Applied Chemical Engineering (2026) Volume 9 Issue 4
doi: 10.59429/ace.v9i4.6006

ISSN: 2578-2010 (O)

RESEARCH ARTICLE

Design of a novel Schiff base ligand and some of its metal complexes,
and DFT/NBO Study; evaluation of the biological activity of a copper
(IT) complex as an anti-colon cancer agent

Thanaa Abdul Ameer Hilal !, Zainab Jasim Mohammed 2, Mohammed Noaman alanssari ", Hanan Faleh
Mohsein !, Nadia Ezzat Al-kirbasee 13

! Department of Chemistry, College of Education for Women, University of Kufa, Najaf, Iraq

2 Al- Kufa Secondary School for Distinguished Students, General Directorate of Education of Najaf Al-Ashraf, Ministry
of Education, Iraq

3 College of Engineering, University of Warith Al-Anbiyaa, Karbala, Iraq

*Corresponding author: Mohammed Noaman alanssari, mohammedn.alanssari@uokufa.edu.iq

ABSTRACT

In this study, a new heterocyclic Schiff base ligand was synthesized from 4-aminobenzamide and indoline-2,3-
dione, followed by the preparation of its Cu (II), Zn (II), and Co (II) complexes. The prepared compounds were
characterized with the use of different spectroscopic methods, such as FTIR, UV-Vis, IHNMR, 13CNMR, the melting
point determination, and the molar conductivity measurements. The findings indicated that the ligand is a bidentate
ligand with nitrogen and oxygen donor atoms to form octahedral metal complexes. The biological activity of the copper
(IT) complex was tested against human colon cancer cells (HCT116) and normal cells (HDF). The complex had a great
inhibitory effect against the cancer cell proliferation, as confirmed by the IC50 values. This shows that the compound
under study can be developed in future to be used for pharmaceutical applications. Moreover, the electronic properties
of the copper complex were studied by Density Functional Theory (DFT) calculations. The HOMO-LUMO, ELF and
NBO analyses revealed the good electronic stability, charge transfer behavior and electron localization around the donor
atoms. The findings offer theoretical insight into the electronic characteristics, charge-transfer behavior, and stability of
the prepared copper complex, thus facilitating the experimental characterization and biological assessment.

Keywords: Schiff base, copper complex, 4-aminobenzamide, colon cancer, HDF, density functional theory, HOMO-—
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ARTICLE INFO 1. Introduction

Because of their many uses as well as ease of synthesis, Schiff's
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base compounds have attracted a lot of interest ['l. These kinds of
compounds can be produced in a lab as well as found in nature [,
Schiff bases, or Azomethines (-C=N-), are a substantial class of
compounds characterized by a carbon-nitrogen double bond,
distinguishing them from other organic compounds B, Schiff bases are
synthesized through the condensation of primary amines with ketones
or aldehydes ™. The heterocycles of Schiff base compounds are a
representative class of molecules that have at least one atom other than
carbon within the structure of the aromatic rings. Among the most
common heteroatoms are nitrogen, oxygen, and sulfur, whereas rings
composed of other elements have also been shown to work well -7,

The ability of such compounds to function as ligands and



to coordinate with various metal ions to form stable metal complexes has attracted attention *!. Interestingly,
adding transition-metal ions to the Schiff bases broadens their applications across many industries. These
uses include agrochemicals, fungicides, the dye and food industries, analytical chemistry, and catalysis 1.
Additionally, these metal complexes could decrease the cytotoxicity of both metal ions and original Schiff

10-13] Because of their

bases, while concurrently increasing the biological activities related to Schiff bases |
versatility in coordinating with metal ions, including nickel, copper, zinc, and cobalt, through different donor

atoms, such as oxygen (O) and nitrogen (N), Schiff base ligands are of special importance.

