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Abstract    

Pd (II) and Pt(II) complexes of (E)-3-(4-(dimethylamino)phenyl)-1-(pyridin-

2-yl) prop-2-en-1-one (L) and its Pd (II) and Pt(II) formulated as  [Pt(L1)2] 

Cl2 .2H2O, [Pd (L1)2 ] Cl2 0.5H2O, [Pd (L1)2] (AcO)2 CH3OH have been 

synthesized. Elemental analyses, molar conductance, thermal technique, 

molecular modeling, IR and electronic spectral measurements were used 

to verify the structures of the complexes. The titled ligand behaves as 

neutral bidentate ligand coordination via pyridine nitrogen and carbonyl 

oxygen. These complexes are with square planar geometry. The kinetic 

and thermodynamic parameters of the decomposition steps were 

evaluated. The in-vitro antimicrobial and antitumor activities of the 

investigated compounds were screened against different microorganisms 

and the human hepatocellular carcinoma cells, HEPG2, respectively. The 

data showed that the metal complexes have more antimicrobial and 

antitumor activities than the ligand itself. Molecular docking studies were 

performed by DockingServer and SwissDock using X-ray crystallographic 

structures of the proteins (3t88, 4m01, 4ynt, 1zap & 121P) from Protein 

Data Bank (PDB). The ligand and possibly its complexes showed favorable 

binding with the receptors of the microorganisms (3t88, 4m01, 4ynt, 1zap) 

and H-ras oncoprotein. Hence, our results present the synthesized 

complexes as potential antimicrobial and anticancer drug candidates. 
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1. Introduction       

Platinum (II) complexes such as cis-platin, carboplatin, oxaliplatin have 

been extensively used as anticancer drugs. The most striking example is 

cisplatin, however it has encountered many side effects. Due to the 

accompanied severe side effects, drug resistance and the limited spectrum 

of tumors, great efforts have been made to synthesize several transition 

metal complexes to replace the conventional chemotherapy with low doses 

and high efficacy. Special attention in this regard has been given to 

palladium (II) complexes. Due to the structural and thermodynamic 

analogy between Pt(II) and Pd(II) complexes, a number of palladium (II) 

complexes with their potential antitumor properties have been reported 

[1-26]. Recent studies on the design of less toxic and more selective metal-

based antitumor drugs are directed to the biologically interesting ligands. 

The nature of the ligands and the metal coordination pattern play an 

important role for the antitumor properties of the complexes. With this 

regard, chalcone derivatives are very interesting ligand candidates due to 

their broad spectrum of biological activities and potential applications 

such as anti-bacterial, anti-inflammatory, antitumoral, antimalarial, as 

well as antioxidant properties [27-32]. Hence, in the current study, the 

transition metal complexes of chalcones and related compounds have been 

studied due to their interesting behavior in catalytic and biological 

applications [33-43]. 

We described here the synthesis of Pd(II) and Pt(II) complexes of the titled 

chalcone compound (Fig. 1). The structures of the metal complexes were 

proposed on the basis of elemental analyses, spectral and molecular 

modeling as well as the thermal measurements (Fig. 2). The antibacterial 

activities of the synthesized compounds were screened in vitro against 

gram-positive bacteria and gram-negative bacteria as well as  antifungal 

activity against the two fungal strains Aspergillus flavus and Candida 

albicans. The antitumor activity was studied against the human 

hepatocarcinoma cells HEPG2. Molecular docking analysis was performed 
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to test the ligand for its inhibitory activity on the receptor of Escherichia 

coli (3t88), Staphylococcus aureus adhesion protein (4m01), Aspergillus 

flavus FAD glucose dehydrogenase (4ynt) and secreted aspartic protease 

from Candida albicans (1zap). Besides, to elucidate the proposed 

mechanism of the antitumor activity of the ligand, molecular docking was 

performed against the oncogenic protein H-ras (PDB: 121p). Different 

parameters like FullFitness, Gibbs free energy (ΔG), free energy of 

binding, inhibition constant (Ki), total energy of Van der Waals (vdW) 

force + hydrogen bond (Hbond) +desolv energy (EVHD), electrostatic 

energy, total intermolecular energy, frequency of binding, ligand bond, 

non-ligand bond, hydrogen bond, and its length were studied. A complete 

interaction profile (hydrogen bonds, polar, hydrophobic, pi-pi, cation-pi 

and others), and hydrogen bonding interactions (HB plot) were also 

studied. 

2. Experimental   

2.1. Chemicals 

All materials used in the present work were of analytical grade and used 

as received. K2PtCl4, K2PdCl4 and Pd(AcO)2, metal salts were used for the 

preparation of the complexes C1, C2 and C3, respectively. Chalcone 

compound (Fig. 1) was synthesized and characterized according to the 

method reported previously [34,40]. 

2.2. Synthesis of metal complexes. 

A solution of the appropriate metal ion (0.01 mol) in EtOH (10 ml) was 

mixed with a solution of the chalcone derivative (0.01 mol) in the same 

solvent (30 ml) in the molar ratio 1:2 (M:L) and the resulting mixture was 

then stirred under reflux for 3 h upon which the complexes were 

precipitated during reflux. The precipitated complexes were then filtered 

off, washed several times with ethanol, dried and kept in desiccators over 

silica gel. The structures of the complexes are shown in Fig. 2.    
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Complex 1:  C1 [Pt(L1)2] Cl2 .2H2O:  Anal. Calcd.  For (C32H36Cl2 PtN4O4) 

(FW: 806.64):  C, 47.65; H, 4.50 ; N, 6.95 ; found:  C, 47.89; H, 4.25 ; N, 

6.85  %.     

