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ABSTRACT 

In the last four years, the coronavirus-infectious disease and the preparation of compounds 

with suitable biological properties as medicine to prevent and deal with these diseases have 

attracted the attention of the medical community and the World Health Organization 

(WHO). Among the chemical compounds that have shown appropriate biological and 

medicinal properties against various diseases, including cancer, hepatitis, and corona, are 

compounds of hydrazide derivatives. In the present work, two new copper complexes were 

synthesized starting from a 4-hydroxybenzohydrazide Schiff base ligand with 

benzaldehyde derivatives. Elemental analysis, spectral data (FT-IR and UV-Vis 

spectroscopic techniques), and cyclic voltammetry (CV) were used to confirm their 

structures. The inhibitory effect of the studied copper complexes against two 

coronaviruses, proteins with codes 6Y2F and 6M0J, was evaluated using the molecular 

docking method. The results indicate that these compounds exhibit better performance, 

with a total system energy of approximately -81.34 kcal/mol for structure (1) (associated 

with protein 6Y2F) and a total energy of -135.68 kcal/mol for structure (2) (related to the 

coronavirus 6M0J). These values are comparable with those reported for similar structures, 

further supporting the potential efficacy of these compounds. As such, it is suggested that 

these compounds could serve as promising candidates for addressing coronavirus 

infections. By assessing the inhibitory properties of copper complexes through molecular 

docking analyses, these findings offer valuable insights into the potential utility of these 

compounds in combating coronaviruses. 
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1. Introduction 

Schiff base complexes have been used in many 

fields due to their structural diversity [1-4]. 

Hydrazones, synthesized from aldehydes and 

hydrazines, act as essential precursors for 

coordination with transition metals, leading to the 

formation of new complexes with diverse biological 

properties [5]. Notably, hydrazone derivatives with 

ONO and NNO donor atoms have emerged as 

important components in coordination chemistry [6, 

7]. These compounds have shown a wide range of 

physiological, and biological activities, including 

anticancer, antibacterial, antioxidant, antifungal, 

antituberculosis, and anti-inflammatory properties 

[8-13]. The synthesis of copper, cobalt and nickel 

Schiff base complexes derived from hydrazones has 

been the subject of researchers' attention [14-19]. 

Current studies emphasize the importance of 

designing and synthesizing metal-based agents for 

cancer chemotherapy in the realm of inorganic 

medicinal chemistry. Recent literature reviews have 

highlighted the anticancer potential of metal 

complexes derived from hydrazones, particularly 

those involving cobalt, nickel, and copper 

complexes. Among complexes, copper complex 

plays a prominent role in biological processes and 

chemical development of drugs. In addition, these 

complexes are of interest due to their biological 

properties such as redox reactions, metabolic 

pathways, and cell growth. Their physicochemical 

properties, including electrical conductivity and 

magnetism, are widely used for the synthesis of 

products such as dihydrotestosterone, cytotoxic 

activity, antimicrobial or analgesic properties, and 

biocompatibility similar to ampicillin and 

streptomycin [20, 21]. In addition, research has been 

conducted on the antibacterial properties of 

hydrazone derivatives against Gram-positive and 

Gram-negative bacteria [22-28]. In a present study, 

two Schiff base metal complexes derived from 4-

hydroxybenzohydrazide, with benzaldehyde ligands 

were prepared and characterized according to 

established methods [29-30]. Based on previous 

findings [31, 32], the 4-hydroxybenzohydrazide-

derived ligand was identified as a tridentate ligand, 

which led to the adoption of a 5-coordinated square 

pyramidal polymeric structure by the copper 

complexes (Scheme 1). The synthesized copper 

complexes were further characterized through 

infrared spectroscopy, electron transmission, and 

elemental analysis methods. After that, the 

inhibitory effects of these copper complexes against 

two coronaviruses were evaluated using molecular 

docking techniques. This study aims to compare the 

biological activities of the synthesized compounds, 

providing valuable insights into their potential 

medicinal applications. Research on Schiff base 

metal complexes derived from hydrazones 

emphasizes the versatility and multifaceted 

biological activities of these compounds and 

provides a foundation for further exploration in drug 

development and therapeutic interventions against 

various diseases including coronaviruses. 

