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Introduction

Cancer, a non-communicable disease, is the major cause of death worldwide [START_REF] Aggarwal | Models for prevention and treatment of cancer: problems vs promises[END_REF]. Nowadays, > 100 different kinds of cancer are known. The World Health Organization (WHO) anticipated the increase of cancer deaths from 8.2 million to 13 million annually. Surgery, chemotherapy, radiations and immunotherapy are of the conventional treatments for cancer [START_REF] Yadav | Synthesis and spectroscopic characterization of diorganotin(IV) complexes of N′-(4-hydroxypent-3-en-2-ylidene)isonicotinohydrazide: chemotherapeutic potential validation by in vitro interaction studies with DNA/HSA, DFT, molecular docking and cytotoxic activity[END_REF]. Chemotherapy is the mainstay one in which various chemical substances are used. In this way anticancer drugs are circulated throughout the body and reach cancer cells [START_REF] Wellington | Understanding cancer and the anticancer activities of naphthoquinones-a review[END_REF]. Platinum-based anticancer drugs including cisplatin, carboplatin and oxaliplatin are potent chemotherapeutic agents that has been clinically used [START_REF] Carreira | Cytotoxic hydrophilic iminophosphorane coordination compounds of d 8 metals. Studies of their interactions with DNA and HSA[END_REF]. However, their considerable success is marred due to some drawbacks like drug resistance, normal tissue toxicity and neurotoxicity [START_REF] Carreira | Cytotoxic hydrophilic iminophosphorane coordination compounds of d 8 metals. Studies of their interactions with DNA and HSA[END_REF], [START_REF] Yan | Cytotoxic palladium(II) complexes of 8-aminoquinoline derivatives and the interaction with human serum albumin[END_REF]. The similarity of Pd(II) to Pt(II) analogs, promising biological properties as well as chemotherapeutic potential with different mechanism [START_REF] Serebryanskaya | Synthesis, characterization, and biological evaluation of new tetrazole-based platinum (II) and palladium (II) chlorido complexes-potent cisplatin analogues and their trans isomers[END_REF] cause that Pd(II) complexes take attention in this field [START_REF] Koumousi | Stamatatos, First palladium (ii) and platinum (ii) complexes fromemployment of 2, 6-diacetylpyridine dioxime: synthesis, structural and spectroscopic characterization, and biological evaluation[END_REF], [START_REF] Prabhakaran | Synthesis, DNA/protein binding and in vitro cytotoxic studies of new palladium metallothiosemicarbazones[END_REF], [START_REF] Motswainyana | Imino-phosphine palladium (II) and platinum (II) complexes: synthesis, molecular structures and evaluation as antitumor agents[END_REF], [START_REF] Wheate | The status of platinumanticancer drugs in the clinic and in clinical trials[END_REF].

The chirality of nucleic acids and the other biomacromolecules such as proteins, enzymes, amino acids, carbohydrates and hormones results in the significance of chirality in pharmaceutical industries [START_REF] Ng | Ternary copper (II)-polypyridyl enantiomers: aldol-type condensation, characterization, DNA-binding recognition, BSA-binding and anticancer property[END_REF]. The introduction of chiral metal complexes as anticancer agent has been started by Lippard et al. in the early 1990s [START_REF] Sundquist | Synthesis, characterization, and biological activity of cis-diammineplatinum (II) complexes of the DNA intercalators 9-aminoacridine and chloroquine[END_REF]. The emergence of chirality leads to the formation of bioactive compounds with more therapeutic effect due to chirality of most biotargets [START_REF] Tabassum | Chiral heterobimetallic complexes targeting human DNA-topoisomerase Iα[END_REF].

Investigation of interaction between chiral metal complexes and biomolecules such as DNA and protein are of current interest in connection with useful information about chiral discrimination of diastereomers and designing bioactive molecules [START_REF] Khan | Chiral discrimination asserted by enantiomers of Ni (II), Cu (II) and Zn (II) Schiff base complexes in DNA binding, antioxidant and antibacterial activities[END_REF]. According to the report of Nguyen et al., 56% of the drugs currently in use are chiral products that 88% of them are racemates consisting of an equimolar mixture of two enantiomers [START_REF] Nguyen | Chiral drugs: an overview[END_REF]. In Table 1 some commercial drugs that are racemic mixtures are listed. Table 1. The example of racemic drugs.

Drug Activity Structure Ref

Ibuprofen Anti-inflammatory, pain medications [START_REF] Packer | Photochemical fate of pharmaceuticals in the environment: naproxen, diclofenac, clofibric acid, and ibuprofen[END_REF] Ofloxacin Antibacterial [START_REF] Hayakawa | Synthesis and antibacterial activities of optically active ofloxacin[END_REF] Atenolol β-blocker (used in the treatment of hypertension and angina pectoris) [START_REF] Perlovich | Thermodynamic study of sublimation, solubility, and distribution processes of atenolol and pindolol[END_REF] XK469 Anticancer [START_REF] Corbett | Preclinical antitumor efficacy of analogs of XK469: sodium-( 2-[4-(7-chloro-2-quinoxalinyloxy) phenoxy] propionate[END_REF] Ifosfamide Anticancer [START_REF] Prasad | Ifosfamide enantiomers: pharmacokinetics in children[END_REF], [START_REF] Misiura | Synthesis and antitumor activity of analogs of ifosfamidemodified in the N-(2-chloroethyl) group[END_REF] In the current study, we utilized a racemic mixture of Schiff base ligand (HL: R/S-(1phenylethylimino)methylnaphtalen-2-ol) to synthesis Pd(II) complex. Aware of the therapeutic activity of naphthalene and 1-phenylethylamine (PEA) [START_REF] Dong | Antitumor agents. 266. Design, synthesis, and biological evaluation of novel 2-(furan-2-yl)naphthalen-1-ol derivatives as potent and selective antibreast cancer agents[END_REF], [START_REF] Dawson | Apoptosis induction in cancer cells by a novel analogue of 6-[3-(1-adamantyl)-4-hydroxyphenyl]-2naphthalenecarboxylic acid lacking retinoid receptor transcriptional activation activity[END_REF], [START_REF] Kilpin | Naphthalimide-tagged ruthenium-arene anticancer complexes: combining coordination with intercalation[END_REF], [START_REF] Wasowska-Lukawska | Biological properties of new derivatives of daunorubicin[END_REF], [START_REF] Rani | Anticancer, anti-inflammatory, and analgesic activities of synthesized 2-(substituted phenoxy) acetamide derivatives[END_REF] these groups were used in the preparation of HL. The synthesized complex exists in three different configurations (Fig. 1A-C). Isomers A and B (homochiral) are non-superimposible mirror images and therefore are enantiomers. Isomer C (heterochiral) have a symmetry center operation and for this reason the complex is not chiral. It is a meso form and it is diastereomer of A and B.

Fig. 1. Four isomers for Pd(II) complex.

We have accomplished separation of these diastereomers into rac (R,R/S,S-PdL2) and meso (R,S-PdL2) forms by crystallization as a very simple method. Both diastereomers have been characterized by FT-IR, 1 H NMR, 13 C NMR and elemental analysis. The pure heterochiral (R,S) meso diastereomer of Pd(II) complex has been synthesized and its structure was determined by single crystal X-ray analysis. Herein, for the first time the biological activities of a heterochiral complex has been assessed. In the current study, the DNA-and HSA-binding of the synthesized complex have been evaluated, using both experimental (fluorescence quenching and UVvis spectroscopy methods) and computational methods (molecular docking). The circular dichroism spectroscopy has been conducted to study alteration on the secondary structure of HSA causing from HSA-complex interaction. Investigation of thermodynamic parameters at three different temperatures (298, 308 and 318 K) indicates that hydrophobic forces play an important role in the HSA-binding of synthesized complexes. The appearance of fluorescence emission of Pd(II) complexes in the range 550-650 causes that changes of fluorescence of EthBr-DNA was not observed. Hence, Multivariate Curve Resolution Alternating Least Squares (MCR-ALS), a powerful chemometric method, was used to resolve the spectra and concentration profiles of different species involving in equilibrium and to calculate DNA-binding constant of complexes.

