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ABSTRACT. A new complexes of Ni(II), Pd(II), and Pt(II) have been synthesized from the reaction of Azo-
Schiff base ligand (L1) that was prepared by the condensation firstly of salicylaldehyde with ethylene diamine in a 
1:2 molar ratio and the prepared imine compound (S1) reacted with 2,5-dichloro aniline, and were employed in the 
preparation of complexes containing the metal ions Ni(II), Pd(II), and Pt(II). The structural characteristics of the 
synthesized compounds were investigated using UV-Vis, IR and NMR, molar conductance, elemental analysis, and 
mass spectroscopy. The results of the elemental analysis point to a 1:1 [M:L] stoichiometry. According to molar 
conductance studies, none of the prepared end products are electrolytic in nature. The complexes of Ni(II), Pd(II), 
and Pt(II) may have square planer geometry, according to spectral investigations. Then Pd(II), Ni(II), and Pt(II) 
complexes were evaluated for antimicrobial activity against different types strains of Gram-negative [Escherichia 
coli (ATCC 25922)] and positive bacteria [Staphylococcus aureus (ATCC 25923)] and showed good significant 
against these bacteria. The cytotoxic effect of the palladium complex on the prostatic malignant cell was examined 
via the PC3 cell line studied against normal cell WRL-68. The molecular docking of target microorganisms of these 
complexes will be studied by using MOE software.  
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INTRODUCTION 

Coordination complexes have gained importance recently, particularly in the creation of long-
acting drugs for metabolism. Owing to their biological and technological uses [1, 2] and 
applications in the augmentation of pharmacological action [3, 4]. Transition metals are important 
for usual functioning of living microorganisms and are, so, of great advantages as potential 
medications. The coordination chemistry of nitrogen atom donor ligands is an active area of 
research [5]. Research is being done on the coordination chemistry of nitrogen donor ligands. The 
complexes of metals with tetradentate ligands containing both oxygen and nitrogen have attracted 
a lot of attention in this field [6, 7]. A key group of ligands in coordination chemistry are the 
Schiff bases. For a better understanding of the intricate biological process, knowledge of the 
chemical makeup and binding characteristics of different Schiff base complexes may be crucial. 
Salicylaldehyde Schiff base-derived salen are well known for their intriguing ligational 
characteristics and unusual uses in a variety of industries [8–10]. According to the literature, the 
interaction between these donor ligands and metal ions may make these complexes more 
physiologically active. The popularity of Schiff bases and their metal complexes has grown 
recently due to their extensive biological activity [11, 12]. The above-mentioned fact and our 
earlier work on transition metal complexes with Schiff bases have both been taken into 
consideration while creating the ligand azo-Schiff base (L1) [13, 14]. In this study, the 
antibacterial activity of the ligand and its complexes with Ni(II), Pd(II), and Pt(II) were 
synthesized, characterized, and examined and the prostatic cancer cell line PC3 was examined for 
the palladium complex. 
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EXPERIMENTAL 
 
The analytical grade was employed for all research compounds and solvents, and they were used 
without additional purification. Salicyldehyde, ethylenediamine, 2,5-dichloro aniline, NiCl2, 
PdCl2, and PtCl2 were all bought from Aldrich, USA, and Merck directly. The methanol used for 
research was of spectroscopic quality. A PerkinElmer 2400 CHN Elemental Analyzer was used 
to conduct the elemental studies (C, H, and N). FTIR spectra were captured using the Bruker 
ALPHA FTIR (4000-400 cm-1) and FTIR-ATR. TMS was used as an internal standard in the 
DMSO-d6 solvent as it was used to gather 1H and 13C NMR spectra on a Bruker 300 MHz and 75 
MHz NMR spectrometer. On a Shimaduz spectrophotometer 1650PC model, UV-Visible spectra 
of the ligand and its complexes (200-1100 nm) were captured. Hanna model pH meters were used 
to record the pH measurements. Atomic absorption analysis using the Perkin-Elmer model 2280 
was used to determine the complex's metal content. At room temperature, molar conductance in 
DMF (10-3 M) was measured using a conductivity meter and WTW InoLab Cond 720. 
 
