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Abstract : The formation of new copper(II) [Cu(4-Amino)2(Ace)NO3]NO3 and [Cu(4-Amino)2(Acry)NO3]NO3  have been synthesized 

and characterized by elemental analysis, UV-Vis, FT-IR spectrum analyses were used to describe the ligands, which were 4-

Aminobenzoic Acid with Acetanilide and Acrylamide. Viscosity testing, cyclic voltammetry, and electronic absorption spectroscopy 

were used to examine the complexes' interactions with CT-DNA. The complexes with CT-DNA were studied to determine their intrinsic 

binding constants (Kb), which revealed that they are modest groove binders. Additionally, the electronic structure of produced ligand and 

their complexes was studied computationally using a density functional theory (DFT) calculation. Staphylococcus, E.coli and 

Pseudomonas antibacterial testing Trichoderma Viride and Clodosorium were used as test organisms for the complexes antifungal 

properties.  
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1. INTRODUCTION 

Studies of how tiny compounds bind to DNA are crucial for the creation of novel medicinal medicines and DNA molecular 

probes [1]. Transition metal complexes have received a lot of interest as intercalators with DNA [4], probes in electron transfer processes 

involving metalloproteins [3], and catalytic systems for application in the oxidation of organic molecules [2]. Numerous scientific studies 

have shown that DNA is the main intracellular target of anticancer medications. Small molecules can interact with DNA in cancer cells 

to damage it, preventing cell proliferation and ultimately leading to cell death [5-7]. 

The molecules known as aminobenzoic acids are those in which the carboxyl and amino groups are directly linked to the aromatic 

ring. The o-, m-, and p- isomers of aminobenzoic acid are the group's main constituents. In many fields of industry and chemistry, 

anthranilic acid (2-aminobenzoic acid), m-aminobenzoic acid (3-aminobenzoic acid), p-aminobenzoic acid (4-aminobenzoic acid), and 

their derivatives that contain additional functional groups, aliphatic, aromatic, or halogen substituents are widely used [8–17].  

One of the effective ways to make biaryl derivatives is by the ortho-arylation of heteroatom substituted aromatics with aromatic 

electrophiles or organometallic reagents catalysed by metal complexes via chelation-assisted C-H bond activation. In-depth research has 

been done in the literature on the metal-catalyzed ortho-arylation of acetamino directed aromatics with aromatic electrophiles. However, 

a combination of mono- and di-arylated acetanilides was found in the interaction of symmetrical acetanilides with aromatic electrophiles. 

Although the arylation of the diarylated compounds employing aromatic organometallic reagents can inhibit them, the procedure cannot 

suppress the diarylated compounds.  

Different bacteria also convert acrylonitrile to acrylamide using comparable pathways. While nitrile hydratase catalyses the 

hydration of acrylonitrile to acrylamide, nitrile hydratase converts a nitrile straight into acid and ammonia. Acrylamide has been produced 

using this process at low temperatures and with few byproducts. The acrylamide can then be hydrolyzed by an amidase to produce acrylic 

acid and ammonia. The presence of metal ions from a Rhodococcos sp. amidase that breaks down acrylamide may play a significant role 

in the process of acrylamide hydrolysis. The detoxification of acrylamide by such an enzyme may also serve as a biocatalyst for the 

synthesis of acrylic acid.  
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Recent information suggests that some meals cooked at high heats above 120 °C may also produce acrylamide [18]. The 

discovery of acrylamide in a variety of fried and oven-cooked meals has raised concerns around the globe because this substance has 

been identified as possibly carcinogenic to humans.  

Acrylamide can also form a two-mode bond with metal ions via the carbonyl oxygen atom, nitrogen atom, or olefin. It could 

display a bidentate chelate ring or bridging complex or be monodentate O- or N-bonded. It can be neutral or deprotonated and take the 

amide or hydroxyimine tautomeric forms. Metal complexes of acrylamide are often made via base-catalyzed hydrolysis of coordinated 

acrylonitrile, [M-N=CCH=CH2]n+ (where Mn+3= Co+3) [25] or by direct interaction of metal ions with acrylamide [19–24]. In this 

situation, we created and studied a fresh Cu(II) complex. We also use cyclic voltammetry, viscosity measurements, and electronic 

absorption to characterise how the Cu(II) complex interacts with DNA.. DFT and molecular docking experiments were also carried out. 

Antimicrobial investigations with various microorganisms were conducted on the complex. 

