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Abstract: 3-Ethoxy salicylaldehyde on reaction with 1,2-phenylenediamine 

and 2-aminophenol yielded heterocyclic ligands (HLBIZ and HLBOZ) under 

ultrasonic irradiation in ethanol solvent. The reaction of these ligands with 

copper(II) acetate monohydrate salt led to the related Cu(L)2 complexes in 

methanol solvent. FT-IR, 1H & 13C NMR, and elemental analysis were used to 

investigate the structures of the synthesized ligands, while the copper(II) 

complexes were characterized by CHN analysis and FT-IR spectroscopy. The 

imino nitrogens and phenolic oxygens are involved in the coordination of the 

ligands to the Cu2+ ions to generate the complex. The parameters estimated by 

DFT at the B3LYP/Def2-TZVP level of theory show that the theoretical values 

are consistent with the experimental findings. 
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1. INTRODUCTION 
In today's world, heterocyclic compounds are being 

evaluated as unique products with an extensive variety of 

biological, agronomic, medical, industrial, and other 

applications.1 The nitrogen donor ligands constitute a very 

fascinating area of research because they have a proclivity 

for complexing with various transition metals and are 

well-known pharmacophores for drug development.2 

The benzimidazole (BIZ) moiety is a bicyclic molecule 

containing a benzene ring fused with an imidazole 

scaffold.3 Benzimidazole and its derivatives are 

heterocyclic compounds and have a wide spectrum of 

biological applications due to structural relevance with 

common nucleobases.4-11 In addition to their biological 

importance, benzimidazoles are equally important in the 

arena of the chemistry of coordination compounds. The 

derivatives of benzimidazole are very strong chelating 

agents and can form stable metal complexes with a variety 

of transition metals.12-14 Many groups have discovered 

that benzimidazole-based metal complexes have a wide 

range of structural diversity, including mononuclear and 

multinuclear, and ring-like coordination compounds.15-18 

The copper(II) complexes with benzimidazole are 

potentially active against several bacterial and fungal 

species and can bind to DNA and also have cytotoxic 

potential against tumor cells.19-23 In addition to this, 

benzimidazole-based-copper complexes show solid-state 

fluorescent properties, exhibit in vitro antidiabetic 

potential, and can inhibit α-amylase.24 

Benzoxazole (BOZ), a planar heterocyclic molecule 

composed of a benzene ring fused with an oxazole ring, is 

a very well-known compound and is frequently used as a 

precursor for the industrial preparation of various 

pharmacological drugs.25 These are important 

biomolecules that have a wide range of biological and 

pharmacological properties.26-29 They also have unique 

properties, including simplicity of preparation, 

electrochemical behaviour, visible light absorption, 

structural flexibility, supramolecular architecture, long-

lived electrically excited states, and luminescence.30-32 

The benzoxazole derivatives and their complexes with 

metals, especially copper, have also been extensively 

studied as chelating agents via nitrogen atoms for the 

synthesis of metal complexes of biological, industrial, 

spectral luminescent, cytotoxic, and antiproliferative 

properties.33-35 

Therefore, on the basis of the applications of heterocyclic 

compounds, and concerning our research on transition 
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metal complexes,36-45 we opted to synthesize copper(II) 

complexes with heterocyclic ligands (benzimidazole and 

benzoxazole). The main objectives of the current study 

are the synthesis and characterization of the synthesized 

ligands and complexes, and theoretical studies like FMO, 

MEP, and NBO analysis of the synthesized compounds by 

DFT at the B3LYP/Def2-TZVP level of theory. 