In addition, the DNA-binding mode of the complexes was investigated using viscosity measurements.

Experimental

Chemicals and Instrumentation

Human serum albumin (HSA), fish sperm DNA (FS-DNA), tris(hydroxymethyl)-aminomethane (Tris), ethidium bromide (3,8-diamino-5-ethyl-6-phenylphenanthridinium bromide, EthBr) were purchased from Sigma-Aldrich. 2-Hydroxy-1-naphtaldehhyde and (R/S)-1-phenylethylamine were obtained from Merck Co. and used without further purification. All salts used for buffer preparation were analytical grade and were dissolved in double distilled water. All of the solutions were used freshly after preparation. The FT-IR spectrum was recorded on a JASCO, FT/IR-6300 spectrometer (4000-400 cm -1 ) in KBr pellets. 1 H and 13 C NMR spectra were recorded on a Bruker Avance III 400 spectrometer using CDCl3 as solvents for palladium(II) complexes.

The elemental analysis was performed on Leco, CHNS-932 and Perkin-Elmer 7300 DV elemental analyzers. The UV-vis spectra were recorded on a JASCO V-670 spectrophotometer.

Fluorescence measurements were carried out on Shimadzu RF-5000 spectrofluorometer at room temperature. The circular dichroism (CD) spectra were recorded using Aviv spectropolarimeter model 215 (Proterion Corp., USA) at 25 °C. The CD spectra were recorded in the far-UV region (190-260 nm) using 0.1 cm path length cell and scan speed of 20 nm min -1 . MCR-ALS on data was carried out through the MATLAB 7.0 environment (MathWorks Co.) using MCR-ALS 2.0 toolbox (http://www.mcrals.info/) [START_REF] Jaumot | A graphical user-friendly interface for MCR-ALS: a new tool for multivariate curve resolution in MATLAB[END_REF]. Viscosity was measured using a Brookfield rotational viscometer at room temperature.

Preparation of Pd(II) Complex

Methanolic solution (10 ml) of 2-hydroxy-1-naphtaldehyde (5 mmol) was added dropwise to a methanolic solution (10 ml) of (R/S)-1-phenylethylamine (5 mmol). After continuously stirred for 4 h in ambient temperature, solution of triethylamine (7 mmol) in absolute methanol (5 ml) was added to the solution. The mixture stirred for 30 min, and then a solution of PdCl2 (2.5 mmol) in absolute methanol (20 ml) was added (Scheme 1).

Scheme 1. Synthesis of Pd(II) complex.

The solution was refluxed overnight to proceed completely. The resulting powder was isolated by filtration. Furthermore, the orange powder was obtained by condensation of filtrate. Both powders were washed by dry methanol several times.

According to O). 1 H NMR and 13 C NMR: Table 2.

Table 2. 1 H and 13 C NMR of Pd(II) complexes.

Single Crystal Diffraction Studies

X-ray data for PdL2 1 complex was collected on a STOE IPDS-II diffractometer with graphite monochromated Mo-Kα radiation. Suitable crystal was chosen using a polarizing microscope and that was mounted on a glass fiber which was used for data collection. Cell constants and an orientation matrix for data collection were obtained by least-squares refinement of diffraction data.

Data were collected at a temperature of 298(2) in a series of ω scans in 1° oscillations and integrated using the Stoe X-AREA [START_REF] Cie | Programfor the Acquisition and Analysis of Data XeAREA[END_REF] software package. A numerical absorption correction was applied using the X-RED and X-SHAPE [START_REF] Stoe&cie | Program for Crystal Optimization for Numerical Absorption Correction Xe[END_REF] software's. The data were corrected for Lorentz and Polarizing effects.

The structure was solved by direct methods using SIR2004. The non-hydrogen atoms were refined anisotropically by the full matrix least squares method on F 2 using SHELXL [START_REF] Burla | SIR2004: an improved tool for crystal structure determination and refinement[END_REF]. All hydrogen atoms were added at ideal positions and constrained to ride on their parent atoms. Crystallographic data are listed in Table 3. Selected bond distances and angles are summarized in Table 4.

Table 3. Crystal data and structure refinement for PdL 1 2.

Empirical formula C38H32N2O2Pd

Formula weight 655.06

Temperature (K) 298 (2) 
Wavelength (Å) 0.71073 a Symmetry transformations used to generate equivalent atoms: 1-x,-y,-z.

Crystal system Triclinic

Space group

DNA Binding Studies

The stock solution of FS-DNA was prepared in 50 mM Tris buffer at pH 7.5 using doubledistilled deionized water and stored at 4 °C. The FS-DNA concentration per nucleotide was determined by the absorption intensity at 260 nm after adequate dilution with the buffer and using the reported molar absorptivity of 6600 M -1 cm -1 . Purity of FS-DNA solution was confirmed by ratio of UV absorbance at 260 and 280 nm (A260 / A280 = 1.9), indicating that FS-DNA is free from protein impurity [START_REF] Zheng | Synthesis, structure and molecular docking studies of dicopper (II) complexes bridged by N-phenolato-N′-[2-(dimethylamino) ethyl] oxamide: the influence of terminal ligands on cytotoxicity and reactivity towards DNA and protein BSA[END_REF]. The solution of the compounds was first prepared in DMF, and then diluted with corresponding buffer to required concentration for all experiments. The volume of DMF never exceeded 0.3% (v/v), so the effect of DMF is negligible. The UV-vis spectral features of the complexes did not change on keeping its buffered or DMF solution for 24 h and no precipitation or turbidity was observed even after long storage at room temperature, which indicates the stability of the complexes in different media. However, all the solutions were used freshly after preparation.

The binding character of the Pd(II) complexes toward FS-DNA has been investigated by UVvis spectroscopy. Spectrophotometric titration experiments were performed by addition of various amounts of DNA (1.5 × 10 -4 M) to the Pd(II) complexes (2 × 10 -5 M). At each titration step, the mixture solutions were allowed to incubate for 2 min before recording the related spectra. In addition, the equal amount of DNA solution was added to the blank solution to eliminate its absorbance.

The DNA-binding constant of the Pd(II) complexes was also determined by analyzing the fluorescence data obtained from titration of DNA-EthBr with the Pd(II) complexes using MCR-ALS method. To this aim, a mixture solution of FS-DNA and EthBr at molar ratio of 10:1 was stirred for 1 h at 4 °C. Then, various amounts of Pd(II) complexes were added to this mixture. The fluorescence spectra upon the titration were recorded in the range of 550-700 nm with exciting wavelength at 520 nm. The fluorescence quenching experiment was carried out using quartz cuvette with 1 cm optical path length and the excitation and emission slits set at 5 and 10 nm, respectively. In each measurement, the complex-DNA solutions were allowed to incubate for 2 min before recording. Due to spectra overlapping of Pd(II) complexes and DNA-EthBr, the study of their interaction based on fluorescence data is not straightforward. Therefore, the MCR-ALS method has been utilized to resolve spectra as well as the concentration profiles of all species in solution.

