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ABSTRACT

Herein, a new imine-oxime ligand was synthesized in a two-step reaction. In the first step, 2-aminothiazole and
benzil were reacted with glacial acetic acid as a catalyst resulting in the formation of 1,2-diphenyl-2-(thiazol-2-
ylimino)ethan-1-one. In the second step, this intermediate was then reacted with diacetyl monoxime and 4,4'-
methylenedianiline for synthesis of target ligand, PTIEABPBO. Afterwards, a palladium (I1) complex of this ligand was
also synthesized. Analyses of ligand and its complex were carried out via FT-IR, UV-Vis, and H, ®&-NMR, analysis of
melting point, elemental analysis, FESEM, and XRD. Findings of morphological study confirmed the purity of the
synthesized compounds by demonstrating close agreement between calculated and experimental values. FT-IR highlights
presence of azomethine and oxime bands in ligand, with shifts observed upon complexation with palladium.
Crystallographic study indicated a crystalline, nanoscale structure for both compounds. Finally, biological evaluation
demonstrated significant inhibitory activity of synthesized compounds against MCF-7 breast cancer cell line, when
compared against HEK-293 normal cell line.
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1. Introduction

Oximes and their metal complexes widely studied in coordination chemistry mainly due to the versatile
chelating properties of oxime ligand™?. The oxime and oximate forms can coordinate metals in different ways
that may include monodentate coordination via nitrogen or oxygen, bidentate chelation via both nitrogen and
oxygen as well as bridging coordination by nitrogen and oxygen#. Schiff base ligands find widespread uses
in food, dye, and analytical chemical industries when their complexes were synthesized with transition metal
ions®. This complexation also improve their biological activities including antifungal and anticancer
propertiest®. Studies shown that oximes and their complexes have demonstrated notable biochemical activity’-
121 Theoretical investigations of oximes and their complexes have become increasingly prevalent in recent
years. The synthesis of imine-oximes and their corresponding metal complexes presents a significant challenge
within oxime coordination chemistry. These compounds, containing both Schiff base and oxime moieties,
attracted considerable attention due to their biological activity and structural characteristics, especially their
selective reactivity towards metal ions. However, theoretical studies on imine-oximes and their metal
complexes remain relatively rarel*, Oxime-imines denotes class of ligands known for their ability to
stabilize metal ions in higher oxidation states. This stabilization is achieved through strong sigma donation
from ligand to metal (L—M)!.,

Herein, authors worked on the synthesis of a novel imine-oxime ligand (that was derived from 2-
aminothiazole and diacetyl monoxime) in two-step process. In the first step, the compound 1,2-diphenyl-2-
(thiazol-2-ylimino) ethan-1-one (A) was synthesized while the second step involved the synthesis of ligand,
PTIEABPBO. This synthesized complex was then reacted with palladium (I1) ion salt to yield a metal complex.
The synthesis of metal-complex was analyzed by Fourier-transform infrared spectroscopy (FT-IR), ultraviolet-
visible (UV-Vis) spectroscopy, nuclear magnetic resonance (NMR) spectroscopy (H and E-NMR), analysis
of melting point, elemental study (C, H, N), field emission scanning electron microscopy (FESEM), and X-
ray diffraction (XRD). The effectiveness of the synthesized metal-ligand complex for biological activity was
analysed for breast cancer cell line MCF-7 and a comparative analysis was also conducted against the normal
cell line HEK-293.

2. Materials and methods

2.1. Chemicals and materials

All chemicals were supplied by Sigma-Aldrich, Merck, HIMEDIA, and BDH. Ultraviolet-visible (UV-
Vis) spectra were recorded in the range of 200-1000 nm (in ethanol solvent) using a Shimadzu U.V-165PCS
spectrophotometer. Nuclear magnetic resonance (NMR) spectra were obtained using a Varian Ultra Shield 500
MHz spectrometer (Switzerland), operating at 500 MHz, with tetramethylsilane (TMS) as the internal standard
and DMSO-d6 as the solvent. Fourier-transform infrared analysis was carried out via Shimadzu FTIR 8400S
spectrophotometer (4004000 cm™). Melting points analyzed using a Stuart melting point apparatus. Magnetic
susceptibility measurements carried out at room temperature via the Faraday method through Magnetic
Susceptibility Balance Model M.S.B Auto. The metal content in the complexes was determined through flame
atomic absorption spectroscopy. The molar conductivities of the prepared metal complex solutions dissolved
in absolute ethanol were measured with a Cond.720 conductivity meter (WTW) equipped with a platinum
electrode. X-ray diffraction (XRD) patterns for the synthesized ligand and its complex were obtained using a
Bestic aluminium anode XRD system. Additionally, magnified images of the synthesized ligand and its
complex were captured using a TESCAN MIRAS scanning electron microscope (Czech Republic).

