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ABSTRACT 

This study explores the design and synthesis of novel tri-imidazole derivatives and their 

corresponding metal chloride complexes. The tri-imidazole ligand was synthesized via a multi-

component condensation reaction involving benzil, ammonium acetate, and salicylaldehyde 

derivatives. Coordination of this ligand with platinum(IV), palladium(II), nickel(II), and 

copper(II) chloride salts yielded a series of stable solid-state metal complexes. The structural 

architectures of the synthesized compounds were elucidated using a comprehensive suite of 

spectroscopic and analytical techniques, including UV–Visible, FT-IR, and 
1
H-NMR 

spectroscopy, alongside mass spectrometry, elemental analysis, magnetic susceptibility, and 

molar conductivity measurements. Metal content was precisely determined via Atomic 

Absorption Spectroscopy (AAS). Spectroscopic evidence confirmed that the ligand coordinates 

as a bidentate chelating agent. Geometric analysis revealed that the [L–Pt] complex adopts an 

octahedral configuration, whereas the [L–Pd], [L–Ni], and [L–Cu] complexes exhibit square 

planar geometries. The biological efficacy of the synthesized compounds was evaluated against 

selected microbial strains and cancer cell lines to assess their antibacterial, antifungal, and 

cytotoxic potential. The results demonstrated that the metal complexes possess significantly 

enhanced bioactivity compared to the free ligand. Notably, the platinum complex [L–Pt] 

exhibited superior biological performance, outperforming all other synthesized complexes. 

Furthermore, when compared to the clinical gold standard, Cisplatin, the [L–Pt] complex 

demonstrated higher potency, establishing it as the most effective antibacterial and anticancer 

agent in this study. These findings highlight the [L–Pt] complex as a promising candidate for the 

development of advanced Metallo therapeutic drugs. 
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Introduction 

etal complexes containing ligands with biologically active heteroatoms—

particularly oxygen (O), nitrogen (N), and sulfur (S)—have attracted considerable 

scientific attention in recent years. This growing interest is largely attributed to 

their enhanced biocidal properties, including bactericidal, fungicidal, herbicidal, and insecticidal 

activities, as well as their expanding applications in clinical pharmacology [1]. Among these 

ligands, imidazole represents a significant class of heterocyclic compounds. Imidazole is a five-

membered aromatic ring composed of three carbon atoms and two nitrogen atoms. It constitutes 

a key structural motif in numerous biologically important molecules, including the amino acid 

histidine, vitamin B₁₂, DNA, and biotin [2]. Owing to its unique electronic structure and 

coordination ability, imidazole and its derivatives display a wide range of pharmacological 

activities, such as antimicrobial, anti-inflammatory, antitumor, and antidepressant effects, 

thereby occupying a central role in contemporary medicinal chemistry [3].In addition, amides 

form another essential functional group widely encountered in both natural and synthetic 

systems[4]. The remarkable stability of the amide bond makes it indispensable in organic 

synthesis, agrochemical formulations, and pharmaceutical development[5,6]. Furthermore, the 

electron-donating characteristics of the oxygen and nitrogen atoms in amide groups enable 

effective coordination with metal ions, facilitating the formation of stable metal complexes and 

thereby enhancing their biological and chemical applications[7]. This study aims to investigate 

and compare the antimicrobial and anticancer activities of a series of synthesized Nickel(II), 

Copper(II), Palladium(II), and Platinum(IV) complexes. These complexes feature a bidentate 

ligand derived from imidazole derivatives, synthesized to evaluate the influence of the metal 

center on their biological potency. 

2. Experimental 

2.1. Tools and Materials 

All solvents and chemical reagents employed in this investigation, including K₂PtCl₆·6H₂O 

(analytical grade) supplied by Merck (Schnelldorf, Germany), CoCl₂·6H₂O and NiCl₂·6H₂O, 

 

M 
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 CuSO₄·5H₂O (BDH), and PdCl₂ (Merck), were used as received without any additional 

purification. The melting points of the synthesized compounds were measured using a Stuart 

melting point apparatus. Structural elucidation of the prepared complexes was achieved through  

spectroscopic techniques. Electronic absorption spectra were recorded on a Shimadzu UV-1601 

