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Two new Schiff bases, (E)-N-(2-(2-(2-hydroxy-3-methoxybenzylidene)hydrazineyl)-2-oxyethyl)benzylidene)hydrazineyl)-2-oxyethyl)-

benzamide (H2L1), (E)-N-(2-((2-hydroxynapthalen-1-yl)methylene)hydrazineyl)-2-oxyethyl)benzamide (H2L2) and their Cu(II) complexes 

were synthesized and characterized by elemental analyses, molar conductance, thermal analysis, magnetic susceptibility, UV-Vis, IR, 

EPR and mass spectroscopic data. Formation of Cu(II) complexes having 1:1 metal: ligand stoichiometry was ascertained from the 

elemental and thermogravemetric analyses. The observed magnetic moment is consistent with the expected value for Cu(II) (d9) 

complexes, which typically exhibit one unpaired electron. Spectral and DFT studies suggest pentacoordinated geometries for the 

complexes in which the ligands act as a tridentate species bonding through the carbonyl-O, azomethine-N and phenolate/phenolic-O. The 

molecular geometries of the complexes were thoroughly optimized using the Global Hybrid Minnesota functional M06, with the Pople 

6-31+G(d,p) basis set for oxygen and nitrogen and the Def2-SVP basis set for hydrogen, carbon and heavy transition metal copper atom 

in the DFT calculations to improve the balance between accuracy and computational cost. The antidiabetic properties of the ligands and 

their Cu(II) complexes were investigated, revealing that the complexes exhibited significant enzyme inhibition activity. 
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INTRODUCTION 

 Schiff bases are considered ‘privileged ligands’ due to 

their ability to coordinate with a wide range of metal ions and 

stabilize various oxidation states under favorable conditions 

[1]. They represent a significant class of compounds in organic 

chemistry, known for their thermal and chemical stability, which 

enables them to maintain performance under high temperatures 

and pressures. Their synthetic versatility, strong coordination 

ability, structural similarity to the biological molecules and 

the presence of imine (-N=CH-) functional groups have made 

them a subject of extensive investigation in coordination che-

mistry and related fields [2-4]. 

 Owing to their excellent chelating abilities, Schiff bases 

play a vital role in coordination chemistry by readily forming 

stable complexes with a wide range of metal ions. Their metal 

complexes have a significant role in the branch of analytical 

and coordination chemistry [5,6] and also considerable impor-
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tance in pharmaceutical and biological fields like antitumor 

[7,8] antimicrobial [9-11], anti-inflammatory actions, antitu-

bercular [12], antibacterial, antidiabetic and antioxidant [13-15]. 

These complexes have been extensively studied in an effort to 

create new, potent medications and show a likely correlation 

between chemical structure and biological action [16,17]. Schiff 

bases and their complexes are also used as probes for ion 

detection in chemistry, environment, biology and other fields 

[18-21]. With the presence of an azomethine (-C=N-N-C-) 

moiety, Schiff bases display multidentate ligand properties 

and have the ability to settle down metal ions with different 

oxidation numbers and can produce different types of mole-

cular geometries [22-25].  

 Amino acids and their derivatives can serve as an impor-

tant building block for a number of important organic ligands 

in general and as the amine component in the synthesis of 

Schiff bases, in particular [26]. Amongst the amino acid deri-

vatives, N-protected amino acids are important in that the 

    

  

Asian Journal of Chemistry; Vol. 37, No. 9 (2025), 2123-2134 

 

 
 

https://doi.org/10.14233/ajchem.2025.33944 

 

https://orcid.org/0009-0002-9084-3847
https://orcid.org/0009-0006-0092-6358
https://orcid.org/0000-0002-1213-4722
https://orcid.org/0009-0002-7934-9741
https://orcid.org/0000-0002-8491-7187
https://orcid.org/0000-0001-5029-851X


2124  Devi et al.  Asian J. Chem. 

introduction of a substituent such as acetyl, benzoyl or benzylo 

carbonyl group directly on the amino group, could reduce the 

ligand field of the in-plane donor thus diminishing the 

affinity of the amino group for the metal ion and permitting 

a variety of co-ordinating type. The choice of N-protected 

amino acid as a precursor in Schiff base ligand synthesis thus 

offers versatility in tailoring the ligand structure, which can 

influence the properties and reactivity of the resulting metal 

complexes. The N-protected group on the amino acid also helps 

in controlling the reactivity and selectivity of the reaction, 

ensuring that the Schiff base is formed at the desired site 

[27,28]. For the last two decades, a number of Schiff bases 

based on N-benzoyl glycine and their metal complexes have 

been synthesized in our laboratory [29-32] and their ligational 

behaviour towards the transition metal ions have been stu-

died. In continuation to earlier work, we now synthesize two 

new Schiff bases from the interaction of N-benzoyl glycine 

hydrazide (NBzGH) with 3-methoxy salicylaldehyde and 2-

hydroxy-1-naphthaldehyde and their Cu(II) complexes. The 

metal-ligand stoichiometry, possible geometries, chelation 

and bonding in the complexes were ascertained on the basis 

of magnetic measurements, thermal analysis and various spec-

troscopic studies. DFT studies were also carried out to predict 

the electronic properties and charges of molecules. HOMO 

and LUMO energies were calculated since such energy levels 

play an important role in understanding the reactivity and 

stability of the molecules [33,34]. Mulliken charges were also 

computed on the basis of electron density from these calcula-

tions. DFT calculations were performed to obtain Hirshfeld 

and CM5 Charges, which were then analyzed to gain insights 

into how electrons are distributed and arranged within the mole-

cular system [35]. A comparative analysis involving Mulliken, 

Hirshfeld and CM5 Charges for both the complexes was also 

conducted. The ligands and complexes were screened for the 

antidiabetic properties. 

