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ABSTRACT. Hydrazones are an important family of compounds with an azomethine proton (-NHN=CH-), which
have been reported to possess high biological activity such as antioxidants, anti-consultants, analgesics,
antimicrobial, anti-protozoals, anti-parasitic, anti-platelets, cardio-protective, anti-diabetic, anti-HIV and anti-
helminthic. This research was aimed at synthesizing a new aniline hydrazone and its V(II) and Ni(II) complexes,
and in silico SARS-CoV-2 inhibition studies. The (22)-1-(2,4-dinitrophenyl)-2-[(2E)-3-(2-nitrophenyl)prop-2-en-
1-ylidene]hydrazine (DNEAA) was synthesized by the reaction of 2,4-dinitrophenylhydrazine and 3-(2-
nitrophenyl)prop-2-enal. DNEAA and its V(II) and Ni(IT) complexes were synthesized and characterized by UV-
visible, FTIR, and NMR spectroscopy. Molecular docking was performed using Auto Dock Vina software.
Spectroscopic analysis suggested that DNEAA coordinated with the metal ions through azomethine nitrogen, NH,
two NO; and two CI'. An octahedral geometry was proposed for the metal complexes. The ability of DNEAA to
chelate V(II) and Ni(Il) is hereby assured. Molecular docking results gave binding energies >9.5 kcal/mol.
Following these findings, it is recommended that biological studies and preclinical and clinical trials against SARS-
CoV-2 protease be carried out.

KEY WORDS: 24-Dinitro-N-[(E)-[(E)-3-(2-nitropenyl)prop-2-enyildene]aminoJaniline, ~ Vanadium(II),
Nickel(IT), SARS-CoV-2, Molecular docking

INTRODUCTION

Among the numerous organic compounds with versatile applications, hydrazones have provided
a formidable center for research [1-12]. The C=N double bond in hydrazones is an important
functionality in drug design [13]. Because of their capacity to coordinate and their biological
activities, hydrazone compounds involving O, N, and S donor ligands have attracted particular
attention in terms of their chemistry [14]. Utilizing hydrazones offers a chance to improve drug
design by releasing the medication at specified sites, including thrombosis or tumor tissue. In
particular, employing heat and chemical catalysts to efficiently synthesize these hydrazones is a
topic of much investigation. Two of the numerous distinctive characteristics of hydrazones that
make them useful in drug development are their reactions to pH environments and their ease of
synthesis for groups. Furthermore, because of their adaptability, they can be used in a variety of
applications, such as chelating agents, anti-inflammatory, and anticancer [14, 15]. Many research
investigations have demonstrated that the lone pair of electrons on the trigonally orientated
nitrogen atom of the C=N group of hydrazones is what is responsible for their chemical and
biological activity [16]. Other reported applications of hydrazones and their derivatives can
include their biological uses as anti-oxidants, anti-consultants, analgesics, anti-microbial, anti-
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protozoals, anti-parasitic, anti-platelets, cardio-protective, anti-diabetic, anti-HIV, anti-
helminthic, anti-tubercular, and so on [17]. These highlighted bioactivities of hydrazones and
associated metal complexes have sparked interest in developing a new hydrazone that will be
tested for bioactivity against SARS-CoV-2 [18§].

Major concerns for all societal sectors worldwide are the highly contagious characteristics of
SARS-CoV-2 and its quick transfer from person to person through droplets or direct
communication [19]. A novel coronavirus was discovered in late 2019 [20]. The emergence of
this disease resulted in the COVID-19 pandemic, which caused widespread concern due to its
high pollution levels, ability to spread rapidly, and high mortality rate. The causative agent of
COVID-19 is a beta coronavirus, which has a nucleotide similarity of 89.1% with the SARS-CoV
[21]. Efforts were implemented to counteract the transmission of COVID-19 [22]. Research has
shown evidence that the antimalarial and autoimmune disease medications chloroquine (CQ) and
hydroxychloroquine (HCQ) can prevent viral infection by raising the pH levels in endosomes. As
a result, the FDA has granted approval for these drugs [23-26]. Remdesivir (RDV) and its active
metabolites have been shown to effectively limit the growth of SARS-CoV-2 in clinical settings
when used as combination therapy [27-29]. Arbidol (ARB, umifenovir), a virus-host cell fusion
inhibitor, is a broad-spectrum antiviral medication that is now being tested in a clinical trial for
the treatment of COVID-19 [30, 31].