UV–Visible spectrophotometer employing quartz cuvettes, with absolute ethanol serving as the 

reference (baseline) solvent. Furthermore, Fourier Transform Infrared (FT-IR) spectra of the free 

ligands and their corresponding metal complexes were obtained using a Shimadzu FT-IR 8300 

spectrophotometer over the wavenumber range of 4000–200 cm⁻¹, 
1
H-NMR spectra were 

recorded on a [NMR Bruker 500mhz] , 400 MHz spectrometer using DMSO-d
6
 as a solvent and 

TMS as an internal standard, Mass spectra were obtained using an Agilent 5973 mass 

spectrometer via the direct injection technique,  Molar conductivity of 1×10
-3

 M solutions in 

ethanol was measured using a [Digital Conductivity Meter - WT - 720 – ino Lab, Germany] 

conductivity meter, Magnetic susceptibility measurements were performed at room temperature 

using a [Balance of Johnson mattey catalytic system divisionn at 25 
o
C] balance. 

 

2.2. Experiments 

2.2.1.   Synthesis of tri-substituted imidazole ligand 

    In a 100 mL round-bottom flask, 0.2703 g of benzil, 0.175 g of the selected aldehyde 

(cinnamaldehyde), and 0.3854 g of ammonium acetate (as a nitrogen source essential for ring 

closure) were introduced. Glacial acetic acid (15 mL) was added as both solvent and catalyst. 

The reaction mixture was heated under reflux at 100–120 °C with continuous stirring for 6–12 

hours until completion of the reaction. A noticeable color change was observed during the course 

of the reaction. Upon completion, the reaction mixture was allowed to cool to room temperature 

and then slowly poured into 100 mL of ice-cold distilled water to induce precipitation of the 

product. A few drops of aqueous ammonia were added to enhance precipitate formation. The 

resulting solid was collected by filtration, thoroughly washed several times with deionized water 

to remove any residual base and inorganic salts, and then dried to afford the pure imidazole 

derivative. 
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Scheme 1. Synthesis of the Ligand 
 

2.2.2.   Synthesis of complexes   

  The solid metal complexes were synthesized via a direct coordination reaction between the 

synthesized tri-imidazole ligand and the respective metal chloride salts. In a typical procedure, a 

solution of the tri-imidazole ligand (2.0 mmol) was prepared by dissolving it in a minimum 

amount of hot absolute ethanol. To this solution, a stoichiometric amount (1.0 mmol) of the 

corresponding metal ions : nickel (II), copper (II), palladium (II) and platinum (IV), dissolved in 

the same solvent was added dropwise under continuous magnetic stirring. In a 50 mL round-

bottom flask, 0.651 g of the ligand (L) was dissolved in 5 mL of ethanol with continuous stirring. 

A solution of nickel (II) chloride hexahydrate (0.62 g) in 10 mL of ethanol was added dropwise 

to the ligand solution. The reaction mixture was refluxed at 60–65 °C for 3 hours. Upon 

completion, the formed precipitate was isolated by filtration and dried. The copper(II), 

palladium(II) and platinum(IV), and complexes were synthesized following the same 

experimental protocol, using 0.000 g of palladium(II) chloride, 0.622g of potassium hexachloro 

platinate(IV), and 0.0122 g of Copper(II) sulfate pentahydrate, respectively. 
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Scheme 2. Synthesis of the Complexes 
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2.3. Determination method of antimicrobial activity 

  The Kirby-Bauer assay was employed to assess the antimicrobial activity of tetra-imidazole 

ligand (L) and the newly synthesized complexes against the fungal pathogen Candida albicans 

and two bacterial strains: one Gram-negative (Pseudomonas aeruginosa) and one Gram-positive 

(Streptococcus pneumoniae) [8]. Twenty-four-hour-old bacterial cultures were previously 

inoculated onto nutrient-rich agar plates to evaluate antibacterial activity. Test compounds were 

applied to sterile Whatman No. 3 filter paper discs (6 mm diameter) and allowed to dry under a 

laminar flow biosafety cabinet. The discs were then aseptically and evenly placed onto the 

inoculated agar surfaces [9]. To standardize diffusion and reduce variability arising from 

differences in application timing, all bacterial- and fungal-inoculated plates were pre-chilled at 

4 °C for one hour [10]. The plates were subsequently incubated at 37 °C for 24 hours, after which 

clear zones of inhibition surrounding the discs were observed [11-12], indicating antimicrobial 

activity[13]. The diameters of the inhibition zones were measured and recorded in millimeters 

for quantitative analysis [14]. 