EXPERIMENTAL 

 2-Hydroxy-1-naphthaldehyde, 3-methoxy salicylaldehyde 

and N-benzoyl glycine were obtained from Sigma-Aldrich 

and CuCl2·4H2O from Merck, USA. All the other chemicals 

and solvents used in this study were of analytical grade. 

 Characterization: Copper was estimated iodometrically 

while chlorine was estimated gravimetrically following stand-

ard procedures [36]. Hydrazine contents of the ligands were 

determined volumetrically by KIO3 method after subjecting 

the ligands to acid hydrolysis with 6 N HCl for about 4 h [36]. 

C, H and N were micro-analyzed using an elemental analyzer 

Euro-E300. IR spectra were recorded on an IRAffinity-1S 

FT-IR spectrophotometer Shimadzu in the range of 4000-400 

cm–1. An UV-2600, UV-Vis spectrophotometer, Shimadzu was 

employed to obtain the electronic absorption spectra. Magnetic 

susceptibility measurements were performed using a Sherwood 

magnetic susceptibility balanced at room temperature. Thermal 

analysis was done by using EXSTAR TG/DTA 6300 and the 

initial weight taken for both complexes is 10 mg each. The 

conductivity of the complexes was measured in 10-3 M DMSO 

at 25 ºC employing an Eutech Con 510. ESR spectra were 

recorded on a JEOL, JES-FA 200 ESR Spectrometer, X-band 

microwave unit using tempol as field maker. Mass spectra 

were recorded using LC-MS water Alliance e2695/HPLC-TQD 

Mass spectrometer. 1H NMR for the ligands were measured 

in NMR 500 MHz Spectrometer, Bruker, Advance III HD. 

Powder X-ray diffraction (XRD) analyses were performed on 

PAN analytical X-ray diffractometer (X-Pert Pro). 

 Antidiabetic studies: The antidiabetic activity of the 

Schiff base ligands and their Cu(II) complexes was evaluated 

using an in vitro -glucosidase inhibition assay, following 

the 96-well microplate-based method described by Kumar et 

al. [37]. In this method, 1 mg of each sample was dissolved 

in 20 L each of DMSO, CHCl3, MeOH, water, ethanol and 

ethyl acetate and then diluted to 1 mL in 2 mL Eppendrof 

tube with serine water and these samples were employed for 

enzyme assay. In a reaction, volume of 75 L, a 96-well micro-

plate was used to conduct the -glucosidase inhibition experi-

ment. After adding 25 L of the -glucosidase enzyme (0.5 

U) to the test sample solution (1.0 mg/mL), the mixture was 

pre-incubated for 10 min at 37 ± 1 ºC. Following the pre-

incubation phase, the reaction mixture was incubated at 37 ± 

1 ºC for 30 min with 25 L of substrate (0.5 mM p-nitro-

phenylgluconate, PNPG). For every sample, a blank reaction 

comprising 25 L of the test sample, 25 L of buffer which 

served as the enzyme substitute and 25 L of the substrate 

(0.5 mM PNPG) was added. In addition, a standard medica-

tion (acarbose, 1.0 mg/mL) and a control reaction comprising 

25 L buffer with 25 L of -glucosidase enzyme and 25 L 

of substrate (0.5 mM PNPG) were included for comparison 

and reference. Every reaction was carried out in triplicate, 

including the test, blank, control and standards. A 0.2 M sodium 

carbonate solution containing 100 L was added to stop the 

reactions after 30 min. After measuring the absorbance of p-

nitrophenol (PNP, yellow colour) emitted in the reaction mix-

tures from PNPG (substrate) as a result of enzyme activity 

and blank reactions, the percentage of -glucosidase activity 

inhibition was calculated by using the formula: 

Control OD Sample OD
-Glucosidase inhibition (%) 100

Control OD

−
 =    

[Control OD = OD of the control reaction without inhibitor-

Blank OD; Sample OD = Sample OD – Sample blank OD]. 

Following the same procedure, the dose-effect relationship of 

specific compounds that significantly inhibited -glucosidase 

activity during the screening assay was calculated. Test sample 

concentrations of 10, 20, 30, 40 and 50 g were used, corres-

ponding to 5, 10, 15, 20 and 25 L of the test sample solutions 

(1.0 mg/mL, 500 L reaction volume) and the standard drug 

acarbose (1.0 mg/mL), respectively. The IC50 values of the 

test samples and standards were calculated using online 

toolkit for IC50 (http://www.ic50.tk) and GraphPad Prism. 