Complex 2:  C2 [Pd (L1)2 ] Cl2 0.5H2O:  Anal. Calcd. For (C32H33Cl2 

PtN4O2.5)    (FW: 690.96): C, 55.62; H, 4.81; N, 8.11; found:  C, 55.33; H, 

4.70; N, 7.98 %.     

Complex 3:  C3 [Pd (L1)2] (AcO)2 CH3OH:  Anal. Calcd. For (C37H42N4O7 

Pd)    (FW: 761.17): C, 58.38; H, 5.56; N, 7.36; found:  C, 58.21; H, 5.45; N, 

7.28 %. 

2.3. Measurements    

Microanalyses of C, H and N were performed using Heraeus CHN 

elemental analyzer. The electron impact mass spectra were recorded using 

a Finnigan MAT8222 spectrometer at 70 eV. The IR spectra were 

measured, as KBr discs, on a Perkin Elmer 1430 spectrophotometer in the 

4000–200 cm-1 range. Shimadzu 240 UV–vis spectrometer was used for the 

electronic spectral studies. Computerized Shimadzu TG-50 thermal 

analyzer was applied for the thermal analysis (TGA) up to 800 °C at a 

heating rate 10 °C/min in an atmosphere of N2. Molar conductivities in 

DMF (10-3 M) at room temperature (25 °C) were measured by the aid of 

conductance bridge of the type 523 conductivity bridge.  

Molecular docking using DockingServer 

Docking calculations were carried out using Docking Server [44]. Originals 

emiempirical charges calculated by MOPAC2009 (J. P. Stewart, Computer 

code MOPAC2009, Stewart Computational Chemistry, 2009) were added 

to the ligand atoms. Non-polar hydrogen atoms were merged, and 

rotatable bonds were defined. 

Docking calculations were carried out on receptor of Escherichia coli 

(3t88), Staphylococcus aureus adhesion protein (4m01), Aspergillus flavus 

FAD glucose dehydrogenase (4ynt), secreted aspartic protease from 
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Candida albicans (1zap) and the oncogenic protein H-ras (121p) models. 

Essential hydrogen atoms, Kollman united atom type charges, and 

solvation parameters were added with the aid of AutoDock tools [45]. 

 Affinity (grid) maps of 20×20×20 Å grid points and 0.375 Å spacing were 

generated using the Autogrid program [45]. AutoDock parameter set- and 

distance-dependent dielectric functions were used in the calculation of the 

van der Waals and the electrostatic terms, respectively. 

Docking simulations were performed using the Lamarckian genetic 

algorithm (LGA) and the Solis & Wets local search method [46].  

Molecular docking using SwissDock 

Molecular Docking calculations were performed also using SwissDock 

service based on the docking software EADock DSS [47]. This web-based 

service was selected because it has user friendly interface with the facility 

to input desired protein and ligand structures directly from databases, 

modify docking parameters, and visualize most favorable clusters online. 

Moreover, results can be viewed in UCSF Chimera package. A grid (Box 

size: 40×40×40) and box center: 0.38×−2.98×20.51 for x,y, and z, 

respectively) was designed in which many binding modes were generated 

for the most favorable bindings. Simultaneously, their CHARMM energies 

are estimated on the grid [48] Binding modes were scored using their 

FullFitness and clustered. Clusters were then ranked according to the 

average FullFitness of their elements [49]. Results of the SwissDock were 

visualized by UCSF Chimera package [50]. 

2.4. Biological activity        

Disc diffusion method [51] was employed to evaluate the antimicrobial 

activity, Freshly prepared spore suspension of different  microorganisms 

(0.5 ml of 106 cells/ml) was mixed with 9.5 ml of melting sterile 

Sabouraud's dextrose medium (for fungi) or nutrient agar medium (for 

bacteria) at 45 °C, poured on sterile Petri dishes, and left to solidify at 
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250C. Regular cellulose filter paper discs (6 mm diameter) were prepared 

under aseptic conditions. Each disc was saturated with 20 mg of each 

tested suspended material. Three replicas were made for each test, and all 

plates were incubated at 27 °C for 48 hours for fungi, and at 32 °C for 24 

hours for bacteria. Then the average diameters (mm) of inhibition zones 

were recorded. 

MIC determination 

Half-fold serial dilutions were made for selected complexes in order to 

prepare concentrations of 6.25, 12.5, 25, 50 and 100 mg/ml in distilled 

water. Zero concentration was considered as a negative control. A 

previously prepared pure spore suspension of each test microorganism (0.5 

ml of about 106 cells/ml) was added  to 9.5 ml of each concentration in 

sterile test tubes, incubated at 27 °C for 3 days for fungi, and at 32 °C for 

24 hours for bacteria. The optical density of growth was measured by 

spectrophotometer (Optima SP-300, Japan) at 620 nm for each incubated 

mixture, results were represented graphically, and MIC was recorded for 

each tested material [52]. 