2.4. Determination of Cytotoxicity Using MDA-MB-231 Cells 

   MDA-MB-231 breast cancer cells were obtained from the Biotechnology Research Center, Al-

Nahrain University, and were used to determine the cytotoxic effects of the test compounds. 

Cells were treated with varying concentrations of all ligands and complexes (400, 200, 100, 50, 

25, and 12.5 μg/mL). Untreated MDA-MB-231 cells were included as negative controls, along 

with additional untreated control cells, to ensure baseline measurements [15]. Furthermore, 

Cisplatin was utilized as a positive reference drug to benchmark the cytotoxicity of the tested 

complexes. 

3. Results and Discussion 

  As shown in Table 1, the synthesized metal complexes exhibited distinct colors, while the 

ligand (L) employed in this study appeared yellow. The complexes were obtained in good yields, 

ranging from 60% to 86%, and demonstrated stability upon exposure to light and air. The metal 

complexes were characterized using a variety of analytical techniques, including UV–Vis  
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spectroscopy, Fourier-transform infrared (FT-IR) spectroscopy, ¹H NMR spectroscopy, magnetic 

moment determination, atomic absorption (A.A.) analysis, elemental analysis (C.H.N) and molar 

conductivity measurements. The experimental findings were in good agreement with the 

analytical data. Additionally, the measured magnetic susceptibility values of the synthesized 

complexes supported the proposed molecular geometries. 

Table 1. The  summary of the physicochemical properties of the ligand (L) and their 

corresponding metal complexes. 

Com. Color 

Molecular 

weight 

g/mole 

M.p.(
o
C) Yield(%) 

C.H.N analysis Found(calc) 
%Metal 

Found(calc) 

Molecular 

formula C 

 

H 

 

N 

 

L White 312.37 198-203 60 80.32 

(80.75) 

5.03 

(5.16) 

8.21 

(8.97) 

------- C21H16N2O 

L-Ni Light red 752.31 120-123 68 66.85 

(67.05) 

4.00 

(4.02) 

7.11 

(7.45) 

7.25 

(7.80) 

C42H30N4NiO2 

L-Cu Purple 757.17 143-145 75 66.07 

(66.62) 

3.48 

(3.99) 

7.19 

(7.40) 

8.20 

(8.39) 

C42H30CuN4O2 

L-Pd Light 

brown 

800.04 170-173 80 62.77 

(63.05) 

3.15 

(3.78) 

6.80 

(7.00) 

13.16 

(13.30) 

C42H30N4O2Pd 

L-Pt Yellow 888.7 163-165  86 56.39 

(56.76) 

3.10 

(3.40) 

6.12 

(6.30) 

21.55 

(21.95) 

C42H30Cl2N4O2Pt 

 

 

3.1 FT-IR Spectra of the Ligand (L) and Complexes 

   In the solid state, the FT-IR spectra of the ligand (L) and its prepared metal complexes were 

recorded, and the corresponding data are presented in Table (2). The measurements were carried 

out using the KBr and CsI pellet technique over the spectral range of 4000–400 cm⁻¹ and 4000-

200 cm⁻¹ respectively. Infrared spectroscopy was utilized to identify the functional groups 

present in the free ligand and to monitor any changes in the characteristic absorption bands 

resulting from coordination with transition metal ions and the subsequent formation of metal 

complexes. In addition, comparing the obtained spectral results with previously reported 

literature values assists in identifying the probable coordination sites of the metal ion within the 

ligand framework [16]. The FT-IR spectrum of the tri-imidazole ligand (L) exhibits 

characteristic absorption bands corresponding to its functional groups, providing valuable insight 

into its potential coordination behavior. The broad band observed at 3203 cm⁻¹ is attributed to 

the N–H stretching vibration of the imidazole ring, and its broadness is likely due to hydrogen 

http://www.zjhms.alzahraa.edu.iq/
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 bonding interactions. The absorption band at 3069 cm⁻¹ corresponds to the aromatic (sp²) C–H 

stretching vibrations of the imidazole rings [17]. The band appearing at 1672 cm⁻¹ is assigned to 

the C=N stretching vibration within the aromatic imidazole ring. Additionally, the bands at 1597 

and 1550 cm⁻¹ are attributed to C=C and C=N vibrational modes of the aromatic ring system. 