Viscosity experiments were carried out using a rotational viscometer and the measurements were performed at 200 rpm at room temperature. The viscosity of DNA solution was measured in the presence of increasing amounts of the Pd(II) complexes. The obtained data are presented as

(η/η 0 ) 1/3 versus [complex]/[DNA]
, where η and η 0 are the viscosity of DNA in the absence and presence of the compounds, respectively.

HSA Binding Experiment

A stock solution of HSA was prepared by dissolving the desired amount of HSA in 50 mM phosphate buffer (pH = 7). The HSA stock solution was stored at 4 °C in the dark and used within 2 h. Its concentration was determined by UV-vis spectrophotometry using the molar absorption coefficient 35,700 M -1 cm -1 at 278 nm [START_REF] Kazemi | Mohammadpoor-Baltork, Synthesis, characterization, crystal structure, DNA-and HSA-binding studies of a dinuclear Schiff base Zn (II) complex derived from 2-hydroxynaphtaldehyde and 2-picolylamine[END_REF].

Absorption titration experiment, an operational and very easy method, was carried out to investigate the HSA-binding of complexes at room temperature. The UV-vis absorption spectra of the HSA solution (5 × 10 -6 M) in the absence and presence of various amounts of Pd(II) complexes (0-25 × 10 -6 M) were recorded after 2 min incubation.

The interaction of HSA with the synthesized Pd(II) complexes was investigated using fluorescence quenching experiment. In this experiment 2 ml of HSA solution (3 × 10 -6 M) was placed into the cell while various amounts of Pd(II) complexes (0-25 × 10 -6 M) were added to the cell at room temperature. The fluorescence intensity was measured with excitation wavelength at 295 nm and emission wavelength rang of 300-450 nm. In each measurement the mixture was allowed to incubate for 2 min after addition of the complexes. The fluorescence emission spectra were recorded at three different temperatures (298, 308, and 318 K).

The absorptions of HSA at the excitation and emission wavelengths is approximately zero in all concentrations. Hence, a reduction in the emission intensity is independent of the inner filter effect.

Furthermore, all intensities were corrected for the dilution effect in fluorescence and UV absorption experiments for DNA-and HSA-binding.

Furthermore, the circular dichroism (CD) spectrum was recorded at room temperature in the range of 190-260 nm, using 0.1 cm quartz cell. The CD spectrum of HSA solution was recorded before and after addition of the synthesized complexes with molar ratio 0, 0.5, 1 and 2. This analysis was carried out by CDNN software. The content of secondary conformation of HSA in each step was calculated from this technique. The spectra were obtained by subtracting the spectra of the complexes as baseline.

Molecular Docking Simulation

In this work, docking study was carried out to indicate the DNA and HSA-binding site for the synthesized complexes. The 3D structures of (R,S)-PdL2 complex was generated using the CIF files of its X-ray crystal structures. The CIF files were converted to the PDB format by using the Mercury software (http://www.ccdc.cam.ac.uk/). The optimized structure of (R,R/S,S)-PdL2 complex was calculated using Gaussian 09 [START_REF] Frisch | Revision B.01, Gaussian Development Version[END_REF] at the levels of B3LYP/LANL2DZ and B3LYP/6-31G** for Pd and the other atoms, respectively. The known crystal structure of DNA (PDB ID: 423D) with sequence d(ACCGACGTCGGT)2 and HSA (PDB ID: 1AO6) were taken from the Brookhaven Protein Data Bank (http://www.rcsb.org/pdb) at resolution of 1.60 and 0.25 Å, respectively. Water molecules of the .pdb files were removed, missing hydrogen atoms and Gasteiger charges were added. Flexible-ligand docking was performed by AutoDock 4.2 molecular-docking program using the implemented empirical free energy function and the Lamarckian Genetic Algorithm [START_REF] Morris | Automated docking using a Lamarckian genetic algorithm and an empirical binding free energy function[END_REF]. The Gasteiger charges were added to prepare the macromolecule input file for docking and the Auto Grid was used to calculate Grids. A blind docking with 126 lattice points along X, Y, and Z axes was performed to find the active site of ligands to the biomacromolecules. After determination of the active site, the dimensions of the grid map were selected 60 points with a grid point spacing of 0.375 Å, to allow the ligand to rotate freely. 200 docking runs with 25,000,000 energy evaluations for each run were performed.

Result and Discussion

IR Spectra

Characteristic IR bands and their assignments are given in Section 2. In the FT-IR spectra of the complexes the absence of the phenolic O H vibration is indicative of deprotonation of ligand to coordination through oxygen atoms. The stretching band of the imine group (C N) appeared at 1612 and 1610 cm -1 for PdL2 1 and PdL2 2 complexes, respectively [START_REF] Kazemi | Mohammadpoor-Baltork, Synthesis, characterization, crystal structure, DNA-and HSA-binding studies of a dinuclear Schiff base Zn (II) complex derived from 2-hydroxynaphtaldehyde and 2-picolylamine[END_REF]. The strong bands related to the C O and C N stretching were observed at the region of 1363 and 1434 cm -1 for PdL2 1 , 1362 and 1435 cm -1 for PdL2 2 complexes. The presence of several medium intensity bands between 2800 and 3100 cm -1 in the spectra of Pd(II) complexes suggests the existence of C H stretching vibrations of aliphatic and aromatic protons.

NMR Spectra

In this study, nuclear magnetic resonance (NMR) was utilized to study separation of two diastereomers (racemic and meso forms). The reliable results are obtained by this technique without use of molecular interactions with reagents, chromatography columns and etc. [START_REF] Enamullah | Induced chirality-at-metal and diastereoselectivity at Δ/Λconfigured distorted square-planar copper complexes by enantiopure Schiff base ligands: combined circular dichroism, DFT and X-ray structural studies[END_REF]. There are some literatures in which the diastereomeric ratio was obtained using NMR by the integration of characteristic signals with different chemical shifts for diastereomers [START_REF] Enamullah | Induced chirality-at-metal and diastereoselectivity at Δ/Λconfigured distorted square-planar copper complexes by enantiopure Schiff base ligands: combined circular dichroism, DFT and X-ray structural studies[END_REF], [START_REF] Chamayou | Chirality and diastereoselection of Δ/Λ-configured tetrahedral zinc complexes through enantiopure Schiff Base complexes: combined vibrational circular dichroism, density functional theory, 1H NMR, and X-ray structural studies[END_REF]. The appearance of two signals for imine proton (H C N) in 1 H NMR of resultant precipitate and filtrate indicates the existence of two diastereomers in each solution (Fig. 2), as previously reported [START_REF] Chamayou | Chirality and diastereoselection of Δ/Λ-configured tetrahedral zinc complexes through enantiopure Schiff Base complexes: combined vibrational circular dichroism, density functional theory, 1H NMR, and X-ray structural studies[END_REF], [START_REF] Enamullah | Chirality and diastereoselection of Δ/Λ-configured tetrahedral zinc (II) complexes with enantiopure or racemic Schiff base ligands[END_REF]. There are two diastereomers (PdL2 1 and PdL2 2 ) in both solution with different molar ratio.

Separation of the diastereomers by crystallization in several solvents was tested, finally it was successful with chloroform which suggests different solubility properties of isomers.

Complexes PdL2 1 and PdL2 2 have similar 1 H NMR spectra in CDCl3 (Fig. 3). The single signal for imine proton in 1 H NMR confirmed the successful separation of diastereomers. This signal is doublet that can be attributed to coupling between H1 and H4 (Fig. 4). The Pd(II) complexes are rigid and therefore the imine hydrogen is located close to H4 and the long-range coupling is observed. In Pd(II) complexes the value of 5 J of H1 and H4 is equal to 2.4 Hz that is close to the reported value (in the range of 0-2 Hz) [START_REF] Atta-Ur-Rahman | Nuclear Magnetic Resonance: Basic Principles[END_REF]. As expected, the NMR spectra of the diastereomeric complexes (PdL2 , respectively. The existence this band in the spectra of complexes supports the presence of the Schiff base in the complex.