Synthesis of salen compound (S1)  
 
The yellow-colored crystalline product was produced by dissolving ethylene diamine (10 mmol, 
0.6 g, 0.67 mL) and salicylaldehyde (20 mmol, 2.44 g, 2.2 mL) in ethanol separately, mixing them 
together after adding three drops of glacial acetic acid, and then refluxing for an hour. The finished 
product was filtered, washed with ethanol, and then recrystallized with ethanol. The procured 
compound crystalline product was dried over anhydrous CaCl2 under vacuum condition. Yield: 
87%. M.F. (C16H16N2O2); colour: yellow; m.p. 126-128 °C; (TLC: ethylacetate:n-hexane 3:2, Rf : 
0.81); FTIR data (cm-1): 3405 (OH str.), 3050 (Ar-H), 2900, 2792 (C-H, sym., asym.), 1635 (C=N 
ring str.), 1577 (C=C ring str.), 1371 (C–N str). 
 
Synthesis of azo-Schiff ligand (L1) [15] 
 
The azo Schiff ligand, referred to as L1, was synthesized by combining 2,5-dichloroaniline (5 
mmol, 0.81 g) with 12 mL of hydrochloric acid (2 M) in a cooled environment. A solution of 
sodium nitrite (5 mmol, 0.33 g) dissolved in 5 mL of distilled water was slowly added drop by 
drop to the acidic solution of 2,5-dichloroaniline at a temperature between (0-5) °C. The resulting 
mixture was stirred for 30 min while maintaining the cooling conditions. The diazonium chloride 
solution of 2,5-dichloroaniline was slowly added drop by drop to a solution containing the 
previously synthesized imine compound (5 mmol, 1.34 g) dissolved in 10 mL of ethanol and 10 
mL of 10% sodium hydroxide, while maintaining a cooled environment. The resulting reaction 
solution was allowed to sit overnight, resulting in the formation of a precipitate. The precipitated 
dye was then filtered, washed with water, and subsequently dried. Yield: 84%. colour: yellow; 
m.p: 132-134 °C; (TLC: ethylacetate:n-hexane 3:2, Rf : 0.65); cal (C28H20Cl4N6O2); C 72.08%, N 
14.10%, H 4.65%, found: C 72.01%, N 14.08%; H 4.44%: λmax nm in DMSO 362 (π → π*) 284 
(n → π*); FTIR data (cm-1): 3412 (OH str.), 3090 (H-C=N ring str.), 2933 (Ar-H), 2890 (C-H, 
sym.), 1633 (C=N ring str.), 1590 (C=C ring str.), 1473 (N=N str.), 1385 (C–N str.), 1251 (C–O 
str.); 1H NMR (300 MHz, DMSO-d6): δ 13.47 (s, 2 H, OH), 8.41 (s, 2 H, NCH), 8.10-7.22 (m,12H, 
Ar-H), 3.93 (s, 4 H, -CH2), 13C NMR (75 MHz, DMSO-d6): δ 166.74 (C of imine), 160.14 (OH-
C of Ar), 145.84 (-N=N-C- of Ar ring), 142.79 (-N=N-C of Ar ring), 131.35, 130.07, 129.87, 
127.91, 127.11, 124.74, 122.60, 121.12, 117.51 (18 C, Ar-C), 56.70 (-CH2-N-). 