2.5. Measurement of Potential cytotoxicity by SRB assay.    

HEPG2 Human cancer cell line was used for in vitro screening 

experiments. This cell line was obtained frozen in liquid nitrogen (-180 ˚C) 

from the American Type Culture Collection. The tumor cell line was 

maintained in the National Cancer Institute, Cairo, Egypt, by serial sub-

culturing. Potential cytotoxicity of the compounds was tested using 

Skehan et. al. method [53]. Cell was plated in 96-multiwell plate (104 

cells/well) for 24 hrs before treatment with the compound to allow 

attachment of cell to the wall of the plate. Different concentrations of the 

compounds under study (0, 5, l2.5, 25 and 50 µg/ml) were added to the cell 

monolayer triplicate wells prepared for each individual dose. The 

monolayer cell was incubated with the compounds for 48 hrs at 37 °C and 

in atmosphere of 5% CO2. After 48 hrs, Cell was fixed, washed and stained 
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with the protein-binding dye Sulfo-Rhodamine-B (SRB) [54]. Excess stain 

was washed with acetic acid and attached stain was recovered with Tris-

EDTA buffer. Color intensity was measured in an ELISA reader. The 

relation between surviving fraction and drug cone is plotted to get the 

survival curve of each tumor cell line after the specified compound. 

Potential cytotoxicity of the compounds was measured in (Pharmacology 

Unit, Cancer Biology Department, National Cancer Institute, Cairo 

University). Doxorubicin was used as standard cytotoxins. 

2.6. DPPH radical scavenging. 

1μg of the studied samples and ascorbic acid (reference compound) were 

dissolved in DMSO (1 ml). 250 μl of each solution was added to 1 ml 

DPPH/DMSO solution (6 mg/50 ml) and the total volume was adjusted to 3 

ml with DMSO. The mixture was incubated for 30 min at room 

temperature. Absorbance was measured at 517 nm. The blank sample 

containing the same amount of DMSO and DPPH solution was prepared 

and measured as well. The experiment was carried out in triplicate. The 

scavenging potential was compared with a solvent control (0% radical 

scavenging) and ascorbic acid. Radical scavenging activity was calculated 

from the following formula:                                                                                                             

% Reduction of absorbance = [(X – Y)/X] x 100 

Where: X and Y are the absorbance of blank sample and  tested sample, 

respectively. 

 

2.7. Molecular modeling and quantum chemical parameters. 

Several attempts to grow appropriate crystals for X-ray crystallography 

were unsuccessful. Using theoretical parameters help to characterize the 

molecular structure of the investigated complexes. Due to this problem, 

the geometries of the complexes were optimized by hyper chem. 8.03 
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Molecular Modeling and Analysis Program[55] using the molecular 

mechanics calculations (PM3). 

3. Results and Discussion 

3.1. Characterization of the solid complexes       

3.1.1. Analytical data 

Structure elucidation of Pd(II) and Pt(II) complexes was accomplished by 

elemental analyses, IR, electronic spectra and conductance  measurements 

as well as thermal analysis (TGA). The analytical data are in a good 

agreement with the proposed structure. The solid complexes are stable in 

air and easily soluble in DMF and DMSO. For complexes C1 and C2, The 

presence of Cl- ions outside the coordination sphere was confirmed by the 

chemical reaction with AgNO3 where the white preciptate of AgCl was 

observed. The melting points of the complexes are higher than that of the 

ligand revealing that the complexes are much more stable than the ligand. 

For complex C3, The addition of FeCl3 solution to complex solution gave 

the red brown coloration confirming that the acetate ions are present 

outside the coordination sphere. 

     The molar conductance values of Pd(II) and Pt(II) complexes in 10-3 M 

DMF as solvent are  83.9, 81.2 and 77.5 ohm-1 cm2 mol-1 for complexes C1, 

C2 and C3, respectively. These values revealed that all the complexes are 

electrolytes in nature i.e. the counter ions present outside the coordination 

sphere of the metal complexes [56]. These data indicate the formation of 

1:2 (M:L) complexes of the formula [ML2]X2.nH2O, where M represents 

Pd(II) and Pt(II); L represents the ligand; X=Cl for complexes C1 and C2; 

X=AcO for complex C3; n= 2, 0.5 and 1 for complexes C1, C2 and C3, 

respectively.  

3.1.2. Spectral studies 

    A comparison of the IR spectrum of the free chalcone with that of the 

metal complexes was carried out to investigate the mode of bonding of the 
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ligand to metal centers (Table 1).  In the IR spectra of the complexes, the 

band characteristic for C=O bond is shifted to lower frequency compared 

with that of the free ligand indicating the coordination of the carbonyl 

oxygen to the metal ion. This shift is mainly due to weakening of the 

double bond between carbon and oxygen. The stretching vibration of the 

C=N bond of the pyridine ring is shifted to lower wavenumbers in the 

spectra of the complexes. This shift indicated the coordination of the 

pyridine nitrogen atom to the metal ion. The participation of the carbonyl 

oxygen and pyridine nitrogen was also confirmed by the appearance of a 

new bands in the spectra of the complexes within the ranges 597-630 and 

555-560  cm-1 corresponding to M ←N and  M←O bond, respectively.  

These results indicated that the chalcone ligand behaved as neutral 

bidentate ligand coordinating via the nitrogen and oxygen atoms of 

pyridine ring and carbonyl group, respectively.  

     The electronic spectra of the complexes were recorded as Nujol mull. 

The band at 358 and 360 nm in the spectra of Pt(II) complex C1 and Pd(II) 

complex C2, respectively, are assignable to a combination of 1A1g→ 1Eg and 

MLCT indicating square planar geometry around the metal center [57], as 

expected. The broad bands observed at 580 and 570 nm are assigned to 

(1A1g→1B1g) transition for complexes C2 and C3, respectively, confirming 

the expected square planar geometry [58]. 