 

2. EXPERIMENTAL 
Materials and Methods 
All chemical materials, reagents, and solvents applied in the 

present studies are of analytical grade and purchased from 

Merck, Acros Organics, Sigma-Aldrich, and Alfa Aesar. The 

%age composition of C, H, and N was evaluated using a Leco 

CHNS elemental analyzer. The 1H NMR spectral studies were 

carried out with the use of a BRUKER AVANCE 400 MHz 

spectrometer. The chemical shift values (δ) are provided by 

correlating them to an internal standard reference 

tetramethylsilane (TMS). The IRPrestige-21 Spectrophotometer 

was used to run infrared spectra to validate various functional 

groups contained in the manufactured compounds by following 

the KBr discs method. The sonication of the reaction mixture 

was performed using a UP 400S ultrasonic processor with a 3 

mm broad and 140 mm long probe that was submerged precisely 

in the reaction mixture. The reactions were performed under the 

influence of ultrasonic irradiation in a 40 cm3 reactor made up of 

glass at room temperature. 

 

Syntheses 
Syntheses of heterocyclic ligands (HLBIZ and HLBOZ). 10 

mmol of 3-ethoxy salicylaldehyde was mixed to an ethanolic 

solution (25 mL) of 1,2-phenylenediamine or 2-aminophenol (10 

mmol). The solution was irradiated with ultrasonic waves at 

room temperature for a suitable amount of time (5 min for the 

HLBIZ and 10 min for HLBOZ) till the reaction was 

accomplished, as confirmed by TLC (eluent, n-hexane:ethyl 

acetate, 5:2). The reaction mixture was then filtered, and the 

products were recrystallized, afterward, from the EtOH to obtain 

the targeted compounds with the maximum possible purity. The 

ultrasonic wave-assisted method is preferred over the 

conventional reflux method because it completes the reaction 

not only at room temperature but also takes a very short time. 

HLBIZ: Yield 89%. Anal. Calc. for C15H14N2O2: C, 70.85; H, 

5.55; N, 11.02, Found: C, 70.98; H, 5.58; N, 10.93 %. FT-IR 

(KBr, cm-1); 3437 (υN–H); 1622 (υC=N); 1547, 1479 (υC=C); 1249 

(υC-O). 1H NMR (400 MHz, CDCl3, ppm): 1.51 [t, 3 H, -CH3, 3J 

= 7.0 Hz], 4.15 [q, 2 H, -OCH2, 3J = 7.0 Hz], 6.77-7.12 [m, 7 H, 

Aromatic-H], 8.63 [s, 1 H, -NH], 13.52 [s, 1 H, -OH]. 13C NMR 

(100 MHz, CDCl3, ppm): 14.9, 64.5, 115.8, 118.2, 118.7, 118.8, 

119.5, 123.7, 128.2, 134.8, 141.0, 147.6, 151.0, 161.9, 164.4 

[46]. 

HLBOZ: Yield 83%. Anal. Calc. for C15H14NO3: C, 70.58; H, 

5.13; N, 5.49, Found: C, 70.77; H, 5.11; N, 5.62 %. FT-IR (KBr, 

cm-1); 1628 (υC=N); 1543, 1469 (υC=C); 1277 (υC-O). 1H NMR 

(400 MHz, CDCl3, ppm): 1.51 [t, 3 H, -CH3, 3J = 7.0 Hz], 4.15 

[q, 2 H, -OCH2, 3J = 7.0 Hz], 6.89-7.24 [m, 7 H, Aromatic-H], 

12.54 [s, 1 H, -OH]. 13C NMR (100 MHz, CDCl3, ppm): 14.9, 

64.6, 115.9, 116.4, 118.1, 119.1, 119.4, 121.0, 123.9, 128.8, 

135.4, 147.6, 150.1, 150.8, 163.3. 

 

Syntheses of Cu(L)2 complexes. To a solution of 1 mmol 

(0.200 g) of Cu(CH3COO)2.H2O in 50 mL of MeOH has been 

added a solution of either HLBIZ or HLBOZ (2 mmol) dissolved 

in 5 mL of hot MeOH. The resulting solution was held at reflux 

for 1 hour to get the precipitates of desired products, which were 

then filtered out and washed separately, using equal parts of H2O 

and MeOH.  

