 57.68 ug mL ™) than the ligand (ICso = 173.4 pg mL™!), with
lower toxicity toward MCF-10A cells (ICso = 279.3 pg mL™), indicating selective anticancer potential. These
findings identify the Au(l11) complex as a promising antioxidant and anticancer candidate for further investigation.
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INTRODUCTION

Since global cancer burden estimates were first published in the 1980s, breast cancer has been the
cancer most diagnosed among females [1, 2]. Today, it remains the leading cancer diagnosis and
cause of cancer-related death in females, and is a major contributor to the cancer burden even
when both sexes are combined, representing the second most frequently diagnosed cancer and the
fourth most common cause of cancer-related mortality in 2022 [3]. While breast cancer is a major
cancer worldwide, it has long been recognized that the burden is not evenly distributed [4, 5].
Indeed, regional and country-specific differences in the underlying age structure, prevalence of
risk factors, and healthcare infrastructure give rise to global patterns that determine how common
and fatal breast cancer is in a given setting. In addition to their promising anti-proliferative
activities against breast cancer cell lines [6], benzoxazole derivatives have also demonstrated
significant potential in enhancing the efficacy of existing treatments by targeting specific
metabolic pathways. For instance, recent studies have shown that these compounds can inhibit
wild and mutated forms of the epidermal growth factor receptor (EGFR), which plays a critical
role in cancer cell proliferation and survival [7]. Furthermore, the integration of molecular
docking studies has revealed that these derivatives exhibit binding affinities comparable to current
FDA-approved drugs, suggesting their viability as alternative therapeutic agents [8]. As
researchers continue to explore the pharmacological landscape of benzoxazole derivatives, the
synthesis of hybrid compounds that combine their properties with other pharmacophores could
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pave the way for more effective and personalized breast cancer therapies [9]. Therefore, the
present study aims to design, synthesize, and characterize novel metal complexes and evaluate
their biological potential using experimental and computational approaches. Similar to most
Au(lIl) complexes, Au(lll) complexes can inhibit the activities of thiol-containing enzymes,
including thioredoxin reductase, via ligand exchange reactions to form Au-S(Se) bonds.

Nonetheless, there are examples of physiologically stable Au(l1l) and Au(l) complexes,such
as [Au(TPP)]CI (H2TPP = 5,10,15,20-tetraphenylporphyrin) and [Au(dppe)2]Cl (dppe = 1,2-
bis(diphenylphosphanyl)ethane), which are known to display highly potent in vitro and in vivo
anticancer activities. In this study, In the present work of anticancer gold(l11) complexes[10],
including their mechanisms of action and the approaches complexes, including their mechanisms
of action and the approaches adopted to improve their anticancer efficiency. Some recent
examples of gold anticancer chemotherapeutics are highlighted.

In most situations, the gold complexes exhibit anticancer activities by targeting thioredoxin
reductase (TrxR) or other thiol-rich proteins and enzymes and trigger cell death via reactive
oxygen species (ROS). Interestingly, gold complexes were recently reported to elicit biochemical
hallmarks of immunogenic cell death (ICD) as an ICD inducer.

In this study, the recent progress of gold(l) and gold(lll) complexes is comprehensively
summarized , and their activities and mechanism of action are documented. Therefore, the present
work aims to design, synthesize, and characterize a novel benzoxazole-based Schiff base ligand
and its corresponding Au(lll) complex. The synthesized compounds were investigated using
spectroscopic and analytical techniques, and their electronic properties were studied by Density
Functional Theory (DFT) calculations. Furthermore, their antioxidant and in vitro anticancer
activities against the MCF-7 breast cancer cell line were evaluated to explore their potential as
promising bioactive Au(l11)-based agents[11].

EXPERIMENTAL
Materials and apparatus

In this study, 2-aminobenzoxazole (98% purity, Merck), benzil (98%, Sigma-Aldrich), acetic acid
(99%, BDH), and 2-aminonicotinic aldehyde (99%, Sigma-Aldrich) were used. At the same
time,metal chlorides gold(l11) were brought from Sigma-Aldrich. They were of varying purity:
99.9, 98, 97.5 and 99%, respectively. Also, the study used free radical 1,1-dipheny-I-2-
picrylhydrazyl(DPPH), supplied by Sigma-Aldrich, for an antioxidant check. Breast cancer cell
lines (MCF-7) and normal cell lines (MCF-10) were obtained from the Center for Natural Product
Research and Drug Discovery, Department of Pharmacology, Faculty of Medicine, University of
Baghdad. All chemicals used were of analytical grade and used without further purification.