Computational chemists have been highly focused on the virtual screening of compounds that
can effectively inhibit the harmful effects of SARS-CoV-2 due to its efficiency, cost-
effectiveness, improved predictive accuracy, personalized and targeted applications, and potential
to revolutionize drug discovery and material design. In this study, we have used in silico
techniques to analyze a new aniline hydrazone DNEAA and its V(II) and Ni(II) complexes. Our
aim is to determine if DNEAA and its V(II) and Ni(Il) complexes could be a potential
pharmaceutical option for blocking the harmful activities of SARS-CoV-2's NSP1 protein. The
objective of conducting this computational analysis using the new ligand is to identify crucial
amino acid residues in the substrate-binding pocket. This information can be used for structure-
based drug design, enabling the use of the molecule as a blueprint for synthesizing new inhibitors
and repurposing other types of molecules.

EXPERIMENTAL
Synthesis of DNEAA

This experiment utilized only analytical-grade chemicals and reagents, imported from Sigma
Aldrich, and were used without further treatment. The chemicals include 2.4-
dinitrophenylhydrazine, (2,4-DNP), and 3-(2-nitrophenyl)prop-2-enal. DNEAA was prepared in
the manner described in literature [13, 32]. To the clear solution obtained by filtering a warmed
mixture of 1.99 g (0.01 mol.) of 2,4-DNP, 10 mL of concentrated H,SOs, 15 mL of water, and 25
mL of methanol, 1.77 g (0.01 mol.) of the carbonyl compound 3-(2-nitrophenyl)prop-2-enal was
added and heated just to boiling (Scheme 1). The precipitates formed were allowed to cool to
room temperature before they were recrystallized from methanol and dried.

H
H N N,
NN HN N \"< NO,
+H,S0O, + H,0 + MeCH + - NO, NH\(j\
NG,

NO, NO, A

Scheme 1. Synthesis of DNEAA.
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Synthesis of the DNEAA metal complexes

The DNEAA metal complexes were prepared by methods outlined by Prushan [33]. Exactly 1.22
g (0.01 mol) of VCl, was dissolved in 5 mL of methanol; the mixtures were stirred for 5 min. A
solution of the DNEAA ligand obtained by dissolving 3.57 g of the newly synthesized compound
separately in a hot solution of methanol solvent was added to the solution of the metal salts and
stirred. The obtained product was cooled, re-crystalized with methanol solvent, and dried at room
temperature. The same procedure was repeated with 1.30 g (0.01) NiCl,. Equations of reactions
are shown in 1 and 2.

MeOH

VCl, + DNEAA [V(DNEAA)C,] ™)

MeOH X
NICl, +DNEAA —————[Ni(DNEAA)CL,) 2
Physical measurements

Melting points were recorded using Mettler Toledo’s MT 211 melting point apparatus from
Mettler Company. Elemental analysis for C, H and N were determined using an EA 2400 Series
Il analyzer. A solubility check was carried out in common solvents (DMF, DMSO, water, ethanol,
and methanol) at 25 °C using 1 g.

Characterization

The UV/Visible spectra of DNEAA and the complexes were obtained using a UV-1800 series.
DMSO was used as solvent. The "KBr Pellet Technique" was used to record the infrared spectra
using Perkin-Elmer (Model C91158) IR spectrophotometer. The NMR spectrum was recorded
using a JEOL GSX-400 spectrometer.

Molecular docking

Molecular docking binding affinity assessments were performed using Auto Dock Vina, which
was constructed in the PyRx software. The structure of the DNEAA and its V(II) and Ni(Il)
complexes were drawn using ChemDraw version 18.0 from PerkinElmer Informatics, Inc. The
7K3N’s coordinates were made available from the protein data bank. The default settings of the
ArgusLab 4.0.1 software were utilized to prepare the protein and ligand structures. All docked
complexes, bond lengths, types of interactions, and three-dimensional images were all visualized
using Protein-Plus and the Protein-Ligand Interaction Profiler Servers. The quality of the
interactions between the biomolecules was assessed using binding affinity analysis.

