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Abstract 

A diastereomeric pair (homochiral and heterochiral) of Schiff base dioxo molybdenum complex 

was synthesized using chiral ligand (HL: R/S-1-((naphtalen-3-yl)methylenamino)propan-2-ol) in 

racemic form. Then, to separation of this diastereomeric pair, crystallization method was proposed 

which was successful with acetonitrile. 1H NMR technique was used to confirm the results. The 

complexes thoroughly characterized using FT-IR, elemental analysis, 1H NMR and 13C NMR 

techniques, and MoO2L(LH2)1 has been structurally characterized using single-crystal X-ray 

diffraction. The cytotoxic activity of the new compounds has been evaluated using MCF-7 (human 

breast adenocarcinoma) and HeLa (human cervix adenocarcinoma), in addition to normal human 

fibroblast cells using the MTT cytotoxicity assay. 

Compounds MoO2L(LH2)1 and MoO2L(LH2)2 revealed IC50 values 18 µM and 37 µM on MCF-

7 and 58 µM and 17 µM on HeLa, respectively. MoO2L(LH2)2 showed high selectivity (3–13 

folds) for cancerous cells over normal cells, as the maximum cell mortality of 8.77%. Furthermore, 

The HSA- and DNA-binding of the Mo(VI) complexes were investigated by absorption, emission 

spectroscopy, viscosity measurements and molecular docking. Their binding constant are 

calculated as: HSA-binding of MoO2L(LH2)1 is 6.7 × 104 M−1 and of MoO2L(LH2)2 is 

https://www.sciencedirect.com/author/6701554866/valiollah-mirkhani


5.8 × 104 M−1, while their DNA-binding are 5.6 × 104 M−1 and 2.2 × 105 M−1, respectively. Their 

thermodynamic parameters were also determined at different temperatures. 
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1. Introduction 

Chiral compounds are of continued interest and have been used widely in pharmaceutical research. 

It can be because of stereoselective interaction of chiral drugs and also their potent binding with 

biotargets viz., DNA, as nature of the biomacromolecules is chiral [1]. Therefore, synthesis of 

chiral compounds is a strategy for synthesis more effective and selective anticancer drugs. 

Benedetti et al. investigated the biological activity of cisplatin containing chiral ligand and 

confirmed the importance of chirality [2]. A large number of papers have been published about 

chiral metal complex in different fields including asymmetric catalyst, biological systems [3], 

pharmaceutical agent [4] and their anticancer activity [5], [6], [7], [8]. 

Our research group interest is in the field of synthesis novel Schiff base ligands and 

complexes [9], [10]. Moreover, we have recently paid attention to biological activities of Schiff 

base compounds [11], [12]. In particular, we have reported a chiral vanadium complex as a potent 

anticancer agent [13]. In the present study, in continuation of previous work [13], a chiral Schiff 

base ligand in racemic form (HL: R/S-1-((naphtalen-3-yl)methylenamino)propan-2-ol) has been 

used to synthesis dioxomolybdenum (Mo(VI)) complex in ambient temperature. As shown in Fig. 

1, racemic ligand leads to synthesis a diastereomeric pair of metal complex. A mixture of racemic 

ligand is required to have M-S,R-L2 (heterochiral) complex that there are few reports about 
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them [14], [15], [16], and except previous our work, no report has been found about investigation 

of its biological application. 

 

Fig. 1. Four isomers for MoO2L(LH2). 

According to the above, the synthesized Mo complex in this work are in two isomers, homochiral 

(R,R/S,S-MoO2L(LH2)) and heterochiral (R,S/S,R- MoO2L(LH2)) forms, named 

as MoO2L(LH2)1 and MoO2L(LH2)2, respectively. Herein, we accomplished separation of these 

isomers by crystallization as a very simple method. Both diastereomers have been characterized 

by FT-IR, 1H NMR, 13C NMR and elemental analysis and the structure of complex was 

determined by single crystal X-ray analysis. During this study for the first time a comparative 

study on in vitro cytotoxic activity of two diastereomers against human cell lines (MCF-7 and 

HeLa) was carried out. Their DNA- and HSA-binding have been evaluated by means of both 

experimental (fluorescence quenching and UV–Vis spectroscopy methods) and computational 

methods (molecular docking). In addition, the DNA-binding mode of the complexes was 

investigated by viscosity measurement. 
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2. Experimental 

2.1. 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), 

RPMI-1640 medium, antibiotics (penicillin-streptomycin) solution, Fetal bovine serum (FBS) and 

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) were purchased from 

Sigma-Aldrich. 2-Hydroxy-1-naphtaldehhyde and (R/S)-1-aminopropan-2-ol 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. 1H and 13C NMR spectra were recorded on a Bruker Avance III 

400 spectrometer using DMSO as solvent. 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. Viscosity was measured using a Brookfield 

rotational viscometer at room temperature. 

2.2. Preparation of Mo(VI) complex 

A solution of 2-hydroxy-1-naphtaldehyde (0.1 g, 0.58 mmol) in ethanol was slowly added to a 

solution of (R/S)-1-aminopropan-2-ol (0.045 ml, 0.58 mmol) in the same solvent and the mixture 

was stirred for 4 h in ambient temperature. Then, in the presence of triethylamine (0.125 ml, 

0.87 mmol), MoO2(acac)2 (0.094 g, 0.29 mmol) in absolute ethanol was added (Scheme 1). The 

resulting mixture was stirred for 6 h to proceed completely in ambient temperature. Whereupon, 

the complex that separated out was filtered and washed several times. 
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Scheme 1. Synthesis of Mo(VI) complex. 

 

There are four different configurations (Fig. 1A–D) from the synthesized complex. Isomers A and 

C are enantiomers of B and D, respectively. The enantiopure R- or S chelate ligand leads to the 

formation of enantiomeric pair of the type R,R-MoO2L(LH2) and S,S-MoO2L(LH2) (Fig. 1 A and 

B), while racemic ligand (R/S-HL) gives all four isomers. 