     The constitution and purity of the prepared complexes are confirmed 

using the electron impact mass spectrometry (EI). Fig. S1  represents the 

mass spectrum of C1, as a representative example. The EI mass spectra of 

the metal complexes showed the molecular ion peaks at m/z= 804, 691 and 

761 for complexes C1, C2 and C3, respectively, which are highly 

comparable with the molecular mass of the respective metal complexes. 

The fragmentation pathways of the metal complexes are shown in 

Schemes S1-S3. 

3.1.3.Thermal analysis and kinetic parameters      
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The thermal behavior of the metal complexes was studied using TG 

technique (Fig. S2). The stages of decomposition, temperature ranges, 

weight loss percentages as well as decomposition products are given in 

Table 2. The metal percentages of the complexes were calculated from the 

residual metal oxides formed as a final product. The thermal 

decomposition of complexes (1-3) comprises three steps.  

    For Pt(II) complex C1 the first step of decomposition occurred within 

the temperature range 30-87 °C  with mass loss 3.98 % (cal. 4.46 %),  

corresponding to the volatilization of hydrated water molecule. The second 

step appeared at 87-316 °C with mass loss 13.93 % (cal. 14.3 %)  due to 

elimination of Cl + N(CH3)2 moiety. The third step( appearing at 316-428 

°C with mass loss 43.11 % (cal. 43.62 %), represented the degradation of 

the organic ligand with formation of PtO + 8C as final products. For 

complex C2, the first step appeared at 30-85 °C with mass loss 1.48% (cal. 

1.3%) correspond to elimination of molecule of hydration water. The 

second step appeared at 163- 252 °C with mass loss 14.85 % (cal. 14.47 %) 

which can be assigned to the loss of Cl- anions and 2CH3. The third step 

appearing at 252-447 °C with mass loss 54.74 % (cal. 54.49 %), 

corresponded to the decomposition of the organic ligand with the 

formation of PdO + 7C as a final product. The thermal decomposition of 

Pd(II) complex C3  showed first step at 25-76 °C with mass loss 3.84 % 

(cal. 4.2 %) which corresponded to elimination of lattice methanol 

molecule. The second step at 76-283 °C with mass loss 31.72 % (cal. 

31.34%) and assigned to elimination of N(CH3)2, C6H5 and two acetate 

anions. The third step appearing at 283-423 °C with mass loss 36.66% (cal 

37.42 %) correspond to further decomposition of the organic ligand with 

formation of PdO + 7C.      

     The kinetic parameters of decomposition process of the complexes 

namely, activation energy (E), the order (n) and pre-exponential factor (A), 

as well as the thermodynamic parameters (enthalpy ΔH, entropy ΔS and 

free energy of the decomposition ΔG) were evaluated graphically by using 
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Coats–Redfern [59]. The linearization curves (Fig. 3) of the Coats–Redfern 

method are shown in supplementary data The calculated values of n, E , 

A, ΔS , ΔH  and ΔG  for the decomposition steps are given in Table 3. 

According to the data obtained, the following remarks can be pointed out: 

     The high values of (∆E) reflected the high stability of the investigated 

complexes due to their covalent character [60]. The positive sign of ∆G for 

the investigated metal complexes revealed that all the decomposition steps 

are non-spontaneous processes. The negative values of ∆S indicated a 

more ordered activated complex than reactant and/or the reaction was 

slow [61]. The positive values of ∆H* means the endothermic 

decomposition processes. 

 

3.1.4. Molecular modeling 

Several attempts to grow appropriate crystals for X-ray crystallography 

were unsuccessful. The computational strategy in this manuscript is to 

determine the geometry of Pd(II) complex. Thus, molecular modeling 

calculations were considered. 

Geometrical optimization 

The optimized geometries and numbering of atoms of the ligand and its 

Pd(II) complex are shown in Fig.4.   The optimized  lengths of the bond 

and angles of the bond ( supplementary materials) are listed are listed in 

Table S1 & S2. 

The elongation of the bond lengths for the C=O and C-N of the pyridine 

moiety indicated that these bonds become weaker due to the formation of 

Pd-O and Pd-N bonds.  M-O bond length is shorter than M-N bond length 

showing that the bond length obeyed the order M-N > M-O.  The Pd-Npy 

bond length ( 1.9859, 1.9711) is   in agreement with the reported values 

[62] observed for Pd(II) complexes.  C8-C9, C9-C10, C28-C29 and C29-C30 

bond lengths become shorter confirming the participation of O and N 

atoms in complex formation. The bond length of CH=CH ( C7-C8, C27-
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C28) decreased in complex formation. The bond angle in complex lie in the 

range for square planar geometry. The C10- C9-O19 and C30-C29-O39 

angles change from 117.95 0  to 121.36 and 120.26 0 ,respectively, due to 

the formation of O19- Pd20- N15 and O39- Pd20- N35 ring. 