2. Experimental method 

2.1. Chemicals and devices  

All chemicals and solvents used in this research 

were purchased with synthetic grade from Merck 

and Aldrich. Infrared (IR) spectra were reported by 

the Shimadzu 8400S transform infrared 

spectrometer using potassium bromide tablets. 

Electron transition spectra (UV-Vis) were recorded 

in dimethyl sulfoxide solvent using a Shimadzu UV-

1650 PC spectrophotometer device. Elemental 

analyses were done on an Elmental Vario CHNSO 

and PerkiElmerer device. Electrochemical behavior 

(CV) was performed on a Metrohm 757 VA 

Computrace instrument at room temperature in 

dimethyl sulfoxide solution. 
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Scheme 1. Synthetic procedure for the preparation of the Cu(II) complexes hydrazide-based Schiff bases. 

2.2. Synthesis method of ligands derived from 4-

hydroxybenzohydrazide 

The Schiff base ligands HL1-HL2 were synthesized 

from the condensation of 3,5-dibromo2-

hydroxybenzaldehyde, 2-hydroxy3-

ethoxybenzaldehyde with 4-

hydroxybenzohydrazide according to the Schiff base 

methods mentioned in the sources [32-34] and was 

used in the synthesis of complexes. 

2.2.3. Synthesis of Cu (II)-hydrazide complexes 

The amount of 5 mmol (0.2 g) of the ligand was 

dissolved in 10 ml of methanol. Then, 5 mmol (0.1 

g) of copper (II) acetate was dissolved in methanol 

solvent separately and added drop by drop to the 

ligand solution and the color of the solution changed 

from yellow to green. After 30 minutes, the amount 

of 5 mmol (0.38 g) of ammonium thiocyanide was 

added to the solution and it was placed under reflux 

conditions for 10 hours at room temperature. After 

finishing the work, the final solution was filtered and 

the contents of this synthesis were put to rest in 

laboratory conditions for the crystallization process. 

After 13 days, after the slow evaporation of the 

solvent, a green crystal was observed. The fine 

crystal from this synthesis was filtered from the 

solution by a vacuum pump device and a Buchner 

funnel. The structure of this complex was identified 

using spectroscopic analysis and elemental analysis 

and is presented in section 3 along with the 

electrochemical results. 

Complex (1):  

Green crystals. Yield: 75%. Mol. Wt: 546.68 g/mol.  

Anal. Calc. for C16H9Br2CuN3O3S: C, 35.15; H, 

1.66; N:7.69 %. Found: C, 35.04; H; 1.28; N, 7.38%.  

FT-IR: (KBr, cm-1): 3416(υO-H), 3080 

(υN-H), 2953, 2923(υC-H), 2111(υS-CN), 1608, 

1587(υC=N), 1382, 1361(υC-O), 642-759 

 (υM-O), 547-622(υM-N). UV–Vis: λmax (nm) (ε, M−1 

cm−1) (DMSO): 286(110000), 312(26000), 

320(32000), 330(35000), 384(31000), 392(31000), 

609(690). 

Complex (2):  

Green crystals. Yield: 61%. Mol. Wt: 432.94 g/mol. 

Anal. Calc. for C18H15CuN3O4S: C, 49.94; H, 3.49; 

N:9.71 %. Found: C, 49.54; H; 3.33; N, 9.34%.  FT-

IR: (KBr, cm-1): 3226(υO-H), 3064 (υN-H), 2977, 

2927(υC-H), 2065(υS-CN), 1604, 1560(υC=N), 1388, 

1375(υC-O), 688-759 (υM-O), 640 (υM-N). UV–Vis: 

λmax (nm) (ε, M−1 cm−1) (DMSO): 280(4800), 

360(14600), 398(13400), 421(8700), 605(820). 
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2.2.4. Electrochemical Studies Using Cyclic 

Voltammetry 

In the electrochemical studies conducted using 

cyclic voltammetry (CV), the oxidation and 

reduction potential values, as well as the 

electrochemical behavior of the synthesized copper 

complexes, were examined. The experimental setup 

required silver wire reference electrodes, platinum 

auxiliary electrodes, and glassy carbon work 

electrodes for the electrochemical analysis. 