The absorption band at 1457 cm⁻¹ is associated with C–H bending vibrations within the ring. The 

region between 1284 and 1018 cm⁻¹ is assigned to C–N stretching vibrations of the imidazole 

framework [18]. While the FT-IR spectra of Ni(II), Cu(II), Pd(II) and Pt(IV) complexes with the 

tri-substituted imidazole ligand exhibited a symmetric coordination pattern, indicating a similar 

mode of binding across all complexes. A significant shift was observed in the C=N stretching 

bands compared to the free ligand, appearing at1597–1664 cm⁻¹ for Ni(II),  1602 cm⁻¹ for the 

Cu(II) complex, 1595–1171 cm⁻¹ for Pd(II) and 1672 cm⁻¹ for Pt(IV), suggesting the 

involvement of the imidazole nitrogen in coordination. The C–N stretching bands in the 1400–

1100 cm⁻¹ region also showed slight shifts in position and intensity for all complexes, further 

supporting metal–ligand interactions. Moreover, new bands appeared in the low-frequency 

region (400–600 cm⁻¹), observed at (478,605) cm⁻¹ for (Ni–N) and (Ni–O)  , (503,603) cm⁻¹ for 

(Cu–N) and (Cu-–O),(509,569) cm⁻¹ for (Pd–N) and (Pd–O), (095-609) cm⁻¹ for (Pt–N) and (Pt–

O). These bands are attributed to ν(M–N) and (M–O) vibrations, confirming the formation of 

coordination bonds between the metal centers with oxygen and nitrogen atoms [19]. These 

spectroscopic observations are consistent with the presence of N–H bands, which indicate the tri-

substituted nature of the ligand. The spectra demonstrate that the ligand behaves as a bidentate 

donor through the nitrogen and oxygen  atoms in all four complexes, with characteristic N–H 

band shifts at 3373 cm⁻¹ for Ni(II), 3169 cm⁻¹ for Cu(II), 3437 cm⁻¹ for Pd(II), 3390 cm⁻¹ for 

Pt(IV). While the absence of the O–H band in the IR spectra confirms the involvement of the 

oxygen atom in complexation with the metal ions and the absorption band appearing at 312 cm
-1

 

exhibits weak intensity and is assigned to the (Pt-Cl) coordinate bond stretching. Based on the 

spectroscopic data and the electronic configuration of the metal ions, a square planar geometry is 

proposed for the Pd(II), Cu(II), and Ni(II) complexes, whereas the Pt(IV) complex is likely to 

adopt a distorted octahedral geometry [20].  
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Table 2. Selected bands of FT-IR spectra of the ligand and complexes synthesis in (cm
-1

) 

 

 

 

 

Fig. 1. FT.IR spectrum of the ligand(L). 

 

 

 

 

 

Com. 𝝂 (N–H) 𝝂 (O–H) 𝝂 (C–N) 𝝂 (C=N) 𝝂 (M–O) 𝝂 (M–N) 

L 3203  3200-3000 1284-1018  1672  ---- ---- 

L–Ni
 3373  ---- 1261-1361  1597–1664  569  478  

L–Cu 3169  ---- 1260-1315  1602   603  503  

L–Pd 3437  ---- 1249-12-92  1595–1676  569  509  

L–Pt 3390  ---- 1159-1261  1672  609  495  
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Fig.  2.  FT.IR spectrum of the Ni(II)-L complex  

 

 

Fig.  3. FT.IR spectrum of the Cu(II)-L complex 
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Fig.  4. FT.IR spectrum of the Pd(II)-L complex 

 

 

Fig.  5. FT.IR spectrum of the Pt(IV)-L complex 
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3.2. Electronic spectra, Magnetic susceptibility and Conductivity measurements: - 

