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Abstract: Schiff base ligand (L) drived from 2-aminobenzothiazole and 4-hydroxybenzaldehyde was used to synthesis of a novel
bioactive complex with VO(II) ion. Elemental analysis, molar conductivity, magnetic moment, infrared, '"H NMR, '*C-NMR, and
UV-Vis were used to characterize the suggested structure. Spectroscopic and analytical data have led to the proposal of an
appropriate geometry for the complex. VO(II) is present in the square pyramidal complex. By applying Job approaches, the
complex's formation constant has been established. Additionally, the synthesized Schiff base ligand and its complex have been
tested "in vitro" for antibacterial activity against three strains of the fungus 4. flavus, C. candidum, and F. oxysporum as well as
three bacteria, Bacillus cereus, Salmonella Typhimurium, and E. coli. It was demonstrated that the complex had more antibacterial
action than the ligand. A concentration-dependent effect of the novel compound was seen in the reduction of breast cancer cells'
(MCF-7) cell viability. The result is given as an IC50 value, where the VO(II) complex value show the potential anticancer
properties of the compound. The compound's antioxidant activity was examined "in vitro", and the findings demonstrated the

VO(II) complex's valued ability to scavenge free radicals.

Keywords: VO(II) complex; Spectroscopic charachterization; cytotoxicity; anti-pathogenic; DPPH inhibition.

1. Introduction

Cancer is one of the major causes of mortality and
morbidity worldwide. One of the most deadly illnesses in the
world, cancer is defined by the aggressive and unchecked
growth of aberrant cells. It is anticipated that there will be
2,001,140 new cases of cancer and 611,720 cancer-related
deaths in the US in 2024. Through 2021, cancer mortality
decreased further, preventing almost 4 million lives since 1991
as a result of decreased smoking, early cancer identification,
and better adjuvant and metastatic treatment choices. [1].
Benzothiazole represents an entire class of sulphur-containing
heterocyclic compounds comprising a benzene ring fused with
a thiazole ring. Since the benzothiazole heterosystem has so
many uses as phytohormones, antioxidants, electroluminescent
devices, vulcanization inducers, and enzyme inhibitors, it is
mostly found in natural substances. [2-15].

Schiff bases are excellent nitrogen donor ligands. The
capacity of Ligand to generate compounds with transition-
metal ions is determined by this various characteristic [16-20].
2-aminobenzothiazole is an important family of these
heterocycles that has garnered a lot of interest because of its
several uses as a favored structure in medicinal chemistry and
drug development studies. An important 2-
aminobenzothiazole-based medication for the deadly
neurological illness amyotrophic lateral sclerosis [21]. The
metal complex of Schiff bases that is produced from
heterocyclic compounds with ligand atoms of nitrogen, sulfur,
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and/or oxygen is recognized as a basic structural model of
more sophisticated biological systems. One of the leading
reasons to die in contemporary society is cancer, and the
proportion of cancer patients is rising swiftly, demonstrating
the importance and broad nature of this health issue [22].

The primary objective of research organizations is the
creation and manufacture of new chemotherapy with fewer
side effects, since anticancer medicines also exhibit poisoning
to healthy cells. The utilitarian characteristics of these
complexes have gotten a lot of attention because of their
various  applications, involving analytical chemistry,
electrochemistry, food, agrochemical, pharmaceutical, and dye
industries, and biological fields, because of their structure
flexibility, sensitivity well selectivity towards a multiplicity of
micro-organisms. This has led to the synthesis of several
complexes with various main ions and ligands. Indeed, these
complicated compounds have demonstrated remarkable
efficacy against several cancer cell types. Given the foregoing,
the current study uses a green mechanochemical approach to
synthesize the V (II) complex obtained from 2
aminobenzothiazole Schiff base and investigate its antibacterial
and antifungal properties [23].