Molecular parameters 

Quantum chemical parameters of compounds such as the energy of the 

highest occupied molecular orbital, EHOMO, energy of the lowest 

unoccupied molecular orbital, ELUMO, energy gap (Δ E) electronegativity 

(χ), chemical potentials (Pi), dipole moment (µ), hardness (η), softness (σ), 

additional electronic charge (ΔNmax) have been calculated according to the 

equations in the literature.[63-65]. The data are listed in Table 4. Fig. 5 

shows the HOMO and LUMO molecular orbitals of  the ligand and its 

Pd(II) complex. The energy components are listed in Table 5. The energies 

of the HOMO and LUMO are negative which indicate that the compounds 

under investigation are stable [66]. The calculated energy of ELUMO level 

shows that ligand (-3.334) has lower energy of ELUMO than the complex ( -

1.105). The calculated HOMO-LUMO energy gap or energy seperation ( 

∆E) of the ligand (5.666) is lower than that of the complex.( 6.186). The 

calculated HOMO-LUMO energy gap or energy seperation ( ∆E) is related 

to polarizability, softness and charge migration during the enzyme-drug 

interaction. As the value of  ( ∆E) decrease  ( Pd 6.186 → Lig. 5.666), 

softness   ( Pd 0.3223 → Lig. 0.35), anticancer  ( IC50, Pd 3.98→ Lig. 6.53),      

and antibacterial activity   ( Pd 15 → Lig. 11), of the compound increased. 

The binding energy of complex ( -7.748 x 103 k cal/ mol) is higher than 

that of the ligand (-3.684 x 10 k cal / mol) indicating the higher stability of 

the formed metal complex.  The negative binding energy indicated that the 

complexation process is energetically favourable. The negative value of  

enthalpy change  ( ∆H) indicated that the interaction between the ligand 

and Pd(II) ion is exothermic. The dipole moment is important physical 

quantity which reflects the ability of interaction of the molecules with the 
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surrounding environment.  The dipole moment of complex (5.788) is higher 

than that of the ligand (3.421). Thus, the Pd(II) complex is the promising 

structure for antitumor agent. The positive electrophilicity index value 

indicate the molecule capable of accepting electrons from the environment. 

Docking 

The parameters of free energy of binding, inhibition constant (Ki), total 

estimated energy of vdW+Hbond+desolv(EVHD), electrostatic energy, 

total intermolecular energy, frequency of binding, and interact surface 

area were evaluated to estimate the favorable binding of the ligand to the 

protein. Table 6 shows the complete profile of these parameters of the 

ligand for its interaction with receptor of Escherichia coli (3t88), 

Staphylococcus aureus adhesion protein (4m01), Aspergillusflavus FAD 

glucose dehydrogenase (4ynt) and secreted aspartic protease from Candida 

albicans (1zap). One of the most favorable bindings of the ligandwas its 

binding with 3t88 protein with estimated free energy of binding-

4.07kcal/mol, and total intermolecular energy was of -5.27kcal/mol. 

The ligand showed the inhibition constant (ki) of 1.04mM. Figure 6 shows 

the binding of the ligand to the protein 3t88. A 2D plot was generated 

where ligand bond, non-ligand bond, and hydrogen bonds along with their 

length were mentioned (Figure 7). A HB plot [67,68] was generated to 

mention interactions with different amino acids of the protein (Figure 8). 

In the studies by SwissDock, FullFitness and Gibbs free energy (ΔG) of 

each run (250 runs) of the docking were evaluated. Favorable binding 

modes were scored based on FullFitness and cluster formation. Ranking of 

the cluster was performed using the value of FullFitness.Table 7 exhibited 

the clustering results obtained from the docking of the ligand into 3t88 

protein. The ligand showed FullFitness of -1339.98 kcal/mol and estimated 

ΔG of -6.85 kcal/mol for the most favorable interaction. 
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Based on the results of docking studies, it has been clearly expressed that 

the ligand and possibly its complexes showed favorable binding with 3t88, 

4m01, 4ynt, 1zap. Hence, the ligand can be potential inhibitor to the 

pathogenic microorganisms like bacteria and fungi. This interaction could 

deactivate or kill the microorganisms. The characteristic feature of the 

ligand was represented in the presence of several active sites available for 

hydrogen bonding interaction. This theoretical analysis proposes the high 

biological activity of the organic ligand towards different bacteria or fungi. 

The RAS oncogenes (HRAS, NRAS and KRAS) comprise the most 

frequently mutated class of oncogenes in human cancers (33%), 

stimulating intensive effort in developing anti-Ras inhibitors for cancer 

treatment. The protein-ligand interaction studies play a vital role in the 

structure based drug design in dry lab. Here, we show molecular modeling 

with docking results of the ligand as inhibitor of H-ras. The ligand showed 

favorable interaction binding with H-ras (121p) (Figure 9) with estimated 

free energy of binding -4.12kcal/mol, and total intermolecular energy was 

of -5.25 kcal/mol (Table 8).A 2D plot was generated where ligand bond, 

non-ligand bond, and hydrogen bonds along with their length were 

mentioned (Figure 10). A HB plot was generated to mention interactions 

with different amino acids of the protein (Figure 11). 

FullFitness and Gibbs free energy (ΔG) of each run (250 runs) of the 

docking were estimated by Swissdock. Table 9 exhibited the clustering 

results obtained from the docking of the ligand into 121p protein. The 

ligand showed FullFitness of -1136.96kcal/mol and estimated ΔG of -6.32 

kcal/mol for the most favorable interaction. Based on these analyses, the 

observed antitumor activity of the ligand and its complexes toward the 

proliferation rate of HepG2 cancer cells is proposed to be via H-ras 

inhibition. 

3.2. Antibacterial activity            
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Biological activity of the investigated compounds( ligand and its metal 

complexes) was screened in-vitro against Gram positive bacteria (S. 

aurens) and Gram-negative bacteria (E. coli) by disc diffusion method [51]. 