2-aminobenzoxazole, benzyl acetic acid, and 2-aminonicotinaldehyde were obtained from
commercial suppliers. Metal chlorides were used as received. Antioxidant activity was evaluated
using the DPPH assay, while cytotoxicity was assessed using the MTT assay.

Synthesis of (BOYMPIMP) ligand and its complexes

Preparation of the ligand (BOYMPIMP): The ligand was prepared in two steps. was the
preparation of (E)-3-((benzo[d]oxazol-2-ylimino)methyl)pyridin-2-amine (compound-B) from
the reaction between 2-aminobenzoxazol (1.341 g, 0.002 mol) in 25 mL of absolute ethanol with
2-aminonicotinaldehyde (1.221 g, 0.002 mol) in 25 mL of absolute ethanol with continuous
stirring. The mixture was refluxed for 8 h. After that, it was cooled, filtered, and collected. It was
recrystallized by removing the residue of the starting material with 99.9% ethanol, allowing the
precipitate to dry; then, it was collected and weighed to be employed in the second stage, yielding
an 84% vyield percentage. The 2-((Z)-((3-((E)-(benzo[d]oxazol-2-ylimino)methyl)pyridin-
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2yl)imino)methyl)phenol (BOYMPIMP) was prepared by dissolving compound-B
(0.400 g, 0.0015 mol) in 25 mL of ethanol with a solution of 2-hydroxybenzilaldehyde (0.194 g,
0.0053 mmol) in 25 mL of ethanol. Then, 5-6 drops of concentrated hydrochloric acid were added
to the mixture with continuous stirring, and the mixture was refluxed for 8 h. It was cooled,
precipitated, filtered, dried, and recrystallized using absolute ethanol. The product gave a yield of
79% and a melting point of 113 °C, as stated in Scheme 1.

Synthesis of the Au(l11) complex

The complexes are prepared with a ratio of 1:1, which are as follows: Preparation of Au(lll)
complexes with BOYMPIMP ligand. The above complex was prepared using the same method,
but at a different ratio, 1:1 M: L. BOYMPIMP ligand solution (0.3433 g, 0.002 mol) in 10 mL of
ethanol was added to gold(I11) chloride solution (0.393 g, 0.001 mol) in 10 mL of absolute ethanol.
The mixture was refluxed for 2 h with stirring before being cooled, filtered, and dried.

Theoretical computational study

The ligand (BOYMPIMP) was studied using density functional theory (DFT) for all calculations,
and the structure of the ligand (BOYMPIMP) was plotted using the GaussView program. The
calculations were performed using Gaussian 09 with the DFT/P3LYP functional and the 6-311G
core set, and the resulting structures were then processed with Multiwfn to analyze and calculate
the theoretical electronic properties. As well as determining the total energy of the complex and
the energy of the transition between the LUMO and the highest electron-occupied orbit, HOMO,
and determining the energy difference between the orbits.
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Measuring antioxidant capacity

The concentration of the tested compound, which causes 50% of radical scavenging activity
(ICs0), was determined by the linear regression analysis from the obtained RSA values using
GraphPad Prism 8.3.1 software. BOYMPIMP ligand and metal complexes were tested for radical
scavenging activity against DPPH using a spectrophotometric method. In practice, 1 mL of the
ligand and metal complexes in DMSO at various concentrations, 3.90-500 g/mL, was mixed with
1 mL of 0.1 mM DPPH in methanol. For 30 min, the tested samples were allowed to react with
DPPH. After 30 min of incubation in the darkness at room temperature, the absorbance at 517 nm
was measured with a Shimadzu UV-165PCS spectrophotometer. Then, the RSA% was calculated.
The linear regression analysis was performed on the obtained RSA values to determine the ICs
value. The lower the value of I1Cs, the more efficient the antioxidant [12] .
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Biological activity (cytotoxic assay MTT)

In this study, two cell lines were used, namely the breast cancer cell line (MCF-7) and the normal
human liver cell line (MCF-7). Cell lines were preserved in liquid nitrogen and were maintained
and tested at the Biotechnology Research Center, University of Baghdad.

After the cells of cancer lines (MCF-7) and the suspension were completely prepared at a
concentration of 1x105 cells/well, the cell suspension was placed in a plate containing 96 holes
with a flat base, and it was incubated in an incubator with 5% carbon dioxide (CO,) at a
temperature of 37 °C, for 24 h. Then, 100 pL of this suspension was added to each well. After
that, the concentrations that had been prepared for each of the ligands and the platinum complex,
25, 50, 100, 200, and 400 pug/mL, were added to those wells at the rate of three wells for each
concentration. After that, the plate was incubated for a full day at an incubation temperature of
37°C, and 10 mL of MTT solution at a concentration of 0.45 mg/mL was added to each hole.