Numerous biological processes, including antioxidant activity as shown in earlier research ['%!3] are
facilitated by this flexibility. The biological activities include anticancer ['%, antibacterial 7}, antifungal 18],
and catalytic (", The function of metal ions in promoting cell membrane permeation as well as the
interaction with biomolecules %! is responsible for the complexes' increased activities in comparison
with free ligands. The synthesis and characterization of a new heterocyclic Schiff's base compound, as well
as many of its complexes, and an investigation related to the biological activity of the prepared copper
complex, were the objectives of the presented work. In addition to the experimental synthesis and
spectroscopic characterization, computational studies can provide a deeper understanding of the electronic
behavior of Schiff base metal complexes 222!, In addition to the experimental synthesis and spectroscopic
characterization, computational studies can provide a deeper understanding of the electronic behavior of
Schiff base metal complexes. Therefore, in this study, Density Functional Theory (DFT) calculations were
used to support the structural interpretation of the copper complex and to examine its electronic properties
[23.24] 'To determine the electron distribution, donor-acceptor interactions, the charge-transfer behavior, and
the stability of the complex, HOMO-LUMO ! ELF *1, and NBO analyses were used *”.. This
computational part helps in explaining the coordination behavior of the copper complex and its possible uses

in catalysis and materials chemistry (%],

2. Experimental Section
2.1. Materials

The materials used in this study are indoline-2,3-dione, 4-aminobenzamide, and silver nitrate, which
were purchased from Sigma-Aldrich (England). CoCl, * 6H,0, ZnCl,, CuCl, * 2H,0, ethanol, methanol, and
glacial acetic acid were from B.D.H Company. Benzene was obtained from G.C.C. Company, while
hydrogen tetrachloroaurate(Ill) trihydrate was obtained from Glentham Life Sciences. Ethanol absolute was
from Sharlut Company. Dimethyl sulfoxide (DMSO) was purchased from A.C.S. Company. All these
chemicals were used without further purification, as supplied.

2.2. Instrumentation

Melting point measurements for the ligand and its complexes were done using an electrothermal 9300
melting point LTD from the UK. Proton nuclear magnetic resonance spectra were acquired as solutions in
DMSO-d6 by applying 500 MHz to a Varian spectrometer. For UV-visible spectra, a Shimadzu UV-1700
dual-beam spectrophotometer was used.

Carbon spectra (13C-NMR) have been recorded on a Bruker spectrometer at 75 MHz with the use
of DMSO-d6 as solvent, and FTIR spectra were taken utilizing a Shimadzu FTIR 8400 spectrometer
employing KBr particles in the 4000400 cm 1 wavelength range the Digital Conductivity Series
Ino.Lab.720 device has been used to test the molar conductivity of the prepared chelated complex solutions,
which are dissolved in the DMSO solvent. Deep freezer (—8000C) from Marubeni, Japan, cell culture
incubator (Memmert, Germany), distillatory Ogawa Seiki (Japan), cooling centrifuge (Beckman Model J2-21,
USA), ELISA reader (Organon Teknika), drying and sterilization oven (Hermle, Germany), multiwall plate,
inverted microscope (Leica, Germany), microtiter plate, and 96-well plate from the USA were utilized. The
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vacuum pump (Leitz, Germany), water bath (Memmert, Germany), 0.22 um Millipore filter (Sartorius,
Germany), sterile tissue culture flasks (25.75 cm2) (Nunc, Denmark), and pH meter (LKB, Sweden) were
used.

2.3. Preparation of the Schiff base ligand

After adding 10 mmol of carbonyl compound indoline-2,3-dione to a 100 Ml round-bottom flask
equipped with a stopper and condenser, two drops of glacial acetic acid as well as 20 Ml of 100% ethanol
were added as catalysts. With continuous stirring, the mixture was gradually supplemented with 20 Ml of
primary amine (4-aminobenzamide) diluted in 20 mL of absolute ethanol (Fig. 1). When specified, the
mixture was refluxed. After that, the mixture was allowed to cool to room temperature. Precipitates formed
when some of the solvent evaporated under lower pressure. After filtering, cleaning, and proper treatment,
the precipitate recrystallized. The fundamental physical characteristics regarding Schiff bases and the ideal
fabrication conditions are displayed in Fig. 1 and Table 1.