The inhibition zone diameters are listed in Table 10 and represented 

graphically in Fig. 12. These compounds showed better antibacterial 

activity against Gram-negative bacteria. The results shown in Fig. 12 

indicated that most complexes exhibited remarkable increase in activity 

than the parent ligand. Such increased activity of the metal complexes can 

be explained according to Tweedy,s chelation theory [69]. Chelation  

reduce the polarity of the metal ion due to the  partial sharing of its 

positive charge with the donor group and possible π-electron delocalization 

through the whole chelate ring system that is formed during complex 

formation. This process  increases the lipophilic nature of the metal atom 

and hence increasing the hydrophobic nature and liposolubility of the 

complex favoring its permeation through the lipid layers of the 

microorganism, thus destroying them more aggressively. The antibacterial 

activity of the complexes can be ordered as C3> C1 > C2 suggesting that 

the lipophilic behavior increases in the same order. 

     The complexes under investigation have: i) the same donating atoms 

which are N/O with the same coordination number. ii) the same chelate 

effect (all form two five membered chelating rings). iii) the same oxidation 

number in their complexes (M+2). Therefore, the more effective factors are 

the nature of the central atom and the type of counter ions. The results, 

also, indicated that the complexes are more active against gram-negative 

than Gram- positive bacteria. The antibacterial results of the complex C3 

was considered the most active compound. Therefore, the MIC screening of 

this complex was carried out. The MIC values were found to be 31 and 28 

mg/ml against the microorganisms C.albicans and E.coli, respectively. 

These results indicated that C3 is more active against E coli than 

C.albicans 

3.3. Antifungal activity      
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The in-vitro antifungal activity of the ligand and its metal complexes was 

tested against A. flavus and C. albicans. The data of preliminary screening 

tests are listed in Table 10 and shown in Fig. 12. The ligand (L) and its 

metal complex C2 had no effect against A. Complex C3 expressed a 

remarkable antifungal activity against C. albicans and A. flavus. The 

increased antifungal activity of some metal complexes may attributed to 

their high penetrating ability to the fungi cell wall [70]. 

3.4. Anticancer activity       

The anticancer activity of the chalcone ligand (L) and its Pd(II) and Pt(II) 

complexes was determined in-vitro against the liver carcinoma cell line, 

HEPG2. The results of cytotoxic activity, compared with two standard 

drugs, are expressed as IC50 which is the concentration required inhibiting 

a 50% of the cell growth when the cells are exposed to the compounds, 

Table 11. The concentration response profiles for the investigated 

compounds are given in Fig. 13 .  The cytotoxicity of the compounds 

against HEPG2 cell line is ordered in the sequence C1 > standard > 

C2>L>C3 compared with the standard drugs, doxorubicin. According to 

Shier [71] compounds with IC50 within the range of 10-25 µg/ml are 

considered weak anticancer drugs, while those of IC50 between 5 and 10 

µg/ml are moderate and compounds of activity below 5.00 µg/ml are 

considered strong agents. Based on these facts, it is clear that the Pt(II) 

complex C1 and Pd(II) complex C2 exhibited excellent anticancer activity. 

The Pd(II) complex C3 exhibited a weak antitumor activity while the 

ligand exhibited medium activity according to Shier scale. The Structure-

activity relationships for the tested compounds confirmed the following:  

1- The activity of the Pd(II) complexes C2 and C3 can be ascribed to the 

difference in liability between the counter ion ( chloride anions for C2 and 

acetate anions for C3) that alter the biochemical properties of these 

complexes [10] i.e the Pd(II) complexes were affected by the nature of the 

anion and the inhibitory activity was found to be increasing in the order: 
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Pd(II) complex C2 > Pd(II) complex C3; meaning that the chloride anions 

increased the anticancer activity compared with the acetate anions. 

2- Pt(II) complex C1 with higher molar conductivity exhibited higher 

antitumor activity than Pd(II) complex C2. This indicated that the type of 

the metal ion may be the reason for this difference in activity [72]. The 

slightly higher toxicity of Pt(II) complex C1 (IC50  = 3.08 µg/ml ) than the 

Pd(II) complex C2 ( IC50  = 3.98 µg/ml ) occurs because the ligand-exchange 

kinetics. The hydrolysis of leaving ligands in Pt(II) compounds is quite 

slow compared with that of Pd(II) compounds  which give them a high 

kinetic stability and results in ligand-exchange reactions of minutes to 

day, rather than microseconds to seconds for many other coordination 

compounds [73]. 

3- The obtained results indicated also that the metal complexes C1 and C2 

are more effective than the chalcone ligand towards the tested cell line. 

This indicated that the complexation to the metal ion enhanced the 

anticancer behaviour. This may be attributed to the increase in 

conjugation in the ligand moiety on complexation [74]. On the other hand, 

the Pd(II) complex C3 exhibited less activity than the liganed while the 

reason of such decreased activity is ambiguous indicating that relationship 

between structure and activity is extremely complex. 

3.5. Antioxidant     

     Pd(II), Pt(II) as well as the free ligand were tested for their antioxidant 

activities. The radical scavenging ability of these compounds was 

evaluated against the DPPH stable free radical, Fig. 14. The DPPH assay 

of these compounds shown in Table 11 indicated that complexes C1-C3 

exhibited higher antioxidant activity compared to the standard, ascorbic 

acid. The IC50 values of complexes C1-C3 indicated that the compounds 

showed antioxidant activity in the order C1>C3>C2 i.e complex C1 showed 

a higher antioxidant activity compared to complexes C2 and C3. Also, the 
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scavenging effect of the metal complexes is lower  compared to the free 

ligand. 