RESULTS AND DISCUSSION

Table 1 presents the physical properties of DNEAA, and its metal complexes. The ligand and its
metal complexes are, colored, crystalline, and, air-stable at room temperature. They are soluble
in both dimethylformamide and dimethyl sulfoxide, but insoluble in water, ethanol, and methanol
(Table 2). The percentage yield of the synthesized hydrazones is 91%, while those of the metal
complexes are 89 and 85%. This showed that the methods employed for the syntheses were
efficient. Melting points determined are shown in Tables 4.1 and 4.2. The molar conductance
values (10* M) (Table 2), lie in the range of non-electrolytes 50 and 48 Ohm™'cm?mol™) for the
V, and Ni complexes, respectively, which confirmed coordination of the anions to the metal ions
[34].
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Table 1. Physical properties of DNEAA and its metal complexes.

Compounds Color M.P. | Yield Found (calc.) (%)

O | C H N
DNEAA Yellowish-red 115 91 |50.40(50.43) |3.50 (3.10)| 19.90 (19.60)
[V(DNEAA)CL:] Purple 135 89 138.00(37.60) |2.42 (2.31)| 14.64 (14.62)
[Ni(DNEAA)Cl:] Green 152 85 ]37.40(37.00) |2.29 (2.28)|14.449 (14.38)

Table 2. Molar conductivity and solubilities of DNEAA and its metal complexes.

Solubility ratings (25 °C)
Compounds Molar conductivity DMF DMSO | Water | Ethanol | Methanol
(Ohm'cm’mol™)
DNEAA - 3 3 2 2 2
[V(DNEAA)Cl] 50 3 3 1 1 1
[Ni(DNEAA)CL] 48 3 3 1 1 1

Note: 3 = Very soluble, 2 sparingly soluble and 1= insoluble.
Electronic spectra of the DNEAA and its metal complexes.

Figures la-c shows the UV-Visible spectra of DNEAA and its metal complexes recorded in
ethanol solutions between 200 and 800 nm at 25 °C. In the spectrum of the free ligand (DNEAA),
the band at 379 nm was attributed to n=—7* transition of the azomethine moieties [35]. This
transition is known as intra-ligand charge transfer (ILCT), and was shifted to longer or shorter
wavelengths in the spectra of the metal complexes. Consequently, the bands at 255 and 330 nm
were attributed to m—n* transitions for [V(DNEAA)CL], and [Ni(DNEAA)Cl,] complexes,
respectively. The observed shift in wavelengths is a consequence of the coordination of the
DNEAA ligand to the various metal centers [35].

10-
-
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Figure la. Electronic spectrum of DNEAA.
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Figure 1b. Electronic spectrum of [V(DNEAA)CL].
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Figure 1c. Electronic spectrum of [Ni(DNEAA)Cl,].

The ligand to metal charge transition (LMCT) was observed in the spectrum of the
[V(DNEAA)CL] complex at 420, 460, and 560 nm. These indicated the formation of an M-L
coordination bond [36]. The bands at 680 and 740 nm were assigned to T;g(F)—T.g(F) and
Tig(F)—T.g (P), transitions, respectively, suggesting the octahedral geometry around the
[V(DNEAA)CI:] [32]. In the spectrum of the [Ni(DNEAA)CI:] complex, the bands at 420 and
470 nm was assigned to LMCT, while the band at 550 were attributed to T,g(F)—T»g(F) and
Tg(F) [37].
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Infrared spectra of the DNEAA and its metal complexes