Additionally, the analysis necessitated the use of an 

electrolyte solution; thus, a 10-1 M concentration of 

tetrabutylammonium hexafluorophosphate salt in 

dimethyl sulfoxide solution was employed to 

prepare the electrolyte solution. The cyclic 

voltammogram process was conducted at a 

temperature of 25°C under argon gas conditions to 

eliminate oxygen from the reaction medium. A 

scanning speed of 100 mV/s was employed during 

the cyclic voltammetry analysis. Following each 

scan, the working electrode was polished with 

alumina powder to eliminate any potential 

contamination. Notably, all the potentials of the 

oxidation and reduction regions were calibrated 

using ferrocene as an internal standard (E1/2 = 0.42 

V) for accurate measurements [35, 36]. The 

electrochemical behavior information, including 

oxidation and reduction values, along with the cyclic 

voltammogram diagrams of the prepared 

complexes, will be detailed in the subsequent 

section of this study, offering valuable insights into 

the redox properties and reactivity of the synthesized 

copper complexes in different electrochemical 

environments.  

2.2.5. Molecular docking 

The protein-ligand interaction between the copper 

polymer complexes and the target proteins (proteins 

with the codes 6Y2F and 6M0J in the case of the 

coronavirus (https://www.rcsb.org/structure/6Y2F 

and 6M0J)) has been determined using the 

molecular docking method and the Molegro Virtual 

Docker & Molegro Molecular Viewer software. It 

should be mentioned that first the structure of copper 

complexes (1 and 2) was optimized using the 

B3LYP/6-311+G method in Gaussian09 software 

and then, the optimized structures were used as pdb 

files for docking simulations. Heteroatoms, ligands, 

and water molecules in the studied biological 

structures were removed with the help of Discovery 

Studio software. Also, 2D and 3D shapes were 

drawn using Discovery Studio software [37-40]. 

3. Results and discussion 

3.1. Synthesis 

In this study, two copper complexes of 4-

hydroxybenzohydrazide derivatives were prepared 

and identified. Identification of these complexes was 

done using infrared spectrum (FT-IR), electron 

transfer (UV-Vis), electrochemical behavior (CV) 

and elemental analysis. The bioinformatics analysis 

presented in this study is based on the molecular 

docking method, and the results show that copper 

polymer complexes have very good inhibitory 

activity against the receptors of two coronaviruses 

6Y2F and 6M0J. So the total energies calculated for 

both complexes have small and negative values, 

which show that the complex has interacted well 

with amino acids and the amino acids are placed in 

the active and effective position. 

3.2. FT-IR spectra of the ligands (HL1, 2) and 

complexes (1 and 2)  

FT-IR spectra provide valuable information about 

ligand coordination with metal ion. Figs. (1-4) show 

the FT-IR spectrum of ligands (HL1, 2) and copper 

(II) complexes (1 and 2), respectively. In the 

spectrum of the HL1, 2 ligands, bands have appeared 

in the regions of 1647 and 1604 cm−1 (for HL1) 

and1647 and 1598 cm−1 (for HL2) which belong to 

the ʋ(C = O) and ʋ(C = N) stretching vibrations, 

respectively. The ʋ(C = N) regions in the spectrum of 

the complexes (1 and 2) have been shifted to higher 
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energies and to the wave numbers of 1587 and 1608 

cm−1 (for complex (1)) and 1560 , 1604 cm−1 (for 

complex (2)), these results show that the ligand is 

coordinated with the metal ion through the nitrogen 

atom of the azomethine group. Also, the 

deprotonation of the phenolic group and the absence 

of O-H stretching bands in the region of 3461 and 

3469 cm -1 indicate the formation of the complexes. 