HZN

C§O
G.AA.
3dr0ps
HN
° + HZNO ETOH. reflex
o

4-aminobenzamide
indoline-2,3-dione

(E)-4-((2-oxoindolin-3-
ylidene)amino)benzamide

Figure 1. Structure of the ligand

2.4. Preparation of complexes

Anhydrous Zn (II) chloride and ethanolic solutions of Cu (II) and Co (II) hydrated metal chloride are
added to the ligand that is dissolved in the solvent in molar ratios of 1:2 (metal: ligand). After filtering off the
residual solids, 5 MI of heated 50% ethanol was used to wash away any remaining unreacted starting
materials. After being air-dried and recrystallized from ethanol, they were then refluxed with stirring for at
least half an hour, and colored precipitates formed at room temperature before their percentage was
calculated.

In vitro cell cytotoxicity and viability assays: Development of a colon cancer cell line (HCT116 cells).
2.5. Cancer cell lines and cell cultures.

The human colorectal cancer cell line HCT-116 and the normal cell line HDF (Human Dermal
Fibroblast) were supplied by the National Cell Bank of Iran (Pasteur Institute, Iran). In addition, the cells
HAVE BEEN grown in RPMI1640 (Gibco) containing FBS (10%) and antibiotics (100 pg/Ml streptomycin
and 100 U/MI penicillin). The cells have been maintained at 37° Celsius in humidified air with CO2
(5%) and passed through PBS solution and trypsin/EDTA (Gibco).

MTT cell viability assay. Cell growth as well as viability have been assessed by utilizing the MTT [3-
(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium Bromide] (Sigma-Aldrich) test. In short, the cells
were digested with trypsin, harvested, and seeded into 96-well plates with 200 pl of fresh medium per well
for 24 hours after being adjusted to a density of 1.4 x 10°4 cells/well. Following formation of a monolayer of
cells, they are exposed to a 600- 7.4 ng/Ml DMSO solution containing the compounds for 24 hours at 37
degrees Celsius in CO2 (5%). Following treatment, 200ul/well of MTT solution (0.50mg/Ml in PBS) has
been added, and the plate has been incubated for four more hours at 37°C, and the monolayer culture has still
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been present in the original plate. MTT solution: Following the removal of the cell supernatant, 100.0ul of
dimethyl sulfoxide has been added to each well. Until all of the crystals are dissolved, the cells have
been shaken at a temperature of 37 °C. Cell viability was measured by absorbance at 570nm using an ELISA
reader (Model Wave XS-2, BioTek, USA). The concentration of compounds that resulted in 50% cell
death (IC50) was determined using relevant dose-response curves.

3. Results and Discussion

3.1. Characterization of ligand and its metal complexes

The color of the Schiff base ligand's chelate complexes varied depending on the metal ions, despite the
ligand being yellow semi-crystals. The ligand, as well as its complexes, was insoluble in water and quite air-
stable. However, they yield stable solutions at room temperature when dissolved in the common organic
solvents, such as ethanol, methanol, chloroform, acetone, and pyridine. Nonetheless, Table 1 provides
certain analytical and physical data.

Table 1. Physical Characteristics of Compounds

Compounds Color M.Wt. Melting point °C Yield (%)
L yellow 265 170-172 %80
[Co(L)2CL2] Green- brown 659 258-dec. %85
[Cu(L):Cl] brown 664 228-230 %82
[Zn(L)2Cl2)] orange 666 237-dec. %85

3.2. Infrared Spectral Studies

In coordination chemistry, infrared spectroscopy is often used to evaluate changes in absorption bands
of active groups within the ligand molecule before and after coordination. In the present investigation, we
used potassium bromide (KBr) tablets to record infrared spectra of the organic ligand and its Cu(Il), Zn(II),
and Co(Il) chelate complexes in the 400-4000 cm™ range. The shape, location, and intensity of absorption
bands that corresponded to the active groups have been observed.