Cu(LBIZ)2: Yield 71%. Anal. Calc. for C30H26CuN4O4: C, 63.20; 

H, 4.60; N, 9.83, Found: C, 63.52; H, 4.63; N, 9.71 %. FT-IR 

(KBr, cm-1); 3423 (υN–H); 1601 (υC=N); 1579, 1491 (υC=C); 1294 

(υC-O), 545 (υCu-O), 470 (υCu-N). 

Cu(LBOZ)2: Yield 67%. Anal. Calc. for C30H24CuN2O6: C, 

62.99; H, 4.23; N, 11.11, Found: C, 63.27; H, 4.20; N, 11.23 %. 

FT-IR (KBr, cm-1); 1605 (υC=N); 1539, 1481 (υC=C); 1319 (υC-O), 

536 (υCu-O), 424 (υCu-N). 

 

Computational details 
All DFT calculations were performed utilizing the Gaussian 

code,47 the B3LYP hybrid method,48 and the Def2-TZVP basis 

set.49 To model the solution phase, the integral equation 

formalism variant of the PCM (IEFPCM) approach was used to 

include solute-solvent interactions.50 In this method, the solute 

cavity is created by a set of overlapping spheres. After 

optimization, the frequency analysis was performed to ensure 

that the structure corresponds to a minimum on the potential 

energy surface (PES) of the molecule. The Gauge-Independent 

Atomic Orbital (GIAO) technique [51] was utilized to calculate 

NMR data. Chemical shifts (δ) of the H2L ligands were 

performed at B3LYP/Def2-TZVP in CDCl3. The values of 

chemical shifts (δ) were calculated by subtracting the 

appropriate isotropic portion of the shielding tensor from 

tetramethylsilane δi = σTMS - σi. The B3LYP/Def2-TZVP level 

of theory established the solution phase isotropic shielding 

constants for tetramethylsilane to be 184.52 ppm for the 13C and 

31.92 ppm for the 1H nuclei. The Chemissian software52 was 

used to create contour plots of the lowest unoccupied molecular 

orbital (LUMO) and the highest occupied molecular orbital 

(HOMO). Molecular electrostatic potential (MEP) data was 

computed by Gaussian/GaussView programs. The natural bond 

orbital (NBO) calculations were performed with the help of the 

NBO 6.0 program.53 

 

3. RESULTS AND DISCUSSION 
Syntheses 

Heterocyclic ligands (HLBIZ and HLBOZ) were 

produced through the reaction of 3-ethoxy 

salicylaldehyde with 1,2-phenylenediamine and 2-

aminophenol, respectively, under ultrasonic irradiation 

in ethanol (Scheme 1). The reaction of copper(II) 

acetate monohydrate with these ligands in methanol led 

to the Cu(L)2 complexes (Scheme 2). 

 

FT-IR spectra 

FT-IR spectra of the ligands and their corresponding 

Cu(II) complexes are presented in Figures 1 and 2. The 

important coordination sites of the ligands which are 

getting involved in chelation were identified by 

comparing their FT-IR spectra with those of complexes. 

Important stretching vibrational bands of -C=N were 
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noticed at 1622 and 1628 cm-1 for heterocyclic ligands.54 

In the complexes, these bands are shifted to a lower 

frequency (1601 and 1605 cm-1). The decrease in the 

double bond character of the -C=N band generated by the 

coordination of nitrogen atoms to the metal centers causes 

these alterations, which are consistent with the results 

obtained from structurally similar compounds 

documented earlier.55 Because of oxygen atomʹs 

participation in coordination, the positions of C–O 

stretching vibrational bands in the free form of ligands 

(1249 and 1277 cm-1) shift towards higher frequency 

regions on complexation (1294 and 1319 cm-1).56 The 

emergence of faint bands at low wavenumbers that were 

ascribed to Cu-O and Cu-N also indicated the 

coordination of nitrogen and oxygen atoms.57  

 

 
Scheme 1. Syntheses of heterocyclic ligands (HLBIZ and HLBOZ) under 

ultrasonic irradiation 

 

 
 
Scheme 2. Syntheses of copper(II) complexes [Cu(LBIZ)2 and 

Cu(LBOZ)2] 

 
Figure 1. The experimental FT-IR stacked spectrum of the HLBIZ ligand 
and Cu(LBIZ)2 complex. 