In addition, the M-O and M-N stretching bands in 

the complexes respectively have a lower 

wavenumber in the range of 642-759 and 622-1547 

cm-1 (for complex (1)) as well as, 688-759 and 640 

cm-1 (for complex (2)) appeared. The strong band at 

2111cm-1 (for complex (1)) and 2065 cm-1 (for 

complex (2)) is attributed to the presence of the SCN 

group in the complex. Also, in the free ligand, the 

phenolic C-O stretching vibration bands are 

assigned in the regions of 1301 and 1350 cm-1 (for 

HL1, 2), which in the complex is shifted to a higher 

wave number of 1361-1382 cm-1 (for complex (1)) 

as well as, 1375-1388 cm-1 (for complex (2)) which 

also confirms that the coordination phenolic oxygen 

is the ligand to copper ion [31, 41-45]. The C-H 

stretching vibrational mode is observed in the region 

of 2700-3200 cm-1. 

 
Fig. 1 Displays the FT-IR spectrum of the (HL1). 

 
Fig. 2 Displays the FT-IR spectrum of the Complex (1). 

 
Fig. 3 Displays the FT-IR spectrum of the (HL2). 

Fig. 4 Displays the FT-IR spectrum of the Complex (2). 
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3.3. UV-Vis Spectra Analysis of (HL1, 2) and 

complexes (1and 2) 

The UV-Vis spectra of the HL1, 2 ligands, and 

complex (1 and 2) were analysed to gain insights 

into the electronic absorption properties of the 

compounds. The electron absorption spectra were 

recorded in a dimethyl sulfoxide solution with 

concentrations of 10-5 M for the ligands and 10-3 M 

and 10-5 M for complex (1 and 2), spanning a 

wavelength range of 200-800 nm at room 

temperature (Figs. (5-8)). In the UV-Vis spectrum 

of the Schiff base ligands, distinct peaks were 

observed, with a strong peak detected around 240 

and 248 nm (for HL1), and 238 nm (for HL2) 

attributed to the π → π* transition of the aromatic 

ring. The peaks at 263 and 282 nm nm (for HL1), 

and 300 nm were assigned to the π → π* transition 

of the azomethine group. Furthermore, the peak 

observed at 385, 378 nm corresponds to the n → π

* transition of the azomethine group, demonstrating 

the electronic transitions within the ligands (HL1, 2) 

molecule, respectively. Conversely, the spectrum of 

electronic transitions of complexes (1 and 2) 

exhibited bands in the ultraviolet region, 

manifesting distinctive peaks at 320, 330, 384, and 

392 nm (for complex (1)) and 360, 398, and 421 nm 

(for complex (2)). These peaks were linked to intra-

ligand transitions of the azomethine group and 

MLCT (metal-to-ligand charge transfer) transitions, 

suggestive of complex formation. Notably, the 

emergence of higher wavelength bands indicated the 

coordination of the copper ion to the azomethine 

group (C = N). Additionally, a broad shoulder at 609 

and 605 nm (for complex (1) and (for complex (2), 

respectively) was observed in the spectrum, 

corresponding to the d → d transitions of the copper 

complex, providing further insights into the 

electronic structure and coordination environment of 

the copper ion within the complexes [31, 41-45].  

 
Fig. 5 Show the UV-Vis spectrum of HL1. 

3.4. Electrochemistry of the complexes (1and 2) 

The electrochemical behavior of complex (1) and 

complex (2) was studied in a dimethyl sulfoxide 

solvent, shedding light on the redox process of the 

copper complexes (Figs. (9, 10)). The analysis of the 

voltammogram of the Cu (II) complex (1) showed 

distinctive reduction processes, including the 

reduction of Cu (II) to Cu (I) in the voltage range of -

0.65 V, followed by the irreversible reduction of Cu 

(I) to Cu (0) in the range of -1.40 V [31, 43 ,45]. 

 
Fig. 6 Show the UV-Vis spectrum of copper complex (1) with a 

concentration of 10-5 mol/L and with 10-3mol/L in the DMSO. 
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Fig. 7 Show the UV-Vis spectrum of HL2. 