 Computational details of DFT studies: All the calcula-

tions were executed using the Linux version of the Gaussian 

16 software suite [38]. The Global hybrid Minnesota func-

tional M06 with 27% HartreeFock exchange was used in the 

calculations [39]. People’s split valence basis set 6-31+G(d,p) 

[40] with polarization functions are used for oxygen and 

nitrogen; the split valence polarization basis set of Karlsruhe, 

Def2-SVP [41,42] is used for hydrogen, carbon and copper 

atoms. The structure obtained based on the experimental results 

is used for the DFT calculations. At first, the geometries of 
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the ligand and Cu(II) complex which have doublet multi-

plicity were optimized in the ground state which is indicated 

by the maximum remaining force on all the atoms and their 

maximum displacement well below the convergence threshold 

value of 300 × 10–6 and 1200 × 10–6, respectively. Frequency 

calculations were performed on the optimized geometries to 

confirm that the geometries correspond to local minima in a 

potential surface by the absence of imaginary frequency. All 

the energies reported here are thermal-free energy corrected 

electronic energies. 

 Synthesis of the Schiff base ligands: N-Benzoyl glycyl-

hydrazide (NBzGH) was prepared from N-benzoyl glycine as 

reported [43] and confirmed from the melting point and 

spectral data. Schiff base (E)-N-(2-(2-(2-hydroxy-3-methoxy-

benzylidene)hydrazineyl)-2-oxyethyl)benzamide (H2L1) and 

(E)-N-(2-(2-((2-hydroxynapthalen-1-yl)methylene)hydrazine-

yl)-2-oxyethyl)benzamide (H2L2) were synthesized by reflu-

xing ethanolic solutions of NBzGH with 3-methoxy salicy-

laldehyde and 2-hydroxy-1-naphthaldehyde, respectively in 

the 1:1 molar ratio for 4 h on water bath. The reaction mixtures 

were filtered and precipitates were obtained on keeping the 

filtrate overnight (Scheme-I). The precipitates were recrysta-

llized, dried in air and characterized by elemental analysis 

and spectral data. 

 H2L1: Yield: 80 %; m.p.: 190 ºC, Elemental analysis:  

calcd. (found) of % C17H17N3O4: C: 62.32 (62.12); H: 5.12 

(5.30); N: 12.84 (12.71); N2H4: 9.29 (9.70). IR (KBr, max, 

cm–1): 1699 (amide I), 1531(amide II), 1463 (amide III) of 

hydrazide moiety, 1622 (amide I), 1500 (amide II), 1323 

(amide III) of benzamide moiety, 1577 (C=N) and 948 (N-

N); 1H NMR (500 MHz, CDCl3,  ppm): 9.1 (H, singlet, OH), 

3.6 to 4.4 (2H, triplet, CH2), 7.3-7.5 (8H, multiplets, ring 

proton), 8.7-8.3 (H, triplet, C6H6CONH-) and 7.86 (H, 

singlet, -NCH). Mass: M+ m/z 327. 

 H2L2: Yield: 80 %; m.p.:  181 ºC, Elemental analysis:  

calcd. (found) of % C20H17O3O3: C: 62.16 (69.12); H: 4.89 

(5.0); N: 12.00 (12.10); N2H4: 9.14 (9.22). IR (KBr, max, cm–1): 

1697 (amide I), 1551 (amide II), 1481 (amide III) of hydrazide 

moiety, 1637 (amide I), 1521 (amide II), 1411 (amide III) of 

benzamide moiety, 1575 (C=N) and 989 (N-N); 1H NMR 

(500 MHz, CDCl3,  ppm): 9.6 (H, singlet, OH), 3.6 to 4.4 

(2H, triplet, CH2), 7.2-7.6 (8H, multiplets, ring proton), 7.8 

to 8.1 (H, triplet, C6H6CONH). Mass: M+ m/z 347.  

 Synthesis of Cu(II) complexes: Ethanolic solutions of 

1 mmol of the Schiff base ligands (0.327 g of H2L1 in 20 mL 

ethanol and 0.347 g of H2L2 in 20 mL ethanol) were mixed 

separately each with ethanolic solution of 1 mmol of CuCl2· 

4H2O (0.170 g in 20 mL ethanol). The reaction mixtures were 

refluxed at 80 ºC for 4 h. Upon cooling, the solutions were 

filtered, and the resulting filtrates were left to stand at room 

temperature under open conditions. Pale green crystals of 

complex 1 formed after 72 h, while complex 2 precipitated as 

olive green solids after 48 h (Scheme-I). 

RESULTS AND DISCUSSION 

 Schiff bases, H2L1 reacts with CuCl2 in ethanol to form 

a deprotonated Cu(II) complex, [Cu(L1)(H2O)2] while H2L2 

forms an adduct having the molecular formula [Cu(H2L2) 

(H2O)Cl]Cl. Table-1 summarizes the colour, analytical and 

molar conductance data of the Schiff base ligands and their 

complexes. The elemental data is compatible with complexes 

having 1:1 metal-ligand stoichiometry. Both the complexes 

are stable and non-melting up to 230 ºC. Both complexes are 

soluble in water, MeOH, EtOH, CHCl3, DMSO and ethyl 

 

Scheme-I: Synthesis of (E)-N-(2-(2-(2-hydroxy-3-methoxybenzylidene)hydrazineyl)-2-oxyethyl)benzamide (H2L1) and (E)-N-(2-(2-((2-

hydroxynapthalen-1-yl)methylene) hydrazineyl)-2-oxyethyl)benzamide (H2L2) 
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acetate. Chlorine is present only in complex 2 and the molar 

conductance value [44] indicates the 1:1 electrolytic nature 

of the complex in 0.002 M DMSO at 25 ºC. 