 

 
Figure 2. The experimental FT-IR stacked spectrum of the HLBOZ 

ligand and Cu(LBOZ)2 complex. 

 

The gas-phase spectra of the synthesized compounds 

calculated by the B3LYP/Def2-TZVP level of theory are 

given in Figures 3 and 4. The high similarity of 

experimental and theoretical spectra indicates that the 

structures of the synthesized compounds are close to each 

other in solid and gas phases. Experimental and 

theoretical vibrational frequencies along with relative 

errors for the ligands and their complexes are given in 

Table 1. To get the corrected values that are closer to the 

experimental values, the calculated frequencies were 

multiplied by a scaling factor of 0.965.58 The highest 

percentage difference between the two types of results is 

2.43, which is due to the use of the harmonic 

approximation for vacuum computations. 
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Figure 3. The theoretical FT-IR stacked spectrum of the HLBIZ ligand 
and Cu(LBIZ)2 complex. 

 

 
Figure 4. The theoretical FT-IR stacked spectrum of the HLBOZ ligand 

and Cu(LBOZ)2 complex. 

 
Table 1. The experimental and calculated infrared vibrational 

parameters (cm-1) along with relative errors of the heterocyclic ligands 
and their corresponding copper(II) complexes 

Assignment  𝜐(C=N) 𝜐(C‒O) 𝜐(Cu‒O) 𝜐(Cu‒N) 

HLBIZ 

Experimental 1622 1249 - - 

Calculated 1609 1241 - - 

Relative 

error (%)a -0.80 -0.64 - - 

HLBOZ 

Experimental 1628 1277 - - 

Calculated 1606 1283 - - 

Relative 

error (%) -1.35 0.47 - - 

Cu(LBIZ)2 

Experimental 1601 1294 545 470 

Calculated 1604 1300 552 459 

Relative 

error (%) 0.19 0.46 1.28 -2.34 

Cu(LBOZ)2 

Experimental 1605 1319 536 424 

Calculated 1591 1318 549 420 

Relative 

error (%) -0.87 -0.08 2.43 -0.94 

aRelative error (%) = (XCalc – XExp)*100/XExp. 

NMR spectra 
1H & 13C NMR spectra of the heterocyclic ligands were 

recorded in deuterated chloroform (CDCl3). 1H NMR 

spectral details of the ligands are specified in the 

experimental part and the spectra are manifested in 

Figures 5 and 6. The important peaks in the proton NMR 

spectra of the HLBIZ and HLBOZ appear at  = 13.52 and 

12.54 ppm respectively is attributed to the phenolic 

protons of ligands. All aromatic protons in the ligands 

show their presence in the projected regions from δ = 6.77 

to 7.24 ppm. The signals for aliphatic protons in the 

ligands show their presence in the projected regions from 

δ = 1.51 to 4.15 ppm.  
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Figure 5. 1H NMR spectrum of the HLBIZ ligand in CDCl3. 
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Figure 6. 1H NMR spectrum of the HLBOZ ligand in CDCl3. 
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The 13C NMR spectra of the heterocyclic ligands are 

shown in Figures 7 and 8. The signals for the methine 

carbon in the spectra of the HLBIZ and HLBOZ are 

observed at  = 164.4 and 163.3, respectively and the 

signals for the phenolic carbon in the spectra of these 

ligands are visible at  = 161.9 and 150.8, respectively. 

The other aromatic and aliphatic carbons of the ligands 

are appeared in their respective regions according to the 

literature.59 The experimentally observed and 

computationally calculated NMR data of the heterocyclic 

ligands are compatible with each other (Tables 2 and 3). 

 

 
Figure 7. 13C NMR spectrum of the HLBIZ ligand in CDCl3. 

 

DFT optimized structures  

In order to investigate the geometries of the synthesized 

ligands and their Cu(II) complexes, their structures were 

optimized to  locate  the  local  minimum  at  B3LYP/Def2- 

 
 

 
 

 

 
 

 
 

 

 

 

 
Figure 8. 13C NMR spectrum of the HLBOZ ligand in CDCl3. 