 
Fig. 8 Show the UV-Vis spectrum of copper complex (2) with a 
concentration of 10-5 mol/L in the DMSO. 

These observations show the redox activity of the 

Cu ions within the complex and provide insights into 

the electron transfer processes occurring during the 

reduction reactions. On the other hand, the 

voltammogram of the Cu (II) complex (2) exhibited 

a different electrochemical response, manifesting a 

cathodic voltammogram indicative of a quasi-

reversible reduction process of Cu (II) to Cu (I) in the 

voltammogram range of -0.65 V. Furthermore, an 

anodic voltammogram was observed in the region of 

-0.47 V, attributed to the oxidation of Cu (I) to Cu (II) 

within the complex [31, 44, 45]. These findings 

highlight the redox behaviours of the copper cations 

within the complex (2) and suggest quasi- reversible 

redox processes occurring within the system. 

3.5. Molecular docking 

The inhibitory power of copper polymer complex )1 

and 2) against the coronavirus (the two main 

proteins of this enzyme with the codes 6Y2F and 

6M0J) has been investigated using the molecular 

docking method, so the best position of the studied 

compounds against the coronavirus is the receptors 

of the target proteins (6Y2F and 6M0J) with the 

most negative energy were selected and analysed. 

Fig. 9 Cyclic voltammogram of complex (1) inDMSO solutions. 

 
Fig. 10 Cyclic voltammogram of complex (2) inDMSO solutions. 

The total energy for complex (1) and (2) was -81.34 

and -76.97 kcal/mol for 6Y2F protein and -118.98 

and -135.68 kcal/mol for 6M0J protein, respectively. 

In this way, the copper polymer complex can be 

suggested as a suitable candidate to inhibit the 

coronavirus. 

 Molecular docking results showed that both 

complexes effectively interacted with the molecular 

targets of SARS-CoV-2 and penetrated the active 

site of the protein. Complex (1) is better than 

complex (2) with the lowest total energy (-81.34 

kcal/mol) for 6Y2F protein targets and complex (2) 

is better than complex (1) with the lowest total 
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energy (-135.68 kcal/mol) mol) for 6M0J protein 

targets performed better and more amino acids were 

able to penetrate into the active cavity and negative 

total energy was obtained. The molecular docking 

showed that complex (1) and complex (2) showed 

strong interactions with the target proteins of the 

coronavirus and successfully penetrated into the 

active sites of the proteins, forming various 

interactions such as van der Waals, carbon-hydrogen 

bonds, conventional hydrogen bond, and π-type 

interactions, etc. Therefore, these complexes can be 

recommended as suitable inhibitors for creating 

disorders. In Table 1, in order to better understand 

how the complexes, bind, the dominant interactions 

for the best inhibitors of each receptor are reported 

as non-covalent interactions with the surrounding 

amino acids. The complex (1) with the highest 

inhibitory activity against 6Y2F protein targets 

interacts with the following active amino acid 

residues, respectively: 

LYS A:102, PHE A:103, VAL A:104, ARG A:105, 

ILE A:106, GLN A:110, ASN A:151, ILE A:152, 

ASP A:153, CYS A:156, SER A:158 (Fig. 11). As 

well as, complex (2) with the highest inhibitory 

activity against human ACE-2 target protein (6M0J) 

interacts with the following active amino acid 

residues, respectively: 

PHE A:40, TRP A:69, THR A: 347, ALA A:348, 

TRP A:349, ASP A:350, LEU A:351, GLY A:352, 

PHE A:390, LEU A:391, 392, ARG A:393, ASN 

A:394, GLY A:395, HIS A: 401, LYS A:562 (Fig. 

12).  