 Thermal studies: The rate of heating was suitably 

controlled at 10º min–1 under nitrogen atmosphere and the 

weight loss was measured from 35-1000 ºC. The thermal data 

of complexes 1 and 2 is listed in Table-2. 

 The weight loss at different temperature ranges as shown 

by the thermograms (Fig. 1) indicates the presence of both 

lattice and coordinated water molecules in the copper(II) 

complexes. Complex 1 experiences a mass loss at 199-1005 

ºC corresponding to one ligand molecule while a large weight 

loss for complex 2 corresponds to one ligand molecule and 

one chloride ion in one decomposition step. In all cases, the 

residues are carbon and metal oxides [45-48].  

 Infrared spectral studies: The IR spectral data of the 

ligands and complexes and the IR data obtained from the 

DFT studies are shown in Table-3 as parenthesis along with 

the respective spectral bands. The bonding sites of the ligands 

involved in complexation are studied by a careful comparison 

of the selected IR bands with those of the complexes. 

 In the IR spectrum of H2L1, the strong bands at 1699, 

1531 and 1463 cm–1 are due to amide I, amide II and amide 

III modes of the hydrazidic moiety while the strong bands at 

1622, 1500 and 1323 cm–1 are assigned to the amide bands of 

the benzamide group. The spectrum also exhibits strong bands 

at 1577 and 948 cm–1, which may be assigned to (C=N) and 

(N-N) vibrations, respectively [49]. Similarly, the intense 

bands at 1697, 1551 and 1481 cm–1 and the bands at 1637, 

1521 and 1411 cm–1 observed in the spectrum of H2L2 are 

assigned to the three amide bands of the hydrazide and benza-

mide moieties while the bands at 1575 and 989 cm–1 are due 

to (C=N) and (N-N) modes, respectively. In the spectra of 

copper(II) complexes, the amide bands of the benzamide moiety 

remained unaffected suggesting non-involvement of this group 

in complexation. However, in the spectrum of complex 1, the 

amide bands of the hydrazidic group disappear and a sharp 

band diagnostic of >C=N-N=C< group appears at 1635 cm–1. 

The appearance of this new band suggests the formation of a 

deprotonated complex in which H2L1 is coordinated in its 

enolic form. This can be explained by assuming the destruction 

TABLE-1 

COLOUR, YIELD %, MELTING POINT, ANALYTICAL AND MOLAR CONDUCTANCE DATA OF THE Cu(II) COMPLEXES 

Empirical formula;  

(m.w.), complex 
Colour 

Yield 

(%) 
m.p. (ºC) 

Elemental analysis (%): Found (calcd.) Molar conductance 

(–1 cm2 mol-1) M Cl N N2H4 

[Cu(L1)(H2O)2]H2O  

(424.5), 1 

Pale green 80 >230 15.24 

(14.9) 

– 9.76 

(9.89) 

7.20 

(7.53) 

28.10 

[Cu(H2L2)(H2O)Cl] ClH2O 

(499.5), 2 

Olive green 80 

 

270 

 

12.71 

(12.7) 

14.84 

(14.24) 

8.31 

(8.40) 

6.97 

(6.41) 

84.50 

 

 

TABLE-2 

DISSOCIATION STAGES CORRESPONDING TO WEIGHT LOSS OBSERVED  

IN TG CURVES AT DIFFERENT TEMPERATURE RANGES 

Complexes Dissociation stage Temperature range in TG (ºC) Weight loss (mg): Calcd. (obsd.) Decomposition assignment 

1 

Stage 1 33-99 0.41 (0.46) -H2O 

Stage 2 99-199 0.40 (0.44) -2H2O 

Stage 3 199-1005 6.50 (5.79) -C17H10N3O2 

2 

Stage 1 27-100 0.35 (0.20) -H2O 

Stage 2 100-200 0.34 (0.26) -H2O 

Stage 3 200-659 6.92 (6.35) -C20H17N3O3Cl 

 

 

Fig. 1. TGA curves of (a) complex 1; (b) complex 2 (Inset, DTA curves) 
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of hydrazidic carbonyl group through amide-imidol tautome-

rism and subsequent coordination of the imidol oxygen [50]. 