The v(N—H) stretching vibration is responsible for the medium as well as the broad band observed in the
ligand's infrared spectrum at approximately 3184 cm™!. This band's position is maintained at almost the same
frequency in metal complexes' spectra, which could be indicated by nonparticipation in the complex %!, Also,
the complexes' and ligand's spectra showed medium-broad bands at (3103-3062) cm™!, which were attributed
to o (C-H) aromatic, and bands at (3007-2879) cm™!, which have been attributed to X (C-H) aliphatic %, The
carbonyl group (C=0) was responsible for the ligand spectrum's absorption band at 1674 cm-1, which also
appeared in the complexes' spectra at frequencies between 1664 and 1660 cm™ B,

Coordination through such groups with metal samples is suggested by this shift towards lower
frequencies as well as changes in the bands' shape and intensity 2!, The azomethine group v (-C=N-) was
represented by the ligand's absorption band at a frequency of 1620 cm-1 %!, This band has been seen in the
complex spectra at frequencies of (1612-1608) cm'. It underwent noticeable changes in intensity and shape,
as well as shifts towards lower frequencies, indicating that the azomethine group (C=N) is involved in
coordination with the metal ions. The complexes' spectra showed weak absorption bands for (M-O) and (M-
N) groups at frequencies of (466-462) and (503-491) cm’!, respectively.

Through the designated coordination sites, these bands show how the metal ions and the ligand are

B34 3] The frequencies are absent from the ligand spectrum, suggesting that these groups

coordinated
facilitate coordination with metal ions. The IR spectrum data above indicate that the ligand acts as a neutral

bidentate chelating agent. The nitrogen atom of the azomethine group, as well as the oxygen atom of the

4



carbonyl group in the heterocyclic form, forms the coordination sites, creating a five-membered chelate ring.

Table (2) shows the most significant absorption bands in the infrared spectra of the ligand and resulting

complexes.

Table 2. Infra-red spectral data (cm™) of the ligand and its complexes

C-H

C-H

Compounds N-H . Cc=0 C=N C-N M-N M-O
arom. aliph.

L=Ligand 3184 3103 2879 1674 1620 1207

[Co(L)2Cl2] 3203 3064 2995 1660 1612 1207 503 466
[Cu(L)2Cl2] 3197 3062 2885 1664 1612 1204 503 466
[Zn(L)2Cl2] 3207 3080 3007 1660 1608 1209 491 462
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Figure 2. IR spectrum of ligand and its complexes

3.3. Electronic Spectra

The ligand's
highest absorption peak at a wavelength of 414 nm. Furthermore, (n-n*) transitions were identified as the
cause of a peak at 300 nm 3637

electronic spectra revealed that (n-mn*) transitions were responsible for the
1. The existence of double bonds with atoms that have non-bonding electron
pairs (C=N), (C=0), and (C=C) groups in the ligand structures causes such transitions **. The electronic
spectrum of the Co(Il) complex exhibits penks at 678,615 as well as 457nm because of electronic transition
type *Tigr— “Togm), T1g(r)— “Tlg(p), and *Tigr— *Asg, respectively; other peaks at 372,311, 255, and
217nm due to ligand field and charge transfer. Octahedral geometry around the Cu (II) complex is indicated
by the electronic spectrum B, and the conductivity test value indicates that the complex is considered to be
non-ionic. In addition, the electronic spectrum of the Cu(Il) complex shows a peak at 454nm assigned to the
electronic transition 2Eg—2T2g, while peaks at 352, 311, 231, and 217nm are attributed to ligand field and
charge transfer. Furthermore, the electronic spectra indicate an octahedral geometry around the Cu(Il)

40, 41

complex M%41 and the conductivity test indicates that the complex is non-ionic [*?l. Along with the color
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shift, a wavelength shift has been noted in the Zn(Il) complex's electronic spectrum. Charge transfer
transitions (M-L C.T.) were responsible for the complex's absorption peak at 428 nm. Because of the
saturation of such orbitals with electrons (d10), the zinc complex's spectra have been characterized by the
non-existence of electronic transitions of type (d-d). This result agrees well with earlier work on octahedral
geometry > 41 and conductivity measurements indicate that it is a non-ionic compound. An octahedral
structure was proposed for cobalt, copper, and zinc complexes based on the results.