Tetradentate azo Schiff base Ni(II), Pd(II) and Pt(II) complexes 

Bull. Chem. Soc. Ethiop. 2024, 38(1) 

101

2

N
N

HO

N
N Cl

ClOH

N
NCl

Cl

O

OH H2N
NH2

Gla. A.A
Ethanol, Reflux

N
N

HO

OH

1. HCl, NaNO2, 

    (0-50C)

2. 2,5-Dichloroaniline

NN

O
N

N

Cl

Cl
ON

N

Cl

Cl M

Where M=Ni, Pd and Pt

(L1)

1. NiCl2.6H2O
2. Bis(acetonitrile palladium(II)chloride
    Potassium
3. Potassium tetrachloroplatinate (II)

(S1)
2-hydroxybenzaldehyde

 
Scheme 1. Synthesis azo-Schiff base complexes. 

 
Synthesis of nickel(II) complex [16] 
 
Complex was prepared as described in Scheme 1. A mixture of nickel(II) chloride hexahydrate 
(0.25 mmol, 0.032 g) was dissolved in mixture of methanol (10 mL), added dropwise to the ligand 
(L1) (0.5 mmol, 0.31 g) and dissolved in mixture of ethanol and chloroform (1:1, 40 mL). After 
the addition, the reaction solution's color changed to a dark brown. Overnight, the reaction mixture 
was refluxed for 24 hours. Using TLC with ethyl acetate:n-hexane as the mobile phase (1:4), the 
reaction was seen. At the conclusion of the reaction, just 30% of the reaction solution's total 
volume remained. Under vacuum, the solvent was extracted, and the residue was twice washed 
with hexane. Methanol was used to crystallize the resultant crystals.  
 
Complex [Ni(C28H20Cl4N6O2]. m.p. 260-262 ℃; yield, 84%; FTIR data (cm-1): 3082 (Ar-H), 2929, 
2827 (C-H, sym., asym.), 1618 (C=N str.), 1527 (C=C ring str.), 1377 (C–N str.), 1332 (C–O str.), 
439 (Ni–N), 511 (Ni–O), 1H NMR (300 MHz, DMSO-d6): δ 8.67 (s, 2 H, NCH), 8.03-7.22 
(m,12H, Ar-H), 3.86 (s, 4 H, -CH2). 
 
Synthesis of palladium(II) complex [17] 
 
Complex was set up in accordance with Scheme 2. Bis(acetonitrile)palladium dichloride was 
dissolved in acetonitrile (0.25 mmol, 0.065 g ), added dropwise to the ligand (L1) (0.5 mmol, 0.31 
g), and then dissolved in an ethanol and chloroform (1:1) combination in 40 mL. After the 
addition, the reaction solution's hue changed to brown. Overnight, the reaction mixture was 
refluxed for 24 hours. Using TLC with ethyl acetate:n-hexane as the mobile phase (1:4), the 
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reaction was seen. At the conclusion of the reaction, just 30% of the reaction solution's total 
volume remained. Under vacuum, the solvent was extracted, and the residue was twice washed 
with hexane. Brown powder was produced after the resultant solids crystallized from the 
methanol. 
 
Complex[Pd(C28H20Cl4N6O2]. m.p. 271-273 ℃; yield, 84%; FTIR data (cm-1): 3083 (Ar-H),2950, 
2924 (C-H, sym., asym.), 1628 (C=N str.), 1594 (C=C ring str.), 1373 (C–N str.), 474 (Pd–N), 
594 (Pd–O). 1H NMR (300 MHz, DMSO-d6): δ 8.71 (s, 2 H, NCH), 7.99-7.25 (m,12H, Ar-H), 
3.85 (s, 4 H, -CH2). 
 
Synthesis of platinum(II) complexes [18] 
 
A mixture of potassium tetrachloroplatinate(II), (0.25 mmol, 0.1 g) was dissolved in DMSO 
(5 mL), added dropwise to the mixture of ligand (L1) (0.5 mmol, 0.31 g) and sodium acetate 
(1 mmol) that dissolved in mixture of ethanol and chloroform (1:1, 40 mL), the pH of the reaction 
mixture fixed at 9.5. After the addition, the reaction solution's color changed to a dark brown. 
Overnight, the reaction mixture was refluxed for 24 hours. Using TLC with ethyl acetate:n-hexane 
as the mobile phase (1:4), the reaction was seen. At the conclusion of the reaction, just 30% of 
the reaction solution's total volume remained. Under vacuum, the solvent was extracted, and the 
residue was twice washed with hexane. The resultant solids from the methanol solidified to 
produce dark brown powder. 
 