In our work, the resulting powder was the mixture of two diastereomers, (R,R/S,S) MoO2L(LH2) 

and (R,S/S,R) MoO2L(LH2), which in this paper are named as MoO2L(LH2)1 and MoO2L(LH2)2, 

respectively. Separation of these diastereomers was tested with different solvents that was 

successful with acetonitrile, and as a result two yellow and orange powders were produced. The 

slow evaporation solution of the MoO2L(LH2)1 complex gave yellow crystals suitable for 

crystallography. The typical yield was 78%. Anal. Calc. for C28H28MoN2O6: C: 59.71, H: 5.01, N: 

4.49. Found: C: 62.60, H: 4.32, N: 5.07%. Selected IR data (KBr, cm−1): MoO2L(LH2)1: 1636 (νC

N), 1487 (νC N), 1335 (νC O), 878 (νasym(O Mo O)) and 906 (νsym(O

Mo O)); and MoO2L(LH2)2: 1634 (νC N), 1458 (νC N), 1334 (νC O), 880 

(νasym(O Mo O)) and 907 (νsym(O Mo O)). 1H NMR (DMSO-d6, δ in 

ppm): MoO2L(LH2)1: 1.12, 1.31 (d, CH3), 3.50, 3.65 (dd, CHH), 3.75, 4.38 (dd, CHH), 3.85, 4.54 

(m, CH), 5.05 (s, OH), 6.69–8.40 (Haromatics), 8.97, 9.61 (s, Himine), 13.92 (s, NH), 

and MoO2L(LH2)2: 1.13, 1.32 (d, CH3), 3.50, 3.65 (dd, CHH), 3.75, 4.38 (dd, CHH), 3.95, 4.64 

(m, CH), 5.07 (s, OH), 7.07–8.40 (Haromatics), 8.98, 9.61 (s, Himine), 13.94 (s, NH). Decomposition 

point: 191.1 °C for MoO2L(LH2)1 and 217.2 °C for MoO2L(LH2)2. 
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2.3. Single crystal diffraction studies 

X-ray data for MoO2L(LH2)1 were collected on a STOE IPDS-II diffractometer with graphite 

monochromated Mo Ka radiation. A yellow crystal was chosen using a polarizing microscope and 

was mounted on a glass fiber which was used for data collection. Data were collected at 298(2) K 

in a series ω scans in 1° oscillations and integrated using the StöeX-AREA [17] software package. 

A numerical absorption correction was applied using the X-RED and X-SHAPE [18] software for 

Mo(VI) complex. The data were corrected for Lorentz and Polarizing effects. The structures were 

solved by direct methods using SIR2004. The non-hydrogen atoms were refined anisotropically by 

the full-matrix least-squares method on F2 using SHELXL [19]. All hydrogen atoms were added at 

ideal positions and constrained to ride on their parent atoms. 

Crystallographic data are listed in Table 2. Selected bond distances and angles are summarized 

in Table 3. 

2.4. DNA binding studies 

Using the electronic absorption and fluorescence methods, the binding of the Mo complexes was 

studied in 50 mM Tris buffer at pH 7.5. The concentration of DNA solution which its purity was 

confirmed by a ratio of UV absorbance at 260 and 280 nm (A260/A280 = 1.9), was determined by 

UV absorbance at 260 nm (ɛ = 6600 M−1 cm−1) [11], [20]. Electronic absorption spectra were 

performed at 25 °C by fixing the concentration of complexes (1 × 10−5 M), and gradually 

increasing the concentration of CT-DNA. An equal amounts of DNA solution was added to the 

blank solution to eliminate its absorbance. For every titration step, the mixture solutions were 

allowed to incubate for 2 min before recording the related spectra. 

Fluorescence spectra of DNA–EthBr complex in the presence of different concentrations of 

Mo(VI) complexes at temperatures 295, 303 and 311 K were studied, according to previous 

works [21], [22]. The fluorescence quenching experiment was carried out using quartz cuvette 

with 1 cm optical path length. The excitation wavelength was set to 520 nm, and the emission 

spectra were recorded in the range of 550–700 nm. In each measurement, the complex–DNA 

solutions were allowed to incubate for 2 min before recording. 

Viscosity experiments were carried out using an ALPHA L Fungilab rotational viscometer and the 

measurements were performed at 200 rpm at room temperature. The viscosity of a DNA solution 

was measured with the addition of the Mo(VI) complexes. 
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2.5. HSA binding experiment 

Absorption titration experiment and fluorescence quenching experiment were performed to 

investigate the HSA-binding of the complexes. To this aim, a stock solution of HSA was prepared 

in 50 mM phosphate buffer (pH 7) and stored at 4 °C in the dark. Its concentration was determined 

by UV–Vis spectrophotometry using the molar absorption coefficient 35700 M−1 cm−1 at 

278 nm [11]. 

The UV–Vis absorption and fluorescence spectra of the HSA solution in the absence and presence 

of various amounts of Mo(VI) complexes were recorded after 2 min incubation. The fluorescence 

intensity was measured with excitation wavelength at 295 nm and emission wavelength rang of 

300–450 nm. The spectra were recorded at four different temperatures (298, 305, 311 and 315 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. 

2.6. 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,R)-MoO2L(LH2) 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 MoO2L(LH2)2 complex was calculated using GAUSSIAN 09 [23] at the levels of 

B3LYP/LANL2DZ. 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 2.5 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 [24]. 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 

https://www.sciencedirect.com/topics/chemistry/spectrophotometry
https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0055
https://www.sciencedirect.com/topics/chemistry/fluorescence-intensity
https://www.sciencedirect.com/topics/chemistry/fluorescence-intensity
https://www.sciencedirect.com/topics/chemistry/emission-wavelength
https://www.sciencedirect.com/topics/chemistry/uv-absorption
https://www.sciencedirect.com/topics/chemistry/uv-absorption
http://www.ccdc.cam.ac.uk/
https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0115
http://www.rcsb.org/pdb/explore.do?structureId=423D
http://www.rcsb.org/pdb/explore.do?structureId=1AO6
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-data-bank
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/protein-data-bank
http://www.rcsb.org/pdb
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/autodock
https://www.sciencedirect.com/topics/chemistry/gibbs-free-energy
https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0120
https://www.sciencedirect.com/topics/chemistry/macromolecule
https://www.sciencedirect.com/topics/chemistry/biomacromolecule


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. 

2.7. In vitro anticancer activity evaluation 

The anticancer activity of the complexes was investigated on human breast (MCF-7) and cervical 

(HeLa) cancer cell lines as well as normal human fibroblast cells using MTT assay as described 

previously [25], [26]. The cells were first cultured in RPMI-1640 medium supplemented with 10% 

FBS and 1% antibiotics solution, and maintained in a humidified 5% CO2 incubator at 37 °C for 

two weeks. The cells were then seeded at a density of 104 cells per well into the sterile 96 well 

plates containing 200 µL of the same medium and incubated again at the same condition for 24 h. 

Following 48 h incubation of the cells with various concentrations of the compounds (0, 1, 5, 10, 

20, 50 and 100 µM), the medium was discarded and 100 µL MTT solution (0.5 mg per mL in 

media) was added to each well and the plates were incubated at 37 °C with 5% CO2 for 4 h. 