The advancement of spectral approaches has made it
possible to elucidate the mechanics behind biological events
currently. It is being shown that some processes in living
things occur on Schiff bases, which interact with free metal
ions and neutralize the damaging impacts of aldehyde and
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amine components. The reason Schiff bases are referred to as
auxiliary ligands is that they alter the reactivity and structure of
the transition metal ion at the complex's core; in contrast to
reactive ligands, they do not themselves experience irreversible
changes. [24]. These are due to their most significant medicinal
uses: antibacterial [25, 26] and antifungal [27] (including anti-
yeast) activity, antiviral [28, 29], antitumor [30, 31],
antiinflammatory [32], antipyretic, antimalarial [33], anticancer
[34-36], anesthetic, oxytocin imitating. It has been
demonstrated that these chemicals' imine group is necessary
for their biological effects [37- 39]. VO (II) complex has been
illustrated to have biological, catalytic, and optoelectronic
utilizes [40]. The VO (II) azomethine complex will be
investigated for its cytotoxic effects against cancer cell lines.
The novelty lies in exploring its mechanism of action, such as
inducing apoptosis through DNA interaction or inhibition of
enzymes critical for cancer cell proliferation. The distinct
electronic properties of VO (II) might lead to unique
interactions with biomolecules, differentiating its activity from
conventional vanadium-based complexes.

These considerations, together with our efforts to create
metal-based medicinal medicines, lead us to plan a systematic
study of the synthesis, spectroscopic analysis, and scientific
jobs of new metallo-complex in transition that include the (L)
ligand 2-aminobenzothiazole with 4-hydroxybenzaldehyde, in
addition to chemical studies, (MS) analytical techniques,
infrared radiation (IR), 'HNMR, '3C-NMR, and ultraviolet-
visible (UV-vis) spectroscopies. It is also necessary to develop
novel sensitizing substances that can specifically raise the
detrimental effect of chemotherapy medications on cancerous
cells. Furthermore,"in vitro"assays was performed for complex
to examine it’s antibacterial, antioxidant and anticancer, which
measure their effective scope in bioinorganic chemistry.

2. Materials and methods
2.1. Reagents, Instrumentation and methods

All of the solvents and reagents used in this investigation
were full reagent assessments, and they were used just as
provided, without any further purification procedures. Starting
materials such 2-Aminobenzothiazole, 97% (Across Belgium)
with 4-hydroxybenzaldehyde, 98%  (Across Belgium) in
addition to solvents that are organic, like Ethyl alcohol, 99.9%,
DMSO (99%) and metal salts such as Vanadium
acetylacetonate(VO(CsH70,)s, 99%.

2.2. preparation of ligands

2.2.1. Synthesis of 4-(Benzothiazol-2-yliminomethyl)-
phenol ligand (L)

The investigated azomethine ligand was synthesised as
follow: reaction of 2-aminobenzothiazole (5 mmol, 0.75 g in
10 ml ethanol) and 4-hydroxybenzaldehyde (5 mmol, 0.616 g
in 10 ml ethanol). After three hours of reflux heating, stirring,
and subsequent evaporation, the ligand (L) was obtained as
shown in Scheme 1.

L color: yellow, molecular formula C;4HgN2OS (254.311)
mp: 228 °C. Anal. Calcd (%): C, 66.12, H, 3.96, N, 11.015;
found (%): C, 66.17, H, 3.91, N, 10.95. Solubility: EtOH. IR:
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3056 (OH), 1275 (C-S), 1642 (-C=N). 'HNMR 8-DMSO-dg:
9.8 ppm (OH proton), 8.07-6.99 (phenyl ring), 9.07 (H-C=N
azomethine proton). 3C NMR 38-DMSO de: 173 ppm, 166.86
ppm (-C=NH), 135-116 ppm (Phenyl ring) (Figs. 2, and S2).

2.2.2. Preparation of VO[4-(Benzothiazol-2-
yliminomethyl)-phenol] complex

The ligand (L) was produced and weighed (2 mmol, 0.651
g). It was then diluted in 10 mL of ethanol before being added
one at each step to 1 mmol of VO (CsH;0,); vanadium
acetylacetonate (0.265 g). After five hours of reflux heating,
stirring, and subsequent evaporation, the product complex was
concentrated. The crystalline complex was separated by
filtration, and after that, it was dried in desiccators and cleaned
with ethanol. The resulting complex is LV (Scheme 1).
[LV] (Deep brown): Molecular formula C»HxN,VO;S
(537.4849), mp: 260°C. Anal. Calcd (%): C, 53.63, H, 4.88, N,
5.21, found (%): C, 53.67, H, 4.93, N, 5.27: solubility:
ethanol:IR: 3382 (OH), 1273 (C-S), 1598 (C=N), 433 (M—N)
and 548 (M—O).

o

oy O O

Schemel: Synthetic pathway for preparation of L ligand
complex.