Complex [Pt(C28H20Cl4N6O2]. m.p. 137-139 ℃; yield, 84%; FTIR data (cm-1): 3084 (Ar-H), 2968, 
2875 (C-H, sym., asym.), 1602 (C=N str.), 1514 (C=C ring str.), 1462 (C–N str.), 445 (Pt–N), 574 
(Pt–O), 1H NMR (300 MHz, DMSO-d6): δ 8.76 (s, 2 H, NCH), 8.06-7.23 (m,12H, Ar-H), 3.83 (s, 
4 H, -CH2). 
 
Antimicrobial bacterial cultures [19] 
 
The antibacterial activity of the synthesized compounds was evaluated in vitro against two 
bacterial strains: Staphylococcus aureus (ATCC25923), a Gram-positive bacteria, and 
Escherichia coli (ATCC25922), a Gram-negative bacteria. The agar well diffusion method was 
employed to assess the activity. Serial dilutions in liquid broth were also carried out to determine 
the minimum inhibitory concentration (MIC) values of the compounds. 
 
In vitro antimicrobial evaluation [20] 
 
The synthesized compounds were subjected to the agar well diffusion assay using Staphylococcus 
aureus and Escherichia coli as test organisms. The microbial cultures were adjusted to a turbidity 
equivalent to a 0.5 McFarland turbidity standard and incubated at 37 °C. Mueller-Hinton agar 
plates were then swabbed uniformly with the standardized cultures and allowed to dry. Using a 
sterile cork-borer, three wells with a diameter of 6 mm were created on each plate, spaced 
approximately 2 cm apart. The bottom of each well was coated with sterilized Mueller-Hinton 
agar that was heated to 45 ℃. The synthesized compound, dissolved in DMSO, was added to one 
of the wells, and allowed to diffuse at room temperature for 2 hours. The second well was loaded 
with DMSO as a negative control (-C), and the third well was loaded with streptomycin as a 
positive control (+C) for bacterial culture. All the plates were then incubated at 37 ℃, with the 
agar surface facing upwards, among the bacterial cultures, for 24-48 hours. The diameter of the 
inhibition zone formed around each well was measured using a microscope scale, and five 
replications were performed for each plate. 
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Agar dilution method [21]  
 
The determination of minimum inhibitory concentration (MIC) was carried out using the widely-
used agar dilution method. This method involves the preparation of agar medium by incorporating 
different concentrations of the synthesized antimicrobial agent through serial twofold dilutions. 
A standardized microbial inoculum was then applied onto the surface of the agar plates. The MIC 
endpoint was determined as the lowest concentration of the antimicrobial agent that completely 
inhibited the growth of the microorganisms under appropriate incubation conditions. This 
technique is commonly employed for testing antibacterial susceptibility. 
 
MTT protocol for cell line studied [22] 
 
The cytotoxic effect of cuprizone 50 mM with presence different concentrations from levetircatam 
was performed by using MTT ready to use kit (Intron Biotech): 
 