2. EXPERIMENTAL 

2.1. Materials and Methods 

Materials and measurements CT DNA and ethidium bromide (EB) were given by Sigma Chemical Co. All chemicals and 

solvents were analytical reagent grade unless otherwise noted, and they were used without further decontamination. A Perkin Elmer CHN 

2400 elemental analyzer was used to assess the complex's C, H, and N contents, and a Bruker IFS66V was used to capture FT-IR Spectra 

in KBr and polyethylene medium. Using a Perkin-Elmer Lambda 35 spectrophotometer, UV-visible spectra in the region of 200-800 nm 

were measured in DMSO. The DFT calculation investigations were completed using the Gaussian09 programme. On nutritional agar 

medium and potato dextrose agar (PDA) media, separate bacterial and fungal cultures were kept alive.  

2.2. Synthesis of metal complexes 

The Cu(II) complexes (1-2) were made (scheme. 1) by adding 4-Aminobenzoic acid (0.274g of 2 mmol) and Acetanilide or 

Acrylamide (0.135g of 1 mmol or 0.7g of 1mml) to a solution of copper (II) Hexahydrate  (0.241g of 1 mmol) in aqueous methanolic 

solution, which was deprotonated by a strong base of NaOH (0.3 g of 1 mmol equivalent) and then stirred at 60ºC for 6 hours. The cooled 

solution was then filtered, and the filtrate was left to slowly evaporate at room temperature. After a few weeks, a Block-colored substance 

emerged. The yield is 62%. Analytical calculation for complex -1; C22H21CuN5O11 (%): C, 44.41; H, 3.56; N, 11.77. Found (%):  C, 

44.40; H, 3.54; N, 11.75. FT-IR (KBr, cm-1): 3430br, 2931s, 2651m, 2012w, 1693s, 1383m, 1304w, 755s, mp:238ºC. Analytical 

calculation for complex -2; C17H17CuN5O11 (%): C, 38.46; H, 3.23; N, 13.19. Found (%): C, 38.44; H, 3.20; N, 13.17. FT-IR (KBr, cm-

1): 3460br, 2281w, 2022w, 1583s, 1393s, 1265m, 1174w, 764vs. (br, broad; vs, very strong; s, strong; m, medium; w, weak). mp:243 ºC.  
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Scheme. 1 Synthesis of Cu(II) complexes 

2.3. Electronic Absorption Spectra  

The concentration of CTDNA was steadily increased while the complexes' fixed concentrations were used in an absorption 

titration experiment. In order to remove the absorbance of CT-DNA itself from the measurement of the absorption spectra, the appropriate 

quantity of CT-DNA was added to both the compound solution and the reference solution. The binding constant (Kb) was calculated 

from the absorption titration data using [26]  

The apparent absorption coefficient, a, f, and b correspond to Aobsd/[M], the extinction coefficient of the free compounds and the extinction 

coefficient of the compound when completely bound to DNA, respectively. [DNA] is the concentration of DNA in base pairs. Kb is 

determined by plotting [DNA]/(a, f) vs [DNA] and calculating the slope to intercept ratio.  

2.4. Viscosity Measurements  

On an Ubbelohde viscometer submerged in a thermos-stated water-bath maintained at 25.0 0.1C, viscosity studies were 

performed. To reduce complications caused by DNA flexibility, DNA samples with an average length of 200 bp were produced by 

sonication [27]. Each compound was added to the CT-DNA solution (50 mM) in the viscometer after titrations (3 mM) for each compound 

were completed. The data were shown as (0)1/3 versus the ratio of the compound's concentration to CT-DNA, where is CT-viscosity 

DNA's in the presence of the complex and 0 is CT-viscosity DNA's alone. The flow time of solutions containing CT-DNA was measured 

and adjusted for the flow time of buffer alone (t0), yielding the viscosity values, which were computed using the formula (t t0)/t0.  

 

2.5. Electrochemical Studies  

Cyclic voltammetry analysis was carried out in a Bio-Analytical System (BAS) model CV-50Welectrochemical analyzer. All 

voltametric experiments were performed in a single compartment cell of volume 10–15mL containing a three electrode system comprising 

a carbon working electrode, Pt-wire as auxiliary electrode, and reference electrode as an Ag/AgCl. 
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2.6. Pharmacology 

Using the Well diffusion technique on Muller Hinton agar medium, the complexes' in vitro antibacterial activity was 

demonstrated against a number of human invasive pathogenic bacteria, including Streptococcus, E. coli, and Pseudomonas. The growth 

medium for the human fungal infections was provided by the fungus Trichoderma Viride, Clodosorium, and Standard Fluconazole 

utilising nutritional agar and dextrose agar, respectively. The samples were nursed at 37°C for 28 h bacteria cultures were maintained. 