2.3. Estimation of Stoichiometry of Complex

The exact stoichiometry in solution of the produced
complex was estimated using the continuous variation
technique and the molar ratio [41]. Product of ligand and salt
of metal was added, mixed, and left to balance. Plotting the
intensity of absorption at Amax versus the mole fraction of either
ligand or the metal ion was done for all of the solutions.

2.4. Formation constant of complex in solution

Using spectrophotometry, the formation constants (Ky) of
complex was found for frishely prepared concentrations of metal
ion and ligand solutions in accordance with Job technique. This
by using the subsequent formula [42].

A /A
- m
Ky /C(l—A/Am)2 M
For IM:1L
Whereas, [C] = initial metal concentration determined by molarity.
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[Am]= denotes the complexation method's highest level of
absorption at fulfillment.

[A] = denotes a number of absorbance points chosen from each
side of the peak.

Furthermore, the alteration in complex free energy, or AG, is
calculated using this connection: -RT Ln K = AG.

Where T is temperature in kelvin, Kf is formation constant, and
R is the gas constant.

2.5. Biological investigation
2.5.1. Antimicrobial assessment:

Applying the diffusion technique of well and the minimum
inhibitory concentration (MIC), the antibacterial abilities of the
(L) ligand and its complex was assessed against a variety of
Bacillus cereus, Salmonella Typhimurium and E. coli. The pair
of standards used to measure efficiency were the antifungal
drug fluconazole and the antibacterial drug ofloxacin [43]. The
investigated compounds were dissolved in DMSO at different
concentrations between ten and twenty mg/L. Using this
technique, inhibitory zone diameters and minimum inhibitory
concentrations (MIC, mg/mL) are estimated. All composites
exhibited intriguing antibacterial properties. Every metal ion
has a valence band that crosses over into the ligand orbital.
Enhanced activity promotes complex lipophilicity accruing to
p-electron delocalization in the chelate ring. Under certain
circumstance, this enhanced lipophilicity results in the
malfunction of the cell’s permeability barrier [44, 45]. This
notion is supported by a broad inhibitory region, a considerable
portion of the activity index, and restricted MIC values. The
variation in the activity of different complex against tested
organisms is likely due to either the bacteria' cells' resistance or
the variations in microbial cells' ribosomes [46]. The capacity
for antibacterial activity is greatly influenced by variables
including coordination sites, hydrophobicity, dipole moment,
complicated geometry, bond length, and concentration [47].
Applying the following connection, the effectiveness index of
the ligand L that was examined as well as its complex was

calculated.
Inhibitionzoneof compound (mm)

* 100

Activity index =

Inhibitionzoneof thestandarddrug (mm)
2.5.1.1. Dedication of MIC for the compounds under
Prosecution:

Determine the minimum restricted concentration for each
chemical throughout the examination to foresee the
development of microorganisms at the scale of the
microscopic. The attack was timed exactly with the least
concentration of the medicine under examination, which was
clearly effective in stopping the development of bacteria. The
chosen derivative was produced in Mueller-Hinton broth that
had been sterilized, with different concentrations of 20, 10, 9,
8,7,6,5, 4,3,2, and 1 pg mL-'. Bacterial abundance was
adjusted to 0.5 McFarland in sterile water containing peptone.
Afterwards, 1 mL of suspension (0.5 McFarland) was added to
each sample. The culture was incubated at 38 C for 47 hours.
Specimen from nozzle was inspected after incubation to make
sure there was no evident evidence of bacterial proliferation. It
was then placed on culture media for a period of 24 to 72 hours
[48].
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2.5.2. Anti-cancer activity

Different human cancer cell lines—HCT-116, which is a
type of colon cancer; HepG-2, a type of hepatic cellular
carcinoma; and MCF-7, a type of breast cancer—were used to
test compound anticancer potential. The cells were allowed to
interact with the supports for 24 hours at 37 °C. A
spectrophotometric assessment of the unit decrease in growth
was conducted using sulforhodamine B (SRB) [49]. The results
of the inhibitory concentration percent IC was determined.