 

TZVP level of theory. Figure 9 shows the gas phase 

optimized structures of the heterocyclic ligands and their 

copper(II) complexes. Also, Table 4 lists the computed 

findings, including bond lengths and bond angles, for 

Cu(LBIZ)2 and Cu(LBOZ)2 complexes, which exhibit the 

distorted square planar geometry for both complexes.60-62 

The Cu(LBIZ)2 and Cu(LBOZ)2 complexes can have two 

geometric stereoisomers, cis and trans (Figure 10). The 

sum of the electronic and the zero-point energy (EZPE), 

enthalpy (H), and Gibbs free energy (G) of both cis and 

trans isomers of the complexes are reported in Table 5. 

Data show that trans isomers are more stable in both 

complexes (~5 kcal mol-1 for Cu(LBIZ)2 and ~6 kcal mol-1 

for Cu(LBOZ)2).60-62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 2. Experimental and calculated chemical shift values (ppm) in 1H NMR spectra of the heterocyclic ligandsa 

 -CH3 -OCH2 Aromatic-H -NH -OH 

+HLBIZ 1.51 (1.53) 4.15 (4.06) 6.77-7.12 (7.10-8.01) 8.63 (9.18) 13.52 (13.76) 

HLBOZ 1.51 (1.54) 4.15 (4.08) 6.89-7.24 (7.19-8.01) - 12.54 (12.18) 

aThe calculated 1H NMR chemical shifts are reported in parenthesis. 

 
 Table 3. Experimental and calculated chemical shift values (ppm) in 13C NMR spectra of the heterocyclic ligandsa 

 -C=N -C-OH -C-OEt Aromatic-C -CH2 -CH3 

HLBIZ 164.4 (160.2) 161.9 (159.5) 151.0 (158.1) 115.8-147.6 (115.1-149.9) 64.5 (69.5) 14.9 (17.4) 

HLBOZ 163.3 (173.2) 150.8 (160.0) 150.1 (158.0) 115.9-147.6 (115.8-157.3) 64.6 (69.6) 14.9 (17.4) 

aThe calculated 13C NMR chemical shifts are reported in parenthesis. 

 

Table 4. Selected theoretical bond lengths (Å) and bond angles (º) in Cu(LBIZ)2 and Cu(LBOZ)2 complexes 
Bond lengths Cu(LBIZ)2 Cu(LBOZ)2 Bond angles Cu(LBIZ)2 Cu(LBOZ)2 

Cu1-O1 1.920 1.915 N1-Cu1-O1 90.75 90.98 

Cu1-N1 2.004 2.010 N1-Cu1-O1i 93.39 93.73 

O1-C1 1.296 1.295 N1-Cu1-N1i 158.05 156.83 

O2-C2 1.358 1.359 N1i-Cu1-O1 93.39 93.73 

N1-C7 1.333 1.318 N1i-Cu1-O1i 90.73 90.98 

N2 (or O3)-C7 1.369 1.362 O1i-Cu1-O1 158.17 156.41 
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HLBIZ Cu(LBIZ)2 

 

 

HLBOZ Cu(LBOZ)2 

Figure 9. DFT optimized geometries of heterocyclic ligands and their 

copper(II) complexes at B3LYP/Def2-TZVP. 

 

 
Figure 10. Two possible geometric stereoisomers for Cu(LBIZ)2 and 
Cu(LBOZ)2 complexes. 