A. Kit contents. MTT solution 1 mL x 10 vials. Solubilization solution 50 mL x 2 bottle. 
 
B. Protocol. Tumor cells were cultured in 96 flat well micro-titer plates at concentrations ranging 
from 1x104 to 1x106 cells/mL. Each well was filled with 200 mL of complete culture medium. 
The microplate was then covered with sterilized parafilm and gently shaken. The plates were 
incubated at 37 C, 5% CO2   for 24 h. Following the incubation period, the medium was aspirated, 
and the wells were subsequently treated with two-fold serial dilutions of levetiracetam at 
concentrations of 200, 100, 50, 10, 2.5, and 0.5 mM/mL. For each concentration, triplicates were 
prepared, including control samples where cells were treated with serum-free medium. The plates 
were then incubated at a temperature of 37 °C and a CO2 concentration of 5% for a predetermined 
exposure time of 4 hours. 50 M/mL of cuprizone was added to each well for 24 H. After the 
exposure period, 10 mL of MTT solution was added to each well, and the plates were incubated 
again at 37 °C with 5% CO2 for 4 hours. Following this, the media were carefully removed, and 
100 mL of solubilization solution was added to each well for a duration of 5 min. The absorbance 
of the samples was then measured using an ELISA reader at a wavelength of 575 nm. The obtained 
optical density data were subjected to statistical analysis to calculate the concentration of the 
compounds that caused a 50% reduction in cell viability for each cell line. This calculation was 
performed using the provided equation:   Y = D + A-D/1+10 (x-logC)B. 
 

RESULTS AND DISCUSSION 
 
The trendy salen-type ligand (L1) was synthesized using the general method outlined in the 
provided references (Scheme 1) [23, 24]. The yield of these ligands obtained through this 
procedure was satisfactory, resulting in yellow amorphous powder. The synthesized compound 
exhibited good solubility in ethanol and was characterized using elemental analysis and 
spectroscopic techniques. The salen structure consists of two imine and two phenol moieties (L1), 
where the N2O2-imine chelating position is commonly observed in reference salen compounds 
(Scheme 1) [23]. While this chelating position's coordination chemistry has been extensively 
studied and mimicked [25, 26], the literature reveals that there are unique aspects of salen 
chemistry yet to be explored. In this research, we are investigating the antimicrobial activities of 
these trendy ligands for the first time. Additionally, IR/NMR, mass spectroscopy, and other 
relevant parameters have been included in this study. The exploration of the versatile chemistry 
of open-ended salen ligands represents an exciting research endeavor.  
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Molar conductance and elemental analysis 
 
The spectral and analytical studies conducted on the compounds indicated that they possess 
stability and crystalline properties. The metal complexes showed good solubility in DMSO and 
DMF, whereas the ligand showed solubility in ethanol and acetone. The proposed structures 
corresponded well with the elemental analyses of the metal complexes and azo-Schiff base 
ligands. Furthermore, the complexes' low molar conductance values indicated that they are non-
electrolytic in nature (Table 1).  
 
Table 1. Analytical and physicochemical data of ligand and its metal complexes. 

 
Compound 

 
Elemental analysis (%): found (calc.) m.p. ℃ Color Molar 

conductance 
Ω−1cm2 mol−1 C H N M 

L1 53.87 
(54.75) 

3.04 
(3.28) 

12.92 
(13.68) 

 
- 

128-
130 

Pale 
yellow 

- 

NiL1 49.75 
(50.12) 

2.45 
(2.70) 

12.10 
(12.53) 

7.97 
(8.75) 

260-
262 

Brown 10.2 

PdL1 46.84 
(46.79) 

2.31 
(2.52) 

11.14 
(11.69) 

13.98 
(14.81) 

271-
273 

Brown 11.4 

PtL1 42.37 
(41.68) 

2.10 
(2.25) 

10.05 
(10.41) 

23.87 
(24.16) 

130-
132 

Yellow 8.3 

 
FTIR data 
 
The spectrum presents vital details concerning the functional groups attached to the metal center 
and their bonding characteristics. In the azo-Schiff base ligand (L1), a prominent peak at 1628 
cm−1 corresponds to the stretching vibration of the (-C=N) group [27]. However, upon 
coordination in the prepared complexes, these vibrations shift to lower frequencies in the range 
of 1609-1618 cm−1, indicating the chelation of the N atom from the imine group (-C=N) of the 
free ligand to the central metal ion [28]. In the ligand, a broadband appears at 3422 cm−1, 
signifying the stretching vibration of the (-OH) group. In contrast, this band vanishes in the metal 
complexes, suggesting the deprotonation of the hydroxyl group and its involvement in 
coordination with the metal. This phenomenon can be attributed to the transfer of electrons from 
the N atom to the empty d-orbital of the metal atom. Moreover, two new bands emerge in the far-
infrared region of the complexes, approximately around 588-511 cm−1 and 474-438 cm−1, which 
are assigned to the vibrations of (M-O) and (M-N), respectively. These bands provide evidence 
for the participation of the N atom from the (-C=N) group and the oxygen atom from the (-OH) 
group of the ligand in chelation. 
 