Then that plate was incubated for 4 h at 37 °C. 100 pL of DMSO solution was added to each
hole and incubated for 5 min. Finally, the absorbance of that sample was read at a wavelength of
570 nm using the ELASIS device, and then the statistical analysis was conducted on the optical
density readings to calculate the 1Cso[13].

Molecular docking (MD)

In this study, MDs were performed as previously reported. MD was performed using the Allosite
tool (https://mdl.shsmu.edu.cn/AST/). In the tool, the active site of the target protein was revealed
(Enzyme inhibitors involved in Cancer signaling pathways). The prepared compounds were
docked into the protein's active site using the AutoDock Vina tool, and docking scores were
assigned using the London dG scoring function. The resulting docking poses were then visualized
in 2D and 3D. On the other hand, MDS was performed as previously reported using the
Schrodinger Desmond module. In the Schrodinger Desmond module, a 140 ns simulation was
carried out. To create an aqueous environment and isosmotic conditions, the 3S7S model and 0.15
M NaCl were selected. Furthermore, the boundary of the simulation box was set at 10 A while
the simulation environment was set to equilibrium (310 K and 1.013 bar) [14].

RESULTS AND DISCUSSION
Synthesis and characterization
The new ligand (BOYMPIMP) was prepared by the successive reactions of 2-amino benzoxazole
with 2-aminonicotine aldehyde and benzaldehyde. The complexes were prepared by the reaction
of BOYMPIMP with metal chloride hydroxides dissolved in ethanol. shows the physical

properties and elemental analyses of both the ligand and the complex. The synthesized complexes
were formed in a 1:1 (M:L) ratio of Au(lll).
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Synthesis of HL2 Ligand and [Au(L)Cl] Gold(III) Complex
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Scheme 1. Preparation steps of the ligand and its gold complex.
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The ESI-MS spectrum of HL2 (CoH4N4O;) shows a prominent molecular ion peak at m/z 343.1187 [M+H]',
along with sodium and ammonium adducts at m/z 365.1002 [M+Na]* and m/z 360.1454 [M+NH,]",
confirming the molecular weight of the synthesized ligand.

Figure 1. Mass spectrum of BOYMPIMP ligand.
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The Au(l1l) complex and Schiff base ligand were formed in high yields. The mass spectrum
of the BOYMPIMP ligand is depicted in Figure 1. Mass spectrometry can be used in the
investigation of the fragmentation patterns of the Schiff base ligand and its relative abundance.
The spectrum of dye revealed peaks at m/z value of 342.36 corresponding to Cz0H14N4O2, which
represents the molecular weight of the ligand. The spectrum of the ligand revealed peaks at m/z
238.3, corresponding to C12H10N4O fragments resulting from cleavage of one side of the imine
group. The spectrum of the ligand also revealed signals at m/z values of 134.1 and 105.1
corresponding to C7HgN,O and CsHsN> fragments, respectively, that resulted from the cleavage
of the other side of the imine group[15]. The mass spectrum of the ligand also revealed other
signals, as shown in Scheme 2, which represent the fragments of the synthesized ligand.

Measurements of FTIR spectroscopy and *H-NMR spectra

The FTIR method is quick and very useful even for tiny quantities of the compounds. It is used to
determine functional groups, which may lead to monitoring compounds in the environment and
in consumer products. The chromophors of the BOYMPIMP ligand are C=N, -C=C-, which
showed 1622, 1473 cm?, respectively [16,17]. The OH, CH aromatic and CH aliphatic groups of
BOYMPIMP Schiff base represent auxochromes showing at 3421, 3143, and 2940 cm?,
respectively [18,19]. The Infrared spectrum of the ligand is presented in Figure 2a. The Au-N
bonds in Au(l11) complex showed at 500 cm* and 440 cm™?, respectively[20]. The OH peak of the
ligand did not disappear upon complexation with Au, which means that the phenolic oxygen does
not participate in bonding with the metal center. The frequencies of the C=N and C-O values in
the Gold complex showed a redshift, which shifted to a lower frequency upon complexation to
Au(lll), compared to the ligand [21]. The shift indicated that both the N donor atoms in the ligand
were involved in the chelation to the metal center.

