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ABSTRACT. A series of ternary complexes with a Schiff base (HL1) derived from 2-hydrazinobenzimidazole
and o-hydroxybenzophenone (primary ligand) have been prepared. Here, 1,10-phenanthroline acts as secondary
ligand (L2). These metal complexes were investigated by UV-Vis, IR, "H NMR and thermal techniques. The spectral
data confirmed tridentate nature of the SB ligand with NNO type coordination, whereas the secondary ligand L2
(1,10-phenanthroline) coordinated through its two nitrogen atoms (NN type). These compounds possess distorted
octahedral geometry. Moreover, these compounds were screened against B. subtilis and E. coli to evaluate their
antibacterial activity. In addition, molecular docking studies were performed against MERS-CoV and SARS-CoV-
2 main protease (Mpro). Moreover, DFT calculations and QSAR studies of the SB ligand were also performed.

KEY WORDS: Ternary complexes, Spectral, Antibacterial, DFT, QSAR, Molecular docking studies

INTRODUCTION

For the synthesis of various Schiff base (SB) compounds, benzimidazole acts as an important
precursor. Benzimidazole, its derivatives and their metal complexes have displayed remarkable
biological activities. The effectiveness of these compounds increases on coordination to metal
ions. Now-a-days, the mixed ligand metal complexes (also called ternary compounds) have gained
considerable attention as they offer a wide variety of donor atoms and different geometries to the
central metal ions [1, 2]. The structural diversity has triggered a wide range of applications of this
class of compounds in chemical, biochemical and biological fields [3]. As reported earlier, such
compounds displayed catalytic [4], antimicrobial [5, 6], antioxidant [7], DNA interaction [8] and
cytotoxic [9, 10] activities. Moreover, the interaction of 2-(2"-hydroxyphenyl)benzimidazole and
its analogues with bovine serum albumin was explored and on interaction both normal and tautomer
emissions are found to be enhanced significantly [11]. Keeping in mind such versatile nature of
these compounds, we have tried to report the synthesis of some ternary complexes having
benzimidazole moiety.

The emerging pathogenic viral infection COVID-19 originating from Huanan Sea food
wholesale market of China has affected almost the whole planet [ 12]. This outbreak has destroyed
significantly the global economy and the stock market. This is the most critical health disaster we
ever seen and has continued since last two years. The emergence of large number of variants of
concerns (Alpha, Beta, Gamma, Delta and Omicron), along with other variants of SARS-CoV-2
are responsible for this never ending pandemic [13, 14]. Moreover, no effective drugs or vaccines
are yet developed and we are still searching new compounds capable of contrasting the virus by
using several computational strategies [15, 16]. So, in this work, we have performed the docking
study of these newly synthesized ternary complexes against MERS-CoV and SARS-CoV-2 main
protease.
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EXPERIMENTAL

The metal salts and the chemicals were purchased from Sigma Aldrich and used as such. The UV-
Vis spectra were recorded in DMSO on a Perkin-Elmer spectrophotometer. The FTIR spectra in
KBr pallets were obtained from Varian FT-IR spectrophotometer, Australia. TGA was carried out
by a Netzch-429 thermo analyzer. CHN contents were determined from a MLW-CHN micro
analyzer whereas, the metal contents were examined gravimetrically [17]. The molar conductance
and magnetic susceptibility measurements have been carried out with Toshniwal conductivity
Bridge and Gouy method, respectively. In addition, the 'TH-NMR spectra in DMSO-d¢ medium
were recorded on a JEOL GSX-400 model.

Preparation of mixed ligand complexes

The SB ligand (HL1) was obtained from the condensation of 2-hydrazinobenzimidazole and o-
hydroxybenzophenone as reported earlier [ 18]. The hot ethanolic solution of SB ligand (0.01 mol,
20 mL), metal(II) salt (0.01 mol, 20 mL) and 1,10-phenanthroline (0.01 mol, 20 mL) were mixed
with stirring in 1:1:1 molar ratio and refluxed for 3-4 hours. The pH of the reaction mixture was
adjusted to 7-8 by adding little of solid NaOH. The resulting mixture was cooled, filtered, washed
and finally, dried in vacuo. The synthesized compounds are soluble in DMSO and DMF and all
of them decompose above 250 °C. The schematic representation for the preparation of the ternary
compounds is shown in Figure 1.
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Figure 1. Synthesis of ternary complexes, [M = Co(II), Ni(II), Cu(Il) and Zn(II)].

Complex 1: [CoLIL2CI]H;O. Yield 69%; anal. calc. (%): C, 61.98; H, 4.03; N, 13.56; M, 9.52.
Found (%): C, 61.82.02; H, 3.95; N, 13.50; M, 9.43.