Table 3. Molar conductance and electronic spectra of the ligand and the complexes

AM

Compounds A(nm) Transition (S.cm.mol ™) Geometry Hybridization
. 414 n —m*

Ligand 300 rome T e

678 4T1g(F)— 4T2g(F)
[Co(L)2Cl2] 615 Tigm— *Tige) 312

457 T g *Asg 2.33 Octahedral Sp’d
[Cu(L):Cl] 454 2Eg2Tag 2.97 Octahedral  Spid?
[Zn(L)2Cl2] 428 M-L, C.T. 2.64 Octahedral Spid?




=00

w» e e 0000 90 00

[
w0 wenn ma T

-

more 000

UV-Vis spectra of [Co(L)2Cl2] Chelate complex

UV-Vis spectra of ligand

1800 . — —

omnf

N s I n
a L -
@0 a0 wa 23 eanm fom e =000 T [T @ 0 70000 0000

UV-—Vis spectra of [Cu(L)2Cl>] Chelate complex UV-Vis spectra of of [Zn(L)2Cl] Chelate complex

Figure 3. Experimental UV—Vis absorption spectra of ligand and complexes

3.4. The "M NMR ghectra of the ligand and Zn(IT) complex

The ligand and Zn(Il) complex 1H-NMR spectra, shown in Figures 7 and &, respectively, were
measured in d6-DMSO as the solvent using TMS as the internal reference and were distinguished by the
presence of low-field signals. Furthermore, the free ligand's spectrum indicated the signal at (6 = 11.03ppm)
attributed to the (NH) group, and the signal at (& = 6.34-6.55, 6 = 6.33-6.52) ppm is due to the (NH) group
in ring!®). The multiple signals of the aromatic protons appear in the (8§ = 6.72-8.04, § = 6.54-8.03) ppm

46

range “. The solvent proton is responsible for a signal at (8 = 2.50-2.53) ppm /.. Signal intensity

differences between the Zn(IT) complex as well as the free ligand are consistent with complex formation. 4%,

: ."'*‘Jh-l \ !

Figure 4. ! H-NMR spectrum of ligand
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Figure 5. '"H-NMR spectrum of [Zn(L)2Clz]

3.5. The 3C NMR Spectra of Schiff base ligand

Figure 9's ligand spectrum reveals resonance at (6=168.113) ppm for the lactam and (6=167.866) ppm
for the carbon regarding the carbonyl amide group (C=0). A singlet signal for the carbon of the (-C=N)
azomethine group at (8 = 163.790) ppm. Various signals at (6=155.21, 6=153.722, 6=152.656, 6=147.598,
6=135.200, 6=131.101,6=129.704, 6=128.501, 6=126. 010, 6=121.522, 8=117.453, and 6=111.380) ppm led
to carbon atoms of aromatic rings and signal in §=39.965ppm led into DMSO-d6 3%, The ligand's 13C
NMR spectrum is presented in the paper, along with the corresponding proton assignments and chemical
shifts (8, ppm). Important details about the compound's functional groups and molecular structure are
revealed in the study presented.

| | 'S

210 200 190 160 170 160 150 140 130 120 110 100 %0 B0 W 60 N 40 W W W 0 ppm

Figure 6. 3¢ NMR gpectrum of the ligand (L)

3.6. Conductivity measurement

The complexes' molar conductivities have been determined in DMSO solvent at a concentration of 1 in
10~ molar at room temperature. For copper (II), cobalt (II), and zinc (II) complexes, the corresponding
values were [2.97, 2.33, and 2.64] mS.mol! cm? A comparison with the values in the table revealed the
absence of ionic characteristics in all complexes, which corroborates the correct mixing ratio of ligand to
metal ion (1:2). These findings support the proposed structural formula for the complexes and are consistent
with existing literaturel®!



3.7. Anticancer activity

It has been investigated how the copper(Il) complex [CuL,Cl,] affected the proliferation of normal cells
(HDF) and colon cancer cell lines (HCT116). The highest inhibition rate for the copper (II) complex was
64.93% at a 600 ug/MI concentration. In contrast, the highest inhibition rate for normal cells was 63.94% at
the same concentration, as shown in Table 4-3. The findings indicated that the compound's concentration
significantly influences the percentage of cell inhibition. Increasing the copper(Il) complex concentration
decreases cell viability, which increases the rate at which both normal and cancerous cells' growth is
inhibited.