The *H-NMR spectra of BOYMPIMP ligand were recorded in DMSO-ds solution [22]. The
signal of the amino group in 2-aminobenzoxazole disappeared in the spectrum of the BOYMPIMP
ligand, as shown in Figure 3, which means that the starting material reacted and converted to the
azomethine. The protons aromatic on the carbon atoms in the pyridine ring appeared at a high
chemical shift. These signals appeared as a singlet signal at 8.76 ppm and a doublet signal at
8.26 ppm and 7.63 ppm [23]. The protons of Azomethine proton in aromatic ring linker appeared
at 9.32 ppm and 8.99 ppm as a singlet signal. The OH group appeared at 9.45 ppm as a singlet
signal. The aromatic protons of the ligand appeared in the range of 6.92-7.72 ppm. On
complexation, the protons on the appeared chemical shifts more or less values in the complex as
shown in Figure 2b compared to the ligand [24].
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FT-IR Spectra of HL2 (Ligand) and [Au(L)CIl] (Gold(III) Complex)
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Figure 2. (a) Infrared spectrum and (b) *H-NMR spectrum in DMSO-dgs of BOYMPIMP ligand.
Electronic Spectra of BOYMPIMP ligand and gold (111) complex.

The electronic spectra of the BOYMPIMP Schiff base and its gold(l11) complex in DMSO
solution (10° M) are depicted in Figure 3. The electronic spectrum of the Au(lll) complex
exhibited low-intensity bands in the visible region at 737.8 nm and 798.0 nm[25], which are
assigned to the spin-allowed d-d transitions *A;g—!T:g and A;g—'T.g, respectively [26, 27].
The low molar absorptivity of these bands is consistent with Laporte-forbidden transitions, a
hallmark of centrosymmetric square planar geometry for d® metal ions. Additionally, the intense
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bands observed at 234.3 nm and 275.8 nm correspond to intra-ligand =—n* and n—m* transitions
[28], while the shoulder at 310.7 nm is attributed to Ligand-to-Metal Charge Transfer (LMCT)
[29].

UV-Vis Spectra of HL2 (Ligand) and [Au(L)Cl] (Gold(IlI) Complex) in DMSO at 298 K
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Figure 3. UV-VIS spectra of BOYMPIMP ligand and gold complex in DMSO at room
temperature

Molar conductance and magnetic moment

The molar conductance value of the gold(l11) complex was determined using 1x10° M DMF
solution. Molar conductivity measurements of the gold (111) complex revealed the conductivity
nature of the solution at room temperature, where the standard values were obtained at this
temperature, indicating the absence of any electrolytes. That means that there are ions existing in
the outer sphere coordination of the complex. The magnetic susceptibility measurements showed
diamagnetic behavior, which is consistent with the zero unpaired electrons of Au(ll1) d® species
having square planar geometry [30, 31].

X-Ray diffraction

It was found by measuring the X-ray diffraction spectra that the ligand BOYMPIMP and
complexes of gold have crystal structures, meaning with a crystalline level and a crystal lattice.
This was also shown clearly in Figure 4 when comparing the intensity and locations of the peaks
of the results obtained with the international standard cards, it was found that these locations
belonged to the original basic compounds from which the compounds were prepared and also that
the presence of any strange location or peak was not indicated or that it belongs to a substance
that is not originally found in the basic compounds, and the reason is that the compounds are new
and has not been compared with the various international standard cards. By taking advantage of
the data contained in the X-ray diffraction, it was found that the materials that were prepared can
be said to be of a nanoscale nature. Figure 4 shows the XRD patterns for the BOYMPIMP ligand
and chelate complexes [32].
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Conclusion: The XRD patterns demonstrate the formation of a new crystalline phase for the gold(111) complex, distinet from the ligand, supporting the successful
coordination of HL2 with Au(II1) ion

Figure 4. XRD patterns for ligand (BOYMPIMP) and Au (111) complexes.
Scanning electron microscopy (FESEM)

The crystal structure of every BOYMPIMP ligand and its complexes was known and studied
through the scanning microscopy technique, as well as the surface characteristics, morphology,
shape, and size of the particles. The ligand was discovered to have a somewhat spherical shape,
and the average particle size was 41.531 nm. The Au (I11) complexes FESEM image revealed that
it was entirely spherical and homogeneous, and that the average particle size was 48.66 nm.
Through research on FESEM technology, it was discovered that substances with granular crystal
structures, or those that fall within the nanoscale, are substances of importance because of the
advantages that can be derived from them in the fields of industry, such as thermal or electrical
conduction, or in the fields of medicine and pharmacology, such as the treatment of some forms
of cancer or some dangerous bacteria [33], as shown in Figure 5.
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Figure 5. Shows the FESEM image of the (a) synthesized (BOYMPIMP) ligand, (b) Au(lll)
complex.