2.2. Synthesis Procedure
The ligand (PTIEABPBO) was synthesized in two steps:



Step 1: Synthesis of Compound (A): 1,2-diphenyl-2-(thiazol-2-ylimino) ethan-1-one

A solution was prepared by dissolving 2-aminothiazole (1.00 g, 0.01 mol) in 25 mL absolute ethanol.
Separately, benzil (2.1 g, 0.01 mol) was dissolved in 25 mL of absolute ethanol, and 5-6 drops glacial acetic
acid were mixed with benzil solution. After combining the two solutions, mixture was heated under reflux for
eight hours, followed by cooling, filtration and drying. This crude product was further purified by
recrystallization from hot ethanol afterwards, it was filtered, dried, and weighed. The final yield was 76%, with
melting point in between 94 and 97 <C.

Step 2: Synthesis of the Ligand (PTIEABPBO)

Diacetyl monoxime (1.01 g, 0.01 mol) and 4,4'-methylenedianiline (1.98 g, 0.01 mol) were each dissolved
separately in 25 mL of anhydrous ethanol. A third solution was prepared by dissolving Compound A (2.92 g,
0.01 mol) in 25 mL of ethanol. Five to six drops of glacial acetic acid were added to diacetyl monoxime and
Compound A solution. These three solutions were then combined, and the resulting mixture was heated under
reflux for eight hours followed by cooling. The resulting precipitate was collected by filtration, dried, and
recrystallized from ethanol. The purified product was obtained with an 80% yield with melting point between

103 and 105<C (Figure 1).
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Figure 2. Synthesis of novel imine - oxime ligand (PTIEABPBO).

2.3. Synthesis of Complex

For complex synthesis, ligand (0.694 g, 1 mmol) added to 10 mL ethanol followed by addition to
palladium(ll) chloride (0.17 g, 1 mmol) dissolved in 5 mL of distilled water. Mixture was refluxed with
continuous stirring for 2 hours, during which precipitate formation take place. The reaction mixture was
undergoing cooling, filtration and drying. Recrystallization from absolute ethanol yielded colored precipitate.
The product had a melting point of 173-176<C and a yield of 85%.
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2.4. Biological Activity Analysis
2.4.1. Biological activity

a) Cytotoxicity assays: Cell lines

Herein, breast cancerous cell line MCF-7 and normal cell line HEK-293 were utilized. All cell lines were
maintained and cultured under appropriate conditions, and the necessary assays were performed on them.

b) Cultivation of MCF-7 breast cancer cell line

The method described by Freshney (1) was employed to culture MCF-7. The frozen cells were thawed in
a water bath maintained at 37<C. The cancer cells were cultured using a 25 cm=2animal cell culture flask
containing Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS).
The flasks were incubated in a 5% CO: incubator at 37°C for one day. After incubation period, to ensure proper
cell growth and absence of contamination, secondary cultures were prepared.

Microscopic examination of all cell cultures was performed using an inverted microscope to verify cell
viability, confirm the absence of contamination, and assess cell growth. Acceptable cultures exhibited cell
densities between 500,000 and 800,000 cells/mL. Afterwards, cell cultures were transferred to a biosafety
cabinet, and spent culture medium was carefully aspirated. The cells were then washed twice with
physiological saline solution (PBS) for ten min. An appropriate volume of trypsin enzyme was then added to
the cells, followed by incubation at 37 <C for 30-60 seconds. The cells were observed until they detached from
the surface and transitioned from a monolayer to single cells. The enzymatic action of trypsin was halted by
adding fresh growth medium supplemented with FBS. The cells were collected in centrifuge and supernatant
was then discarded while the cells were resuspended in fresh growth medium that contains 10% FBS. A portion
of the resuspended cells was analyzed to determine the total cell count and viability. Equal volumes of the cell
suspension and Trypan Blue stain were mixed and examined using a hemocytometer, with the following
formula used to calculate cell viability:

C=Nx 10*°%F /ml M)
Viability % = (live cells / dead cells) x 100 2

Here, C represent cell count per mL, F = dilution factor, and N = number of cells counted on slide. The
constant 10* accounts for slide's dimensions. Following preparation, cell suspension was aliquoted into new
vessels and undergo incubation overnight (37 <C).