After 24 hours, the IC50 for HCT116 colon cancer cells was 264.76 pg/ml, which removed around half
of the cells. This is less than the IC50 of 336.09 pg/ml for normal HDF colon cancer cells. This is
encouraging, as it shows that [Cu(L)2CI2] efficiently eliminates HCT116 colon cancer cells while having
less impact on normal HDF cells. As shown in Figures 7 and 8 and Table 4 of the latest research 2!, this
discovery is critical for the possible use of such compounds as a good treatment for this type of cancer.

Table 4. With the use of a 24-hour MTT test at 37°C, the impact of the [Cu(L)2]CI2 complex on the growth of colon cancer cell lines
(HCT116) was compared with a normal cell line (HDF) at the same concentrations.

Con. o .
(ng.mL") Mean Percentage (%) for every cell line
Cancerous line cells of HCT116 Normal line cells of HDF
Cell Viability Cell Inhibition Cell Viability Cell Inhibition
7.4 93.04 6.96 93.00 7
22.22 84.56 15.44 86.36 13.64
66.66 71.48 28.52 76.00 24
200 56.29 43.71 60.64 39.36
600 35.07 64.93 36.36 63.64
IC50 =264.76 ng \ mL IC50 =366.09 pg/mL
y=-13.13In(x) +123.25 y = -12.65In[x) + 123.59
Le-C4 RE=0.974 Le-C4 Rf=0.9821
10
0
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Figure 7. Percentage of viability in HCT116 Colon cancer | Figure 8. Percentage of viability in normal Colon cell line
cell line versus [Cu(L)2]Cl2 complex concentration. HDF versus [Cu(L)2]Cl> complex concentration.

3.8. Computational methodology

Density Functional Theory (DFT) calculations were carried out using the Gaussian 9 software package 7!,
The structure of the studied complex was first built and viewed in GaussView 9, then optimized without
applying symmetry constraints. Two functionals, B3LYP ¥ and oB97XD %, were used to assess the
reliability of the optimized geometry and to obtain a more complete description of the interactions within the
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complex. The optimizations were carried out using an effective core potential (ECP) with the LANL2DZ
basis set ! for Cu atoms, while the 6-31G** basis set [°!] was used for the remaining atoms.

The frequency calculations were also done of the two methods and the calculated frequencies were all
positive which indicates that the optimized structures are stable minima on the potential energy surface.
Besides this, the ®B97XD functional was used to conduct Natural Bond Orbital (NBO) analysis to study
charge transfer, donor acceptor interactions, as well as the electronic properties of the complex. GaussView 9
was used to perform the molecular visualization.

The optimized bond lengths of the copper complex were initially used to analyze the computational
results. The comparison between B3LYP and ®B97XD provides a better understanding of the coordination
environment around the copper center. This comparison can be used to assess the strength and nature of the
Cu-N, Cu—Cl, and Cu-O interactions in the optimized structure. Tablel. presents the calculated bond lengths
of the copper complex using B3LYP and ®B97XD. The Cu—N bond showed only a small increase from
2.075 A with B3LYP to 2.1064 A with ®B97XD, while the Cu—Cl bond decreased slightly from 2.273 A to
2.196 A. This indicates that both methods give close results for the stronger coordination bonds around the
copper center. The primary difference was in the Cu—O bonds. The Cu—0O5 and Cu—0O21 distances increased
from 2.833A using B3LYP t03.226 A using ®B97XD. This is an indication that Cu-O interactions are
weaker and more distant than the Cu—N and Cu—Cl bonds.