The orientation of the copper complexes is almost 

similar so that the planar arrangement of the 

salicylaldehyde rings allows the complexes to 

stretch in the right direction in the active site of the 

receptors and interact well with amino acids. Planar 

amine rings are oriented towards the appropriate 

active site and bind to amino acids on the outer 

surface of the site. It should be noted that 

hydrophobic interactions of bromine atoms in 

complex (1) and interaction with polar parts of 

complex (2) have increased the inhibitory power of 

these complexes. Schiff base metal complexes can 

effectively increase the resistance through 

hydrophobic interaction. Fragments of the observed 

interactions, including hydrophobic interactions and 

coordination with the central metal, contribute to the 

stability and inhibitory activity of the complexes. 

These complexes show promising inhibitory effects 

through their interactions with the active sites of 

target proteins, paving the way for further research 

and development of new antiviral agents [44-48].

Table. 1: The interaction of the amino acid of the active site of the receptor with the strongest inhibitor. 

Complexes Total energy of the system (kcal/mol) Surrounding amino acids 

Combined receptor: SARS-COV-2 protein (ID: 6Y2F) 

(1) -81.34  LYS A:102, PHE A:103, VAL A: 104, ARG 

A:105, ILE A:106, GLN A:110,   ASN A:151, ILE 

A:152, ASP A:153, CYS A:156, SER A:158. 
(2) -76.97 LYS A:102, VAL A: 104, ARG A:105, ILE 

A:106, GLN A:110, THR A:111, PHE A:112, 

ASN A:151, ASP A:153, SER A:158, CYS A:160, 

PHE A:294. 
Combined receptor: human ACE-2 target protein (ID: 6M0J) 

(1) -118.98  GLU A:37, PHE A:40, ASP A:350, LEU A:351, 

GLY A:352, LYS A:353, HIS A:378, ASP A:382, 

TYR A:385, PHE A:390, ARG A:393, ASN 

A:394, HIS A:401.   

(2) -135.68 PHE A:40, TRP A:69, THR A:347, ALA A:348, 

TRP A:349, ASP A:350, LEU A:351, GLY A:352, 

PHE A:390, LEU A:391, A:392, ARG A:393, 

ASN A:394, HIS A:401, LYS  A:562   
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Fig. 11 (a, b) a, c docking model of the complex (1), b, d the binding method of the corresponding respective receptor inhibitor of the important 

amino acids involved (two and three-dimensional interactions) of ( a, b: (ID: 6Y2F) and c, d: (ID: 6M0J)) complex (1), are shown.

 

a b 

c d 
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Fig. 12 (a, b) a, c docking model of the complex (2), b, d the binding method of the corresponding respective receptor inhibitor of the important 

amino acids involved (two and three-dimensional interactions) of ( a, b: (ID: 6Y2F) and c, d: (ID: 6M0J)) complex (2), are shown.

a b 

c d 
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4 -Conclusion 

Two copper polymer complexes derived from 4-

hydroxybenzohydrazide and benzaldehyde were 

synthesized and characterized using various 

analytical techniques, including FT-IR, UV 

spectroscopy, elemental analysis, and cyclic 

voltammetry (CV). The identification of the 

complexes provided valuable insights into their 

chemical composition and structural properties, 

laying the foundation for further investigations. 

Then, the prepared polymer complexes were used as 

models to disrupt the function of two corona 

proteins using molecular docking simulation. By 

studying the ligand-protein interactions (ligand = 

studied compounds and protein = 6Y2F and 6M0J 

for coronavirus), the total energies were calculated 

with values of about -81.34 kcal/mol (in the case of 

6Y2F) and -135.68 kcal/mol (in the case of 6M0J). 

Based on the calculated total energy values, the 

copper polymer complexes derived from 4-

hydroxybenzohydrazide and benzaldehyde are 

proposed as promising inhibitors against the 

targeted coronavirus proteins. The favorable total 

energy values indicate strong binding interactions 

between the compounds and the viral proteins, 

suggesting their potential efficacy as therapeutic 

agents or drug candidates for inhibiting the function 

of the coronaviruses under study. The calculated 

total energy values provide compelling evidence of 

the strong interactions between the compounds and 

experimental validation and in vitro studies can be 

pursued to validate the inhibitory activity of the 

copper polymer complexes and explore their 

therapeutic potential against the coronaviruses in 

question in the future. 
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