2.4.2. MTT dye test for cell viability
a) Experimental procedure

Cancer cell lines were seeded into a 96-well flat-bottom plate. The plate was incubated for 24 hours at
37 °C in a 5% CO: atmosphere. Following incubation, 100 pL of cell suspension added to each well.
Subsequently, concentrations of compounds studied (15.625, 31.25, 62.5, 125, 250, 500 g/mL) were added
to the wells, with each concentration applied to three wells. The plate was then incubated for another 24 hours
at 37<C. Following the incubation, 10 pL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) solution, at a concentration of 0.5 mg/mL, was added to each well. Following the initial incubation,
plate was incubated for a further four hours (37 <C) to allow formazan crystal formation. Subsequently, 100
L of solubilization solution was added to each well to dissolve formed crystals. Absorbance was measured at
570 nm by microplate reader. These readings are proportional to number of viable cells present.



3. Results and Discussion

3.1. Physico-chemical characteristics

The synthesized ligand, a yellow crystalline substance, exhibited a color change upon reaction with
palladium ions. The resulting palladium (1I) complex was brown and stable at room temperature. Further
characteristics of ligand and its complex are presented in Table 1.

Table 1. Properties of LH and its complex.

M. Wt MP Yield Cale. (Found)%
Compound Color o
g/mol ©) % C H N S M
PTIEABPBO 7349 526  12.60 577
CaaH2sN5OS 555.70 orange  103-105 8020 (7444 (531) (1292  (5.84)
[PA( PTIEABPBO )]CI: ) 55.71 3.99 9.55 437 14.52
CaaH2sCl:NsOPdS 73302 brown  173-176 855 (5545 (403)  (974)  (443)  (14.73)
3.2. NMR results

(a) Proton Nuclear Magnetic Resonance Spectrum of Ligand (PTIEABPBO)

The *H-NMR spectrum of the newly synthesized ligand (PTIEABPBO) was recorded using DMSO-ds as
the solvent and TMS (Figure 2). The spectrum possess a singlet at 8:2.182 ppm (S,3H), corresponding to
methyl group protons attached to azomethine group (-N=C—CHzs). Additionally, a singlet observed at 5:2.005
ppm (S,3H) was attributed to the protons of the methyl group linked to oxime azomethine group
(HO-N=C—CH,)"!. A singlet at :3.979 ppm (S,2H) was assigned to the methylene protons (—CH,—). The
doublets at 6:7.268 ppm (D,2H) and 3:7.180 ppm (D,2H) was attributed to the protons of the phenyl ring
attached to the methine group!®. Multiplets in the range of 5:7.564—7.968 ppm (M,10H) were assigned to the
protons of the two phenyl rings of benzil, while Multiplets at 8:7.524—7.830 ppm (M,2H) were associated with
the protons of the thiazole ring®.. A singlet at §:12.028 ppm (S,1H) corresponded to the hydroxyl group of the
oxime (OH)®!. Additionally, the signal at : 2.520 ppm was identified as originating from the protons of the
solvent (DMSO-dg)!".
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Figure 2. The '"H-NMR of PTIEABPBO

(b) 13C Nuclear Magnetic Resonance Spectrum of Ligand (PTIEABPBO)

This Section describes the **C-NMR spectrum of the ligand (PTIEABPBO), as illustrated in Figure 3.
The spectrum revealed several distinct signals, detailed as follows: The ligand (PTIEABPBO) exhibited two
signals at 6:10.298 ppm and 6:14.245 ppm, corresponding to C20 and C19 of methyl (-N=C—CH3s) and
(O—N=C—CHy), respectively'®. A signal observed at &: 45.298 ppm was attributed to C1), the carbon atom of
the methylene group (—CHz—). additionally, signals at &: 136.005 ppm, 6: 130.085 ppm, 6: 120.623 ppm, 6:
139.182 ppm, and 6: 146.852 ppm were associated with the carbon atoms C7,C13, C12,C8,C6,C2,
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C11,C9,C5,C3, C4, and C10, respectively, belonging to the phenyl rings linked to the methylene group™.
Signals at 6:134.327 ppm, 6:129.341 ppm, 3:128.870 ppm, and 6:132.403 ppm corresponded to the carbon
atoms C26,C25, C36,C32,C31,C27, C35,C33,C30,C28 and C34,C29 attributed to the phenyl rings oof
benzill*Yl, Furthermore, signals at 8:136.368 ppm, 5:114.439 ppm, and 8:166.086 ppm were linked to the carbon
atoms C39,C40 and C37 of the thiazole ring®?. Finally, signals at 8:165.924 ppm, 5:147.365 ppm, and
0:147.099 ppm were ascribed to the carbon atoms C15,C16 and C23,C22 respectively, corresponding to the
azomethine groups™.
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Figure 3. The >*C-NMR of ligand.