This is further supported by the appearance of a new peak 

characteristics of (NCO−) in the 1598 cm–1 in the spectrum 

of complex 1 [51]. In case of complex 2, the hydrazidic amide 

I and II bands show negative shift to 1620 cm–1 and 1511 cm–1, 

respectively, showing the coordination of carbonyl oxygen in 

the amide form [49]. Involvement of azomethine nitrogen [50] 

in complexation is suggested by negative shift (40 cm–1) of 

the (C=N) band and a positive shift (21 cm–1, from 989 to 

1010 cm–1) in the (N-N) band in the spectrum of complex 2, 

which is consistent from both experimental and theoretical 

results. The observed negative shift of the band due to the 

symmetric (CO)phenolic from 1255 cm–1 to 1215 cm–1 and dis-

appearance of the (OH)phenol band from the spectrum of 

complex 1 indicate the participation of phenolic oxygen in 

bonding. In the spectrum of complex 2, the (OH)phenol band 

is shifted from 1288 to 1249 cm–1 suggesting its involvement 

in complexation [49]. Furthermore, the appearance of broad 

bands at 3350 and 3344 cm–1 in the complexes may be assigned 

to (OH) of water molecules attached to the metal center. The 

coordination of the ligands with the metal ions was further 

confirmed by the appearance of new weak non-ligand bands 

in the 550-452 and 590-495 cm–1 in the IR spectra of the comp-

lexes assignable to (M-N) and (M-O) modes, respectively. 

 Electronic absorption spectra and magnetic moment 

studies: The electronic absorption spectra of the Schiff base 

ligands and its copper(II) complexes recorded in 0.002 M 

DMSO are shown in Fig. 2. The intense ligand bands in the 

263-288 nm and weaker bands at 326-356 nm are due to -* 

transition of the aromatic rings and n-* transition of imino 

group, respectively. In copper(II) complexes, these bands are 

shifted to longer wavelengths due to complexation with the 

metal ion. The intensity of the band due to the n-* transition 

was observed to increase significantly in the spectra of Cu(II) 

complexes indicating that energy transfer occurs between  

the metal and the ligand and the ‘n’ electrons are involved in 

complex formation. The spectra of the complexes exhibit 

broad bands at 708 nm for copper 1 and 665 nm for copper 2, 

which may be assigned to transitions 2B1g→2B2g (D) for a 

distorted pentacoordinated geometry [51]. 

 The magnetic moment values of the complexes 1 and 2, 

1.87 and 1.76 B.M., respectively, are normal for the presence 

of one unpaired electron suggesting the absence of any appre-

ciable spin-spin coupling between unpaired electrons. However, 

they do not give any information regarding the stereoche-

mistry of the complexes.  

 ESR studies: The solid-state ESR spectra of Cu(II) comp-

lexes 1 and 2 were recorded at liquid nitrogen temperature 

(LNT), as shown in Fig. 3. The spectra exhibit anisotropic 

features, characteristic of Cu(II) complexes. The g|| and g⊥ 

values obtained are, respectively, 2.220 and 2.011 for complex 

1 and 2.102 and 2.017 for complex 2. The g-values are lesser 

than 2.3 indicating the covalent character of the M-L bond. 

The trend in g-values for both complexes, g|| > g⊥ > ge (2.0023), 

suggests tetragonal elongation along z-axis and the presence 

TABLE-3 

SELECTED IR SPECTRAL BANDS (cm–1) OF THE LIGANDS AND COMPLEXES AND THEIR ASSIGNMENTS 

Compounds 
Benzamide Hydrazide >C=N-

N=C< 
ν(M-N) ν(M-O) 

Amide I Amide II Amide III Amide I Amide II Amide III 

H2L1 1622 1500 1323 1699 1531 1463 – – – 

H2L2 1637 1521 1411 1697 1551 1481 – – – 

Complex 1 
1620 

(1709) 

1505 

(1506) 

1321 

(1286) 
– – – 

1635 

(1641) 

550 

(564) 

452 

(419) 

Complex 2 
1635 

(1702) 

1521 

(1601) 

1420 

(1452) 

1620 

(1644) 

1511 

(1512) 

1419 

(1512) 
– 

590 

(550) 

495 

(432) 

 

 

 
Fig. 2. Electronic absorption spectra of (a) complex 1 and (b) complex 2 (Inset, d-d transitions of the complexes) 
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of the unpaired electron in b1g (dx2-y2) orbital [52-54]. Hyperfine 

coupling constant, A||, 150 G, obtained from the spectrum of 

complex 1 suggests small axial interaction. The bonding para-

meters viz. 2 (covalency of in-plane  bonds), 2 (in-plane 

 bonds), 2 (out-plane  bonds) and the orbital reduction 

factor (K|| and K⊥) were evaluated using the d-d transition 

energy of 1 (708 nm) and the spin orbit coupling constant for 

the free Cu(II) ion (o = 828 cm–1) from the expressions 1-5 

[54,55].  

 
2 ||

||

A 3
(g 2.002) (g 2.002) 0.04

0.036 7
⊥

 
 = − + − + − + 

 
 (1) 

  2

|| ||

o

E
K (g 2.0023)

8

−= −


d d  (2) 

  2

o

E
K (g 2.0023)

2

−
⊥ ⊥
= −



d d  (3) 

  2 2

||
K =    (4) 

  2 2K
⊥
=    (5) 

 The value of 2 (0.64) shows high covalent character of 

the Cu-L bond in the complex 1. The values of 2 (0.237) and 

2 (0.089) indicate that there is interaction in the in-plane and 

out-of-plane -bonding between Cu(II) ion and the ligand. 