 
Table 5. Sum of the electronic and the zero-point energy (EZPE), 
enthalpy (H), and Gibbs free energy (G) of the complexes. All values are 

in Hartree unit 

 
Cu(LBIZ)2  Cu(LBOZ)2 

cis trans  cis trans 

EZPE -3319.555 -3319.564  -3359.310 -3359.320 

H -3319.521 -3319.529  -3359.276 -3359.286 

G -3319.624 -3319.632  -3359.378 -3359.388 

1 Hartree = 627.5095 kcal.mol-1  

 

Frontier molecular orbitals analysis 

The frontier molecular orbitals (FMOs) are extremely 

important parameters from quantum chemistry 

calculations, and their energy gap is a very important 

description. The FMO analysis of the molecules aids in 

demonstrating their kinetic stability and chemical 

reactivity.63 Chemical hardness is a good index to 

estimate the chemical stability of compounds. The 

molecules with a large energy gap are hard, and those 

with a small energy gap are soft molecules. The softer 

molecules are more polarizable due to the less energy 

needed to overcome the energy gap to excite an electron 

from HOMO to LUMO.64 The electronic properties of the 

HL ligands and their copper(II) complexes were 

computed by the B3LYP method with a Def2-TZVP basis 

set. The higher occupied and lower unoccupied molecular 

orbitals of these compounds are presented in Figure 11. In 

all ligands and complexes, the HOMOs are localized 

mostly around the aryl rings and the LUMOs are 

distributed around the aryl and heterocycle rings. 

 

HLBIZ 

  

Cu(LBIZ)2 

  

HLBOZ 

  

Cu(LBOZ)2 

 
 

 HOMO LUMO 

Figure 11. Frontier molecular orbitals of HL ligands and their Cu(II) 

complexes by B3LYP method with Def2-TZVP basis set.  

 

The quantum chemical parameters of the ligands and 

complexes are listed in Table 6. Based on the results, 

Cu(LBOZ)2 has the lowest energy gap (3.747 eV) 

compared to the others, which allows it to be the softest 

molecule. Therefore, Cu(LBOZ)2 is more reactive than the 

other complex. The chemical potential values for all the 

studied compounds are negative and indicate that the 

compounds are stable and do not decompose into their 

components.65,66 In addition, the electrophilicity index 

values for the complexes show that Cu(LBOZ)2 is a 

stronger electrophile than the other complex.67 

 

Molecular electrostatic potential maps 
Molecular electrostatic potential (MEP) is a useful and 

important parameter for explaining the nucleophilic and 

electrophilic behavior of molecules. The MEP indicates 

the size and shape of the molecule as well as the 

electrostatic region. In MEP, the red, blue, and green 

colors represent the negative, positive, and neutral 

electrostatic regions, respectively.68 To investigate the 

nucleophilic and electrophilic attack sites of the HL 

ligands and their Cu(II) complexes, MEP was calculated 

with B3LYP/Def2-TZVP and presented in Figure 12. In 

the ligands, the most negative regions are around the more 

electronegative atoms, namely oxygens, sulfur, and 
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nitrogens, and the most positive regions are around 

protons. In the complexes, the copper atom located at the 

center of the positive electrostatic regions represented by 

the blue color is a good candidate for a nucleophilic 

attack. Most of the negative charges are located near 

electronegative atoms, which are attractive sites for 

protons.  
 

Table 6. Quantum chemical descriptors of the heterocyclic ligands and 

their copper(II) complexes (in eV)a 

 HLBIZ HLBOZ Cu(LBIZ)2 Cu(LBOZ)2 

EHOMO -5.938 -6.077 -5.390 -5.561 

ELUMO -1.573 -1.841 -1.507 -1.814 

ΔΕ 4.365 4.236 3.883 3.747 

I 5.938 6.077 5.390 5.561 

A 1.573 1.841 1.507 1.814 

η 2.182 2.118 1.942 1.874 

S 0.229 0.236 0.258 0.267 

χ 3.756 3.959 3.448 3.688 

μ -3.756 -3.959 -3.448 -3.688 

ω 3.232 3.700 3.062 3.628 
aEnergy gap (ΔΕ = ELUMO - EHOMO); Ionization potential (I = -EHOMO); Electron 

affinity (A = -ELUMO); Hardness (η = (I - A)/2); Softness (S = 1/2η); 

Electronegativity (χ = (I + A)/2); Chemical potential (μ = -(I + A)/2); 

Electrophilicity (ω = μ2/2η). 