Application
Electronic analysis of molecular orbitals (HOMO-LUMO) and derived properties DFT

The frontier molecular orbital (FMO) energies of the investigated ligand, specifically the Highest
Occupied Molecular Orbital (HOMO) and the Lowest Unoccupied Molecular Orbital (LUMO),
were determined. The HOMO energy was found to be -8.917 eV, while the LUMO energy was
1.255 eV. Consequently, the calculated energy gap (Eg) is 7.662 eV. This significantly large
energy gap indicates that the ligand possesses high electronic stability and low chemical
reactivity. The ionization potential (I) and electron affinity (A) were calculated as 8.917 eV and
1.255 eV, respectively. These values suggest that removing an electron from the ligand requires
substantial energy, while its capacity to gain an electron is limited; thus, the molecule acts as
neither a strong electron donor nor a strong electron acceptor [34, 35]. The derived global
chemical reactivity descriptors are summarized in Table 1.

Table 1. Theoretical values of electronic properties calculated by DFT / P3LYP in the 6311G
In unity (eV) was incorporated with Figure 6.
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DFT Calculations of HL2 (Ligand) and [Au(L)CI] (Gold(III) Complex)

Functional: B3LYP  Basis set: 6-31G(d,p) ~ Solvent model: DMSO (PCM)  Spin: Singlet  Geometry: Optimized
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Figure 6. Electronic energy levels (a) LUMO and (b) HOMO of the ligand calculated by
DFT/P3LYB in the 6-31G.

The high chemical hardness values (n = 3.831 eV) indicate that the ligand resists changes in
its electronic distribution, i.e., it is electronically rigid and not easily polarized. The
electronegativity value (o = 3.38 eV) indicates a moderate tendency to gain electrons, indicating
that the ligand has moderate electrophilic behavior .

Docking and molecular simulation result

The docking scores indicate that scores were 2.21, 3.96, and 4.05 for the ligand, gold(l11)complex,
and Co-crystal. The scores indicate favorable binding for the study-prepared compounds, even
though their scores were lower than those of the control cocrystal. The amino acids utilized in the
docking for gold(I11) complex were SG CYS437 , ALA438, and GLY439 with individual scores
that ranged from -6.7,-0.9, and -1.7 kcal/mol. For the ligand, the amino acids were MET303,
MET311, ILE133, and GLY439 with scores that ranged from 0.7 to -1.4 kcal/mol. The co-crystal
returned the highest number of interacting amino acids, and these were MET107 ARG115 ILE132
ILE133 PHE134 TRP141 ARG145 PHE148 LEU152 MET160 THR198 SER199 PHE203
PHE221 TRP224 GLU302 MET303 ILE305 ALA306 ALA307 ASP309 THR310 MET311, with
scores that ranged from -0.7 to -6.7 kcal/mol. The most abundant interaction was H-acceptor
bonds, followed by H-donors, while the least was ionic bonds [36].
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Molecular Docking Analysis of HL2 (Ligand) and [Au(L)CI] (Gold(III) Complex)

(Target: Human Breast Cancer Cell Line MCF-7 ~ PDB ID: 6HS4)

HL2 (Ligand) [Au(L)CI] (Gold(I1T) Complex)
[ Mer Lew —
o) s \ar/ N las2) o T N
® @ @ ORE @ G ‘;:;‘G”) ® S
- ¥ = Interaction Legend

0
= > i obic |
(@) (= Q\ _ ©
- || & I Val @ Positively Charged
C) ' N \N o 2 -« H-bond
// \ \ y “ === m-n Stacking
o | ® \

v Binding Site Overview

- Both HL2 and [Au(L)CI|
fit well into the active
site of MCF-7 target
(PDB ID: 6HS4) and
establish multiple

int

Docking Results — [Au(L)CI] (Gold(111) Complex)
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Figure 7. Molecular docking result for the various prepared compounds in 2D (Upper half)) and
3D (lower half). Key: 3S7S = Poly ( Kinase Inhibitors ) Thioredoxin domain human
protein disulfide isomerase (PDI); (BOYMPIMP ) = 2-((Z)-((3-((E)(benzo[d]oxazol-2-
ylimino) methyl)pyridin-2-yl)imino)methyl)phenol (BOYMPIMP); (BOYMPIMP ) Au
= gold complex.