Complex 2: [NiL1L2CI]H,O. Yield 70%; anal. calc. (%): C, 62.03; H, 4.04; N, 13.57; M, 9.45.
Found (%): C, 61.88; H, 3.98; N, 13.51; M, 9.39.

Complex 3: [CuL1L2CIl]2H,0. Yield 65%; anal. calc. (%): C, 59.81; H, 3.89; N, 13.08; M, 9.89.
Found (%): C, 59.73; H, 3.84; N, 13.02; M, 9.82.

Complex 4: [ZnL1L2CI]H,0. Yield 67%; anal. calc. (%): C, 61.39; H, 3.99; N, 13.43; M, 10.39.
Found (%): C, 61.27; H, 3.95; N, 13.38; M, 10.32.

RESULTS AND DISCUSSION
IR spectra

The central metal ion is coordinated through the deprotonated (OH) phenolic oxygen
which was confirmed from the disappearance of band due to phenolic -OH stretching
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vibration. The band due to vn.u (exocyclic) remains practically unaltered in the present
complexes indicating its non-involvement (N-atom) in coordination. Moreover, the non
coordination of -C=N ring nitrogen (benzimidazole) was also suggested. The
coordination of benzimidazole N-H group (~3150 cm™) was confirmed as it shifted (~20
cm!) to lower frequency region. Moreover, the azomethine band (vc-n) was shifted in
the ternary compounds implying the participation of azomethine nitrogen (C=N) atom in
coordination [18]. Furthermore, the absorption at ~3350 cm™! is due to vou of lattice water
molecules present in the ternary compounds. In addition, a band at ~1100-1120 cm™"! for v(C=N)
was also observed for these complexes which may be of 1,10-phenanthroline [19].

Electronic spectra

The UV-Vis spectrum of cobalt complex contains two bands at ~10,560 cm™! and ~22,210
cm! for *T1o(F) = *T2(F)(v1) and *T14(F) — “T1,(P)(v3) transitions respectively with pesr
value 0of 4.76 BM [20]. The former band is assigned to *T;4(F) — *T4(F)(vi) whereas the
later band is for *T4(F) — *T1,(P)(v3) transitions [20]. The nickel complex showed bands at
~ 8,720 cm’!, ~ 10,575 cm’!, ~ 15,160 cm™" and ~ 24,000 cm™'. The last two bands assigned to
3A0¢(F) = *Tio(F) (v2) and 3Ase(F) — *T14(P) (v3) transitions respectively (under octahedral field)
whereas, the former bands are due to *B,—>°E, and *Bi;—’B.,, respectively. In addition, the
observed perr value of 2.91 BM suggests octahedral Ni(II) species. The Cu(Il) complex
exhibited two bands at ~14,470 cm™ and ~16,825 cm™!, which are due to *Biy — *Ba, (12)
and By, — ’E, (v3) transitions. The electronic bands and pesr value (1.83 BM) suggests
a distorted octahedral geometry for Cu(Il) complex.

Thermal analysis

The ternary compounds showed similar pattern of thermal decomposition and the TGA data are
listed in Table 1. All the metal complexes lose water in the temperature range below 100 °C
indicating them to be lattice water [21-23]. The anhydrous metal complexes showed two
stages of thermal decompositions between 210-320 °C and 360—610 °C. The degradation
of available organic constituents continues till the formation of stable metal oxide as end
product.

Table 1. The TGA data of the reported compounds.

Compounds Temp. range of | % of water  loss % of residue Composition of
water loss (°C) the residue
Found Calc. Found Calc.
[CoL1L2CI] H20 50-100 2.85 2.90 12.04 12.10 CoO
[NiL1L2Cl] H.O 60-110 2.83 2.90 11.98 12.03 NiO
[CulL1L2Cl1] 2H,0 50-100 5.52 5.60 12.32 12.38 CuO
[ZnL1L2CI] H20 55-110 2.79 2.87 12.88 12.95 Zn0O
'H NMR spectra

The 'H NMR spectrum of Zn(II) complex was compared with the spectrum of the SB
ligand. The '"H NMR spectrum (Figure 2) showed a multiplet at § 7.4-7.8 ppm may be for phenyl
group protons of the Zn(II) complex. On comparison, the downfield shift of the signal (6 6.9
ppm) for ring NH indicates its participation in coordination [18]. However, the signal due to
exocyclic NH proton observed at & 9.1 ppm indicates its noninvolvement in coordination. In
addition, the signal due to phenolic -OH proton disappeared from the spectrum which confirmed
the involvement of phenolic oxygen in co-ordination through deprotonation.
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Figure 2. "H NMR spectrum of Zn(II) complex.
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Figure 3. The ZI (mm) data of the ternary complexes (for a concentration of 100 pg mL™).