The higher value of K|| (0.152) compared to K⊥ (0.057) indi-

cates a greater contribution from out-of-plane -bonding than 

in-plane -bonding in the M-L bonding. These observations 

reveal a lower symmetry structure and thus support square 

pyramidal geometry for complex 1. The geometric parameter, 

||
g 2

G
g 2
⊥

−
=

−
 measures the exchange interaction between the 

metal centers in a polycrystalline solid. G > 4 for complexes 

of weak field ligands with negligible exchange interaction 

and G < 4 for complexes having strong field ligands with a 

considerable exchange interaction [56]. The G-values, 5.42 

for complex 1 and 6.00 for complex 2 indicate that the ligands 

are weak field ligands and there is negligible exchange inter-

action between the Cu-Cu centers in the complexes [57]. In 

absence of the single crystal data, no concrete structure could 

be ascertained. Both ESR and DFT studies indicate that the 

complexes 1 and 2 are penta-coordinated. However, though 

ESR studies suggest tetragonally elongated square pyramidal 

structure with the unpaired electron in the b1g (dx2-y2) orbital 

for both complexes, the optimized structure obtained from 

DFT studies for complex 2 is trigonal bipyramidal. It has 

been reported that most commonly five coordinated comp-

lexes have geometries intermediate between the two limiting 

geometries perhaps because of the small energy barrier between 

the square pyramidal and trigonal bipyramidal structures 

[58,59]. Thus, it may be assumed that square pyramidal struc-

ture is the preferred structure for complex 2 in the solid state 

at LNT while it might have adopted the tetragonally compre-

ssed one at room temperature.  

 Mass spectral studies: The ESI-mass spectra of complexes 

1 and 2 are given in Fig. 4. The mass spectrum of complex 1 

shows the molecular ion peak at m/z 442.5 corresponding to 

composition [Cu(L1)(H2O)2]H2O proposed based on elemental 

and TGA data and the peaks at m/z 424.5 is due to the mole-

cular mass after losing one molecule of water. The peak at 

m/z 847.6 corresponds to other species having an M:L ratio 

which is not supported by the elemental analysis data. The 

mass spectrum of complex 2 shows a molecular ion peak at 

m/z 499.5 corresponding to the composition [Cu(H2L2)(H2O) 

Cl]Cl. Appearance of the peaks at m/z > molecular mass number 

suggests rearrangement of the fragments or collision of the 

molecular ions with neutral atoms or molecules.  

 Powder XRD studies: The powder X-ray diffraction 

pattern of Cu(II) complexes 1 and 2 were examined at the 

wavelength 1.5406 Å operating at a voltage of 40 kV and a 

current of 20 mA and the diffraction lines of the complexes 

could be successfully indexed [60]. Both the Schiff base 

copper(II) complexes are crystalline in nature. The crysta-

llinity index for complexes 1 and 2 are 0.703 and 1.052, res-

pectively. 

 Antidiabetic activities: The antidiabetic activities of the 

Schiff base ligands and its Cu(II) complexes were screened 

in vitro by using -glucosidase enzyme activity inhibition 

 

Fig. 3. Solid ESR spectra of the complexes at LNT, (a) complex 1, (b) complex 2 
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assay as compared to the standard drug, acarbose. The -gluco-

sidase inhibition assay revealed that the ligands exhibited 

negligible antidiabetic activity across all solvent-based test 

samples, showing significantly lower inhibition values compa-

red to the standard drug, acarbose. However, the both Cu(II) 

complexes have shown significant effect in antidiabetic test 

i.e. they have shown significant enzyme inhibition activity in 

the range of 94.9% to 98.3%, which are significantly higher 

than that of the standard drug acarbose which shows only 

61.71% -glucosidase enzyme inhibition activity. The 50% 

enzyme inhibition concentration (IC50) of the Schiff base 

ligands and its Cu(II) complexes in various solvents as compa-

red to the standard drug, acarbose are shown in Fig. 5. Among 

the samples in different solvents, ethyl acetate shows the 

lowest value (4.30 ± 0.29 µg/mL) of IC50 followed by DMSO 

(5.84 ± 1.35 µg/mL) as compared to acarbose (8.64 ± 2.68 

µg/mL) indicating that these two samples possess significant 

antidiabetic activities [61]. The other solvents like MeOH, 

DMSO, water, CHCl3, acarbose in water (ACBW) and EtOH 

(E) have shown higher values of IC50 than acarbose, which 

reveals insignificant antidiabetic properties of these samples. 

Moreover, the hill co-efficient values (H) of solvents e.g. 

MeOH, water, CHCl3, DMSO and ethyl acetate are more than 

1 (H > 1) (Table-4), demonstrating the positive cooperative 

binding of the complexes to the active sites of enzyme, which 

subsequently results in the suppression of the enzyme’s activity 

[61-64]. Based on the antidiabetic activity assay of the Schiff 

base ligands and its Cu(II) complexes, it is suggested that the 

compounds in solvents ethyl acetate and G may be subjected 

to further pre-clinical studies on their antidiabetic properties, 

absorption, dissorption, metabolisms and excretion (ADME) 

properties and toxicity evaluation through in vivo bioassays. 

This could lead to evaluation of the compounds as potential 

drug molecules for treatment and management of diabetes. 