  The UV-Vis spectra of ligand (L) are shown in Figure (6). The electronic spectra of (L) showed 

the two basic bands, the first of which was band that first appeared at 45330 cm-1 as a result of 

an inter ligand transition (π→π*) that took place on the π-system. The second band, located at 

41234 cm-1, is also produced by the (n→π*) transition in another group [14], The Light red 

Ni(II) complex spectrum. The electronic spectra of this complex are depicted in Figure (7), with 

two main bands at 23825 and 35744 cm-1, corresponding to the 1A1g→1B1g and 1A1g→1Eg 

transitions, and another peak appearing at 44060 cm-1, which is attributed to charge transfer in a 

square planar geometry [21] and zero magnetic moment. This chemical appears to have a 

nonelectrolyte based on its conductivity behavior. The Purple Cu(II) complex spectrum. The 

electronic spectra of this complex are depicted in Figure (8), with two main bands at 28322 and 

35653 cm-1, corresponding to the 1A1g→1B1g and 1A1g→1Eg transitions, which is attributed 

to charge transfer in a square planar geometry [22] and 1.81 B.M magnetic moment. This 

chemical appears to have a nonelectrolyte based on its conductivity behavior. The Brown Pd(II) 

complex's UV-Vis spectrum shows two bands. As seen in Figure (9), the two absorption bands 

occurred at 42000 cm
-1

 and the first absorption band at 33120 cm-1. The transition 1A1g → 

1B1g, represented by 10Dq, has been assigned to these absorption bands, the transition 1A1g 

→1Eg Which represents the second absorption for spin- parried d8 square planar configuration 

[23]. The magnetic moment of the crystalline complex was found to be (Zero B.M.). The 

conductance behavior suggests that this compound has a nonelectrolyte. Figure (10) displays the 

electronic spectra of the produced Yellow Pt(IV) complex, with absorption bands corresponding 

to the transition at 26416 and 36910 cm-1. 1T2g → 1A1g, 1A1g →1T1g. The band that was 

observed at 9925 cm-1 is associated with spin-forbidden transitions. 1A1g → 3T1g, 3T2g. 

These, in accordance with accounts, suggested an octahedral geometry [24,25]. This result was 

related to t2g6eg0 configuration spin pair octahedral stereochemistry. The magnetic moment of 

the crystalline complex was found to be (Zero B.M.). The conductance behavior suggests that 

this compound has a nonelectrolyte. Moreover, the proposed square planar geometry for these 

Ni(II),Cu(II) and Pd(II) complexes was validated by data analysis and spectroscopy 

techniques[26]. However, this Pt(IV) complex was proposed to have an octahedral shape. as 

displayed in Table 3. 
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Table 3. Electronic spectra, Magnetic susceptibility and Conductivity measurements 

ligands complexes in (cm
-1

) 

 
 

 

Fig.  6. Electronic spectrum of ligand(L) 

 

Com. Abs:cm
-1

 Assignment µ eff B.M µs .cm Suggested 

geometry 

L 45330 

41234 

π→π* 

n→π* 

---- ---- ---- 

L–Ni
 23825 

35744 

1
A1g→

1
B1g 

1
A1g→

1
Eg 

0 69 square 

planar 

L–Cu 28322 

35653 

1
A1g→

1
B1g 

1
A1g→

1
Eg]’ 

1.81 7 square 

planar 

L–Pd 42000 

33120 

1
A1g→

1
B1g 

1
A1g→

1
Eg 

0 60 square 

planar 

L–Pt 26416 

36910 

9925 

1
T2g → 

1
A1g 

1
A1g →

1
T1g 

1
A1g → 

3
T1g, 

3
T2g 

0 22 Octahedral 
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Fig.  7. Electronic spectrum of Ni(II)-L complex 

 

 

Fig.  8.  Electronic spectrum of Cu(II)-L complex  
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Fig.  9. Electronic spectrum of Pd(II)-L complex 

 

Fig.  10. Electronic spectrum of Pt(IV)-L complex 
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3.3.
 1

H-NMR spectra of Ligand and complexes Ni and Pt 

    The 1H-NMR spectrum exhibited the following characteristic chemical shifts δ 12.5–13.0 ppm 

(s, 1H) attributed to the phenolic hydroxyl proton (O–H); )δ 8.50–8.20 ppm (weak to moderate 

signals, 1–2H) assigned to aromatic protons influenced by the electron-withdrawing effect of the 

imidazole nitrogen or other electron-withdrawing substituents; δ 8.00–7.60 ppm (m, several H) 

corresponding to aromatic protons of the phenyl rings; δ 7.50–7.10 ppm (broad m, majority of 

aromatic protons) representing overlapping benzene ring protons; and δ 7.80–7.00 ppm (s or 

weak d, 1H). The singlet observed at δ ≈ 12.5–13.0 ppm is assigned to the phenolic O–H proton. 