The FTIR spectra of the ligand and metal complexes are presented in Figures 2a—c. Comparison
of the FTIR spectra of DNEAA and metal complexes were made. The broad bands observed in
the wavenumber range of 3324.8 cm™ was due to the stretching frequency of the hydrogen
bonding of the -NH group in the ligand. This vibration frequency was lowered to 3283.8 and
3235.3 cm’! in the spectra of [V(DNEAA)CI,] and [Ni(DNEAA)CI,] complexes. This suggested
that complexation occurred through NH group. The coordination of the ligand through the amide
group(s) is mostly expected as seen in some amide complexes. [35, 35]. Increase in electron
density, increased the N-H bond length and consequently slowed down the vibration frequency.
The bond length is inversely related to the bond strength. In case of an increase in electron density
around nitrogen, it repelled the electron cloud of hydrogen atoms. Because of this repulsion, the
bond gets elongated. Moreover, the lone pair of nitrogen atom may cause greater repulsion on the
bonding electrons and therefore the bond lengthening. The aromatic bending of ~CH group of the
ligand and metal complexes were observed at a frequency range of 920.7-872.2 cm!. Strong
peaks observed at a frequency range of 1636.3 cm™ corresponded to the vibrations of the -C=N
group of the ligand. Lowering of the frequency to 1625.1 and 1617.7 cm™! in the complexes
showed that the azomethine group actively took part in co-ordination [37]. This is because it
contains a carbon-nitrogen double bond, >C=N-, in which nitrogen is more electronegative than
carbon. The azomethine group exerts a lone pair of electrons on nitrogen, hence this group is an
excellent electron donor for coordination with metal ions. In one study, azomethine ligands
showed a characteristic C=N band at ca. 1620 cm ™!, which was shifted by 10-15 ¢cm ™! to lower
wavenumbers upon coordination to the metal ions, reflecting the donation of the azomethine
nitrogen in chelation [38]. These are also in agreement with the recorded shifts to 1625.1 cm™!
and 1617.7 cm™!. To show a same mechanism from different metal complexes, studies on
transition metal complexes showed that coordination with metals like cobalt, nickel, and copper
also caused shifts of the C=N band to lower frequencies, normally in the range of 1605-1615 cm ™!
[39]. The lower frequency bands observed at 738.0 and 685.8 cm™! which were absent in the
spectrum of the ligand and observed in the metal complexes are attributed to the vibrations due to
M-N, which are strong indications of coordination [40]. The bands at the lower regions of the
spectra 624.76 and 614.71 cm ! are the M-Cl vibrational frequencies respectively, which showed
that CI" are involved in coordination [41].
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Figure 2a. FTIR Spectrum of DNEAA.
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Figure 2c. FTIR Spectrum of [Ni(DNEAA)ClL,].

NMR of the DNEAA and its metal complexes

Wavenumber (cm-1)

The '"H NMR spectra of the protons of interest resonated at their different distinct regions of
the chemical shift as shown in Figures 3a-c. The signal of the azomethine proton (-HC=N-) was
observed at 9.1 ppm in the spectrum of DNEAA. In the spectra of the complexes, the signal was
shifted downfield to 9.9 ppm. This suggested that the azomethine proton was involved in
complexation. Similar chemical shifts were observed by Asogwa and Otuokere [42]. The signals
for the aromatic protons are seen as multiplet peaks in the range of 7.5-8.0 ppm in the ligand and
complexes. Similarly, there is always a deshielding effect in the plane of the C=C bond due to
n-electron (anisotropy) and steric effects [41]. These effects are responsible for the observed
signals at 8 = 6.0-7.0 ppm, which represent the protons attached to the olefinic carbon
(H-C=C-H). For the N-H peak, it was clear that the effects of an electronegative nitrogen atom

Bull. Chem. Soc. Ethiop. 2025, 39(4)

624.7

294.7



680 K. O. Eberendu et al.

caused its deshielding and shifting of its peak downfield to 11.9 ppm in the ligand. This peak was
shifted to 12.7 ppm in the spectrum of the complexes. The electron density around the NH proton
reduced as the NH group formed complexes with the V(II) and Ni(II) ion. This deshielding effect
led the NH proton to resonate at a lower field, which in turn produced a downfield shift (higher
ppm value) in the NMR spectrum. This shift suggested that N-H proton was involved in
complexation. Further, the two multiplets that occurred at the range of 7.5-8.0 ppm are evident
that there are two aromatic rings in the DNEAA and complexes whose protons resonated within
the range of chemical shift reported.

N
EI- Ali 3 2 i 6 ppm
.__,_______-_‘-_._w‘_.
ldL i
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15 14 13 12 1 10 ] 8 7 6 § 4 3 2 1 0 1 2 ppm

Figure 3b. "H NMR spectrum of [V(DNEAA)CL].
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Figure 3c. 'H NMR spectrum of [Ni(DNEAA)CL,].
The C-13 spectra are presented in Figures 4a-c.
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Figure 4b. 13C-NMR spectrum of [V(DNEAA)CL,].
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The signal due to the carbon atom attached to the azomethine group in the DNEAA was
observed at & 156.6 ppm. However, in the spectra of the corresponding metal complexes, the
chemical shift resonated to & 143.3 ppm. This indicated the coordination of the nitrogen atom of
the azomethine group with the central metal ion. Coordination of the ligand to the various metals
was shown by a new peak at 6 125.9 ppm, which was absent in the spectrum of the ligand. The
signal shift due to aromatic ring carbons with various substitutions was observed in the range of

124.5-147.9 ppm for the ligand and complexes.

Based on spectroscopic information, the structures in Figures 5a and b have been proposed

for the V(II) and Ni(II) complexes of DNEAA.