 

 

  

HLBIZ HLBOZ 

  

Cu(LBIZ)2 Cu(LBOZ)2 

Figure 12. Molecular electrostatic potential maps of the HL ligands and 
their Cu(II) complexes calculated at B3LYP/Def2-TZVP (-0.04 to +0.04 

a.u.). 

 

NBO analysis 

Natural bond orbital (NBO) analysis is a fundamental tool 

for studying intermolecular and intramolecular bonding 

and interactions between donors and acceptors, and it 

estimates their stabilization energy with second-order 

perturbations. The NBO also provides an appropriate 

basis to analyze charge transfer in molecular systems.69 

The NBO analysis for the Cu(LBIZ)2 and Cu(LBOZ)2 

complexes was performed using the B3LYP/Def2-TZVP 

method. The natural charge of the Cu ion (+2.0 e) 

decreased on complexation (+1.372 and +1.375 e), 

indicating the electron transfer from the orbitals of 

oxygen and nitrogen atoms to copper orbitals. The NEC 

of the free Cu2+ ion is 4s03d9, whereas the NEC of the Cu 

ion in the complexes is 4s0.293d9.314p0.01(4d0.01). The d-

orbital occupancy of the Cu ion in the complexes (3d9.31) 

is higher than that of the free ion (3d9). The s-orbital 

occupancy of the Cu ion also increased slightly when 

going from the free ion to the complex. The increase in 

electron density in the s and d orbitals of the copper ion in 

the complexes confirms the electron transfer to the central 

metal (Tables 7 and 8).  

The NBO analysis of the Cu(LBIZ)2 and Cu(LBOZ)2 

complexes also identified important electron donor and 

acceptor orbitals. The donor-acceptor orbitals interactions 

from LP (2) O1 and LP (1) N1 to LV (1) Cu1 in both 

complexes are presented in Figure 13. 

 

 
Figure 13. Electron donation from LP (2) O1 and LP (1) N1 to LV (1) 

Cu1 in Cu(LBIZ)2 and Cu(LBOZ)2 complexes. 

 

5. CONCLUSIONS 
Heterocyclic ligands under ultrasonic irradiation from the 

reaction of 3-ethoxy salicylaldehyde with 1,2-

phenylenediamine and 2-aminophenol have been 

successfully designed and synthesized. The synthesis of 

these ligands was verified to be as forthright as 

anticipated, generating high yields in simple one-pot 

condensation reactions. Also, this paper presents the 

synthesis and characterization of Cu(II) complexes of the 

heterocyclic ligands. In the bis-chelate copper(II) 

complexes, the deprotonated heterocyclic ligands formed 

six-membered rings. According to the results of quantum 

chemical  parameters, Cu(LBOZ)2  has the  smallest energy 
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Table 7. Summary of natural charge, natural population analysis, and natural electronic configuration of Cu(LBIZ)2 by B3LYP method with Def2-TZVP 