Its pronounced downfield position indicates strong intramolecular hydrogen bonding, most likely 

of the O–H···N(imidazole) type, resulting in significant deshielding of this proton [27]. Signals 

in the δ 8.2–8.5 ppm region are attributed to aromatic protons located in an electron-deficient 

environment due to the influence of the imidazole nitrogen atom or adjacent electron-

withdrawing groups. The multiplet signals within δ 7.6–8.0 ppm correspond to part of the phenyl 

ring protons, where the observed splitting pattern arises from overlapping chemical shifts and 

similar coupling constants. The broad multiplet in the δ 7.1–7.5 ppm range accounts for the 

majority of the aromatic protons in the structure, reflecting the predominantly aromatic character 

of the ligand. Since the imidazole ring is tri-substituted, only one proton remains on the ring, 

appearing in the aromatic region at δ ≈ 7.0–7.8 ppm .Upon coordination to form the [Ni–L] and 

[Pt–L] complexes, a notable downfield shift is observed for the signals associated with protons 

near the coordination site [28]. This shift provides clear evidence of nitrogen–copper and 

nitrogen-platinum interaction and electron density withdrawal from the surrounding aromatic 

system. δ 6.8–8.2ppm this region exhibits multiple overlapping signals (multiplets) assigned to 

the imidazole ring protons (C4–H and C5–H). The relatively downfield chemical shifts are 

consistent with coordination of the imidazole nitrogen atom to the Cu²⁺ and Pt
+4

 center, resulting 

in electron density withdrawal from the ring and subsequent deshielding of these protons. While 

disappearance of the Phenolic Signal. The absence of the signal at δ 12.5–13.0 ppm in the 

complexes’ spectra confirms the deprotonation of the hydroxyl group and the subsequent 

coordination of the phenolic oxygen to the metal center (Ni–O) and (Pt–O). δ ~2.5-3 ppm a 

strong resonance is attributed to the residual proton signal of the DMSO-d
₆
 solvent and does not 

originate from the complex. The spectral data confirm the successful coordination of the ligand  
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to the metal centers via the oxygen (post-deprotonation) and nitrogen atoms. The observed 

deshielding patterns are consistent with strong metal-ligand interactions[29]. 

 

 

Fig.  11. 1H-NMR spectrum of ligand (L) 

  
 

 

Fig.  12. 1H-NMR spectrum of Ni(II)-L complex 
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Fig.  13. 1H-NMR spectrum of Pt(IV)-L complex 

 

3.4  Mass spectrum of the ligand(L) 

   The tri-substituted imidazole ligand with the molecular formula C₂₁H₁₆N₂O was analyzed using 

direct mass spectrometry. The calculated molecular weight of the compound is 312.37 g/mol, 

which corresponds precisely to the observed molecular ion peak at m/z = 312.3 (M⁺•). The high 

intensity of this peak reflects the considerable stability of the molecular ion, attributable to the 

aromatic nature of the compound, the presence of conjugated phenyl rings, and a delocalized π-

system that enhances ion stabilization. A peak at m/z = 297 was observed, corresponding to the 

loss of a methyl group or a small fragment from a side chain, and can be assigned as [M – 

15]⁺.Another peak at m/z = 283 represents the [M – 29]⁺ ion, indicative of the loss of a formyl 

group (CHO) or a small oxygen-containing fragment from the molecule. The peak at m/z = 165.1 

is the base fragment and holds significant importance, typically representing an aromatic portion 

of the phenyl–imidazole system or a stabilized aromatic cation formed through cleavage of the 

molecule into two nearly equal fragments. The high stability of this ion is due to resonance and 

the aromatic character of the structure. The peak at m/z = 105 is commonly attributed to the 

benzoyl ion (C₆H₅–CO⁺), a typical fragment observed in oxygen-containing aromatic 
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compounds. Finally, the peak at m/z = 77 corresponds to the phenyl cation (C₆H₅⁺), a 

characteristic fragment commonly associated with benzene rings in mass spectra. 