Subsequently, the culture medium was carefully removed while the formazan crystals were 

dissolved in 100 µl DMSO and absorbance was measured at 570 nm using micro-plate reader. The 

cultured cells in the same condition but without treatment were served as control. Three 

independent experiments were conducted for each toxicity endpoint. The cell viability was 

determined as ratio of absorbance values from each treatment and the control. The changes in 

morphology of the cells after exposure to the corresponding concentrations of the compounds were 

also investigated by using the optical microscope. 

3. Result and discussion 

In this study, a diastereomeric pair of dioxo molybdenum Schiff base complex was synthesized 

using racemic ligand, preparing by simple condensation reaction of 2-hydroxy-1-naphtaldehyde 

and (R/S)-1-aminopropan-2-ol at ambient temperature. In our synthesis, dioxo molybdenum 

complex has free functional groups that provides the possibility for linkage of the complex on an 

insoluble support. Therefore, this complex can be used as heterogeneous catalyst. 
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3.1. 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 atom. The stretching band of the coordinated imine group (C

N) appeared at 1636 and 1634 cm−1 for MoO2L(LH2)1 and MoO2L(LH2)2 complexes, 

respectively [11] which shifted to lower frequency compared to the free ligand. This result is 

indicative of coordination of the metal to the imine nitrogen [27]. The strong bands related to the 

C Ophenolic and C N stretching were observed at the region of 1335 and 

1487 cm−1 for MoO2L(LH2)1, 1334 and 1458 cm−1 for MoO2L(LH2)2 complexes. The stretching 

frequencies at about 1186 cm−1 were attributed to the coordinated C Oalcholic group. 

The presence of several medium intensity bands between 2800 and 3300 cm−1 in the spectra of 

Mo(VI) complexes suggests the existence of C H stretching vibrations of aliphatic and 

aromatic protons. In addition, two sharp bands at 878 cm−1 and 

880 cm−1 in MoO2L(LH2)1 and MoO2L(LH2)2 complexes, respectively, is due to the asymmetric 

O Mo O stretches and also their symmetric O Mo O stretches are appeared in 

906 and 907 cm−1. They are attributed to the vibration of the two double-bonded cis-oxygen atoms 

at the molybdenum core [28], [29]. This results indicate the presence of the MoO2
+2 group 

in cis position. 

Also, it should be noted that, in the IR spectrum of dinuclear complex the band at about 780 cm−1 is 

indicative of intermolecular metal…oxygen interaction. Absence of the such band 

in MoO2L(LH2)1 and MoO2L(LH2)2 confirms the monomeric structure of Mo complexes. The IR 

spectra of compounds also exhibit a broad absorption band in ∼3300, characteristic of the 

stretching vibration of the alcoholic OH group. The remaining frequencies in the IR spectra are 

due to the vibrations within the ligands. 
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3.2. NMR spectra 

Nuclear magnetic resonance (NMR) can be applied to calculate diastereomeric ratio in a mixture 

by the integration of characteristic signals with different chemical shifts for 

diastereomers [30], [31]. Herein, we study characterization and separation of two diastereomers 

(MoO2L(LH2)1 and MoO2L(LH2)2) without need to molecular interactions with 

reagents, chromatography columns and etc. [30]. 

Separation of the diastereomers by crystallization in several solvents was tested, finally it was 

successful with acetonitrile which suggests different solubility properties of isomers. 

Complexes MoO2L(LH2)1 and MoO2L(LH2)2 have slight difference in 1H NMR spectra. 

The appearance of distinct signals for protons in 1H NMR confirmed the successful separation of 

diastereomers. As expected, the NMR spectra of the diastereomeric complexes 

(MoO2L(LH2)1 and MoO2L(LH2)2) exhibited different stereochemistry at the CH3 which 

shows little differences in the chemical shift. The related signals of 1H and 13C NMR experiments 

were listed in Table 1. 

 

Table 1. 1H and 13C NMR of Mo (VI) complexes.  
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Empty Cell 1H NMR Empty 

Cell 

13C NMR 

MoO2L(LH2)1 MoO2L(LH2)2 MoO2L(LH2)1 MoO2L(LH2)2 

OH 5.05 5.07 C1, C1′ 162.45, 178.43 163.13, 178.43 

NH 13.92 13.94 C2, C2′ 67.15, 77.00 67.07, 77.01 

H1, H1′ 8.97, 9.61 (s) 8.98, 9.61 (s) C3, C3′ 57.49, 65.28 57.47, 65.22 

H2a, H2a′ 

H2b, H2b′ 

3.50, 3.65,3.75, 

4.38 

(dd) 

3.50, 3.65,3.75, 

4.38 

(dd) 

C4, C4′ 19.71, 20.78 19.72, 20.77 

H3, H3′ 3.85, 4.54 (m) 3.95, 4.64 (m) Caromatics 159.29–105.40 159.24–105.36 

H4a, H4b, H4c 

H4a′, H4b′, H4c′ 

1.12, 1.31 1.13, 1.32 
   

Haromatics 6.69–8.40 7.07–8.40 
   

A characteristics feature of the 1H NMR spectra of complexes is the imine proton resonance, 

observing at 9.61 and 8.97 ppm for MoO2L(LH2)1, 9.61 and 8.98 for MoO2L(LH2)2. The 

resonance signal corresponding to phenolic (OH) proton disappears in the Mo(VI) complexes, 

indicating the coordination of oxygen atom to Mo(VI) ion. The signal at about 5 ppm which is due 

to COH is observed in the complexes spectra. This means that this oxygen exists at 

uncoordinated to Mo(VI), as can be seen in X-ray structure (see Section 3.3). In addition, there is 

a singlet signal at 13.92 and 13.94 ppm in the spectra of MoO2L(LH2)1 and MoO2L(LH2)2, 

respectively. It can be due to the existence of an uncoordinated imino nitrogen in their structures 

which is protonated (see Section 3.3). 

The protons of CHH are diastereotopic ones, therefore they split each other and have different 

chemical shifts. The related signals are appeared as doublet of doublet, at 3.50, 3.65, 3.75 and 
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4.38 ppm for both diastereomer. The signals (m, 1H) at 3.85 and 4.54 ppm for MoO2L(LH2)1, 3.95 

and 4.64 ppm for MoO2L(LH2)2 are due to CH. The doublet signals at 1.12 and 1.31 ppm is 

attributed to the CH3 for MoO2L(LH2)1, while these are at 1.13 and 1.32 ppm for MoO2L(LH2)2. 