The 1 H and 13 C NMR were run immediately after dissolving complexes in chloroform and gave the expected simple spectra, indicating the integrity of the complexes. No epimerization was observed when the solutions left to stand and their NMR spectra were similar to the initial one.

Description of the Crystal Structure of PdL2 1

An ORTEP view of PdL2 1 (R,S-PdL2) with the atom-numbering scheme is presented in Fig. 5 and the crystallographic data and selected bond lengths and angles are collected in Table 3, Table 4. In the solid state, PdL2 1 has a crystallographic center of symmetry that is right in the middle point of the palladium(II) ion in a planar-transoid conformation (Fig. 5). The molecular unit is centrosymmetric and is made up of equivalent halves. The 1-phenylethylamine groups show a fixed conformation in the crystal packing. -square of Pd, O, and N atoms; -‖‖‖‖‖ chelate rings; ▬ arene rings.

In the complexes Pd(N,O)2 with planar configuration the Pd atom lies in the plane of the chelate rings (See for example Refs. [START_REF] Bahron | Bis {2methoxy-6-[(E)-(4-methylbenzyl) iminomethyl] phenolato} palladium (II) chloroform monosolvate[END_REF], [START_REF] Blackburn | Nickel (II) and palladium (II) complexes of Azobenzene-containing ligands as dichroic dyes[END_REF].). The two six-membered chelate rings and their annulated phenyl rings are coplanar (Scheme 2a). The complexes have inversion symmetry. Frequently, a characteristic feature of Pd(N,O)2 complexes is an envelope configuration of the six-membered chelate rings with the Pd atom deviating from the plane of the other 5 atoms of the chelate rings.

The direct consequence is the alternative of a step or a bowl configuration (Scheme 2b and c). In the step configuration the planes between the aromatic rings are parallel to each other (See for example Refs. [START_REF] Gan | Effect of ortho-substituents on the stereochemistry of 2-(o-substituted phenyl)-1H-imidazoline-palladium complexes[END_REF].) and the complexes still have Ci symmetry. Some Pd(II) complexes adopt a bowl configuration (See for example Refs. [START_REF] Maverick | Flexible cofacial binuclear metal complexes derived from α, α-bis (salicylimino)-m-xylene[END_REF], [START_REF] Caruso | Facile synthesis of new Pd (II) and Cu (II) based metallomesogens from ligands containing thiophene rings[END_REF].), and have C2 symmetry. According to the above description, the PdL2 complex has planner configuration.

As shown in Fig. 5 2) Å] atoms (Fig. 5).

Interaction with DNA

UV-Vis Absorption

Electronic absorption spectroscopy is an effective method to receive valuable information about binding mode and binding affinity of metal complex to DNA [START_REF] Zheng | Synthesis, structure and molecular docking studies of dicopper (II) complexes bridged by N-phenolato-N′-[2-(dimethylamino) ethyl] oxamide: the influence of terminal ligands on cytotoxicity and reactivity towards DNA and protein BSA[END_REF]. Generally, hyperchromic or hypochromic effect and red or blue shift are observed in the UV-vis spectrum of a drug upon its DNA-binding. Hypochromic and red shift is indicative of intercalation mode involving an interaction between π*-orbital of drug with π-orbital of DNA base pairs [START_REF] Sirajuddin | Drug-DNA interactions and their study by UV-visible, fluorescence spectroscopies and cyclic voltametry[END_REF]. Therefore, energy level of π*-orbital of drug decreases which causes red shift in its UV-vis spectrum. Furthermore, the coupled π*-orbital is filled and so the probability of electron transition decreased and hypochromic is observed [START_REF] Sirajuddin | Drug-DNA interactions and their study by UV-visible, fluorescence spectroscopies and cyclic voltametry[END_REF], [START_REF] Abdi | Amiri Rudbari, Mono-and polynuclear copper (II) complexes based on 2, 4, 6-tris (2-pyridyl)-1, 3, 5-triazine and its hydrolyzed form[END_REF]. While a groove binding or electrostatic interaction leads to hyperchromic effect along with blue shift [START_REF] Kathiresan | Mixed-ligand copper (ii)-phenolate complexes: structure and studies on DNA/protein binding profiles, DNA cleavage, molecular docking and cytotoxicity[END_REF]. A hyperchromic effect can be due to breakage of the secondary structure of DNA [START_REF] Arjmand | DNA binding studies of new valine derived chiral complexes of tin (IV) and zirconium (IV)[END_REF], [START_REF] Awasthi | Comparative in vitro binding studies of TiCl2 (dpme) 2, Ti (ada) 2 (bzac) 2, and TiCl2 (bzac)(bpme) titaniumcomplexes with calf-thymus DNA[END_REF].

The absorption spectra of the complexes in the absence and presence of different concentrations of FS-DNA were given in Fig. 6. appear at 410 and 409 nm ascribed to the metal to ligand charge transfer transitions [START_REF] Kalaivani | DNA, protein binding, cytotoxicity, cellular uptake and antibacterial activities of new palladium (II) complexes of thiosemicarbazone ligands: effects of substitution on biological activity[END_REF], [START_REF] Kalita | Synthesis, crystal structure, bioactivities of Ni (II), Cu (II), Co (II) and Pd (II) complexes with unsymmetrical thioether donor Schiff base: phosphine free Pd (II) complex catalyzed Suzuki reaction[END_REF]. The intensity of these peaks increased with the addition of FS-DNA. These spectral characteristics suggest that the complexes can interact through groove binding mode [START_REF] Bhat | Synthesis, electronic structure, DNA and protein binding, DNA cleavage, and anticancer activity of fluorophore-labeled copper (II) complexes[END_REF].

To quantitatively evaluate the affinity of compounds with FS-DNA, the intrinsic binding constant Kb was determined by monitoring the changes in absorbance using the following equation [START_REF] Bhat | Synthesis, electronic structure, DNA and protein binding, DNA cleavage, and anticancer activity of fluorophore-labeled copper (II) complexes[END_REF]:

Where [DNA] is the concentration of FS-DNA; εa, εf and εb are the apparent extinction coefficient, the extinction coefficient for free compounds and the extinction coefficient for the compounds in fully bound form, respectively. εf was determined by calibration curve and εa is the ratio of Aobs to The binding constant of FS-DNA with PdL2 1 and PdL2 2 are determined as 1.0 × 10 6 and 1.5 × 10 5 M -1 , respectively.