Table 4. Mass Spectrometry Fragmentation Data of the Ligand 

 

 

Fig. 14.  Fragments ions in mass spectrum for ligand (L) 

m/z Value Assigned Formula Fragmentation Assignment Fragment Type 

312.3 C₂₁H₁₆N₂O Molecular Ion peak (Parent 

Molecule) 

M⁺• 

297
 [C20H13N2O]

+
 Loss of methyl group or 

rearrangement [M – 15]⁺ 

Fragment 

283 [C20H15N2]
+
 Loss of carbonyl/formyl group 

[M – 29]⁺ 

Fragment 

165.1 [C13H9N2]
+
 Fluorenyl-type cation or core 

imidazole cleavage 

Intermediate 

105 [C7H5O]
+
 Benzoyl cation (C₆H₅–CO⁺) Fragment 

77 [C6H5]
+
 Phenyl cation (Loss of (C₆H₅ ring) Fragment 
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Fig. 15.  Mass spectrum of the ligand (L) 

4. Applications 

4.1. Biological Activity 

    The antibacterial activity of the tri-imidazole ligand and its corresponding metal complexes 

(L-Ni, L-Cu, L-Pd, and L-Pt) was evaluated against two bacterial strains—one Gram-negative 

and one Gram-positive—as well as selected fungal species. The inhibition zone diameters 

recorded for the free ligand and its metal complexes are presented in Table 5. The results 

revealed that the majority of the tested compounds produced distinct zones of inhibition 

surrounding the impregnated disks, indicating significant antimicrobial activity. Notably, at 

higher concentrations, most of the metal complexes demonstrated superior antimicrobial efficacy 

compared to the free ligand, reflecting enhanced toxicity toward both bacterial and fungal 

strains. The synthesized ligand and its metal complexes exhibited greater inhibitory effects 

against Gram-positive bacteria, particularly Streptococcus pneumoniae, relative to the other 

examined microorganisms. The improved biological activity of these chelated complexes may be 

attributed to the involvement of metal ions in vital cellular functions. It is suggested that the 

incorporation of soft metal ions enhances the lipophilic character of the complexes, thereby 

promoting their diffusion across bacterial cell membranes and facilitating interactions within the 

intracellular environment [30].The pronounced antimicrobial effects observed for both the free  
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ligand and the newly synthesized mixed-metal complexes against Streptococcus pneumoniae, 

Pseudomonas aeruginosa, and Candida albicans can be rationalized based on Overtone’s 

concept of cell permeability and Tweedy’s chelation theory [31]. According to these principles, 

chelation reduces the polarity of the central metal ion through partial sharing of its positive 

charge with donor atoms of the ligand. This reduction in polarity enhances lipophilicity, thereby 

increasing membrane permeability and overall biological activity. Variations in the observed 

synergistic effects among different metal ions and their coordinated ligands may be attributed to 

several contributing factors, including the chelating capacity of the organic ligand, the nature and 

oxidation state of the central metal ion, the type of donor atoms involved in coordination, the 

coordination number, the spatial arrangement of ligands around the metal center, and the 

resulting geometric configuration of the complexes [14,20].Overall, the data presented in Table 5 

and Figure (16) , demonstrate that both Gram-positive and Gram-negative bacterial strains, as 

well as the tested fungal species, exhibit sensitivity to the free ligand and the newly synthesized 

metal complexes. 