The 13C NMR spectra of Mo(VI) complexes show 28 signals. The peaks observed at 178.43, 

162.45 ppm and 178.43, 163.13 ppm are ascribed to the imine carbon atoms 

of MoO2L(LH2)1 and MoO2L(LH2)2, respectively. The existence this peak in the spectra of 

complexes supports the presence of the Schiff base in the complex. 

The 1H and 13C NMR were run immediately after dissolving complexes in DMSO 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. 

3.3. Description of the crystal structure of MoO2L(LH2)1 

The molecular structures of MoO2L(LH2)1 (R,R-MoO2L(LH2) and S,S-MoO2L(LH2)) have been 

determined by single crystal X-ray diffraction analysis, and the crystallographic data are collected 

in Table 2. Also, the selected bond lengths and angles are listed in Table 3. The complex 

crystallizes in space group �1¯ and a representative ORTEP view of its asymmetric units with the 

atom-numbering scheme is presented in Fig. 2. 

 

Table 2. Crystal data and structure refinement for MoO2L(LH2)1. 

Empirical formula C28H28N2O6Mo 

Formula weight 584.46 

T (K) 298(2) 

λ (Å) 0.71073 

Crystal system triclinic 

Space group �1¯ 

Unit cell dimensions (Å, °) a = 8.7221(17) 
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b = 12.452(19) 

 
c = 12.860(2) 

 
α = 100.52(3) 

 
β = 91.70(3) 

 
γ = 105.20(3) 

V (Å3) 1320.7(5) 320.7(5) 

Z 2 

Dcalc (Mg/m3) 1.470 

Absorption coefficient (mm−1) 0.541 

F(0 0 0) 600 

θ range for data collection (°) 2.59–24.99 

Index ranges −10 ≤ h ≤ 10 

 
−14 ≤ k ≤ 14 

 
−15 ≤ l ≤ 15 

Reflections collected 14 280 

Independent reflections 4640 [Rint = 0.0577] 

Data completeness (%) 99.8 



Refinement method full-matrix least-squares on F2 

Data/restraints/parameters 4640/0/341 

Goodness-of-fit on F2 0.911 

Final R indices [I > 2σ(I)] R1 = 0.0395 

 
wR2 = 0.0902 

R indices (all data) R1 = 0.0602 

 
wR2 = 0.0939 

Largest difference peak and hole (e Å−3) 0.622 and −0.364 

Table 3. Selected bond distances (Å) and angles (°) for MoO2L(LH2)1*. 

Mo(1) O(1) 
1.983(3) 

O(3) Mo(1) O(5) 
06.16(15) 

Mo(1) O(2) 
1.905(3) 

O(3) Mo(1) O(2) 
99.12(14) 

Mo(1) O(3) 
1.709(3) 

O(5) Mo(1) O(2) 
99.97(13) 

Mo(1) O(4) 
2.280(3) 

O(3) Mo(1) O(1) 
93.40(14) 

Mo(1) O(5) 
1.711(3) 

O(5) Mo(1) O(1) 
101.30(13) 

Mo(1) N(1) 
2.255(3) 

O(2) Mo(1) O(1) 
151.17(11) 

https://www.sciencedirect.com/science/article/pii/S0277538719303511#tblfn1


O(4) C(15) 
1.298(4) 

O(3) Mo(1) N(1) 
91.62(14) 

O(1) C(1) 
1.344(4) 

O(5) Mo(1) N(1) 
162.18(12) 

O(2) C(13) 
1.444(5) 

O(2) Mo(1) N(1) 
75.45(12) 

O(6) C(27) 
1.406(6) 

C(1) O(1) Mo(1) 
130.5(3) 

N(2) C(25) 
1.291(5) 

O(1) Mo(1) N(1) 
78.35(11) 

N(2) C(26) 
1.475(5) 

O(3) Mo(1) O(4) 
166.32(13) 

C(24) C(15) 
1.418(5) 

C(15) O(4) Mo(1) 
134.9(2) 

C(24) C(23) 
1.453(5) 

C(13) O(2) Mo(1) 
121.1(2) 

* 

Symmetry transformations used to generate equivalent atoms: 1 −x, −y, −z. 

 



 

Fig. 2. ORTEP representation of MoO2L(LH2)1. Displacement ellipsoids are drawn at the 30% 

probability level and H atoms are shown as small spheres of arbitrary radii. Hydrogen bonds are 

shown as dashed lines. 

 

The complex contains a stereogenic center at atom C13 (Fig. 2) and the reference molecule was 

selected as one having the R-configuration at atom C13. The centrosymmetric space group 

confirms that the complex has crystallized as a racemic mixture (Fig. 3). 
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Fig. 3. Racemic mixture (R,R-MoO2L(LH2) and S,S-MoO2L(LH2)) in unit cell. 

The MoO2L(LH2)1 complex exhibits distorted octahedral geometry consist of a cis-

{MoO2}2+ fragment surrounded by two Schiff base ligands, differently, one of the ligands acts as 

tridentate and another as monodentate ligand. The coordinating sites are occupied by two dioxo 

oxygen atoms in cis arrangement and the remaining four sites are coordinated by two oxygen and 

one nitrogen atoms of a ligand (L) and one oxygen atom of another ligand (L′). The azomethine N 

and hydroxyl O atoms of L′ do not participate in coordination and are protonated. 

The bond angles in the octahedron differ significantly from the ideal 90°/180° (Table 3). They 

vary from 75.45(12)° to 106.16(15)° for cis-substituted and 151.17(11)°to 166.32(13)° 

for trans substituted, indicating the significance of distortion degree in the octahedron. The bond 

lengths of complex are comparable with their counterparts in the cis-dioxo Mo(VI) 

complexes [32], [33], [34]. The Mo N(1) and Mo O(4) bond lengths 2.255(3) Å and 

2.280(3) Å, respectively are somewhat longer than those for Mo O(1), Mo O(2), Mo

O(3) and Mo O(5), 1.983(3), 1.905(3), 1.709(3) and 1.711(3) Å, reflecting the trans influence 

of the oxo ligands. Moreover, the Mo O bond lengths (Mo O3, 1.709(3) Å; Mo O5, 
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1.711(3) Å) are in the expected range of cis-dioxo Mo(VI) complexes [35], [36]. The C N 

bond distances are 1.291(7) Å (N2 C25) and 1.281(4) Å (N1 C11), are similar to those 

reported previously [28], [37]. 