Ultraviolet spectra and magnetic susceptibility measurement 
 
 The spectrum presented here is employed to differentiate between various geometries of the metal 
complexes. The ligand exhibits two absorption bands. The weak band observed at 362 nm is 
attributed to the π → π* stacking interaction of the aromatic groups present in the Schiff base. 
Additionally, a strong band appears at 284 nm, which corresponds to the n → π* transition of the 
C=N and N=N groups within the Schiff base. These bands undergo certain changes in the spectra 
of the complexes, indicating the coordination of the ligand to the metal center. The spectrum of 
Ni(II) complex shows one intensity band at 359 nm due to transfer intra ligand charge transfer 
transition (I.L.C.T.) and 409 nm, owing to due to metal to ligand charge transfer transition 
(M.L.C.T.) [29, 30]. The prepared Pd(II) complexes exhibit a broad d-d transition band around 
490 nm, which is indicative of a metal-to-ligand charge transfer (M.L.C.T.) transition [31]. 
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Additionally, a relatively strong charge transfer band is observed in the spectra of all the Pd(II) 
complexes at around 421 nm. Based on the electronic spectroscopic data and the diamagnetic 
behavior of the complexes, a square planar geometry is proposed for all the Pd(II) complexes. On 
the other hand, the Pt(II) complexes display diamagnetic properties and possess a low-spin d8 
electronic configuration. Spin-allowed d-d transitions are observed at 403 nm, corresponding to a 
metal-to-ligand charge transfer (M.L.C.T.) transition, and at 302 nm, representing an intra-ligand 
charge transfer transition within the complexes. These transitions further confirm the square 
planar geometry of these Pt(II) complexes.  

Magnetic susceptibility measurements are a valuable tool for characterizing the structures of 
metal complexes. The magnetic moment (μ) reflects the extent of paramagnetism in a compound, 
with a larger μ indicating a higher degree of paramagnetic behavior. The magnetic moment is 
influenced by both spin and orbital angular momentum. The presence of unpaired electrons in the 
partially filled d-orbitals of the outer shell of a compound contributes to its magnetic properties. 
In the case of the synthesized Ni(II) complex, the observed magnetic moment value indicates a 
diamagnetic character, as its moment approach to zero BM value [32]. This diamagnetic behavior 
is consistent with a square planar geometry for the Ni(II) complex. Similarly, the Pt(II) and Pd(II) 
complexes (PtL1 and PdL1) also exhibit diamagnetic properties. Therefore, these complexes are 
also likely to possess a square planar geometry, similar to the nickel complex. 
 
NMR spectral studies 
 
The 1H NMR spectrum of the azo-Schiff base ligand (L1) and its complexes was recorded in a 
DMSO-d6 solution. In the ligand spectrum, a group of signals appears as a multiplet in the range 
of 8.09-7.22 ppm, corresponding to the aromatic protons present in the compound [33]. 
Additionally, there is a peak at 13.47 ppm, which is assigned to the (-OH) protons in the ligand. 
However, in the spectra of the complexes, there is no distinct peak observed for the (-OH) group, 
indicating that the (-OH) protons have been deprotonated and a M-O bond has formed during the 
chelation process [34]. In the complexes' spectra, multiplet peaks are observed in the range of 
8.06-7.22 ppm, which can be attributed to the aromatic protons. Apart from this change related to 
the (-OH) group, other signals in the complexes' spectra show minimal differences compared to 
the ligand spectrum. 
 