 Table 5. The ligand and its metal complex's antibacterial and antifungal activity, with an 

inhibitory zone measured in millimeters 

 

 

 

 

 

Comp. Pseudomonas aeruginosa Streptococcus 

pneumoniae  

Candida albicans 

Comp. 200 50 10 200 50 10 200 50 10 

L
 

15 14 11 17 16 13 15 13 10 

L-Ni 22 17 12 20 18 14 13 14 11 

L-Cu 29 24 18 31 26 22 23 20 16 

L-Pd 35 28 20 37 30 25 30 24 18 

L-Pt 39 31 24 40 33 26 35 30 23 
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Fig. 16. Summary of anti-microbial activity of studying ligand and complexes 

 

4.2. Anticancer of complexes  

   Breast cancer is the most common malignancy among women worldwide, accounting for 

approximately 25% of all female cancers, with particularly high incidence rates observed in 

numerous countries, including developed nations [32]. Subtypes of breast cancer are classified 

according to their histopathological characteristics as well as the expression profiles of hormone 

and growth factor receptors. Both genetic predisposition and non-genetic factors, such as 

environmental exposures and lifestyle, play significant roles in the initiation and progression of 

the disease. Radiotherapy remains a cornerstone in the management of breast cancer. Its 

cytotoxic effects arise either through direct damage to DNA or indirectly via the ionization of 

water molecules, which generates reactive species that induce macromolecular damage within 

cancer cells [33]. Despite the introduction of numerous novel chemotherapeutic agents, treatment 

outcomes are often suboptimal, highlighting the urgent need for the development of more 

effective anticancer compounds. Consequently, extensive research efforts are being directed 

toward the discovery and optimization of new pharmacological agents [34]. The present study 

evaluates the in vitro efficacy of synthetic ligands and their metal complexes against the human 

breast cancer cell line MDA-MB-231. Cytotoxicity and cell viability were assessed using the 

MTT assay following 24 hours of treatment with varying concentrations of the synthesized 

compounds. The results indicated that the metal complexes exhibited significantly higher 
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inhibitory activity compared to the free ligand. Notably, the synthesized platinum complex [L–

Pt] demonstrated the highest potency among all the synthesis complexes. This enhancement in 

cytotoxicity is likely attributable to the specific geometrical configuration of the complexes, the 

oxidation state of the metal, and the inherent nature of the central metal ion, all of which 

contribute to improved biological efficacy. Furthermore, when compared to the clinical reference 

drug Cisplatin, the synthesized platinum complex exhibited superior activity, identifying it as a 

highly promising candidate for advanced metallotherapeutic application [35,36].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17. Summary of anti-cancer activity of studying ligand and complexes. 

 

Com. 
Conc. (µg/mL) 

C 400 C200 C100 C50 C25 C12.5 

L 18% 15% 13% 10% 7% 4% 

L-Ni 62% 58% 35% 29% 18% 16% 

L-Cu 78% 71% 47% 36% 30% 25% 

L-Pd 83% 78% 55% 48% 42% 38% 

L-Pt 90% 82% 63% 57% 53% 41% 

Cisplatin 85% 72% 55% 38% 24% 12% 

Table 6. Anticancer of ligand and complexes Inhibition µ/ mL 
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Conclusions 

  This study investigated the synthesis of nickel, copper, palladium, and platinum metal 

complexes utilizing a tri-substituted imidazole derivative as the ligand. The complexes were 

prepared in a 1:2 molar ratio (metal:ligand), with the ligand functioning as a bidentate chelating 

agent through oxygen and nitrogen donor atoms. Structural characterization revealed that the 

palladium, nickel, and copper complexes adopted a square planer geometry, whereas the 

platinum complex exhibited an octahedral configuration. The synthesized ligand and complexes 

were further evaluated for their in vitro antimicrobial activity against both Gram-positive and 

Gram-negative bacteria, as well as Candida albicans. The results demonstrated that the 

biological activity of the compounds increased with concentration. Moreover, the metal 

complexes exhibited greater antimicrobial activity compared to the free ligand. Among the 

complexes tested, the platinum complex displayed the highest activity, which can be attributed to 

its specific geometrical configuration that enhances its biological performance. The synthesized 

complexes were evaluated for their anticancer activity against the MDA cell line. The results 

demonstrate a clear dose-dependent inhibitory effect, where the efficacy of the compounds 

against cancer cells increases proportionally with their concentration. Among the synthesized 

metal complexes, the Pt(IV) complex exhibited superior biological activity compared to the 

nickel, copper and palladium analogs. This enhanced potency is attributed to the synergistic 

impact of the platinum center, which likely facilitates more efficient interaction with biological 

targets, such as cellular DNA or enzyme active sites, leading to increased inhibition of cancer 

cell proliferation. 
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