Table 4 shows the Mo complexes synthesized with slightly different ligands. In all the cases, there 

is a tridentate NOO Schiff base ligand coordinating to cis-MoO2
2+ species. The same scaffolds are 

marked with red color [38], [39], [40], [41], [42], [43]. As shown, in our complex and complex 1, 

two Schiff base ligands were coordinated to Mo(VI) [44], [45]. Although, their synthetic 

procedures were completely different. In synthesis of complex 1, MoO2(Sal)2 was used instead of 

MoO2(acac)2 that we were used. Intermolecular hydrogen band between oxo (Mo O) and 

hydroxyl (OH) group in both our complex and complex 1 formed 1D chain. 

 

Table 4. The Mo(VI) complexes with similar structure. 
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In other complexes, there is one coordinated ligand to Mo(VI) and in their structures, excluding 

complex 5, solvent of the reaction (H2O, MeOH and DMSO) occupies one of the coordination site. 

In complex 5, imidazole coordinated to Mo instead of solvent. But in reported complex in this 

paper, MoO2L(LH2)1, two Schiff base ligand coordinated to Mo of cis-MoO2
2+ species without 

coordination of any reaction solvents. The most important reason about structural difference 

between Mo complex in this paper, MoO2L(LH2)1, with other reported structures (Table 4) is the 

use or non-use of triethylamine as base during the reaction. Synthesis of MoO2L(LH2) was carried 

out in the presence of triethylamine, while in other similar reported structures, the reaction between 

MoO2(acac)2 and Schiff base ligands was done without triethylamine as base. Triethylamine is 

able to change the Ph OH of Schiff base ligand to Ph O−. In this case, Ph O− of Schiff 

base ligand can occupy one of the coordination site of Mo complex in MoO2L(LH2)1 instead of 

reaction solvent. The band lengths of MoO2L(LH2)1 are similar to those seen in related complexes 

in Table 4. The Mo N (imine) and Mo O (Schiff base ligand) bonds in these complexes 

are in the range of 2.251–2.293 and 1.93–1.97 Å, respectively. 

Also, the complex is chiral at metal center, as shown in Fig. 4, and the absolute configuration of 

each Mo atom could be determined as either C (clockwise) or A (anticlockwise) (Fig. 4) using the 

official nomenclature rules for such compounds [44]. As shown in Fig. 4, ligands 
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with chirality of R and S coordinated to Mo atom with A and C chirality, respectively. On the basis 

of the above, the two enantiomers in the Fig. 4, can properly be named with the following 

combinations: SC, CMo, SC and RC, AMo, RC. 

 

Fig. 4. The two enantiomers of MoO2L(LH2)1 complex, C and A, with the priority numbers used 

to define the absolute configuration shown as subscripted indices [44]. 

 

The protonated imino nitrogen (N2) forms an intramolecular hydrogen bond with the phenolato 

oxygen (O4) [N(2) H…O(4)] (Fig. 4). The intramolecular H-bond distances and angle are also 

in the expected range, (N H: 0.861 Å, H…O: 1.910 Å, N⋯O: 2.589 Å and NHO: 

134.69°) [46], [47], [48]. There is also one intermolecular hydrogen bond of C(6) H(6)…O(3) 

type in the structure that creates a 1D chain (The inter H-bond geometries: O H: 0.820 Å, 

H…O: 1.946 Å, N⋯O: 2.761 Å and NHO: 172.84°). It is noteworthy that the chains 

have RC, AMo, RC…RC, AMo, RC…RC, AMo, RC or SC, CMo, SC…SC, CMo, SC…SC, CMo, SC configura

tions (Fig. 5). According to the hydrogen-bonding classification [49], these intramolecular and 

intermolecular hydrogen bonding are moderate electrostatic interactions. 
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Fig. 5. (a) Illustration of 1D chains formed by O H…O and ligand figuration coordinated to 

Mo(VI) complex (b) A representation of intramolecular and intermolecular hydrogen bonds in 

the MoO2L(LH2)1 complex. 

 

The existence coordinated ligand in both S and R configuration confirms that the 

diastereomer R,S-MoO2L(LH2) is also formed, but its suitable single crystal could not be formed. 

However, its formation can be confirmed using NMR spectra (see Section 3.2). 

3.4. Interaction with DNA 

3.4.1. UV–Vis absorption 

UV–Vis spectroscopy was used to study about DNA-binding mode and affinity of metal complex 

to. The absorption spectra of the Mo(VI) complexes show four absorption bands at 303, 322, 392 

and 407 nm for MoO2L(LH2)1 and 304, 329, 393 and 412 nm for MoO2L(LH2)2 (Fig. 6). The 

bands below 330 nm is the result of π–π* and n–π* transitions of the ligands and the others ascribed 

to the metal to ligand charge transfer transitions [50], [51]. Upon the addition of FS-DNA, the 

complexes show hyperchromism effect which can be due to binding them through groove binding 

mode and, maybe there is hydrogen bonds between the NH groups of the complexes and N 

of adenine or O of thymine in DNA [52], [53]. 

 

https://www.sciencedirect.com/topics/chemistry/hydrogen-bond
https://www.sciencedirect.com/science/article/pii/S0277538719303511#s0060
https://www.sciencedirect.com/science/article/pii/S0277538719303511#f0030
https://www.sciencedirect.com/topics/chemistry/charge-transfer-transition
https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0250
https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0255
https://www.sciencedirect.com/topics/chemistry/adenine
https://www.sciencedirect.com/topics/chemistry/thymine
https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0260
https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0265


 

Fig. 6. The change of electronic absorption spectra of (a) MoO2L(LH2)1 and 

(b) MoO2L(LH2)2 complexes (1 × 10−5 M) upon addition various amounts of FS–DNA 

(1 × 10−4 M). 

 

The intrinsic binding constant Kb was determined using the Wolf–Shimer equation [52]: 

 

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

binding constant of FS-DNA with MoO2L(LH2)1 and MoO2L(LH2)2 are determined as 

7.6 × 104 and 4.2 × 105 M−1, respectively. 

3.4.2. Fluorescence spectroscopy 

The emission spectra of the EthBr–DNA complex in the presence of the Mo complexes was used 

to further investigation of DNA-binding that decreases without any change in the 

emission λmax (Fig. 7), thereby suggesting the binding of the complexes with DNA. 

 

 

https://www.sciencedirect.com/science/article/pii/S0277538719303511#f0035


Fig. 7. Fluorescence spectra for titration of DNA:EthBr (50:5 µM) with increasing amounts of 

(a) MoO2L(LH2)1 and (b) MoO2L(LH2)2 (2.5 × 10−4 M), λex = 520 nm. 