H
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=
N

O

Figure 5a. Proposed structure of [V(DNEAA)Cl,].

NO, CI"})NL%
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Figure 5b. Structure of the [Ni(DNEAA)Cl,].
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The binding affinities and interactions of DNEAA and its metal complexes with SARS-CoV-
2 are presented in Table 3. The 3D interactions are presented in Figure 6.

Table 3. Binding affinities and interactions of DNEAA and its complexes with SARS-CoV-2.

Compound Binding Hydrophobic Hydrogen bonding Salt bridges
affinity interactions
kcal/mol
DNEAA -10.3 LEU 12A, GLN 13A, VAL 11A, GLN -
VAL 14A, GLU 46A 13A, VAL 14A,
GLU 46A
[V(DNEAA)CIL] -9.5 VAL 11A, GLN 13A, VAL 14A, GLU -
VAL 14A, GLU 46A 46A
[Ni(DNEAA)CL] -9.5 GLN 13A, VAL 14A VAL 14A, GLU GLU 46A
46A
Azithromycin -6.4 SER 63C, SER 64C, -
GLY 64C, GLY
66C, GLN 67C, HIS
69C

[V(DNEAA)CI:]

[Ni(DNEAA)CI:) Azithromycin
Figure 6. The 3D interactions of DNEAA and its complexes with SARS-CoV-2 protein.

The binding affinities (Table 3) indicated that DNEAA and its complexes have the ability to
inhibit the SARS-CoV-2 protease. Their binding affinities were better than the FDA approved
drug, azithromycin. The DNEAA conjugated systems and functional groups formed hydrogen
bonding with the target. For the [V(DNEAA)CL] and [Ni(DNEAA)CL],
the additional coordination sites provided by the central metal atom stabilize specific binding
conformations and increase affinity. The 3D interactions of the DNEAA and its metal complexes
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with SARS-CoV-2 have been shown in Figure 6. Different fragment hits were observed for the
ligand-protein interactions. A summary of the amino acids interacting with the ligand and
complexes at the allosteric binding sites has been presented in Table 6. For the DNEAA,
hydrophobic interactions were observed at LEU 12A, GLN 13A, VAL 14A, and GLU 46A with
distances of 3.48, 3.67, 3.72, 3.94, and 3.73 A, respectively. Also, hits were observed at VAL
11A, GLN 13A, VAL 14A, and GLU 46A with bond distances 3.34, 3.23, 2.66, 3.17, and 3.56 A,
respectively, for hydrogen bond interactions. Similar interactions consisting of a substituted
phenyl ring connected to the conjugated azomethine group of the hydrazone ligand have also been
reported [43].

Hydrophobic interactions for the [V(DNEAA)Cl,] complex were observed at fragment hits,
VAL 11A and GLN 13A, VAL 14A and GLU 46A at distances of 3.53 and 3.71 A, respectively,
while hydrogen bonding interactions were observed at VAL 14A and GLU 46A at distances of
4.01 and 3.13 A respectively. For the [Ni(DNEAA)CI,] interactions with 7K3N, fragment hits
were observed for hydrophobic interaction at GLN 13A and VAL 14A at distances of 3.65 and
3.76 A, respectively. Hydrogen bonding interactions were observed at VAL 14A, and GLU 46A
at distances of 3.36, 3.38, and 3.61 A, respectively. Salt bridge was observed at GLU 46A at a
distance of 4.52 A, respectively. According to the analysis of the 3D interactions, hydrogen
bonding, which is a characteristic marker of strong interactions between proteins and ligands and
frequently results in increased binding affinity, was found to be less prevalent than hydrophobic
interactions. Usually, an increase in the amount of H-bonds in such interactions increases the
inhibitory potential towards the target [25].

CONCLUSION

Synthesis and characterization of DNEAA and its V(II) and Ni(II) complexes were carried out.
The metal complexes were characterized based on the observed FTIR spectra, electronic spectra,
melting point, solubility, proton, and carbon-13 nuclear magnetic resonance. An octahedral
structure was proposed for the complexes. The ability of DNEAA to chelate V(II) and Ni(Il) is
hereby assured. Molecular docking results showed that DNEAA and its complexes have the
tendency to inhibit SARS-CoV-2 protease. Following these findings, more research on biological
interactions, as well as pre- and clinical trials, is advised in relation to the SARS-CoV-2 protease.
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