Antibacterial activity

The antibacterial activity of these studied compounds was investigated by using agar well method
[24, 25] against B. subtilis and E. coli. The test solution (3x10-> M) was prepared in DMSO. The
test samples were leveled in sterile disc and incubated at 37 °C for 24 h. The results were
determined from the diameter of inhibition zone (IZ) in mm and shown in Figure 3. As per the
study, the investigated compounds displayed weak to moderate activity against both the
strains. The Co(II) and Ni(II) complexes displayed greater activity than the free ligand reported
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earlier. This may be explained due to the presence of C=N bonds and coordination [26]. In this
study, DMSO acts as the negative control whereas; tetracycline is the used standard reference
drug.

Molecular docking study

To examine the biological activity, the docking study was performed by using CLC Drug
Discovery Software [27]. The interactions between the studied compounds and the
protein/enzyme receptor were analysed. The used receptors were imported from the protein data
bank (MERS-CoV (PDB ID: 4ZS6 [28]) and SARS-CoV-2 (PDB ID: 6W63 [29]) main protease.
The protocols for the CLC Drug Discovery Workbench Software were followed as per our
previous reports [6].

Figure 4. (a) Docking pose of the co-crystallized ligand, (b) SB Ligand, (¢) Zn-complex, (d) Cu-
complex, (¢) Co-complex, and (f) Ni-complex, interacting with the amino acid residues
of binding site of 4Z6S.

Docking evaluation against MERS-CoV

The investigated compounds (called ligands) have been docked on the crystal structure of MERS-
CoV. The docking pose of the co-crystallized NAG (N-acetyl-D-glucosamine, reference ligand)
interacting with amino acid residues of the active site are shown in Figure 4a, which showed the
occurrence of 6 hydrogen bonds with GLU 382, LYS 413, PHE 385 and SER 386. The docking
score of all these reported metal-complexes is higher as compared to the co-crystallized NAG
(docking score: -21.63; RMSD: 0.04 A) but smaller than the SB ligand (docking score: -33.14;
RMSD: 0.06 A). The SB ligand showed occurrence of 6 hydrogen bonds: two with GLU 382
(3.225 A and 2.863 A), and four with LYS 413 (2.952 A, 2.899 A, 2.693 A and 2.880 A). The
Zn-complex showed best docking score (-31.35; RMSD: 0.14) and displayed occurrence of one
hydrogen bond with ASN 410 (2.921 A). Moreover, Cu-complex (2.636 A), Co-complex (2.886
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A) and Ni-complex (2.712 A) realized one hydrogen bond with ASN 410 amino acid. The
docking pose of the SB ligand and metal complexes, interacting with the amino acid residues is
presented in Figure 4b-f.

Docking evaluation against SARS-CoV-2 main protease

The studied compounds have been docked again on the crystal structure of SARS-CoV-2 main
protease. The docking pose of the co-crystallized X77 (reference ligand) interacting with amino
acid residues and the hydrogen bond created with GLU 166 and GLY 143 are observed (Figure
5). The docking score of all these studied metal-complexes is higher than the co-crystallized X77
(docking score: -56.57; RMSD: 1.53 A), and the SB ligand (docking score: -61.60; RMSD: 0.98
A). The SB ligand showed occurrence of two hydrogen bonds: one with GLU166 (3.054 A) and
one with GLN 189 (2.903 A). The Cu-complex showed best docking score (-70.31; RMSD: 0.03)
and showed occurrence of one hydrogen bond with GLU 166 (3.268 A). Moreover, Zn-complex
(3.215 A), Co-complex (3.268 A) and Ni-complex (3.264 A) realized one hydrogen bond with
GLU166 amino acid. The docking pose of the co-crystallized X77, SB ligand and the metal
complexes interacting with the amino acids residues are presented in Figure 5Sa-f.

Figure 5. (a) Docking pose of the co-crystallized ligand, (b) SB Ligand, (c) Cu-complex, (d) Zn-
complex, (¢) Co-complex, and (f) Ni-complex, interacting with the amino acid residues
of binding site of 6W63.

After analyzing, it was also observed that only the SB ligand has the same orientation as the
co-crystallized NAG, and all the metal complexes have a different orientation than the co-
crystallized NAG. The docking score (PLANTSprp score) is a function described in Korb and
coworkers [30]. The Lipinski parameters [31] have been calculated and are tabulated (Table 2).
The number of violations allows to evaluate drug likeness for the molecule and these metal
complexes have two violations of all the parameters (Lipinski violation is 2).
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Table 2. The calculated properties of the investigated compounds.