MCR-ALS Method

The MCR-ALS is a powerful chemometrics method usually used to resolve of multicomponent mixtures into a simplified model. This methodology decomposes the multicomponent experimental data matrix to evaluate concentration profiles and pure spectra of chemical components simultaneously present in the system [START_REF] Zhou | Groove binding interaction between daphnetin and calf thymus DNA[END_REF], [START_REF] Zhang | Analysis of complex molecular systems: the impact of multivariate analysis for resolving the interactions of small molecules with biopolymers-a review[END_REF]. The detailed steps for the MCR-ALS procedure have been previously described [START_REF] Jaumot | A graphical user-friendly interface for MCR-ALS: a new tool for multivariate curve resolution in MATLAB[END_REF] in which the decomposition of the experimental data matrix (D) was performed according to the following equation:

Where D (n, m) is the experimental bilinear data matrix, n denotes for the number of the recorded spectra (i.e. the number of titration step) and m gives the number of wavelengths measured in every spectrum. C (n, q) is the matrix which contains the concentration profiles of the q spectroscopically active species. Matrix ST (q, m) is the spectroscopic matrix consisting of the pure emission spectra. E (n, m) is the residual matrix with data variation not explained by the proposed contributions [START_REF] Zhou | Intercalation of the daphnetin-Cu (II) complex with calf thymus DNA[END_REF]. The use of MCR-ALS includes the following steps: As it is obvious, the fluorescence spectra of mentioned compounds are highly overlapped. Hence, MCR-ALS method was performed to decompose fluorescence data to spectra and concentration profiles [START_REF] Sahihi | Fluorescence spectroscopic study on interaction of retinol with β-lactoglobulin in the presence of cetylpyridinium chloride[END_REF]. By applying some constrain to MCR-ALS method (i.e. closure, no negativity and unimodaliy) for both spectra and concentration, the experimental fluorescence data decomposed to spectra and concentration profiles. The Fig. 7 shows the resolved spectra profiles for DNA-EthBr and Pd(II) complexes. As can be seen, the resolved spectra profiles are very closed to those recorded for pure components (Fig. 7). This is indicate the ability of MCR-ALS in resolving of pure spectra profiles from experimental data. Finally, from the concentration profiles, the binding constant of DNA with PdL2 1 and PdL2 2 were calculated as 2.3 × 10 5 and 4.9 × 10 4 M -1 respectively.

The results obtained from the above experiments suggested that both PdL2 1 and PdL2 2 complexes can strongly bind to FS-DNA and are comparable to obtained data for the other Pd(II) complexes.

For instance, 7.9 × 10 

Viscosity Measurement

To further verify the interaction mode of the Pd(II) complexes with DNA, viscosity measurements of DNA upon addition of the complexes were carried out. A classical intercalative mode causes an increase in the DNA viscosity. Because base pairs are separated in order to accommodate the binding ligand and then the overall length of DNA increases [START_REF] Dawson | Apoptosis induction in cancer cells by a novel analogue of 6-[3-(1-adamantyl)-4-hydroxyphenyl]-2naphthalenecarboxylic acid lacking retinoid receptor transcriptional activation activity[END_REF], [START_REF] Gan | Effect of ortho-substituents on the stereochemistry of 2-(o-substituted phenyl)-1H-imidazoline-palladium complexes[END_REF]. Non-classical mode of interactions such as groove binding and electrostatic could bend the DNA helix, reduces its length and causes the reduction or no change in the DNA viscosity [START_REF] Maverick | Flexible cofacial binuclear metal complexes derived from α, α-bis (salicylimino)-m-xylene[END_REF]. The effect of the Pd(II) complexes on the viscosity of DNA is illustrated in Fig. 8 As can be seen, the viscosity of DNA decreased slightly with an increasing amounts of the complex, indicating the binding mode of both complexes may be groove binding. 

Docking Study

Molecular docking studies were carried out to obtain a theoretical insight into the DNA binding of Pd(II) complexes. The docked model results suggest that both complexes bind with the minor groove of DNA (Fig. 9). The PdL2 1 interacts with DG23, DG22, DC21, DT20, DC6, DA5 and DG4 nucleotides. While the interaction of the PdL2 2 with DC6, DG7, DA5, DG4, DC21 and DG22 nucleotides has been observed. This complex formed two π-π interactions with DG7 nucleotide. The binding free energies (ΔG), describing the affinity of the complexes binding to DNA with the best scores, are -7.7 and -7.47 kcal mol -1 for PdL2 1 and PdL2 2 , respectively. These results revealed the stronger DNA-binding of PdL2 1 with a slight difference. Both the experimental results and computational docking data collectively suggest that the synthesized complexes are DNA groove binder.

Interaction with Human Serum Albumin (HSA)

UV-Vis Absorption

Interaction between a drug and protein affects on drug absorption, distribution and elimination in the circulatory system [START_REF] Mccallum | A fluorescence-based high throughput assay for the determination of small molecule-human serum albumin protein binding[END_REF]. Moreover, this binding can prevent rapid elimination of drugs from bloodstream [START_REF] Li | Protein binding by dinuclear polypyridyl ruthenium (II) complexes and the effect of cucurbit [10] uril encapsulation[END_REF], and also increase drug solubility in plasma, decrease its toxicity, protect from oxidation and prolong its in vivo half-life [START_REF] Demoro | Screening organometallic binuclear thiosemicarbazone ruthenium complexes as potential anti-tumour agents: cytotoxic activity and human serum albumin binding mechanism[END_REF]. The exigency of HSA-binding study in synthesis and design new drugs motivated us to investigate HSA-binding behaviour of Pd(II) complexes. Consequently, fluorescence quenching experiment has been carried out to obtain information including binding mode, binding constants, number of binding sites and intermolecular distances [START_REF] Mrkalić | Synthesis of novel palladium (II) complexes with oxalic acid diamide derivatives and their interaction with nucleosides and proteins. Structural, solution, and computational study[END_REF]. The UV-vis absorption spectroscopy has been also performed to calculate binding constant. More detailed about conformational changes of secondary structure of HSA has been detected by means of CD spectroscopy.

UV-vis absorption spectroscopy is an effective and simple technique to study the HSA-drug binding and to investigate structural changes of protein upon its drug binding. The UV absorption spectra of HSA shows a strong absorption peak at about 220 nm resulted of the n → π* transition for the peptide bond of α-helix and a weak peak at 278 nm assigned to π → π* transition of the phenyl rings in aromatic acid residues (Trp, Tyr and Phe) [START_REF] Kazemi | Synthesis, characterization and biological application of four novel metal-Schiff base complexes derived from allylamine and their interactions with human serum albumin: experimental, molecular docking and ONIOM computational study[END_REF]. Through addition of various amount of the prepared complexes (5 × 10 -5 M), the absorption peak at 287 nm for free HSA increases (hyperchromic) (Fig. 10), indicating the interactions between HSA and the complexes.

Moreover, observation of hyperchromic effect in UV-vis spectra of HSA reveals the change of environment of the Tryptophan (Trp-214) residue, and the slight increase in hydrophobicity of the microenvironment of the Trp-214 residue [START_REF] Zhang | Berberine azoles as antimicrobial agents: synthesis, biological evaluation and their interactions with human serum albumin[END_REF]. In order to assess the binding ability of the title complexes with HSA, the intrinsic binding constant (Kb) was determined by monitoring the changes of absorbance with increasing concentration of the compounds and using Benesi-Hildebrand plot and the following equation [START_REF] Das | Binding studies of aristololactam-β-D-glucoside and daunomycin to human serum albumin[END_REF], [START_REF] Noor-Ul | Influence of chirality of V (V) Schiff base complexes on DNA, BSA binding and cleavage activity[END_REF]:

Where A0 and A are the absorbance of HSA in the absence and presence of drug, respectively.

Amax is the obtained absorbance at saturation and [M] is the concentration of complex [START_REF] Noor-Ul | Influence of chirality of V (V) Schiff base complexes on DNA, BSA binding and cleavage activity[END_REF]. The plot of 1/(A -A0) versus 1/[M] gives Kb as ratio of y-intercept to slop. The binding constants for PdL2 1 and PdL2 2 are equal to 3.5 × 10 4 and 2.9 × 10 4 M -1 , respectively (Fig. 10).