Mass spectra 
 
The mass spectrum of [Ni(C28H20Cl4N6O2)], [Pd(C28H20Cl4N6O2)] and [Pt(C28H20Cl4N6O2)] as 
shown in shows a molecular ion peak at �/� 670.11 due to [Ni(L1)].+, �/� 717.29 due to 
[Pd(L1)].+ and �/� 806.72 due to [Pt(L1)].+ which is consistent with the complexes' suggested 
formula. 
 
Biological activity antimicrobial study  
 
E. Coli MTCC 443 and S. Aureus MTCC 96 were the two bacteria against which the metal 
complexes were tested. The broth dilution method was used to assess antimicrobial activity. It 
was done with Mueller-Hinton agar nutrition media. Microbes were grown using the Hinton Broth 
Method, and the test's microbe compound suspension was diluted. In DMSO solvent (control), 
solutions of synthetic compounds were created. Overnight incubation at 37°C was also performed 
on the sample tubes. In order to investigate the antibacterial properties of the synthesized 
compounds, the minimum inhibitory concentration (MIC) for the control test microorganisms was 
noted. 
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Antimicrobial study 
 
The antibacterial chemicals tested were effective against both gram-positive and gram-negative 
bacteria. Below are the steps taken for antibacterial investigations (Figure 1). Table 2 lists the 
mean zone diameter values for each drug as well as the MIC values for a few compounds. All of 
the chosen bacteria (Staphylococcus aureus and Escherichia coli) were responsive to the 
chemicals (NiL1, PdL1, and PtL1). Between the produced compounds, PtL1 was more effective 
against Staphylococcus aureus and against Escherichia coli.  
 
Table 2. Antibacterial results of metal complexes. 

 
 

 
 
Figure 1. Antimicrobial activity of metal complexes (NiL1, PdL1, PtL1). 
 
PC3 cell line study  
 
The cytotoxicity of the palladium complex was examined toward the prostatic cancerogenic cells 
via the PC3 cell line study compared with normal cell line WRL-68  and the results was 
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demonstrated IC50 value (125.5)  for the prostatic cancer cells compared with IC50 value  (156.2) 
for the normal cell, these can be shown in Table 3 and Figure 2. 
 
Table 3. The cytotoxic effect of Pd complex in PC3 cell line and normal WRL68 cell line. 

 
Concentration 

µg mL-1 
Mean viability (%) ± SD 

WRL68 PC3 
4
0
0 

74.88±5.00 
 

 

72.87±4.78 

2
0
0 

86.07±3.07 74.69±2.55 

1
0
0 

90.08±1.049 89.19±2.41 

5
0 

93.86±1.10 93.9±0.53 

2
5 

94.63±0.48 94.67±0.6 

 
 

 
Figure 2. Anticancer data of the palladium complex. 
 
Molecular docking 
 
Molecular docking experiments were used in this investigation. The most important of many 
elements affecting the results against proteins to compare the activities of molecules is the 
chemical interaction between molecules and proteins in the study. In Figures 3 and 4 these 
chemical interactions are elaborately illustrated. Numerous parameters are calculated as a result 
of molecular docking calculations, which are done to compare the activities of the molecules and 
investigate the chemical interactions that take place. These computations include the computation 
of numerous parameters (Table 4). This table compares the activities of the compounds using 
some of the provided parameters, while others provide the numerical value of interactions 
between molecules and proteins (root mean square deviation (RMSD-refine), energy score (S), 
distance (S), and receptor. 
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Table 4. Docking interaction parameters for effective synthesized (NiL1, PdL1, PtL1) ligands against 1ecl 
and 4h8e proteins. 