 

The absorptions of the complexes at the excitation and emission wavelengths were approximately 

zero in all concentrations. Hence, a reduction in the emission intensity is independent of the inner 

filter effect. 

The Stern–Volmer equation was used to define and evaluate binding ability between the complexes 

and FS-DNA [55]: 

 

 

where F0 and F are the fluorescence intensity of EthBr–DNA complex in absence and presence of 

the complexes, respectively. [Q] is the concentration of quencher and Ksv is the Stern–Volmer 

quenching constant, kq is the quenching rate constant of EthBr–DNA and τ is the average lifetime 

of EthBr–DNA without quencher which is typically equal to 10−8 s for 

biomacromolecules [11]. Ksv is determined from the plot of F0/F versus [Q] (Fig. S1). The values 

of KSV and kq were obtained at 295, 303 and 311 K and presented in Table 5. 

 

Table 5. The DNA-binding constant (Kb), the number of binding site (n), the Stern–Volmer 

constant (KSV) of the compounds and the quenching rate constant of DNA (kq). 

Compounds T (K) Kb (M−1) KSV (M−1) kq (M−1 S−1) 

MoO2L(LH2)1 295 5.6 × 104 9.7 × 103 9.7 × 1011 

303 7.4 × 105 1.2 × 104 2.4 × 1012 

311 3.3 × 106 2.4 × 104 1.2 × 1012 

MoO2L(LH2)2 295 2.2 × 105 1.1 × 104 1.1 × 1012 

303 1.8 × 104 9.3 × 103 9.3 × 1011 

311 1.6 × 104 5.2 × 103 5.2 × 1011 
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Moreover, binding constant (Kb) of the complexes and FS-DNA can be calculated by this 

experiment and using following equation [56]: 

 

“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 nucleic acid is slope of the plot. The 

intrinsic binding constant (Kb) of the complexes were calculated at different temperatures and 

presented at Table 5. Investigation of DNA-binding of the complexes in different temperatures can 

be provide valuable information about the mechanism of fluorescence quenching which is 

classified into 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 [11]. Dynamic and static 

quenching can be distinguished by their differing dependent on the temperature [57]. As it can be 

seen in Table 5, a diastereomeric pair shows different behavior with increasing temperature; 

KSV of MoO2L(LH2)1 increases while that of MoO2L(LH2)2 decreases. These results support that 

quenching fluorescence in the case of MoO2L(LH2)1 and MoO2L(LH2)2 occurs by dynamic and 

static mechanism, respectively. 

3.4.3. Determination of the thermodynamic parameters 

With the objective to assess the effects of temperature on DNA-binding of the complexes and to 

measure the thermodynamic parameters, the fluorescence experiment was performed at three 

different temperatures (295, 303 and 311 K). 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 [28]. 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 an electrostatic forces. The values of ΔH and 

ΔS are obtained from the van’t Hoff equation [58]: 
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where Kb is the binding constant at the corresponding temperature, T is the absolute temperature 

in K and R is the gas constant. The values of ΔH and ΔS can be determined from the linear 

relationship between ln K and the reciprocal absolute temperature. ΔG can be evaluated from the 

following equation [59]: 

 

 

Table 6 lists the values of ΔG, ΔH and ΔS. The negative values of ΔG for both complexes and at 

all temperatures reveal that the DNA-binding process was spontaneous, and the lower ΔG values 

for MoO2L(LH2)2 indicate its higher binding affinity. The positive ΔH and ΔS values 

for MoO2L(LH2)1 suggest that hydrophobic interaction played a major role in its DNA interaction. 

Furthermore, ΔS has dominant role in the interaction between DNA and MoO2L(LH2)1. In 

addition, both the negative ΔH and ΔS values make it clear that the van der Waals force and 

hydrogen bond were the main driving force in the MoO2L(LH2)2–DNA binding process. In this 

case the enthalpy term has major role to make ΔG negative. These results were further confirmed 

by the molecular docking studies. 

 

Table 6. Thermodynamic parameters for interaction of MoO2L(LH2)1 and MoO2L(LH2)2 with 

DNA. 

Compounds T (K) ΔG (kJ mol−1) ΔH (kJ mol−1) ΔS (J mol−1) 

MoO2L(LH2)1 295 −27.21 
  

303 −33.22 194.74 752.36 

311 −39.25 
  

MoO2L(LH2)2 295 −29.25 
  

303 −26.63 −125.92 −327.7 

https://www.sciencedirect.com/science/article/pii/S0277538719303511#b0295
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Compounds T (K) ΔG (kJ mol−1) ΔH (kJ mol−1) ΔS (J mol−1) 

311 −24.00 
  

3.4.4. Viscosity measurement 

Changes of length DNA that may occur as a consequence of binding to a small molecule, leads to 

changes of DNA viscosity. In intercalative mode, base pairs are separated to accommodate the 

binding ligand, so causes increases of DNA length. Vice versa, groove binding and electrostatic 

bend the DNA helix, reduces its length and leads to the reduction or no change in the DNA 

viscosity [60], [61]. The slow decrease in viscosity of DNA with increasing amount of the 

complexes (Fig. 8) indicates groove binding. 

 

 

Fig. 8. Effect of increasing amounts of Mo(VI) complexes on the viscosity of DNA. 

[Complex]/[DNA] = 0, 0.05, 0.1, 0.15, 0.2, 0.3. 

 

The obtained data are presented as (η/η0)1/3 versus [complex] [54], where η and η0 are the viscosity 

of DNA in the absence and presence of the compound, respectively. 

The degree of reduction of DNA viscosity, which may depend on affinity of Mo(VI) complexes 

to DNA, follows the order of MoO2L(LH2)1 < MoO2L(LH2)2, and it is consistent with UV–Vis 

and fluorescence results. 
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3.4.5. Docking study 

Investigation of molecular interaction of the Mo(VI) complexes with DNA was carried out through 

molecular docking studies, suggesting both complexes bind with the minor groove of DNA (Fig. 

9). 

 

Fig. 9. Molecular docking poses for the interaction of (a) MoO2L(LH2)1 and 

(b) MoO2L(LH2)2 complexes with the minor groove of DNA. 

 

Based on this data, interaction between MoO2L(LH2)1 with DC18, DT8, DC9, DG19, DT20 and 

interaction of MoO2L(LH2)2 with DC16, DC9, DG10, DG7, DT8, DC18 is possible. Also, Fig. 