ControlOD — CompoundOD
ControlOD

x 100

(IC) % (%) =

Around 564 nm, the optical density (OD) of each well was
roughly estimated.

2.5.3. Antioxidant activity by the DPPH method

The L ligand and its complex was evaluated for their
antioxidant properties, mixed into an ethanol solvent
containing 100 M DPPH radical after being repeatedly diluted
(20, 40, 80, 160, and 320 uM). After stirring the mixture, let it
sit at 35 °C for 30 minutes. A UV-vis spectroscopy was used to
monitor the drop in DPPH intensity at 517 nm. The same
investigation was conducted without the complex as a control
in order to calculate the ICso and (%) of free radical scavenging
behavior. The proportion of the chemicals that were blocked
was calculated using the method [50-52]:

DDPH inhibition effect (%)= 222

Where [As] and [Ao] stand for the sample's and control's
respective potentials.

3. Results and Discussion:
3.1. General properties

The ligand (L) interacts with vanadium acetylacetonate to
create a fresh solid complex in alcoholic. The colorful solid
complex was characterized by elemental analysis, molar
conductivity, magnetic, infrared, and ultraviolet-visible spectra.

3.2. IR-spectral data

To verify the production of ligand and compound of metal,
the IR distributions of L and its complex are discussed. ( Fig.
S1 and Tablel). Particularly notable peaks that have altered or
recently emerged are investigated because some peaks are of
importance based on a comparison of their FT-IR ranges. The
OH group and CH=N groups of the (L) ligand exhibit a peak at
3056 cm’!. At 1642 cm™!, display a peak. The spectra of (LV)
shift this band to 3382 cm'. The spectra of (LV) show that this
band shifts to 1598 cm™ upon complexation. With FT-IR The
band at 960 cm™! in the spectroscopy of the VO (II) complex
under investigation was ascribed to VO (II) vibration in the
monomeric complex. This band's shift is a clear sign that the
nitrogen atoms in azomethine are involved in the creation of
the complex [53]. This is supported by the appearance of bands
at 548 cm™! corresponding to the stretching vibration of M—O
bond in VL complex. The group's stretching vibration may be
the cause of the absorption band at 1285 ¢cm™! in the Schiff base
spectrum's low frequency area. (C—S). There is no notable
change in the position of this peak in (LV) complex which
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imply non-involvement of sulfur atom in coordination with
metal.

Table 1:- The synthesized L ligand, together with its complex,
analysis of Compound , melting points, decomposition temperatures,
conductivities, and distinctive IR bands.
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3.3 'TH NMR and *C NMR Spectra

The Schiff base ligand (L) 'H NMR (Fig. 1) revealed a singlet
signal at 9.8 ppm that was identified as an OH proton. The '"H NMR
spectra of the Ligand gives demonstrated signals between 6.99 and
8.07 ppm that was identified as phenyl rings. Azomethine proton (H-
C=N) was detected at 9.07 ppm as an individual [54].

In 3CNMR spectra (Fig. S2), at 173 ppm, 166.86ppm The -C=NH
group's extremely unusual spectral fingerprint was discovered. The
findings at (152-116) ppm also most certainly matched the phenyl
ring The L ligand's 200-800 nm UV-visible spectra in DMF
medium demonstrates It is possible to characterize two bands
at 218 and 362 nm as the OH, C=N, and NH groups' 1 — @*,
and n — 7* transitional periods[55] (Fig. 2 and Table S1).
Together with the electrical alterations that take place within
the metal orbitals, the binding of metallic ions to the ligand
results in significant alterations to the molecule itself,
indicating the complex constructing. Current bands were found
in complex about 270-361 nm, and it was linked to the ligand—
metal transfer of charges. In addition, square-pyramidal
geometry was demonstrated by the d — d make shift in the
(LV) complicated which was planned at 361 nm.