 
Protein Compound 

docked 
Receptor Interactions Distance 

(Å) 
E (kcal/mol) S 

(energy 
score) 

rmsd_refine  
(Å) 

1ecl NiL1 Asp323 
Ser 324 

H-acceptor 
π-H 

2.3 
2.1 

-1.2 
-1.9 

-6.0453 1.3636 

1ecl 
 

PdL1 Asn 555 
Glu 487 

H-doner 
H-doner 

3.28 
3.55 

-0.3 
-1.2 

-7.0251 1.4725 

1ecl PtL1 Glu 579 
Asp 576 
Asp 562 

H-doner 
H-doner 

Ione contact 

3.60 
3.47 
2.60 

-0.7 
-1.4 
-0.9 

-5.6663 1.4929 
 

4h8e NiL1 Asn 81 
Ser 209 
Ser 209 

H-acceptor 
π-H 
π-H 

3.34 
3.87 
3.91 

-3 
-0.9 
-0.7 

-6.8534 1.3564 

4h8e PdL1 Thr 120 π-H 4.66 -0.6 -6.0003 1.3701 

4h8e PtL1 Phe 221 
Ser 217 

H-π 
π-H 

4.07 
4.03 

-0.7 
-0.8 

-6.5929 1.6341 

 

 
 

Figure 3. Diagrams depicting the docked conformation of ligands (NiL1) against 4h8e in 2D and 
3D. 

 

                                                                                     
                                                                                         
Figure 4. Diagrams depicting the docked conformation of ligands (PtL1) against 1ecl in 2D and 

3D. 
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The other variables, on the other hand, are linked to exposure as a result of chemical 
interactions between chemicals and proteins. The following is how the docking experiments, in 
this case, explain the bond distances: When the interaction between NiL1 and 4h8e protein is 
studied, side chain acceptor (H-acceptor) interaction occurs with Asn 81 protein at 3.34 Å 
distances in azo group of ligand (Figure 3) Presentation of interactions of complexes), the 
interactions were (π-H) interaction occurs with Ser209 protein at 3.87, 3.91 Å distances with 4h8e 
protein. On the other hand, PdL4 is observed to form hydrogen bonds form the Thr 120 protein 
through the (π-H) interaction at 4.66 Å. On the other hand, the Phe 221 protein and PtL4 engage 
via (H- π) interactions at distances of 4.7 Å and observed (π-H) interaction form the Ser 217 
protein at 4.03 Å. Where the docking score was (-6.8534, -6.0003, -6.5929) in addition to the root 
mean square deviation between the pose before refinement and the pose after refinement was 
(1.3564, 1.3701, 1.6341) respectively. In Figure 4, presentation of interactions of (NiL1, PdL1, 
PtL1) with 1ecl protein, when the interaction between NiL1 and 1ecl protein is examined, it is 
seen that metal ion interaction with the LYS244 protein at 3.1 Å. The (Cl) atom that attached the 
aromatic ring backbone acceptor interacted with the ASP409 proteins at 3.40 Å. The aromatic 
ring attached with chloro atoms forms an arene-cation (π-cation) interaction with the ARG430 
protein at 3.76 Å and arene-H ((π-H) interaction with the ILe428 protein at 4.60 Å. The docking 
scores of prepared complexes were (-6.5478, -7.4728, -6.4278) in addition to the root mean square 
deviation between the pose before refinement and the pose after refinement was (1.44458, 1.0127, 
0.9136), respectively. 

CONCLUSION 
 
In this investigation, a novel Schiff base ligand and its complexes were synthesized through a 
non-template method. The obtained analytical data suggest that these complexes possess a 
mononuclear structure with one metal ion per molecule. Based on the magnetic moment values 
and electronic spectroscopic data, the Pd(II) and Pt(II) metal complexes adopt square planar 
structure, while the Ni(II) complex favors a tetrahedral structure. The synthesized ligands and 
metal complexes were assessed for their antibacterial activity against both Gram-positive and 
Gram-negative bacteria using the Minimum Inhibitory Concentration (MIC) method. Among the 
tested compounds, the Pt(II) complexes displayed the most potent antibacterial activity against all 
the tested strains, surpassing both standard drugs and other metal complexes in terms of efficacy. 
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