Fluorescence Spectroscopy

Fluorescence quenching experiment has been performed to investigate the mechanism of interaction between HSA and the compounds. Although the fluorescence of HSA arises from tryptophan (Trp), tyrosine (Tyr), and phenylalanine (Phe) residues, its intrinsic fluorescence is mainly due to tryptophan [START_REF] Ganeshpandian | New ruthenium (II) arene complexes of anthracenyl-appended diazacycloalkanes: effect of ligand intercalation and hydrophobicity on DNA and protein binding and cleavage and cytotoxicity[END_REF]. The fluorescence intensity of protein was quenched through the addition of the synthesized complexes. This implies that the complexes strongly interact with HSA, leading to changes of microenvironment around the Trp-214 residue in HSA [START_REF] Mrkalić | Synthesis of novel palladium (II) complexes with oxalic acid diamide derivatives and their interaction with nucleosides and proteins. Structural, solution, and computational study[END_REF], [START_REF] Wang | Interaction of the flavonoid hesperidin with bovine serum albumin: a fluorescence quenching study[END_REF]. Where, F0 and F are the fluorescence intensity of HSA in absence and presence of the complexes. KSV is the Stern-Volmer quenching constant, kq is the quenching rate constant of HSA and τ is the average lifetime of HSA without quencher which is typically equal to 10 -8 s for biomacromolecules [START_REF] Kazemi | Mohammadpoor-Baltork, Synthesis, characterization, crystal structure, DNA-and HSA-binding studies of a dinuclear Schiff base Zn (II) complex derived from 2-hydroxynaphtaldehyde and 2-picolylamine[END_REF]. KSV is determined from the plot of F0/F vs.

[Q] at 298, 308 and 318 K (Fig. S1). In the present study, the value of KSV was obtained and presented in Table 5.

Table 5. The HSA-binding constant (Kb), the number of binding site (n), the Stern-Volmer constant (KSV) of the compounds and the quenching rate constant of HSA (kq).

Compounds T (K)

Kb/M -1 n KSV/M -1 kq/M - Fluorescence quenching is classified to two mechanisms: static quenching and dynamic quenching. In the static mechanism, the fluorophore and the quencher collide together in the ground state while fluorophore and quencher collide together in the excited state in dynamic mechanism. Linearity of the Stern-Volmer plot indicates that quenching fluorescence has only one mechanism, dynamic or static [START_REF] Kazemi | Mohammadpoor-Baltork, Synthesis, characterization, crystal structure, DNA-and HSA-binding studies of a dinuclear Schiff base Zn (II) complex derived from 2-hydroxynaphtaldehyde and 2-picolylamine[END_REF]. In this study, the value of KSV increases with increasing temperature. This observation supports that quenching fluorescence of HSA occurs by dynamic mechanism [START_REF] Joseph | Principles of Fluorescence Spectroscopy[END_REF].

Moreover, the binding constant (Kb) have been determined using the following equation at three temperatures [START_REF] Dighe | Synthesis of β-carboline-based N-heterocyclic carbenes and their antiproliferative and anti-metastatic activities against human breast cancer cells[END_REF]:

[Q] is the concentration of quencher that is the synthesized complexes here. "Kb" is obtained from the plot of Ln((F0 -F)/F) versus Ln[Q] as a y-intercept (Fig. S2). Furthermore, "n" which is the number of binding site per protein is slope of the plot [START_REF] Cie | Programfor the Acquisition and Analysis of Data XeAREA[END_REF]. The value of n is nearly 1, indicating that the synthesized complexes bind to HSA with molar ratio of 1:1. The calculated results are shown in Table 5. This result is in good agreement with the UV-vis spectroscopy result.

In general, binding constant of a drug with a carrier protein such as HSA should be high enough to bind and transfer thought body. Moreover, in order to release a drug since arrival at its target, it should not be too high. With respect to above, HSA Binding constants of the complexes is in a good range (2-10 × 10 4 M -1 ) [START_REF] Kyropoulou | Ni (II) complexes with non-steroidal anti-inflammatory drug diclofenac: structure and interaction with DNA and albumins[END_REF]. The Pd(II) complexes are in the uncharged form which is an advantage for a drug. Because the researches show that the unionized drugs are soluble in lipid and capable of crossing through the membrane's lipid bilayer while the ionized analogue species fail to cross [START_REF] Abou-Zied | Revealing the ionization ability of binding site I of human serum albumin using 2-(2′-hydroxyphenyl) benzoxazole as a pH sensitive probe[END_REF].

Determination of the Thermodynamic Parameters

The main forces between a ligand and biomacromulecules include hydrophobic force, hydrogen bond, van der Waals force and electrostatic interactions [START_REF] Li | Spectroscopic analysis and molecular modeling on the interaction of jatrorrhizine with human serum albumin (HSA)[END_REF]. Ross and Subramanian have used the sign and magnitude of the thermodynamic parameters (enthalpy change (ΔH), entropy change (ΔS) and free energy change (ΔG)) to determination of the type of these non-covalent interactions in a variety of host guest systems [START_REF] Ross | Thermodynamics of protein association reactions: forces contributing to stability[END_REF]. From the thermodynamic standpoint, ΔH > 0 and ΔS > 0 imply a hydrophobic interaction; ΔH < 0 and ΔS < 0 reflect the van der Waals force or hydrogen bond formation; and ΔH ≈ 0 and ΔS > 0 suggestive of electrostatic forces [START_REF] Tabassum | Synthesis and crystal structure determination of copper (II)-complex: in vitro DNA and HSA binding, pBR322 plasmid cleavage, cell imaging and cytotoxic studies[END_REF]. The values of ΔH and ΔS are obtained from the van't Hoff equation [START_REF] Tabassum | Synthesis and crystal structure determination of copper (II)-complex: in vitro DNA and HSA binding, pBR322 plasmid cleavage, cell imaging and cytotoxic studies[END_REF]:

Where Kb is the binding constant at the corresponding temperature, T is the absolute temperature in Kelvin and R is the gas constant. The values of ΔH and ΔS can be determined from the linear relationship between ln Kb and the reciprocal absolute temperature. ΔG can be evaluated from the following equation [START_REF] Tabassum | Synthesis and crystal structure determination of copper (II)-complex: in vitro DNA and HSA binding, pBR322 plasmid cleavage, cell imaging and cytotoxic studies[END_REF]:

Table 6 lists the values of ΔG, ΔH and ΔS. In the present case, the enthalpic change > 0 and the entropic change > 0, indicating the hydrophobic interaction is main force in the binding of the Pd(II) complexes to HSA. The value of ΔG is negative, so the binding process is spontaneous. The positive sign for ΔH shows the binding process is mainly an endothermic reaction. As can be seen in Table 6 the spontaneity of complex-HSA binding reaction increases with increasing the temperature from 297 to 318 K.