9 indicates there are two hydrogen bonds in Mo(VI)–DNA complexes and the binding free 

energies (ΔG), are obtained −7.36 and −7.66 kcal mol−1 for MoO2L(LH2)1 and MoO2L(LH2)2, 

respectively. These results revealed the stronger DNA-binding of MoO2L(LH2)2. This observation 

is fully supported by experimental results. Also, both the experimental results and computational 

docking data collectively suggest that the synthesized complexes are DNA groove binder. 

3.5. Interaction with human serum albumin (HSA) 

3.5.1. UV–Vis absorption 

Herein, we have determined the intrinsic binding constant of the complexes to HSA, using UV–

Vis absorption spectroscopy. Through addition of various amount 

of MoO2L(LH2)1 and MoO2L(LH2)2 complexes (5 × 10−5 M), progressive decreases and 

increases were observed in the absorption peak of HSA at 278 nm, respectively (Fig. 10), 

https://www.sciencedirect.com/science/article/pii/S0277538719303511#f0045
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indicative of interaction of the complexes with HSA. Furthermore, the obvious red-shift on the 

absorption spectra may be accounted for the microenvironment changes of HSA molecule [62]. 

 

Fig. 10. The change of electronic absorption spectra of HSA upon addition of various amounts of 

(a) MoO2L(LH2)1 and (b) MoO2L(LH2)2 complexes. 

 

Benesi–Hildebrand plot and the following equation [63], [64] were used to assess the binding 

ability of the title complexes with HSA. 
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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 [64]. The plot of 1/(�-�0) versus1/[�]gives Kb as ratio of y-intercept to slop. The 

binding constants for MoO2L(LH2)1 and MoO2L(LH2)2 are equal to 7.6 × 104 and 6.1 × 104 M−1, 

respectively (Fig. 9). 

3.5.2. Fluorescence spectroscopy 

In this work, the fluorescence quenching of 5 × 10−6 M HSA was measured at the presence of 

various amounts of the Mo(VI) complexes (5 × 10−5 M) at different temperatures (298, 305, 311 

and 315 K) (Fig. 11). 
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Fig. 11. Fluorescence spectra of HSA (5 × 10−6 M) in the presence of increasing amounts of 

(a) MoO2L(LH2)1 and (b) MoO2L(LH2)2 (5 × 10−5 M), λex = 295 nm. 

 

The values of KSV, kq and Kb were obtained at 298, 305, 311 and 315 K and presented in Table 

7 (Eqs. (2), (3)) (Fig. S3 and S4) [55], [56]. As it is seen in Table 7, the 

calculated Kb and KSV values have a direct relation with temperature, hence the quenching 

mechanism is dynamic for both of the Mo(VI) complexes. 

 

 

 

Table 7. 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−1 S−1) 

MoO2L(LH2)1 298 6.7 × 104 0.95 5.5 × 104 5.5 × 1012 

305 1.2 × 105 0.75 6.9 × 104 6.9 × 1012 

311 2.8 × 106 0.57 1.0 × 105 1.0 × 1013 

315 3.1 × 106 0.60 1.2 × 105 1.2 × 1013 

MoO2L(LH2)2 298 5.8 × 104 0.90 3.9 × 104 3.9 × 1012 

305 1.2 × 105 0.67 6.6 × 104 6.6 × 1012 

311 1.9 × 105 0.67 8.1 × 104 8.1 × 1012 

315 2.4 × 105 0.66 9.8 × 104 9.8 × 1012 
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3.5.3. Determination of the thermodynamic parameters 

The effects of temperature on HSA-binding of the complexes were also investigated and the 

thermodynamic parameters was measured. Therefore, the fluorescence experiment was performed 

at four different temperatures (298, 305, 311 and 315 K). 

The values of ΔH, ΔS and ΔG were calculated as explained in Section 3.4.3. Table 8 lists the 

results. In the present case, the positive ΔH and ΔS values make it clear that the hydrophobic 

interaction is the main driving force in the Mo(VI) complexes–HSA binding. Also, the negative 

values of ΔG at all temperatures them reveal that the protein binding process is spontaneous and 

the lower ΔG values for MoO2L(LH2)1 indicate its higher affinity for binding to HSA. 

 

Table 8. Thermodynamic parameters for interaction of MoO2L(LH2)1 and MoO2L(LH2)2 with 

HSA. 

Compounds T (K) ΔG (kJ mol−1) ΔH (kJ mol−1) ΔS (J mol−1) 

MoO2L(LH2)1 295 −102.83 
  

305 −105.24 75.41 345.30 

311 −107.32 
  

315 −108.70 
  

MoO2L(LH2)2 295 −92.84 
  

305 −95.02 65.5 311.77 

311 −96.89 
  

315 −98.14 
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3.5.4. Energy transfer from HSA to complexes 

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 explained by fluorescence 

resonance energy transfer (FRET) theory, 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 [65]. 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 UV–Vis spectrum of the acceptor should 

have sufficient overlap (3) the small distance between donor and acceptor (<8 nm) [65]. The 

distance and efficiency of energy transfer (E) between tryptophan residue of HSA and the 

complexes 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. (8) [66]. 

 

In the above equation, the term K2 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 � 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 � is the molar absorption coefficient of the acceptor at λ. In the present 

case, K2 = 2/3, N = 1.336 and � = 0.15 for HSA. According to Eqs. (7), (8), (9) the values of the 

parameters for MoO2L(LH2)1 were J = 3.7 × 10−20 cm3 L mol−1, R0 = 0.30 nm, E = 0.6 

and r = 0.28 nm. The same parameters were calculated 

for MoO2L(LH2)2 J = 8.8 × 10−20 cm3 L mol−1, R0 = 0.37 nm, E = 0.57 and r = 0.26 nm. 
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Fig. 12 represents the overlap of the fluorescence emission spectrum of HSA (3 µM) and the UV–

Vis spectrum of the complexes (3 µM). The values of r for the complexes are less than 8 nm and 

0.5 R0 < r < 1.5 R0, suggesting energy transfer from HSA to them occurs with high 

probability [67]. 

 

 

Fig. 12. Spectral overlap of the HSA fluorescence with the absorption spectrum 

of MoO2L(LH2)1 complex (a) and MoO2L(LH2)2 one (b). 

[HSA] = [complexes] = 3 µM, λex = 295 nm. 

 

3.5.5. Molecular docking of the Mo(VI) complexes with HSA 

The Mo(VI) complexes were docked to the crystal structure of HSA and their interaction with 

HSA was investigated. According to Fig. 13 that is displayed the crystal structure of HSA and its 

ligand binding sites [68], MoO2L(LH2)1 and MoO2L(LH2)2 complexes were bound to the 

binding sites at domain IB and cleft, respectively. 
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Fig. 13. The ligand binding sites of HSA. 