AW

1'51.11&:1'211109'&?5'513_21u-1v§ppm
d S <~k
¥ OB 2
Fig. 1:- The '"HNMR Spectrum of (L).
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Fig. 2: L-ligand and LV complex (10-* M) molecular
spectra in DMF at 298 K.
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3.5. Elemental analyses and electrical conductivity
measurements

The VO(II) complex seemed to has a 1:1 molar ratio (Table
2). Because the compound structure doesn't contain any
counterions, it is not electrolytes. For LV complex, the molar
conductivity ratio is 11.54 (Table 1) [56].

3.5. Magnetic Measurements:

The corresponding magnetic value of VL complex was
1.79 B.M. which is consistent with the d' configuration in a

square-pyramidal geometry [57].
3.6. Mass Spectrometry

The LV complex mass spectra is shown in (Fig. 3). It is
widely acknowledged that the complex had a peak of
molecular ions at 537.82 amu with a level intensity of 21.81%
for the [V (C24H26N207S)] complex. (Scheme 2) consisted of
nine sections that examined the extra fragmentation ions that
were found; Beaks indicate the intensity of the ionic species at
m/z 519.48 ,503.48 , 487.48 ,404.43 , 388.43 ,305.38 , 172.08
, 121.08 , 94.06 and 78 culminating in the final dissociation of
the benzene, the prognostic molecular weight (537.48 amu ).
The mass spectrum data supports the inference made from the
microanalytical and molar conductivity readings.
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Fig. 3: Mass spectrometry of [V (C24H26N207S)] complex
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3.7. Complex stoichiometry, formation constant and
solution’s pH pattern

The complex's equilibrium concentration produced by the
mixture between (L) and the metallic salt VO(II) was
determined with Job's and molar ratio calculation techniques.
The formation constants (Kf) of the generated complex was
determined from spectroscopy measurements through the
continuous variation method (Figs. 4, S3, and Table2).
Complex seem more consistent through pH =4-10 to anticipate
the stability of complex under various application conditions in
an extensive variety of acidity (Fig. 5). The chelation effect
significantly enhances the stability of the VO(II) complex,
making it less prone to hydrolysis or ligand displacement in
aqueous and biological environments. Moreover, the highly
stable LV complex tends to exhibit enhanced selectivity and
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reduced toxicity. The produced K readings demonstrate the
constructed compound remarkable stability. Additionally, the
complex Gibbs free energy and stability constant value was
calculated. The value of the forward and inverse signs of the
Gibbs free energy was also assessed in order to evaluate the
level of compound formation spontaneity [58].
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Scheme 2: Route of LV complex fragmentation. The exact masses
and chemical formulae of the particles are shown beneath each
structure.

Table 2: Formation constant (Kf), stability constant (pK), and Gibbs
free energy (G*) value of the synthetic complex at 298 K.

complex  Type of Kr Log Kr AG
complex (KJmol™)
LV 1:1 4.67x 3.67 -20.93
103

sjsci.journals.ekb.eg

3.8.The metal complex that the L ligand forms and their
bioactivity

3.8.1. Antimicrobial assessment

The ability of the producing L and its metal complex to
combat specific strains of bacteria was carefully examined.
(Bacillus cereus, Salmonella Typhimurium and E. coli) and
fungi (4. flavus, C. candidum, and F. oxysporum) by indicating
the minimum tested microorganism concentration (MIC) in the
inhibitory zone (Table 3, S2 and Fig. 6). LV complex shows
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potent antimicrobial activity compared to its ligand. The
enhancement in the antibacterial activity of the investigated VL
complex as compared to L ligand can be supported by
Overtone’s concepts. The chelation process lowers the metal
atom's polarity significantly by positive charge transfer with
the donating groups and possible m-electron delocalization
throughout the whole chelation ring. The core atom becomes
more lipophilic due to the chelation process ring; this makes it
easier for it to get through the cell membrane's fatty layer [59].