Compounds 2 5= ¥ E| £E8 £E | 5 § Log P
< |BF2 |=°| 58 27 | F8
Co-crystallized* NAG A 30 | 221.21 2 0 5 7 -2.54
701
Co-crystallized** X77 66 | 458.58 7 0 1 7 4.59
SB Ligand 41 | 32837 4 0 3 5 4.96
Co-Complex 64 601.95 1 2 2 7 8.91
Ni-Complex 64 | 601.71 1 2 2 7 8.91
Zn-Complex 64 | 608.43 1 2 2 7 8.91
Cu-Complex 64 | 606.56 1 2 2 7 8.91

* PDB ID: 4ZS6; ** PDB ID: 6W63.
Computational (DFT) study

The Schiff base ligand was first optimized and the geometry was studied with the help of Gauss
View 5.0.8. The DFT evaluation was made by using the Gaussian 03 rev. A.01 suit program [6,
15] by applying DFT/B3LYP level with 6.31G(d, p) basic set. The bond parameters (bond angles
and bond lengths) of the optimized ligand were calculated. The single point energy (-10.6583x103
a.u.) and dipole moment (1.676 Debye) of the SB ligand were examined. The HOMO and LUMO
energies for the SB ligand were analyzed (Figure 6). Further, the negative values of Enomo
(-0.20432 ¢V) and ErLumo (-0.06671 eV) confirmed stability of the ligand [6, 15, 32]. However,
the difference in energy (Enomo — ELumo) for the ligand (AE = 0.13761 eV) was smaller suggesting
the ligand is more reactive.

o &

Optimmzed lhigand HOMO LUMO

Figure 6. Optimized structure of the SB ligand with HOMO and LUMO represantations.
OSAR study

The QSAR technique is very much useful to anticipate the activity, reactivity and properties of
the reported compounds. All the calculations were accomplished by employing HyperChem
Professional 8.0.3 program. The structure was optimized by (MM") force field with semi-
empirical PM3 methods and the energy minimization method was accomplished with Fletcher-
Reeves conjugate gradient algorithm. The evaluated log P value for the synthesized ligand is
found to be 4.41. The significant role of log P value is to explain the biological activity of the
synthesized ligand. More specifically the important role of the log P is to measure the permeability
of the studied compound into the cell membrane [33, 34]. Some other significant parameters such
as mass, volume, surface area, refractivity, hydration energy, polarizability, free energy, total
energy, and RMS gradient are also worked out to suggest the action of the compounds which is
listed in Table 3.
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Table 3. QSAR rating for optimized ligand (HL1).

Function Ligand
Surface area (approx) (A?) 438.8
Surface area (grid) (A%) 599.0
Volume (A% 994.1
Hydration energy (kcal/mol) -15.58
LogP 4.41
Refractivity (A% 20.50
Polarizability (A%) 37.86
Mass (amu) 328.4
Total energy (kcal/mol) 25.32
Dipole Moment (Debye) 1.004
Free energy (kcal/mol) 25.32
RMS gradient (kcal/A mol) 0.0915

Electrostatic potential surface analysis

The electrostatic potential (ESP) surface of the SB ligand (HL1) was discussed by using ArgusLab
4.0.1 software (Figure 7). The SB ligand was optimized by employing molecular mechanics force
field (MM+) followed by semiempirical PM3 methods. The ESP surface of the ligand contains
number of possible sites for the electrophilic attack and showed a specific data about the charge
distribution. The negative regions were observed over azomethine nitrogen (C=N), phenolic
oxygen (-OH), and benzimidazole ring nitrogen (NH) atoms as shown by red color. However,
other nitrogen atoms were not participated in coordination which may be due to steric effect.

Esp-mapped density [Ligand2 Esp: 0-Ligand2 EleDen: 0]

0.0500 -> 0.0409

0.0409 -> 0.0318

0.0318 -> 0.0227

0.0227 -> 0.0136

0.0136 -> 0.0045

0.0045 -> -0.0045

0.0045 -> -0.0136

-0.0136 -> -0.0227

-0.0227 -> -0.0318

-0.0318 -> -0.0409

-0.0409 -> -0,

Figure 7. ESP structure of the SB ligand.
CONCLUSION

A series of ternary Cu(II), Ni(II), Co(Il), and Zn(II) complexes were synthesized and investigated.
The observations suggested that all these metal complexes are neutral in nature and contain lattice
water molecules. As per the spectral study, the reported ternary compounds have octahedral
geometry in which the SB ligand coordinates through tridentate manner with the metal ion.
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Moreover, these metal complexes exhibited weak to moderate antibacterial activity. However, the
Co(Il) complex displayed greater activity (ZI = 17.32 mm) as compared to all other metal
complexes. Moreover, molecular docking study was carried out against MERS-CoV and SARS-
CoV-2 main protease. It was observed that all these metal complexes have two violations of the
parameters involved in Lipinski’s rule.
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