4. Conclusion      

We have reported the synthesis of Pt(II) and Pd(II) chalcone complexes. 

The structural characterization of the synthesized compounds was made 

by using the elemental analyses, spectroscopic methods, conductance 

studies and thermal analysis. The chalcone ligand behaved as a neutral 

bidentate ligand through oxygen and nitrogen atoms of carbonyl and 

azomethine groups, respectively. Square planar geometry for the 

complexes was reported. All complexes are electrolytes. The biological 

activity screening showed that the complexes have increased activity 

compared with the ligand against the tested bacteria and fungi. The 

cytotoxicity of the ligand and its complexes against HEPG2 cancer cell line 

has been studied. Pt(II) complex C1 exhibited excellent anticancer activity 

which is more active even than the standered drug (doxorubicin). A 

structure-reactivity relationship was proposed to evaluate the activity of 

prepared compounds.  The radical scavenging ability of the studied 

compounds was tested against the DPPH stable free radical. The DPPH 

assay indicated that complexes C1-C3 exhibited higher antioxidant 

activity compared to the standard (ascorbic acid). IC50 values showed 

antioxidant activity in the order C1>C2>C3 i.e complex C1 showed a 

higher antioxidant activity compared to complexes C2 and C3. The metal 

complexes have less scavenging effect compared to the free ligand. 

Molecular Docking studies were performed in DockingServer and 

SwissDock. X-ray crystallographic structures of the proteins were 

retrieved from Protein Data Bank (PDB), and used as drug target protein. 

Molecular visualization was performed using UCSF Chimera. The ligand 

showed favorable binding with the bacterial receptor protein 3t88 and the 

oncogene protein H-ras. Conclusively our results strongly suggest that the 

ligand is a potent anti H-ras agent as ascertained by its potential 
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interaction with H-ras. This scientific hypothesis might provide a better 

insight to control carcinogenesis as well as to control solid cancer growth 

and metastasis. 
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Table 1: IR spectral bands of the chalcone ligand and its metal complexes            
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Table 2: Thermal analyses (DTA & TGA) of the metal complexes. 

 

Assignment (Calc.) found 

mass loss % 

DTG 

max(ºC) 

TG 

range 

(ºC) 

FW (M wt) No. 

- Loss of  lattice water 

- Loss of  lattice chloride + one N(CH3)2 

moiety 

-Further decomposition of ligand leaving 

PtO+8C as residue. 

(4.46)  3.98 

(14.30) 13.93 

 

(43.62) 43.11 

 

62 

314 

 

389 

 

30-93 

93-316 

 

316-428 

 

[(L1)2Pt]Cl2.2H2O 

C32H35Cl2N4O3.5Pt 

(806.6) 

C1 

- Loss of one lattice water 

- Loss of lattice chloride + 2CH3 

-Further decomposition of ligand leaving 

PdO +7C as residue. 

(1.30) 1.48 

(14.47) 14.85 

(54.49) 55.74 

 

50 

228 

312 

 

30-85 

163-252 

252-447 

 

[(L1)2Pd]Cl2.0.5H2O 

C32H33Cl2N4O2.5Pd 

690.96 

C2 

- Loss of lattice MeOH 

-Loss of two acetato+ one N(CH3)2 

+C6H5 

-Further decomposition of ligand leaving 

PdO +7C as residue. 

(4.20) 3.84 

(31.34) 31.72 

 

(37.42) 36.66 

 

42 

266 

 

396 

 

25-76 

76-283 

 

283-423 

 

[(L1)2Pt](CH3COO)2.

CH3OH 

C37H42N4O7Pd 

761.17 

C3 

 

 

 

 

 

Comp. ν(H2O) ν(C=O) ν(C=N) ν(M-O) ν(M-N) 

L1 - 1650 1611 - - 

C1 3449 1630 1601 630 555 

C2 3450 1608 1600 662 558 

C3 3445 1629 1600 597 560 
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Table 3: Thermodynamic data of the thermal decomposition of chalcone complexes  

(C1-C3) at heating rate 10 oC/ min. 

No. n r E A(s-1) ΔG -ΔS ΔH 

C1 1 0.9650 168.1 0.006 264.1 0.296 165.3 

C2 1 0.9956 123.4 12.63 198.3 0.233 120.6 

C3 1 0.9989 85.4 5003.6 143.7 0.183 82.6 

                  kJ mol-1 for  E,  ΔG and ΔH;  Jmol-1 K-1 for ΔS 

 

Table 4. The calculated quantum chemical parameters for the ligand and its Pd(II) 

complex 

Compd EHOMO 

eV 

ELUMO 

eV 

ΔE 

eV 

χ  

eV 

η eV σ 

eV-1  

Pi 

eV 

ω ΔNmax 

L -9.000 -3.334 5.666 6.167 2.833 0.353 -

6.167 

6.71 2.177 

Pd 

complex 

-7.291 -1.105 6.186 4.189 3.093 0.323 -

4.189 

2.84 1.354 

ΔE= ELUMO - EHOMO , η= ΔE/2; σ= 1/ η; Pi= -( EHOMO + ELUMO)/2; χ=-Pi; ω 
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Table 5. Some energetic properties of the ligand and it complex.  