Circular dichroism (CD) Spectroscopy

CD spectral technique is very effective to diagnose alteration on the secondary structure of HSA causing from HSA-drug interactions and also to investigate the conformation of protein quantitatively. The CD spectroscopy was performed in the absence and presence of the Pd(II) complexes to prove the impact of these complexes on the secondary structure of HSA. The CD spectra of HSA exhibits two negative peaks at 208 and 222 nm which are characteristic absorption peaks of α-helical structure of protein attributed to the n-π* transfer for the bonds of the αhelix [START_REF] Khosravi | Synthesis, characterization, crystal structure and HSA binding of two new N, O, O-donor Schiff-base ligands derived from dihydroxybenzaldehyde and tert-butylamine[END_REF]. The band intensities of HSA decreased in negative ellipticity upon the binding of the synthesized complexes to HSA, which indicates the decrease of the α-helical content and increase of disorder structure and β-sheet contents of HSA. This is the result of the formation complex between HSA and the complexes. The CD results can be expressed in terms of the mean residue ellipticity (MRE) according to Eq. ( 8) [START_REF] Khosravi | Synthesis, characterization, crystal structure and HSA binding of two new N, O, O-donor Schiff-base ligands derived from dihydroxybenzaldehyde and tert-butylamine[END_REF]:

Where, Cp is the molar concentration of protein, l is the path length (0.1 cm), n is the number of amino acid residues that is 585 for HSA. The α-helical contents of free and combined HSA can be calculated from MRE values at 208 nm using the following equation:

Where, MRE208 is the observed mean residue ellipticity value at 208 nm, 4000 is the MRE of the β-sheet and random coil conformation cross at 208, and 33,000 is the MRE value of the pure αhelix at 208 nm. The contents of different secondary structures in HSA are presented in Table 7. As it can be seen, the percentage of α-helix of HSA decreased while those of random coil and βsheet increased. These results indicate that the complexes bound to the amino acid residues of the main polypeptide chain of HSA that causes destroy the original hydrogen bonding networks [START_REF] Banerjee | Fluorescence resonance energy transfer: a promising tool for investigation of the interaction between 1-anthracene sulphonate and serum albumins[END_REF].

Energy Transfer from HSA to Complexes

Energy transfer between the compounds and HSA can provide valuable information about HSAcomplex binding. The fluorescence quenching of HSA upon its binding to metal complex can be indicative of energy transfer between HSA and metal complex. This energy transfer can be explained by fluorescence resonance energy transfer (FRET) theory. FRET also known as Förster's resonance energy transfer which is an interaction between the excited molecule and its adjacent molecule. Upon this interaction, energy absorbed by donor molecule is transferred to an acceptor [START_REF] Fani | A combined spectroscopic, docking andmolecular dynamics simulation approach to probing binding of a Schiff base complex to human serum albumin[END_REF]. According to this theory, three conditions are required to energy transfer: (1) the donor should have fluorescence, (2) the fluorescence emission spectrum of the donor and the UVvis spectrum of the acceptor should have sufficient overlap (3) the small distance between donor and acceptor (< 8 nm) [START_REF] Fani | A combined spectroscopic, docking andmolecular dynamics simulation approach to probing binding of a Schiff base complex to human serum albumin[END_REF]. The distance and efficiency of energy transfer (E) between tryptophan residue of protein (HSA) and drug (complex) has been calculated using this theory through the following equation:

Where R0 is the critical distance when the transfer efficiency is 50%; r is the distance between donor and acceptor. R0 can be calculated by Eq. ( 11) [START_REF] Deng | Study of the interaction between tosufloxacin tosylate and bovine serum albumin by multi-spectroscopic methods[END_REF].

In the above equation, the term K 2 is the orientation factor of the dipoles; N is the refracted index of medium, J is the overlap integral of the fluorescence spectrum of the donor with absorption spectrum of the acceptor and φ is the fluorescence quantum yield of the donor. The value of J can be calculated by the following expression:

Where, F(λ) is the fluorescence intensity of the donor in the absence of the acceptor at wavelength λ and ε is the molar absorption coefficient of the acceptor at λ. In the present case, K 2 = 2/3, N = 1.336 and φ = 0.15 for HSA. Therefore, according to Eqs. ( 10), ( 11), ( 12) the parameters for the synthesized complexes were calculated (Table 8).

Table 8. The obtained results from FRET theory for the compounds. 

Compounds J (cm

Molecular Docking of the Pd(II) Complexes with HSA

In this work, the Pd(II) complexes were docked to the crystal structure of HSA (Fig. 13). As the Fig. 13 shows, the Pd(II) complexes bind to the IIB subdomain of HSA. The results indicated that ARG209, GLU208, SER480, GLU479 hydrophilic amino acid residues and ALA350, LEU347, ALA213, VAL482, LEU481, PHE206, GLY207, ALA210 hydrophobic amino acid residues are involved in the interaction with the PdL2 1 -HSA. Moreover, the PdL2 2 complex interacts with ARG209, SER232 and ALA350, LEU327, VAL325, GLY328, LEU321, VAL216, VAL235, PHE228, LYS212, ASB324 hydrophilic and hydrophobic amino acid residues, respectively. In the PdL2 1 -HSA system PHE206 formed T-shaped π-π interaction. While there is a hydrogen bond with ASB324, a π-cation with LYS212 and two T-shaped π-π interactions with PHE228 in the PdL2 2 -HSA system. respectively. The larger negative value of binding energy for PdL2 1 means the higher affinity of it which is in a good agreement with experimental data.

As a result, the theoretical and experimental data show slight and considerable difference between binding constants of two diastereomers with HSA and DNA, respectively.

Conclusion

In the current study, synthesis of novel Pd(II) complexes from a racemic mixture ligand has been described. The resultant product is mixture of homochiral (R,R/S,S) and heterochiral (R,S) diastereomers which are in racemic and meso forms, respectively. The separation of these diastereomers has been accomplished by crystallization and then 1 H NMR technique with reliable results was used to investigate. Furthermore, the structure of meso diastereomers, PdL2 1 , was determined by single-crystal X-ray analysis. The crystallographic data show a square planar trans-

[MN2O2] coordination geometry for them.

The DNA-binding of the synthesized complexes was also investigated, using fluorescence quenching, UV-vis spectroscopy, viscosity measurements and molecular docking. In addition, MCR-ALS, a powerful chemometrics method was carried out to study DNA-binding of complexes, quantitatively. It can be found that both diastereomers interact with DNA, presumably by the groove binding mechanism. According to these results, PdL2 1 exhibited stronger DNA binding affinity compared to PdL2 2 .

The experimental (fluorescence quenching, UV-vis spectroscopy and circular dichroism) and computational methods (molecular docking) were carried out to study HSA-binding of the complexes. Circular dichroism spectroscopy was used to investigate the changes on the secondary structure of HSA upon its interaction with the complexes. The obtained results from this spectroscopy indicate that the percentage of α-helix of HSA decreased while those of random coil and β-sheet increased upon addition of the synthesized complexes to HSA. In addition, the sign and magnitude of the thermodynamic parameters (ΔH, ΔS and ΔG) indicate that the main acting force between HSA and both diastereomers is hydrophobic force.

As a conclusion, the binding constant of two diastereomers with HSA and DNA have slight and considerable difference, respectively.
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 28 Found: C: 69.60, H: 4.86, N: 4.17. Selected IR data (KBr, cm -1 ): (R,S and S,R-PdL2) (PdL2 1 ): 1612 (νC N), 1434 (νC N), 1363 (νC O) and (R,R and S,S-PdL2) (PdL2 2 ): 1610 (νC N), 1435 (νC N), 1362 (νC
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 21 Fig. 2. 1 H NMR spectra of mixture of diastereomers in (a) precipitate and (b) filtrate in preparation of Pd(II)complex, the ratio of two diastereomers is shown (See Section 2).

Fig. 3 .

 3 Fig. 3. The 1 H NMR spectra of two diastereomers of Pd(II) complex.
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 4 Fig. 4. Long-range coupling of H1 and H4.
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 52 Fig. 5. ORTEP representation of PdL 1 2. Displacement ellipsoids are drawn at the 50% probability level and H atoms are shown as small spheres of arbitrary radii. Hydrogen bonds are shown as dashed lines.

Fig. 6 .

 6 Fig. 6. The change of electronic absorption spectra of a) PdL2 1 and b) PdL2 2 complexes (2 × 10 -5 M) upon addition various amounts of FS-DNA (1.5 × 10 -4 M).

[

  compound]. A plot of [DNA] / (εa -εf) versus [DNA] gives Kb as ratio of slope to y-intercept.