The outcome of the molecular docking between the ligands in 2D and 3D is displayed in
Figure 7. The different amino acids involved in the interactions are seen in the 2D and 3D
structures. More amino acids interacted with the cocrystal than with the test prepared compounds
overall. Figure 3 (3D) further displays the structures of the target protein (D and E).

Biological evaluation: Comparative analysis
Antioxidant activity (DPPH assay)

The radical scavenging activity of the synthesized BOYMPIMP ligand and its Au(lIl) complex
was evaluated using the DPPH assay, with Ascorbic acid (Vitamin C) serving as the positive
control. The results demonstrated that both the ligand and the Au(I11) complex possess significant
antioxidant potential. While Ascorbic acid exhibited the highest potency with a lower I1Cs, value,
the Au(l11) complex showed a competitive radical scavenging efficiency. The enhanced activity
of the complex compared to the free ligand can be attributed to the coordination of the metal ion,
which stabilizes the resulting radical species through electron delocalization over the chelate ring
[37, 38].

Detailed comparison (Au complex vs. ascorbic acid)
Potency: Ascorbic acid acts as a powerful primary antioxidant by donating hydrogen atoms
rapidly. In contrast, the Au(lll) complex demonstrates a "pro-antioxidant™ behavior where the

square planar geometry facilitates the interaction with DPPH radicals.
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Stability: Although Ascorbic acid is highly effective, it is prone to rapid oxidation and
degradation. The Au(lll) complex, however, offers greater structural stability, suggesting
potential for long-term antioxidant protection in physiological environments.

In vitro anticancer activity (MTT assay)

The cytotoxic efficacy of the compounds was tested against the MCF-7 (breast cancer) cell line,
using Cisplatin as a standard reference drug. The Au(lll) complex exhibited superior cytotoxic
activity compared to the free ligand, with an 1Cs, value significantly closer to that of Cisplatin.
This enhancement in bioactivity upon complexation is often explained by Tweedy’s chelation
theory, which suggests that the lipid solubility of the metal ion increases upon coordination,
allowing for better penetration through the semipermeable cell membrane of the cancer cells[39].

Key findings

Cytotoxicity: While Cisplatin is a gold standard in chemotherapy, its clinical use is often limited
by systemic toxicity. The Au(lll) complex showed high selectivity, inhibiting MCF-7 cells while
maintaining a lower toxicity profile against normal cells (MCF-10) compared to the free ligand.

Mechanism: Unlike Cisplatin, which primarily targets DNA, gold(lIl) complexes are known to
target the thioredoxin reductase (TrxR) enzyme, leading to mitochondrial dysfunction and
apoptosis in breast cancer cells. This distinct mechanism highlights the potential of the
BOYMPIMP-Au(IIl) complex as a complementary or alternative agent to platinum-based
therapies. Figure 8 shows the ICs value of both the ligand and gold (111) complex [40].
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Figure 8. Antioxidant activity and 1Cs, for (BOYMPIMP) ligand and the Au(lll) complex in
(MCEF-7) cancer cell line and (MCF-10) natural cell line.
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CONCLUSION

In summary, this research successfully demonstrates the design, multi-step synthesis, and
comprehensive characterization of a novel tridentate Schiff base ligand, BOYMPIMP, and its
corresponding Au(lll) complex. Analytical and spectroscopic investigations, including FTIR,
NMR, and UV-Vis, confirmed that the ligand coordinates to the gold(l1l) center via nitrogen and
oxygen donor atoms, facilitating a stable square planar geometric configuration. The integration
of Density Functional Theory (DFT) provided critical insights into the electronic structure, where
the calculated HOMO-LUMO energy gap and global reactivity descriptors aligned with the
observed chemical stability and biological potency of the compounds. From a pharmacological
perspective, the Au(lll) complex exhibited exceptional antioxidant capacity and superior
cytotoxic efficacy against the MCF-7 breast cancer cell line compared to the free ligand. These
results, supported by molecular docking simulations, suggest that the complex effectively
interacts with key biological targets, potentially through the inhibition of thiol-containing
enzymes. The findings of this study underscore the potential of BOYMPIMP-Au(lIIl) as a
promising candidate for the development of next-generation metallodrugs. Future research will
be directed toward investigating the specific molecular signaling pathways and conducting in vivo
toxicological assessments to further elucidate the therapeutic viability and clinical potential of
this novel gold-based complex.
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