Table 5. Calculated bond lengths (A) of the copper complex using B3LYP and ®B97XD methods

Methods Bond length

Cu-Na Cu-N34 Cu-Cl Cu-Os Cu-021
B3lyp

2.075 2.0745 2.273 2.833 2.833
wB97XD 2.106 2.1059 2.1960 3.226 3.226

The difference between the two methods observed could be attributed to the treatment of the weak
interactions by each functional. B3LYP is a popular and commonly used hybrid functional, and is not
provided with an explicit dispersion correction, which can restrict its accuracy in describing weak
coordination interactions. Conversely, ®B97X-D has long-range and dispersion corrections, which are more
appropriate when weak interactions are involved, as in this case of the Cu—O interaction in this complex.
Therefore, while both methods described the general coordination environment similarly, ®B97X-D
provided a more reasonable description of the optimized structure and electronic behavior of the copper

58,59

complex %31 Furthermore, these optimized structural parameters perfectly align with and support the

experimentally proposed hybridization.
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Homo Lumo
Figure 9. Optimized structure and frontier molecular orbitals (HOMO = —0.319 a.u. and LUMO = —0.063 a.u.) of the copper
complex calculated using the ®B97XD/6-31G** method.

Figure 10. ELF surface and contour map of the copper complex obtained at the ®B97XD/6-31G** level of theory

The analysis of the copper complex using the combined HOMO-LUMO and ELF gives a
straightforward insight into the electronic behavior of the complex *>¢%, The HOMO and LUMO
distributions (Fig. 1) demonstrate the stable electronic structure, indicating donor-acceptor interactions
around the coordination center. The relatively large HOMO-LUMO energy gap indicates good electronic
stability and controlled charge-transfer behavior. In addition, the ELF maps in Fig. 2 confirm that the
electron density is mainly localized around the coordinating donor atoms. These findings suggest that the
complex may have promising physicochemical properties relevant to catalytic, adsorption, and functional

material applications rather than purely biological activity [63-64],

As shown in Table 2, the NBO results highlight a clear shift in electron density within the copper
complex. Specifically, the copper center holds a positive charge of +0.725, while the coordinating nitrogen
and oxygen atoms carry negative charges. These values strongly suggest that the donor atoms are directing
electrons toward the metal center. However, since NBO charges alone cannot definitively prove ligand-to-
metal charge transfer (LMCT), we looked at the HOMO-LUMO and ELF analyses. Together, these tools
give us a much clearer and more complete picture of how the complex coordinates and maintains its
electronic stability.
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Table 6. Natural Bond Orbital (NBO) charge distribution of the copper complex

Metle Cu Cl N (0]
NBO charge 0.725 -0.507 -0.39t0-0.88 -0.50t0-0.63

Thus, the analysis of Natural Bond Orbital (NBO) charge suggests that the complex is stabilized by
ligand-to-metal donor-acceptor interactions between the coordinating atoms of the ligand and the copper ion.
So, the NBO charge analysis confirms that the complex is stabilized through ligand-to-metal donor-acceptor
interactions between the coordinating atoms of the ligand and the copper ion. This e-stabilization directly
supports the structural integrity and biological performance of the prepared copper complex. [63-67]

4. Conclusions

The synthesis, spectroscopic characterization, and metal complexes regarding a novel bidentate
heterocyclic Schiff base ligand with Cu(Il), Co(Il), and Zn(II) metal ions are reported in the presented study.
The isolated solid metal complexes have octahedral geometry (Figure 9). and have been characterized
using current methods. The azomethine group nitrogen atom and the oxygen atom are coordinated to the
ligand, giving a five-membered metal ring and acting as a bidentate ligand. The molar conductivity results
show that complexes include chloride ions in the coordination ring and that metal complexes are non-
electrolytes ,they were prepared with molar ratio of (1:2) [M:L] .The copper (II) complex was tested against
human colon cancer (HCT116) and normal cell lines (HDF) as evidenced by IC50 and selectivity index (SI)
values.

This study provides a basis for further investigation of the biological potential of the synthesized copper
complex. The DFT calculations were useful in understanding the electronic characteristics of the prepared
copper complex that complement its experimental characterization and support its biological evaluation.

HN NH,

/
o/ \N/O/C\\o
X\

/
CI7M{CI

o}
N
o\\c/®/ N\ /
/ NH
N

H,

M= Co(II) , ZN(II) and Cu(Il)
Figure 11. The suggested structural formula of chelate complexes
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