The fungal cultures were kept on nutrition broth (NB) at37°C and fungus was maintained on Potato dextrose agar (PDA) at 28°C (Taylor 

et al., 1995). (Taylor et al., 1995).3. 3. RESULTS AND DISCUSSION 

3.1. Electronic Absorption Titration  

To analysed the DNA-binding properties of metal complexes, electronic absorption spectroscopy is always used [28–30]. Figure 

1 displays the Co(II) complex's absorption spectra in the presence and absence of CT-DNA. For the complex, there are two clearly distinct 

bands at roughly 215,305 nm. Under the same experimental circumstances, the for the ligand merely rises from 272 to 273, and for the 

complex from 278 to 279 nm, a small red shift of roughly 1 nm. The small red shift implies that DNA is interacting with the Ni(II) 

complex [31]. A plot of [DNA]/(a, f) vs [DNA] was used to calculate the complex's binding constant Kb, which was discovered to be 

1.12 103 M1. When compared to those of the supposedly DNA-intercalative ruthenium complexes (1.1 104 to 4.8 104M-1), [32], the 

binding constants (Kb) of the Ni(II) complex suggest that the complex with DNA with an affinity is less than the classical intercalators. 

The present complexes of the binding constants (Kb) values are 3.421x10-5 and 3.218x-5. 

        Figure. 1 Absorption 

spectral traces on addition of CT-DNA to complexes (1-2) and the figure in inset shows the linear fit of [DNA]/ɛa-ɛf versus [DNA] 

3.2. Viscosity Studies  

The binding model of the ligand, metal complexes, and DNA are all studied using optical photophysical methods, however these 

approaches do not provide enough information to establish a binding model. In order to better understand how metal complexes and DNA 

interact, viscosity measurements were made. In the absence of crystallographic structural information, hydrodynamic measures that are 

sensitive to the length change (viz., viscosity and sedimentation) are regarded as the least confusing and most crucial tests of a binding 

model in solution. Due to an increase in base pair separation at intercalation sites and therefore an increase in overall DNA length, a 

classical intercalative mode significantly increases the viscosity of the DNA solution. Contrarily, under the same circumstances, 

complexes that bind only in the DNA grooves by partial and/or nonclassical intercalation often result in a less noticeable (positive or 

negative) or nonexistent change in DNA solution viscosity [33, 34]. Plotting the values of (0)1/3 versus [compound]/[DNA] (Figure 2). 

The viscosity of DNA continuously reduces for the Cu(II) complexes (1 and 2) when compound quantities are increased. A binding 

mechanism that caused bends or kinks in the DNA and therefore decreased its effective length and thus its viscosity may be the 

explanation for the decreased relative viscosity of DNA. The findings indicate that partial intercalation may be how the Cu(II) complex 

binds to DNA. 

 

 

 

 

 

 

 

 

Figure. 2 The relative viscosity of calf thymus DNA at 27ºC Copper(II) Complexes (1 & 2) 
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3.3. Cyclic Voltammetry Study  

Spectroscopic approaches can be supplemented with electrochemical studies of metal-DNA interactions. Figure 3 displays a 

cyclic voltammogram of the copper(II) complexes (1 and 2) in the presence of varying amounts of CT-DNA. CV data explored that Cu 

presented a pair of redox peaks for one electron transfer couple of Cu(II)/Cu(I) at the scan rate of 50mVs (curve) (curve). The ratio of 

(Ipa/Ipc) value of 0.5 and the peak to peak separation (ΔEp) of suggested the feature of the of the electro transfer process and this was 

reasonably frequent for Cu(II)/Cu(I) pair due of the restructuring of the coordination sphere. After interacting with CT-DNA, the value 

of Ep dropped, indicating that the copper complex's electron-transfer mechanism was improved in terms of reversibility Additionally, the 

redox peak currents decreased and both the oxidation and reduction peak potentials underwent positive changes. It has been shown that 

when tiny molecules interact with DNA double helixes, their electrical potential shifts positively, and only binding to DNA through 

grooves occurs otherwise. Therefore, we hypothesised that a particular binding mechanism is most likely the root of Cu's higher affinity 

for CT-DNA [35].  

 

 

 

 

 

 

Figure. 3 Structure of Cyclic voltammetry of copper(II) complexes ( Complex 1 & 2 presence and absence of CT-DNA) 

3.4. Geometrical Optimization 

Geometrical Optimization is Figure 4 and 5 provides the complexes' optimal structures. Table 5 shows the predicted bond lengths 

and ligand bond angles for a few geometric parameters at the B3LYP/6-31G (d, p) level. The total energy and Koopman's theorem were 

used to derive the compounds' electronic parameters. HOMO-LUMO energy gap, E, absolute electronegativity, chemical potential, 

chemical hardness, chemical softness and electrophilicity index some molecular orbital characteristics. The following equation is used to 

compute the chemical reactivity parameter for ligands and their complexes, and the results are listed in Table 1.  