3.3. FTIR results

FT-IR helps to identify the functional groups present in studied sample @2, The spectrum displayed a
band at 3440 cm™, attributed to the v(O—H) group of the oxime. Bands centered at 3062 cm™ and 2970, 2923,
2854 cm™! were assigned to the v(C—H) stretching vibrations of the aromatic and aliphatic groups, respectively.
The bands observed at 1681 cm™ and 1666 cm™* corresponded to the v(C=N) stretching vibrations of the imine
and oxime azomethine groups, respectively. The v(C=N) stretching vibration of the thiazole ring appeared as
a band at 1596 cm™. Additional bands at 1512 cm™ and 1450 cm™ were assigned to the v(C=C) stretching
vibrations of the aromatic groups. Bands at 1211 cm™ and 1018 cm™ were attributed to the v(C—N) and v(C—
S) vibrations of thiazole ring, respectively?®?62%1, When comparing the FT-IR spectrum of the free ligand
(PTIEABPBO) with that of its complex, shifts in some bands and the appearance of new bands were
observed!?”?°], indicating coordination between the metal and the ligand. The azomethine (Schiff base) group
frequency, which appeared at 1681 cm™ in the spectrum of the free ligand, shifted to a lower frequency at
1672 cm™ in the spectrum of the synthesized complex. Similarly, the frequency of the oxime azomethine group
shifted to a lower frequency, decreasing by 16 cm™. In contrast, the oxime hydroxyl group showed no
significant change, indicating its non-involvement in coordination . New bands were observed at 555 cm™,
corresponding to the M—N bond. Table 2 and Figure 4a-b summarizes the key and significant bands observed
in the FT-IR spectra of the ligand (PTIEABPBO) and its palladium complex 273031

Table 2. FTIR results of PTIEABPBO and its complex.

C-H ..
Compound v(0-H) anrc(Jmati)c V(C=N) imine V(C=N) v(C=C) v(M-N)
oxime i aliphatic  (C=N)oxime  Thiazolering  aromatic ring
. 3062
Ligand 1681
(PTIEABPBO) 3440 2970, 2923, 1666 1596 1512, 1450 —
2854
3062 1672
[PA(PTIEABPBO)ICl, 3440 2970, 2903 , 1596 1512 , 1450 555
2832 1650
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Figure 4. FTIR of PTIEABPBO (a) and its complex (b)

3.4. Electronic spectra and molar conductivity analysis

The electronic spectrum of PTIEABPBO show three peaks at 204 nm (49020 cm™), 258 nm (38760 cm™),
and 327 nm (30581 cm™). The first two peaks were attributed to m-m* transitions, while the third peak
corresponded to the n-n* transition associated with the azomethine group (C=N).In spectrum of palladium (II)
complex, absorption peaks were observed at 221 nm (45249 cm™) and 294 nm (34014 cm™). These peaks
were assigned to ligand-centered transitions. Additional absorption peaks were observed at 508 nm (19685
cm™), 582 nm (17182 cm™), and 654 nm (15291 cm™), corresponding to transitions 'A:g—'Eig, 'Aig—'Big,
and 'Aig—'Axg, respectively. These transitions confirmed that the complex adopts a square planar geometry.
Magnetic susceptibility measurements indicated that all the d-orbital electrons were paired, resulting in a low
magnetic moment value close to zero. This finding corresponds to the electronic configuration t2ge.g? and
suggests dsp=hybridization (Table 3 and Figure 5a-b).

Table 3. UV-Vis peaks, magnetic momentum peff (B.M) and supposed geometries for ligand and its complex.