Strong cell surface toxic effects, structural specificity, and a
large redox potential (as reported by redox characteristics) that
may impact the biomolecules inside the cell or on the
outermost layer of the cell might be the building blocks for the
increased antimicrobial activity of complicated metal [59].
Small MIC values, the important limiting area, and a sizable
chunk of the activity index all corroborate this assessment. This
might be related to the contribution of the positive center
(metal), which studies how to work with biological processes
and regulate cell division. Also, the argument around the
chelation hypothesis focuses on how donor locations lower
substance toxicity in complex to a level that is safe if they only
partially share a metal positive charge. A compound is
therefore favored in the medicinal sector over organic or metal
salt that is not bonded. Applying the following connection, the
strength of the ligand's index (L) that was examined as well as
its complex was calculated (Table S3):

Inhibitionzoneof compound (mm)

* 100

ACthlty index = Inhibitionzoneof thestandarddrug (mm)

The MICs of this drug against the Bacillus cereus bacteria was
higher than those of other substances. Fungus candida, in that
order, is the smallest. The ligand's and its complex’s bioactivity
is discovered to be in the sequence that follows: LV > L. The
type of metal ions and the bacteria's cell membranes are the
reasons for the variations in antimicrobial action.
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Fig. 4: Job's technique curve for the metal complex in aqueous-
ethanol at 298 K
The differences in metal complex action against different
bacteria are due to differences in the ribosomes of the
microbial cells or the impermeability of the microbes' cells.
The reduced activity of complexes relative to others could be
due to limited lipid solubility, preventing the metal ion from
reaching the cell wall's favorable site of action and interfering
with normal cell activity. A comparison of anti-bacterial
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activity of the inspected compounds with other compounds in
literature were reported in Table S2[60].
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Fig. 5: Impact of pH on the LV complex at 25 °C in
aqueous-ethanol media

18
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Fig. 6: Chart of antimicrobial for L and LV complex
Bacillus cereus (+ve).

3.8.2. Anti-cancer activity

Hep-G2, HCT-116, and MCF-7 are three commonly used
human cancer cell lines in biomedical research,
particularly for studying the cytotoxic effects of new
compounds, such as metal complexes, nanoparticles, and
synthetic drugs. Each of these cell lines represents a
different type of cancer and has distinct biological
characteristics, which makes them suitable for various
aspects of cancer research. The synthesized substances'
cytotoxic activity (ICso) against colon cancer cells (HCT-116
cell line), (HepG-2), and (MCF-7). The median ant
proliferative intensity (ICso), which required that the compound
have a 50% cytotoxic effect after having been exposed to them
for 48 hours, was employed to measure the cell killing capacity
of the drugs under research. The computed ICsy values
highlight that the metal complex has a greater impact than the
(L) ligand when it is used lonely This finding demonstrated
that the primary mechanism for this complex action, as
determined by Tweedy's chelation hypothesis, was the (L)
ligand's chelation with the metallic ions V. The harmful effect
on cells of the complex is dependent on the metallic ions'
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makeup and the kind of ligand. A broad spectrum of
pharmacological characteristics has been exhibited by the
benzothiazole nucleus in various modifications, including
anticancer activities [61]. Because of their unique accuracy in
terms of reactivity, redox activity, and coordination patterns,
metals are important for a variety of cellular metabolic
activities. The metal has the power to produce reactive oxygen
species ROS, whish is main for preserve the redox equilibrium
inside cell, for the metabolism of cell and for the connecting of
cell division, reduplication, and demise. The arrangement is
shown by the cytotoxicity that the L ligand and its derivatives
may produce in the following cancer cell lines: Hep-G2, HCT-

116, and MCF-7: MCF7 > Hep-G2 > HCT116 (Fig. 7 and

Table S4). A comparison of anti-cancer activity of the

inspected compounds with other related studies were reported

in Table S5 [62, 63].

Findings on antimicrobial and anticancer activities of the
investigated compounds have significant implications for real-
world applications as follow:

1. Cancer Therapies: Identifying compounds with selective
toxicity against cancer cells can lead to the development of
novel chemotherapeutic agents with reduced side effects.
Understanding mechanisms like ROS generation or
apoptosis induction enhances targeted drug design.