 Computational DFT studies: Complex 1 is neutral as 

the doubly deprotonated ligand undergoes complexation with 

the Cu2+ ion while the complex 2 has a +1 charge as it consists 

of a neutral ligand and one negatively charge chloride ion and 

the charge on 2 is balanced by the chloride ions present outside 

the coordination sphere of the complex. During the calculation,  

 

Fig. 4. Mass spectrum of complex 1 and complex 2 

 

 

Fig. 5. α-Glucosidase inhibition properties (%) of the ligands, complexes and acarbose in different solvents, T-bars on the histogram 

represent standard deviation (SD) of the mean values. (a) Complex 1 in MeOH (A), DMSO (B), water (C), CHCl3 (D), acarbose in 

water (ACBW) and H2L1 (in any of the above solvents) (b) Complex 2 in EtOH (E), ethyl acetate (F), DMSO (G), acarbose in water 

(ACBW) and H2L2 (in any of the above solvents) 
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TABLE-4 

IC50 AND HILL COEFFICIENT (H) VALUES  

OF -GLUCOSIDASE INHIBITION PROPERTIES  

OF Cu(II) COMPLEXES AND STANDARD  

COMPOUNDS IN DIFFERENT SOLVENTS 

Samples 
IC50 

(g/mL) 
SD (±) 

Hill coefficient 

(H) 

MeOH 9.97 2.86 6.06 

DMSO (H2L1) 12.09 2.09 0.60 

Water 9.43 1.42 26.96 

CHCl3 12.86 3.28 5.53 

EtOH 12.16 0.88 0.26 

Ethyl acetate 4.30 0.29 8.67 

DMSO (H2L2) 5.84 1.35 1.01 

ACBW 8.64 2.68 6.14 

 

the multiplicities for both Cu(II) complexes were taken as a 

doublet as the metal ion has d9 configuration. Complex 1 has 

a square pyramidal structure due to the complexation of the 

tridentate ligand with two water molecules whereas complex 

2 has a trigonal bipyramidal structure where the complexa-

tion involves bonding with one tridentate ligand molecule, 

one chlorine atom and a water molecule. The optimized geo-

metries of the complexes 1 and 2 are shown in Fig. 6 and the 

computed optimized results of bond distances, bond angles, 

bond order and Mulliken atomic charges are summarized in 

Tables 5 and 6. The designations of the atoms in both the 

complexes are done in such a way that the metal centre is 

given 1 and the ligand donor atoms directly attached to the 

metal are numbered from 2-6. 

 For complex 1, the bond distances of the equatorial plane 

are in the range of 1.89-2.04 Å, whereas that of axial Cu–O 

bond is 2.46 Å. The nitrogen atom designated as 3 has the 

minimum Mulliken atomic charge of -0.31 and it is responsible 

for having the highest bond order of 1 between the bond 1-3. 

The square bipyramidal geometry obtained in the optimization 

is not perfect as it involves some distortions. The equatorial 

angles that should have been perpendicular were distorted by 

a maximum of ± 8.8º while the axial angles were distorted  

by ± 10.4º. However, the linear angles  214 and  315 were 

distorted by a maximum of ± 7º from the normal 180º. For 

complex 2, the coordinating N of the ligand, designated as 5, 

has minimum electron charge density and hence the lone pair 

 

 

Fig. 6. Optimized structures of (a) complex 1 having square pyramidal geometry, (b) complex 2 having trigonal bipyramidal geometry 

 
TABLE-5 

Cu(II) COMPLEX 1 SHOWING BOND DISTANCES, BOND ORDER, BOND ANGLES,  

MULLIKEN ATOMIC CHARGES AROUND THE SQUARE PYRAMIDAL GEOMETRICAL CENTRE 

Bond distance (Å) Bond order Bond angles (º) Mulliken atomic charges 

Bond  Bond  Angles  Atoms  

1-2 1.99 1-2 0.5  213 81.2 1 0.08 

1-3 1.92 1-3 1.0  314 94.9 2 -0.65 

1-4 1.89 1-4 0.5  415 87.9 3 -0.31 

1-5 2.04 1-5 0.5  512 95.8 4 -0.51 

1-6 2.46 1-6 0.5  612 85.8 5 -0.51 

     613 94.1 6 -0.57 

     614 100.4   

     615 87.1   

     214 173.0   

     315 176.7   
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electron present on it was readily donated during coordina-

tion resulting in the formation of shortest bond distance (1-5) 

of 1.99 Å. Besides, the distortion shown by complex 2 is larger 

with equatorial distortion of up to ± 29.9º, axial distortion of 

up to ± 14.7º and linear axial axis distorted by 16.4º. 