 

Molecular docking of Mo(VI) complexes with HSA is shown in Fig. 14. As it is clear in this figure, 

there are two hydrogen bonds between each of Mo(VI) complexes and HSA amino acids, hydrogen 

bonds between Ooxo of MoO2L(LH2)1 and ARG117, hydroxyl group (O6–H6) 

of MoO2L(LH2)1 and LEU115, O4 of MoO2L(LH2)2 and LYS195, O6 of MoO2L(LH2)2 and 

LYS436. In addition, there are two π–π interactions between phenyl rings of MoO2L(LH2)1 and 

TYR161 and TYR138 amino acid residues. While in MoO2L(LH2)2-HSA complex, there are two 

π–cation interactions with LYS195 amino acid residue. Also, there are four categories hydrophobic 

and hydrophilic contacts between the Mo(VI) complexes atoms and the amino acids of the binding 

site, viz. (i) hydrophobic contacts between MoO2L(LH2)1 atoms and LEU162, LEU185, ILE142 

and VAL116, (ii) hydrophilic contacts between MoO2L(LH2)1 atoms and ARG145 and ARG186, 

(iii) hydrophobic contacts between MoO2L(LH2)2 atoms and ALA191, CYS448 and PRO447, (iv) 

hydrophilic contacts between MoO2L(LH2)2 atoms and GLU292, LYS436 and ASP451. 

https://www.sciencedirect.com/science/article/pii/S0277538719303511#f0070
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Fig. 14. Docking poses of (a) MoO2L(LH2)1 and (b) MoO2L(LH2)2 in the active site of HSA. 

(Left) The full view of the complexes docked in HSA; (Right) the interaction mode between the 

complexes and HSA, the green dashed line, cylindrical and conical shapes show hydrogen bond, 

π–π and π–cation interactions, respectively. (Color online.) 

 

The binding energy for MoO2L(LH2)1 and MoO2L(LH2)2 complexes with HSA are evaluated 

about −10.91 and −7.13 kcal.mol−1, respectively. The larger negative value of binding energy 

for MoO2L(LH2)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. 



3.6. Cell viability assay 

MTT assay was used to elucidate the anti-proliferative potential of Mo(VI) complexes on two 

carcinoma cell lines including MCF-7 and HeLa and also their adverse effects on normal human 

fibroblast cells. This colorimetric assay evaluates the viability of cells depending on their 

metabolic activity by measuring the content of NAD(P)H-dependent oxidoreductase enzymes in 

the living cells. To the best of our knowledge, it is the first comparative study on the anticancer 

activity of a diastereomeric pair. The results clearly showed the significant anticancer activity of 

the compounds depending on the concentration, as the proliferation of cancer cells decreased 

progressively by increasing the concentration of compounds (Fig. 15). 
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Fig. 15. The viability percentage of (a) MCF-7, (b) HeLa cancer cells and (c) normal fibroblast 

cells after treatment with different concentrations of Mo(VI) complexes for 48 h. 

 



Interestingly, two diastereomers displayed relatively different effects on cancer cells. The 

anticancer activity of MoO2L(LH2)1 on MCF-7 cells was more than HeLa cancer cells, 

while MoO2L(LH2)2 exhibits more cytotoxic on HeLa cells, indicating their cell specific activity 

(Fig. 15). The maximum mortality of 89.24% MCF-7 cancer cells and 92.75% HeLa cancer cells 

obtained after 48 h exposure of cancer cells to 100 µM MoO2L(LH2)1 and MoO2L(LH2)2, 

respectively. 

IC50 values of 18 and 58 µM (in the case of MoO2L(LH2)1), and 37 and 17 µM (in the case 

of MoO2L(LH2)2) obtained for MCF-7 and HeLa cancer cells, respectively. Interestingly, the toxic 

effects of the compounds on the normal fibroblast cells were significantly less than cancer cells, 

as the maximum cell mortality of 59.08% and 8.77% obtained after 48 h incubation of fibroblast 

cells with 100 µM of MoO2L(LH2)1 and MoO2L(LH2)2, respectively. The results clearly indicate 

the promising and specific anticancer activity of these diastereomers, especially MoO2L(LH2)2. 

In a relative study, Feng et al. (2012) reported the dose dependent anticancer activity of 

molybdenum(VI) complexes, as maximum inhibition ratio of approximately 90% obtained for six 

kinds of human cancer cell lines by increasing the concentration of complexes to 100 µg/mL (about 

200 µM) [69]. 

Optical microscopic studies also used to further evaluate the cytotoxicity of compounds. The 

results showed the significant morphological changes of cancer cells following exposure to the 

synthesized Mo(VI) complexes. The changes in cell morphology were different based on the 

compound and cell line which confirm the results of MTT assay. These morphological changes 

predominantly include cell shrinkage and rounding following with the suppression of cell growth 

and finally the cell clumping and death (Fig. 16). 
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Fig. 16. Morphological changes of normal (fibroblast) and cancer (HeLa and MCF-7) cells after 

incubation with Mo(VI) complexes for 48 h. 

 

The overall results firmly indicate high potential of these complexes for development of 

therapeutic agents for cancer therapy. Further investigation regarding to the investigation of the 

mechanism of anticancer activity of Mo(VI) complexes and also development of targeted delivery 

systems for their efficient and specific delivery to the related tumors could be suggested toward 

attaining this goal. 



4. Conclusion 

This paper reports the synthesis of homochiral (R,R/S,S) and heterochiral (R,S) of a novel 

dioxomolybdenum complex by using a racemic Schiff base ligand which are diastereomeric pair 

of Mo complexes [R,R/S,S-MoO2L(LH2) and (R,S/S,R-MoO2L(LH2)], named 

(MoO2L(LH2)1 and MoO2L(LH2)2). They have been successfully separated using crystallization, 

and then the structure of homochiral diastereomer was determined by single-crystal X-ray analysis. 

In addition, this study made a comparison between the anticancer activities of two diastereomers 

that are not documented in the literatures, in best our knowledge. Their HSA- and DNA-binding 

study show that there is slight difference between HSA binding affinity with this complexes, while 

their DNA-binding is considerably difference and MoO2L(LH2)2 exhibited higher binding 

constant, about 10-fold. Interestingly, the MTT results suggested that the complexes are specific 

in anticancer activity, MoO2L(LH2)1 exhibits more cytotoxic on MCF-7 cells, 

but MoO2L(LH2)2 is more potent against HeLa cells. 
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