2. Antimicrobial Treatments: Novel materials addressing
resistance in gram-positive and gram-negative bacteria can
offer solutions for multidrug-resistant pathogens, impacting
clinical and environmental disinfection applications.

Both fields contribute to advancing precision medicine and

global health.

Table 3: Minimum inhibition zone (MIC) for antimicrobial assay of
the ligand and its complex.
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3.8.3 Antioxidant activity

In addition to the aging process, numerous diseases in
people are developed as a result of free radical oxidative
processes. Various quantities of the L, VO(II) complex of
metal with DPPH was used in the antioxidant test inquiry,
along with ascorbic acid (vitamin C) as benchmarks. The find
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corroborated the hypothesis that the complex produced has
antioxidant effects against DPPH free radicals comparable to
those of regular vitamin C [64]. To assess the effectiveness of
antioxidants, complex at different concentrations (10, 25, 50,
100, and 150 ug mL™") were created, and L-ascorbic acid was
used again as a reference for efficiency similarity. Given that
its scavenging capacity of DPPH is much greater than that of
the free ligand (L), this complex is in contrast, a far stronger
and more effective antioxidant and free radical scavenger. The
(L) ligand had only moderate antioxidant activity, but the
combined forms of V exhibit more antioxidant activity than the
ligand. As can be observed (Figure 8 and Table S5), the
findings explain the LV complex has the smallest antioxidant
efficacy with an ICso of 35.1 pg/mL. The order can be given as
LV > L > vitamin C with ICso values as 35.1 > 56.35 > 60.55
pM. The molecules that supply the specimens with their
oxidizing potential include those that are capable of
contributing just one hydrogen atom to break the chain of free
radicals [64].

¥ 60.55
56.35 5
[4]
L]
= 35.1
Ehs ] %
? m
u©
H
b [1]
o /
L LV Ascorbic
cid
Compounds .

Fig. 8: The antioxidants behavior of compounds.

4. Conclusion

The study on the design, preparation, structural inspection,
and biological applications of novel VO(II) azomethine
complex highlights several key findings:

i The novel VO(I) azomethine complexes were
successfully synthesized using a Schiff base reaction
between a vanadyl ion VO(II) and an azomethine ligand.
The synthesis process was optimized to yield stable
complexes.

ii. Comprehensive structural analyses, including
spectroscopic techniques such as UV-Vis, FT-IR, NMR,
and mass spectra, confirmed the formation of the VO(II)
azomethine complex. The data indicated a coordination
environment where the vanadyl ion was chelated by the
azomethine ligand, resulting in a stable square-pyramidal
geometry.

iii. Comprehensive structural analyses, including
spectroscopic techniques such as UV-Vis, FT-IR, NMR,
and mass spectra, confirmed the formation of the VO(II)
azomethine complex. The data indicated a coordination
environment where the vanadyl ion was chelated by the
azomethine ligand, resulting in a stable square-pyramidal
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geometry.

iv. Comprehensive structural analyses, including
spectroscopic techniques such as UV-Vis, FT-IR, NMR,
and mass spectra, confirmed the formation of the VO(II)
azomethine complex. The data indicated a coordination
environment where the vanadyl ion was chelated by the
azomethine ligand, resulting in a stable square-pyramidal
geometry.

v. Comprehensive structural analyses, including
spectroscopic techniques such as UV-Vis, FT-IR, NMR,
and mass spectra, confirmed the formation of the VO(II)
azomethine complex. The data indicated a coordination
environment where the vanadyl ion was chelated by the
azomethine ligand, resulting in a stable square-pyramidal
geometry.

vi. The synthesized VO(II) azomethine complex
demonstrated promising biological activities. It exhibited
notable antioxidant and antimicrobial properties, likely
due to the redox-active nature of the vanadyl ion and the
electron-donating effects of the azomethine ligand.
Additionally, cytotoxicity assays against selected cancer
cell lines suggested potential as anticancer agents,
warranting further investigation into their mechanism of
action.

These features make benzothiazole-based Schiff base

promising candidates for developing novel drugs, and

advanced functional materials.
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