Compounds (nyrbn ) (cr?rl) Transitions Leff (B.M) Geometry

204 49020 n-1*

Ligand (PTIEABPBO) 258 38760 T-m* —_ —
327 30581 n-n*
221 45249 Intra Ligand
294 34014 Intra Ligand Square planar

[Pd(PTIEABPBO)]CI: 508 19685 LAiglEg (Dia.) g g n
582 17182 A1g —1Big S
654 15291 1A1g —'Axg
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Figure 5. The electronic results of PTIEABPBO (a) and its complex (b).

3.5. Structural analysis

SEM is widely employed method for getting information regarding morphology, particle size, shapel*2%
as well as aggregation in sample. Herein, SEM study was carried out for both ligand and its complex. For
conducting analysis, cross-sectional distance of 500 nm and a magnification power of K X Mag = 70.00. SEM
images of ligand were used that showed the presence of spherical and heterogeneous granules in studied
samples having an average particle size of 45.445 nm (Figure 6a-b). Furthermore, SEM of palladium (II)
complex revealed spherical particles with size of particles as 63.89 nm that showed the variations between
ligand and its complex.

Elemental microanalysis was performed to determine the carbon, hydrogen, nitrogen, and sulfur content
of LH and its complex. This analysis is useful in determination of chemical formulas of both compounds.
Findings showed that experimentally determined elemental ratios were in close agreement with theoretically
calculated values, that revealed the proposed structures and compositions of LH and its complex, as illustrated
in Figure 7a-b, correspondingly.

Ligand (PTIEABPBO)

™

SEM MV: 10.0 kY
View fiekd: 1.38 pm

2

™ pd -complex <

Figure 6. FESEM of PTIEABPBO (a) and its complex (b).
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Figure 7. Proposed and 3D structure of PTIEABPBO (a) and its complex (b).

3.6. Crystallographic study

X-ray diffraction (XRD) #3851 15181 was used to investigate the solid-state crystalline structures of
PTIEABPBO and its complex (26 = 10° to 80°). Results showed crystalline nature, crystallite size, and purity
of compounds. It was observed that several factors can contribute to broadening of XRD peaks such as micro-
strains (like lattice deformation), crystal faults and distribution of these domain sizes. Herein, XRD spectra
confirmed the crystalline nature of all compounds. Further, PTIEABPBO revealed sharp, well-defined peaks
that clearly showed the presence of highly crystalline structure. Also, palladium (11) complex displayed sharp

crystalline peaks, further corroborating its crystalline nature (Figure 8 and Table 4-5).

Table 4. Diffraction angles 26, d-spacing as well as relative intensities (rel. Int.%) for both PTIEABPBO and its complex.

POS. 26.(RADIA

D-SPACE

COMPOUND NO. 0 NN INTENSITY IN [%] REL. INT
1 24.488 36323 890 100 %
2- 25,388 3.5055 808 70%
(PT'-I'EGAAI;'\F‘,';O) 3- 12,268 7.2089 762 56%
- 22.224 3.9969 737 51.0%
5- 17.805 4.9779 883 34%
1- 25,344 35114 1772 100 .0%
2- 17.785 4.9832 1083 76%
[PD(PT'ESBPBO)]C 3- 24.412 3.6433 1357 50%
4 22.065 5.0253 1602 46%
5- 12.159 7.2735 1648 26%




Table 5. Diffraction angles, width of peaks at mid-intensity, and crystal size for both PTIEABPBO and its complex.

PEAK D
COMPOUND NO. Pos:DTEKA)E @  WIDTH  CRYSTALLI RE'B;/']'\'T © LATTICE STRAIN
(FWHM)  TE SIZE(NM) 0
1- 24536 0.159 53.42 100% 0.0032
LIGAND .
(PTICABPEO) 2 25398 0.096 88.64 70% 0.0019
3 12,243 0.149 56 56% 0.0061
1- 25321 0.010 50.8 100% 0.002
[PD(PT'CESBPBO)] 2 24.446 0.222 38.26 75% 0.0045
3 177 0.178 472 50% 0.0050
g 0] Experimental pattern (3) " Experimental pattern (7)
o (@) 1800 (b)

1600

14004

12004

1000

1000 2000 00 4000 5000 5000 7000 L 1?25137” 20 L bl 20 %00 e 2"‘:’ ol
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Figure 8. XRD of PTIEABPBO (a) and its complex (b).