 The electron donor capability of a molecule is reflected 

in its highest occupied molecular orbital (HOMO), whereas 

the electron acceptor ability is represented by the lowest 

unoccupied molecular orbital (LUMO). The molecular 

orbitals with the energy gap is shown in Fig. 7 and the two 

colours, green and brown, respectively indicate the positive 

and negative phases of the wavefunction representing the 

molecular orbitals. Molecules characterized by large HOMO-

LUMO energy gaps tend to exhibit stability and reduced che-

mical reactivity. Conversely, molecules with narrow energy 

gaps demonstrate enhanced conductivity, heightened chemical 

reactivity and diminished kinetic stability [65]. The HOMO-

LUMO energy levels of the complexes were calculated using 

TD-DFT at the following level of theory, M06/6-31+G(d,p) 

for O, N and M06/def2-SVP for H, C and Cu. The HOMO-

LUMO gap obtained from the results of geometry optimization 

underestimated the optical excitation gap whereas the optical 

gap from TD-DFT calculations considers many-body inter- 

 

 
Fig. 7. Molecular orbitals with HOMO-LUMO energy gap for the Cu(II) 

complexes 

actions and yields results closer to experimental absorption 

energy. The value of the energy gap between HOMO–LUMO 

for complex 1 is 1.23 eV and that of complex 2 is 0.74 eV. 

The observed HOMO–LUMO gap indicates that 1 is more 

stable than 2. 

 The comparison of Mulliken, Hirshfeld and Charge Model 

5 (CM5) charges for the complexes 1 and 2 has been made 

through DFT studies and the result is shown in Fig. 8. The 

charges and corresponding molecular dipole moments pre-

dicted through CM5 lead to more accurate dipole moments 

as compared to the original Hirshfeld charges, Mulliken 

charges, or any other models [35]. In both complexes, it has 

been observed that, particularly at the metal center, the charge 

predicted by the CM5 model gives the highest value followed 

by the Hirshfeld and Mulliken charges, respectively. Mulliken 

and Hirshfeld underpredicted and overpredicted Cu charge 

respectively due to basis set effects and density-based nature, 

however, CM5 would give a more reliable Cu charge, matching 

with the experimental results. Thus, CM5 yields a better charge 

predicting these Cu(II) complexes [35,66].  

 Electronic spin density is positive in areas where an elec-

tron is more likely to be found in the  spin state and negative 

where an electron is more likely to be found in the  spin state 

and the electron spin densities of the complexes are given in 

Fig. 9. Negative spin density is shown in the green lobe 

whereas the positive spin density is in blue. In complex 1, the 

electrons exist in the  spin state for the ligands in the square 

base, except the water molecule at the peak position with no 

spin density, however, the central metal Cu has  spin state. 

Similarly for complex 2, the central atom has  spin state and 

ligands have  spin state except for the phenolic ligand with 

no spin density. The green and blue lobes illustrate areas of 

unpaired electron density, primarily concentrated around the 

central Cu atom and its nearby ligands. It is observed that 

while the unpaired electron is mainly centered on Cu, some 

delocalization onto the ligands also occurs. 

Conclusion 

 Two new Schiff bases, (E)-N-(2-(2-(2-hydroxy-3-methoxy-

benzylidene)hydrazineyl)-2-oxyethyl)benzylidene)hydrazineyl)-

2-oxyethyl)benzamide (H2L1), (E)-N-(2-((2-hydroxynapthalen-

1-yl)methylene)hydrazineyl)-2-oxyethyl)benzamide (H2L2) 

react with CuCl2 to form stable Cu(II) pentacoordinated comp-

TABLE-6 

Cu(II) COMPLEX 2 SHOWING BOND DISTANCES, BOND ORDER, BOND ANGLES,  

MULLIKEN ATOMIC CHARGES AROUND THE TRIGINAL BIPYRAMIDAL GEOMETRICAL CENTRE 

Bond distance (Å) Bond order Bond angles (º) Mulliken atomic charges 

Bond  Bond  Angles  Atoms  

1-2 2.02 1-2 0.5  213 149.7 1 0.07 

1-3 2.20 1-3 0.5  314 90.1 2 -0.48 

1-4 2.42 1-4 0.5  412 119.5 3 -0.24 

1-5 1.99 1-5 0.5  512 80.1 4 -0.60 

1-6 2.02 1-6 0.5  513 103.5 5 -0.12 

     514 75.3 6 -0.42 

     612 92.5   

     613 90.3   

     614 96.1   

     516 163.6   
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lexes having the molecular formula [Cu(L1)(H2O)2]·H2O and 

[Cu(H2L2)(H2O)Cl]Cl·H2O. Elemental and thermal analyses 

confirm the presence of water molecules in the complexes. 

ESR studies of the Cu(II) complexes suggest the tetragonal 

elongation for both complexes though DFT studies indicate 

the optimized geometry for complex 2 as trigonal bipyramid. 

The IR spectral analysis and the optimized structures of the 

complexes obtained from DFT studies show that H2L1 binds 

to Cu(II) ion in complex 1 as a dinegative tridentate species 

bonding through the carbonyl-O, azomethine-N and phenolate-

O while in complex 2, H2L2 acts as a neutral tridentate species 

using carbonyl-O, azomethine-N and phenolic-O of the alde-

hydic group as bonding sites. The -glucosidase enzyme assay 

indicates that the ligands have no significant antidiabetic pro-

perties while the both Cu(II) complexes exhibit significantly 

high enzyme inhibition activity in the range of 94.9% to 

98.3% much higher than the activity of the standard drug 

acarbose, which shows only 61.71% -glucosidase enzyme 

inhibition activity. The significant inhibition activities indicate 

the potential of the copper(II) complexes with N,O-donor 

Schiff base ligands for the practical applications, which merits 

further investigation. 
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