  (i) experimental data arrangement in matrix D(n × m); (ii) determination of number of chemical species; (iii) initial estimate of the concentration profiles and pure spectra. (iv) applying different constraints (such as non-negativity, unimodality, closure, …) to model[START_REF] Li | Binding properties of herbicide chlorpropham to DNA: spectroscopic, chemometrics and modeling investigations[END_REF].We utilized the MCR-ALS to analyze obtained fluorescence data from titration of DNA-EthBr with Pd(II) complexes. Ethidium bromide (EthBr) is a standard intercalating agent of DNA that is used to study DNA-binding of compounds. It was known that EthBr has only a weak fluorescence emission in solution, while a significant increase of its fluorescence intensity can be observed when it binds to DNA in view of its strong intercalation between the adjacent base pairs of DNA[START_REF] Liu | Four Cu (ii) complexes based on antitumor chelators: synthesis, structure, DNA binding/damage, HSA interaction and enhanced cytotoxicity[END_REF]. In our study, due to fluorescence emission of Pd(II) complexes in the range 550-650 quenching is not clearly observed. Fig.7shows the experimental fluorescence emission of pure solutions of Pd(II) complexes (100 μM) and DNA-EthBr (50: 5 μM).

Fig. 7 .

 7 Fig. 7. (a) The fluorescence spectra and (b) spectra profile of PdL2 1 , PdL2 2 and DNA-EthBr.

  5 M -1 for [Pd(DeaSal-tsc)(PPh3)] [46], 1.7 × 10 5 M -1 for [Pd(H-Msaletsc)(PPh3)] [55] and 5.8 × 10 4 M -1 [Pd(Nap-tsc)(AsPh3)] [8].

Fig. 8 .

 8 Fig. 8. Effect of increasing amounts of Pd(II) complexes on the viscosity of DNA.[complex] / [DNA] = 0, 0.05, 0.1, 0.15, 0.2, 0.3.

Fig. 9 .

 9 Fig. 9. Presentation of the interaction of a) PdL2 1 and b) PdL2 2 complexes with the minor groove of DNA.

Fig. 10 .

 10 Fig. 10. The change of electronic absorption spectra of HSA (5 × 10 -6 M) upon addition various amounts of a) PdL2 1 and b) PdL2 2 (5 × 10 -5 M).

Fig. 11 .

 11 Fig. 11. Fluorescence spectra for titration of HSA (3 × 10 -6 M) with increasing amounts of a) PdL2 1 and b) PdL2 2 (5 × 10 -5 M), λex = 295 nm.

Fig. 12 Fig. 12 .

 1212 Fig. 12 represents the overlap of the fluorescence emission spectrum of HSA (3 μM) and the UVvis spectrum of complexes (3 μM). The values of r for the complexes are < 8 nm and 0.5 R0 < r < 1.5 R0, suggesting energy transfer from HSA to them occurs with high probability [77].

Fig. 13 .

 13 Fig. 13. The docking pose of a) PdL2 1 -HSA and b) PdL2 2 -HSA system.

  

  

Calculated density (Mg/m 3 ) 1.448 Absorption coefficient (mm -1 ) 0.655 F(000) 336 Theta range for data collection (°)

  

	Empirical formula Empirical formula	C38H32N2O2Pd C38H32N2O2Pd
	Data/restraints/parameters	α = 83.699(3) 4054/0/197
	Goodness-of-fit on F 2	β = 83.499(3) 0.956
	Final R indices [I > 2σ (I)]	γ = 73.282(3) R1 = 0.0442
	Volume (Å 3 )	751.0(3) wR2 = 0.1116
	Z R indices (all data)	1 R1 = 0.0477
		wR2 = 0.1145
		2.53 to 29.20
	Index ranges	-11 ≤ h ≤ 7
		-13 ≤ k ≤ 6
		-13 ≤ l ≤ 13
	Reflections collected	P-1 4054
	Unit cell dimensions (Å, °) Independent reflections	a = 8.4415(17) 4054 [R(int) = 0.0360]
	Data Completeness (%)	b = 9.6060(19) 99.4
	Refinement method	c = 9.765(2) Full-matrix least-squares on F 2

Largest diff. peak and hole (e•Å -3 )

  

	0.658 and -1.337

Table 4 .

 4 Selected bond distances (Å) and angles (°) for

PdL 1 2. a Pd(1)-O(1) 1.982(2) N(1)-C(11)-C(10) 128.9(3) Pd(1)-N(1)

  

		2.017(2)	N(1)-C(12)-C(19)	109.9(3)
	N(1)-C(7)	1.298(4)	N(1)-C(12)-C(13)	110.5(2)
	O(1)-C(1)	1.310(4)	Pd(1)-N(1)-C(12)-C(13)	120.6(2)
			C(11)-N(1)-C(12)-C(19)	68.0(3)
	O(1)-Pd(1)-O(1′)	180.00(14)	C(12)-N(1)-C(11)-C(10)	-174.9(3)
	O(1)-Pd(1)-N(1)	89.24(9)	Pd(1)-N(1)-C(12)-C(19)	-110.3(2)
	O(1)-Pd(1)-N(1′)	90.76(9)	Pd(1)-N(1)-C(11)-C(10)	3.39(2)
	N(1)-Pd(1)-N(1′)	180.00(16)	C(11)-N(1)-C(12)-C(13)	-61.06(2)

Pd(1)-O(1) 1.982(2) N(1)-C(11)-C(10) 128.9(3) C(1-O(1))-Pd(1) 116

  

		.2(2)	N(1)-Pd(1)-O(1)-C(1)	18.5(2)
	C(11)-N(1)-Pd(1)	123.28(19)	O(1)-Pd(1)-N(1)-C(12)	165.2(2)
	C(12)-N(1)-Pd(1)	120.50(18)		

  1 and PdL2 2 ) exhibited different stereochemistry at the imine and CH which shows little differences in the chemical shift. The related signals of 1 H and 13 C NMR experiments were listed in Table 2. The resonance signal due to phenolic OH proton disappears in the Pd(II) complexes, indicating the coordination of oxygen atom to Pd(II) appears at 6.15 and 6.14 ppm and the signal (d of d, 3H) at 1.89 and 1.88 ppm which is due to CH3 of PdL2 1 and PdL2 2 , respectively. The splitting is in view of coupling The 13 C NMR spectra of PdL2 complexes show 19 signals. The peaks observed at 164.54 and 164.53 ppm is ascribed to the imine carbon atoms of PdL2 1 and PdL2 2

	hydrogen of	CH3 with	CH and HC	N hydrogens.

ion. A characteristics feature of the 1 H NMR spectra of PdL2 1 and PdL2 2 is the imine proton resonance at 8.36 and 8.35 ppm, respectively, along with the signal (q, 1H) assigned to the CH proton which

Table 6 .

 6 Thermodynamic parameters of PdL2 1 and PdL2 2 with HSA.

	Compounds	T (K)	ΔG (kJ•mol -1 )	ΔH (kJ•mol -1 )	ΔS (J•mol -1 •K -1 )
	PdL2 1	298	-27.34	65.83	313.67
		308	-31.27		
		318	-33.59		
	PdL2 2	298	-25.78	63.66	300.71
		308	-29.95		
		318	-31.68		

Table 7 .

 7 Changes in the secondary structure of HSA upon its interaction with the synthesized compounds in different concentration (R = [compound] / HSA).

	R	HSA	HSA + PdL2 1		HSA + PdL2 2	
		0	0.5	1	2	0.5	1	2
	α-Helix	58.6	39.7	34.9	32.8	33.4	30.8	24.7

  3 

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.jphotobiol.2016.08.035.