3.7. Cytotoxicity test

Chemotherapy is the most common treatment for many types of cancer. The MTT assay was employed
to measure cell viability. At 1600 g/mL, PTIEABPBO repressed growth of breast cancer cells (MCF-7) by
83.20% and normal cells by 89.15%. The lowest inhibition by the ligand was observed at a concentration of
50 pg/mL, with 18.25% inhibition for MCF-7 cells and 13.45% for normal cells. The palladium complex
demonstrated the highest inhibitory efficiency against MCF-7 cells at a concentration of 1600 pg/mL,
achieving 99.85% inhibition. At the same concentration, it showed 94.60% inhibition of normal cells (HEK-
293). The lowest inhibition by the complex was observed at a concentration of 50 pg/mL, with 53.54%
inhibition for MCF-7 cells and 7.65% inhibition for normal cells (Table 6-7 and Figure 9-10).

Table 6. PTIEABPBO for MCF-7 and HEK-293 (average+standard deviation (S.D)). IC50 values were estimated graphically using
dose-response curves; units in pg/mL.

LIGAND (PTIEABPBO)

Cancer cell MCF-7 Normal cell HEK-293.
CONC%‘/T'\E_AT'ON Cell Viability inhitﬁtei';n % Cell Viability inhitfi:filtin %
mean3SD mean3SD

0 100.0020 0.00 100.0020 0.00
50 81.7542.05 18.25 86.55:1.20 13.45
100 62.2042.82 37.80 63.751.34 36.25
200 43.9545.16 56.05 63.83+10.57 36.17
400 41554572 58.45 48.687.24 51.32
800 33.9543.88 66.05 35.1810.31 64.82
1600 16.800 83.20 10.8546.43 89.15
IC50 5.32 5.84
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Figure 9. Cytotoxicity of PTIEABPBO for MCF-7 and HEK-293 cell line as cell viability (a) and % cell inhibition (b)

Table 7. Pd (II) complex of ligand for MCF-7 and HEK-293 (averagetstandard deviation (S.D)). IC50 values were estimated
graphically using dose-response curves; units in pg/mL.

PD (I1) COMPLEX

Cancer cell MCF-7 Normal cell HEK-293.
CONCENTRATION L Cell L Cell
LG/ML Cell Viability inhibition % Cell Viability inhibition %
mean3SD mean%SD
0 100.0040 0.00 100.0020 0.00
50 46.55+1.06 53.45 92.3542.89 7.65
100 19.80+0.84 80.20 45.0043.11 55.00
200 12.5545.16 87.45 21.3043.25 78.71
400 13.0545.86 86.95 17.7240.01 82.28
800 6.1040.70 93.90 12.3045.09 87.70
1600 0.1540.07 99.85 5.4041.69 94.60
1C50 0.475 1.30
150 -
. 7 150 - 7
- 100
_-Q 100 g- 00
3 £
> 50- > 50
0- 0=
P PP O S
ARSI S N S S
. Concentration pg/ml
concentration pg/ml
Cancer cell MCF-7 ‘ Normal cell HEK

(a) (b)

Figure 10. Cytotoxicity of complex of against MCF-7 and HEK-293 as cell viability (a) and % cell inhibition (b).
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4. Conclusions

The spectroscopic and analytical measurements conducted on the ligand (PTIEABPBO) and its Pd (I1)
complex demonstrated that molar ratio for complex with the ligand is 1:1 [M:L]. The molar conductivity value
of the palladium (I1) complex indicated its ionic nature with a 2:1 ratio. The above findings confirmed that the
geometric structure of the palladium (I1) complex is square planar. Infrared spectroscopy revealed that LH
coordinates with metal ion through nitrogen atoms of the imine and oxime azomethine groups, functioning as
a tetradentate ligand. Field emission scanning electron microscopy (FESEM) images showed that both the
ligand and its complex possess crystalline and granular structures with particle sizes below 100 nm, indicating
they fall within the nanoscale range. These characteristics highlight their potential importance in medical and
industrial applications. X-ray diffraction (XRD) analysis further confirmed that the ligand and its complex
exhibit a crystalline structure with a defined lattice network and nanoscale features. MTT cytotoxicity assays
revealed that the palladium complex derived from the ligand (HL) exhibited high selectivity in Kkilling breast
cancer cells (MCF-7) while exerting a less significant effect on normal cells.
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