The assignment of 

the theoretical 

parameters 

L Pd complex 

Total energy 

Kcal/mol 

 -62634.4 -151264.40 

Binding energy 

Kcal/mol 

-3684.294 -7748.354 

Electronic Energy 

Kcal/mol 

-434645.63 -1499067.46 

Heat of Formation 

Kcal/mol 

169.136 48.5079 

Dipole moment 

(Debye) 

3.421 5.788 

HOMO (ev) -9.000  -7.291 

LUMO (ev) -3.334  -1.105 

 

 

 

Table 6 

Energy values obtained for the molecular docking of the ligand with 

receptor of Escherichia coli (3t88), Staphylococcus aureus adhesion protein 

(4m01), Aspergillusflavus FAD glucose dehydrogenase (4ynt) and secreted 

aspartic protease from Candidaalbicans (1zap). 

Protein 

PDB 

Est. free 

energy of 

binding 

(kCal/mol) 

Est. 

inhibition 

constant 

(Ki) (mM) 

vdW + 

Hbond + 

desolv 

energy 

(kCal/mol) 

Electrostatic 

energy 

(kCal/mol) 

Total 

intemolec. 

energy 

(kCal/mol) 

Frequency Interact. 

surface 

3t88 -4.07 1.04 -5.14 -0.13 -5.27 70% 689.219 

4m01 -2.75 9.71 -3.68 -0.20 -3.88 30% 614.193 

4ynt -6.91 8.56 x10-

3 

-8.07 -0.01 -8.08 10% 720.623 

1zap -5.20 155.30 

x10-3 

-6.25 -0.07 -6.31 40% 715.623 
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Table 7. Clustering results obtained from the docking of the ligand into 

receptor of Escherichia coli (3t88) by SwissDock. 
 

Receptor  No. of 

SwissDock 

clusters 

Cluster 

rank 

FullFitness 

(kcal/mol) 

Estimated 

ΔG (kcal/mol) 

3t88 40 (250 runs) 1 -1339.98 -6.85 

2 -1337.67 -6.65 

3 -1336.14 -6.69 

4 -1333.63 -6.65 

5 -1333.63 -6.65 

 

 

 

Table 8 

Energy values obtained for the molecular docking of the ligand against H-

ras (PDB: 121P) in cancer. 

Protein 

PDB 

Est. free 

energy of 

binding 

(kCal/mol) 

Est. 

inhibition 

constant 

(Ki) (mM) 

vdW + 

Hbond + 

desolv 

energy 

(kCal/mol) 

Electrostatic 

energy 

(kCal/mol) 

Total 

intemolec. 

energy 

(kCal/mol) 

Frequency Interact. 

surface 

H-ras -4.12 952.52 

x10-3 

-4.89 -0.36 -5.25 
40% 677.049 
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Table 9 Clustering results obtained from the docking of the ligand into H-

ras (121p) by SwissDock. 
Protein  No. of 

SwissDock 

clusters 

Cluster 

rank 

FullFitness 

(kcal/mol) 

Estimated 

ΔG (kcal/mol) 

H-ras (121p) 45 (250 runs) 1 -1136.96 -6.32 

2 -1136.96 -6.32 

3 -1135.81 -6.28 

4 -1133.90 -6.17 

5 -1133.90 -6.17 

 

 

 

 

 

 

Table 10. Antibacterial and antifungal results of the ligand (L) and its metal 

complexes. 

 inhibition Zone  diameter (mm) 

Comp. a b C d 

  L1 11 0 13 11 

C1 12 9 13 12 

C2 11 0 12 11 

C3 15 9 14 13 

 

(a) C.albicans, (b) A.flavus, (c) E.coli and (d) S.aureus. 
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Table 11. IC50 values calculated from the In vitro antitumor activities against HEPG2 

cell line and antioxidant results against DPPH 

Compound IC50 (µg/mL) IC50 (mg/ml) 

HEPG2 DPPH 

L1 6.53 43.92 

C1 3.08 48.92 

C2 13 63.54 

C3 3.98 20.02 

Dox1 3.1 - 

1 doxorubicin;   standard cytotoxin drug  
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Fig. 1 The structure of the ligand. 

 

 

 

 

 

Fig. 1. The structure of the chalcone compound (L). 

 

 

 

 

 

 

Fig. 2. The structures of the complexes. 
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C1, M = Pt,    X= Cl,    Y= 2H2O                 
C2, M= Pd,    X= Cl,    Y= 0.5H2O              
C3, M= Pd,     X= AcO,   Y= MeOH
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                            Fig. 3. Coats-Redfern plot for complexes C1-C3. where, Y= [1-(1-α)1-n] / (1-n) T2  for n 
≠ 1 or Y= [-ln(1- α)] / T2 for n = 1 
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Fig. 4 The modeling structures of the ligand (A) and its Pd(II) complex B. 

 



 

HOMO of Pd Complex 

 

LUMO of Pd complex 

Fig. 5. The HOMO-LUMO of the ligand and its Pd(II) complex. 

 

 



 

Fig. 12. Effect of ligand and its metal complexes toward (a) C.albicans, (b) A.flavus,  

(c) E.coli and (d) S.aureus. 

 

 

 

 



 

              Fig. 13. Effect of chalcons ligand and its Pt(II) and Pd(II) complexes as surviving 

fraction of HEPG2 tumor cell. 



      

Fig.14. The scavenging activity of the ligand and its complexes. 
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