ΔE = E LUMO – EHOMO                   (2) 

When characterising the structure and verification barrier in various molecular systems, the energy gap (E) is studied as a crucial stability 

index. The compound gets more stable as the energies rise. Additionally, the electrophilicity index had a +ve value, whilst the chemical 

potential (Pi) had a -ve value. Based on these findings, it may be concluded that azo schifff base ligands contributed electrons to metal 

ions [36]. The MEP of the produced ligand and its complexes is shown in Figure. 6 and 7. The negative and positive potentials were 

represented by blue and red colours, respectively, with blue colours indicating positive nucleophilic reactivity and red colours indicating 

negative nucleophilic reactivity (9.629e to -9.629e and 7.603e to -7.603e). The most negatively charged site is oxygen near the nitrogen 

atom, which appears red in colour and has the maximum electron density35. Red, yellow, green, and blue are the electrostatic potentials 

in ascending order.     

Optimized Structure

 

Figure. 4 The optimized and HOMO-LUMO structure of Cu(II) complex-1 
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Optimized Structure

 

Figure. 5 The optimized and HOMO-LUMO structure of Cu(II) complex-2  

 

Figure. 6  Electrostatic surface mapping of  Copper(II) complex-1 

 

 

 

Figure. 7  Electrostatic surface mapping of  Copper(II) complex-2 

Table. 1 Computational of the HOMO-LUMO chemical reactivity parameter for ligands and their complexes 

PARAMETER VALUES 

Complex-1 Complex-2 

HOMO (eV) -3.3035 -4.7198 

LUMO (eV) -2.1497 -2.9164 

Ionization potential 3.3035 4.7198 

Electron affinity 2.1497 2.9164 

Energy gap (eV) 1.1538 1.8034 

Electronegativity 2.7266 3.8181 

Chemical potential -2.7266 -3.8181 

Chemical hardness 0.5769 0.9017 

Chemical softness 0.8667 0.5545 

Electrophilicity index 6.4435 8.0836 

 

3.5. Antimicrobial activity and minimum inhibitory concentration 

The complexes were produced and their in vitro antibacterial activity was evaluated. They were evaluated using the Well 

diffusion technique for Muller Hinton agar medium against the microorganisms (Figure. 8) Staphylococcus, E-Coli, and Pseudomonas. 

The zone inhibition value and the newly synthesised complex 1 & 2's antibacterial activities are shown in Table 2. In comparison to 

complexes against the same pathogens under comparable experimental settings, the results show that the ligand has modest antibacterial 

activity [37]. Two fungal are Trichoderma Viride and Clodosorium, were used to assess the metal complexes' antifungal effectiveness 
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(Figure 9). The zone of inhibition values for the drugs under study are summarised in Table 3. Against the both fungi indicates that the 

metal complexes exhibit higher antifungal activity than the ligand. Such increased activity on metal chelation can be explained on the 

basis of Tweedy’s chelation theory [38]. 

              
                   Streptococcus                                         E-Coli                                       Pseudomonas 

     
             Streptococcus                                    E-Coli                                           Pseudomonas 

Figure.8 Antibacterial activity of the Cu(II) complexs (1&2) 

Table. 2  Antibacterial activity (diameter of zone inhibition, in mm) of cu(II) complexs 

                      

                          

 

 

 

 

 

 

 

 

 

 

 

 

ZONE OF INHIBITION  in mm 

Complex Test Organism 100µg/ml 50µg/ml 25µg/ml Control 

(Ciproflaxcin) 

 

Complex-1 

Streptococcus 13mm 10mm 8mm 18mm 

E-Coli 12mm 10mm 9mm 16mm 

Pseudomonas 13mm 10mm 9mm 15mm 

 

Complex-2 

Streptococcus 12mm 10mm 9mm 16mm 

E-Coli 11mm 10mm 10mm 15mm 

Pseudomonas 13mm 10mm 9mm 18mm 

http://www.jetir.org/


© 2022 JETIR July 2022, Volume 9, Issue 7                                                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2207653 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g372 
 

 

                

 

 

                                           

                                     

                                           Trichoderma    Viride                                            Clodosorium 

                                           

                                                  

 

 

 

 

                                                                           

                    

                                         Trichoderma Viride                                         Clodosorium 

Figure. 9 Antifungal activity of the cu(II) complexs (1&2) 

 

Table.3  Antifungal activity (diameter of zone inhibition, in mm) of cu(II) complexs 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSIONS 

This work describes the synthesis and characterisation of a novel Cu(II) complexes. Additionally, electronic absorption and 

viscosity measurements were used to look into the DNA-binding capabilities of the Cu(II) complexes. The outcomes of the experiment 

suggest that the partial intercalation form of the Cu(II) complex's binding to CT-DNA. In this work, DFT studies into structural along 

with spectroscopic properties like (HOMO-LUMO) of Cu(II) complex have been displayed and consist experimental report.The findings 

of the antimicrobial activity demonstrate the antibacterial and fungal capabilities of the metal complexes, and it is significant to note that 

they have improved inhibitory action in comparison to the parent ligand.  
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