basis set 

Atom Charge 
Natural population 

Natural electron configuration 
Core Valence Rydberg Total 

Cu1 1.372 18.000 9.607 0.021 27.628 [core]4s0.293d9.314p0.01 

O1 -0.773 2.000 6.750 0.023 8.773 [core]2s1.702p5.053p0.013d0.01 

O2 -0.452 2.000 6.427 0.025 8.452 [core]2s1.592p4.843p0.013d0.01 

N1 -0.571 2.000 5.538 0.033 7.571 [core]2s1.372p4.173p0.023d0.01 

N2 -0.502 2.000 5.484 0.018 7.502 [core]2s1.242p4.253p0.013d0.01 

C1 0.103 2.000 3.874 0.023 5.897 [core]2s0.882p3.003p0.01 

C2 -0.194 2.000 4.176 0.017 6.194 [core]2s0.982p3.203p0.01 

C3 -0.220 2.000 4.203 0.017 6.220 [core]2s0.982p3.223p0.01 

C4 -0.205 2.000 4.188 0.018 6.205 [core]2s0.982p3.213p0.01 

C5 -0.242 2.000 4.226 0.017 6.242 [core]2s0.972p3.263p0.01 

C6 0.107 2.000 3.874 0.019 5.893 [core]2s0.872p3.003p0.01 

C7 0.419 2.000 3.558 0.023 5.581 [core]2s0.842p2.723p0.01 

C8 -0.211 2.000 4.193 0.018 6.211 [core]2s0.922p3.273p0.01 

C9 0.359 2.000 3.613 0.029 5.641 [core]2s0.852p2.763p0.013d0.01 

C10 0.239 2.000 3.739 0.022 5.761 [core]2s0.882p2.863p0.01 

C11 -0.282 2.000 4.264 0.018 6.282 [core]2s0.982p3.293p0.01 

C12 -0.238 2.000 4.219 0.019 6.238 [core]2s0.962p3.253p0.01 

C13 -0.199 2.000 4.182 0.017 6.199 [core]2s0.962p3.223p0.01 

C14 -0.064 2.000 4.048 0.015 6.064 [core]2s1.032p3.013d0.01 

C15 -0.605 2.000 4.595 0.010 6.605 [core]2s1.122p3.483d0.01 

 
Table 8. Summary of natural charge, natural population analysis, and natural electronic configuration of Cu(LBOZ)2 by B3LYP method with Def2-TZVP 

basis set 

Atom Charge 
Natural population 

Natural electron configuration 
Core Valence Rydberg Total 

Cu1 1.375 18.000 9.604 0.021 27.625 [core]4s0.293d9.314p0.014d0.01 

O1 -0.770 2.000 6.746 0.024 8.770 [core]2s1.702p5.053p0.013d0.01 

O2 -0.456 2.000 6.432 0.025 8.456 [core]2s1.592p4.843p0.013d0.01 

O3 -0.392 2.000 6.371 0.021 8.392 [core]2s1.602p4.773d0.02 

N1 -0.582 2.000 5.548 0.034 7.582 [core]2s1.382p4.173p0.023d0.01 

C1 0.077 2.000 3.899 0.024 5.923 [core]2s0.882p3.023p0.01 

C2 -0.194 2.000 4.177 0.017 6.194 [core]2s0.982p3.203p0.01 

C3 -0.212 2.000 4.195 0.017 6.212 [core]2s0.982p3.223p0.01 

C4 -0.202 2.000 4.185 0.017 6.202 [core]2s0.982p3.203p0.01 

C5 -0.246 2.000 4.229 0.017 6.246 [core]2s0.982p3.253p0.01 

C6 0.237 2.000 3.741 0.022 5.763 [core]2s0.872p2.873p0.01 

C7 0.553 2.000 3.422 0.025 5.447 [core]2s0.832p2.593p0.013d0.01 

C8 -0.233 2.000 4.214 0.019 6.233 [core]2s0.922p3.293p0.01 

C9 0.365 2.000 3.606 0.028 5.635 [core]2s0.852p2.753p0.013d0.01 

C10 0.231 2.000 3.746 0.022 5.769 [core]2s0.882p2.873p0.01 

C11 -0.272 2.000 4.254 0.018 6.272 [core]2s0.982p3.273p0.01 

C12 -0.238 2.000 4.220 0.019 6.238 [core]2s0.972p3.253p0.01 

C13 -0.179 2.000 4.162 0.017 6.179 [core]2s0.972p3.203p0.01 

C14 -0.064 2.000 4.049 0.015 6.064 [core]2s1.032p3.013d0.01 

C15 -0.605 2.000 4.595 0.010 6.605 [core]2s1.122p3.483d0.01 
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gap (3.747 eV) compared to the other compounds, making 

it the softest and most reactive molecule among the 

others. MEP analysis shows that the negative regions are 

around oxygen and nitrogen, and the most positive 

regions are around protons. Furthermore, the transfer of 

electronic density from the filled orbitals of oxygen and 

nitrogen atoms to the vacant orbitals of the Cu+2 ion is 

indicated by the NBO analysis. 
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