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INTRODUCTION

Schiff-base ligands played a substantial role in the enhan-
cement of current coordination chemistry due to their relevance
to numerous multi-faceted research field [1-8]. They form a
crucial class of the most commonly employed organic comp-
ounds and present many applications in numerous fields such
as oxidation catalysts, hydrogenation, industrial dyes and
reagent for analysis [9-11]. The N,O,S-containing hetero-cyclic
Schiff bases present various pharmacological activities,
including antibacterial, antimicrobial, antioxidant, antifungal,
and anticancer [12-17]. Schiff base complexes are among the
most crucial models of stereochemistry in d-d transition coordi-
nation chemistry and essential groups due to their selectivity,
synthetic flexibility, and sensibility in metallic ions [18]. They
have excellent properties, including antifungal, antibacterial,
antiviral, antitumor, anti-inflammatory and cytotoxic activities
[19]. Schiff base complexes also have diversified biological,
clinical, and pharmacological applications, and various
derivatives of these complexes are used as medicines [20,21].

The compositions of covalent organic substructures of
azomethine Schiff base have been investigated through the
covalent molecular assembly of Schiff base interactions along
with layer-by-layer processes [22]. These substructures include
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porous crystalline structures with three or two dimensions.
Most of the azomethine Schiff bases have an interesting mech-
anism for chelation with metallic ions to produce the corresp-
onding coordination compounds of the d-d transitions, main
group, actinides and lanthanides having evidently enhanced
properties due to chelation with metal (I/II/III/IV) ions [23].
This phenomenon can occur because their elastic and stereo-
electronic structures lead to the formation of varieties of coordi-
nation compounds having various applications, such as clande-
stine fluid flow tracking [24] and medicinal and bio-inorganic
chemistry [25,26]. The derivatives of metal(III) azomethine
Schiff base of equatorial tetradentate ligand bis(acetylacetone)-
ethylenediimine (A), [Co(A)L2]+ (L = NH3, imidazoles) inhibit
the histidine containing protein by dissociatively exchanging
labile-axial chelating agents [27-29]. Azomethine Schiff bases
metal complexes exhibit non-linear optical, fluorescence, and
DNA-binding properties [30-32]. These derivatives are also
employed as components of pharmaceutically active cocrystals
and in polymeric materials, sensors, energy materials, nuclear
medicine and organic photovoltaic materials [33-35].  In this
work, a new Schiff base derived through the condensation of
1-aminoquinolin-2(1H)-one with 1-(2-hydroxyphenyl) ethan-
1-one is synthesized. Further, divalent transition metal comp-
lexes with the newly synthesized ligand were also synthesized



and characterized using FT-IR, ultraviolet visible, 1H, 13C and
15N NMR spectroscopic techniques. After complete theoretical
and experimental structural analyses, against a standard refer-
ence compound, we examined the antimicrobial activities of
the novel [Cu(HPEAQ)(H2O)2] complex (HPEAQ = 2-(hydroxy-
phenylethylideneamino)quinolin-2(1H)-one). The cytotoxicity
of [Cu(HPEAQ)(H2O)2] was determined against 5-fluorouracil
(5-FU) breast cancer and Hep-G2 liver carcinoma cell lines.
The evaluation of biological activities and molecular docking
were employed to support the results.

EXPERIMENTAL

The magnetic susceptibilities were determined using
Sherwood balance at room temperature.Electronic spectra were
conducted on a Unicam UV-vis spectrophotometer. The IR
spectra were obtained on a Mattson 5000 FTIR spectrophoto-
meter in a solid state, while 1H NMR spectra were obtained
from Perkin-Elmer 300 MHz spectrometer. A Perkin-Elmer
CHN Analyzer 2400 was used to estimate elemental analysis
with deuterated organic solvents and TWS being utilized as
an internal standard. A Jeol-300 MHz EPR spectrometer was
employed to estimate the copper complex values from the
electron paramagnetic resonance spectrum. Furthermore, TGA
and DTA (20-1000 ºC) were obtained at a nitrogen flow rate
under 20 mL/min and a heating rate of 15 ºC/min on a DTG-
50 Shimadzu analyzer.

Synthesis of 2-(hydroxy-phenylethylideneamino)quin-
olin-2(1H)-one) (HPEAQ): The ligand HPEAQ was synthe-
sized by dissolving 1-(2-hydroxyphenyl)ethan-1-one (0.005
M) and 1-aminoquinolin-2(1H)-one (0.005 M, 15 mL  dissovled
in ethanol). The mixture was refluxed in a water bath for 3 h.
The product was washed with absolute ethanol and evaporated
to dryness (Scheme-I). Colour: orange; yield: 88%; Elemental
analysis; calcd. (found) %: C, 72.72 (72.63); H, 4.58 (4.49);
N, 10.60 (10.54).

Synthesis of Cu(II) hybrids

Reflux conditions: The Cu(II) hybrid (1) was obtained
by mixing 0.01 M of CuCl2·2H2O with 0.01 M of HPEAQ in
ethanol (30 mL). The mixture was refluxed at 60 ºC for 5 h.
The solid hybrid was filtered then washed, recrystallized and
dried in a vacuum. Yield: 47 %; pale brown; Elemental analysis
calcd. (found) % for C16H15ClCuN2O4: C, 48.25 (48.18); H,
3.80 (3.74); Cl, 8.90 (8.83); Cu, 15.95 (15.90); N, 7.03 (6.97).

Hydrothermal conditions: Copper salt (CuCl2·2H2O, 0.1
mmol) and the synthesized azomethine Schiff base ligand
HPEAQ were dissolved in 50 mL of water, stirred for 15 min

and then transferred into a Teflon-lined stainless steel autoclave.
After treatment at different temperatures viz. 120, 140 and 160
ºC). The products were washed with distilled water and dried
under vacuum.

At 120 ºC (2): Yield: 73%; colour: brown; Elemental
analysis calcd. (found) % for C16H15N2O4ClCu: C, 48.25 (48.14);
H, 3.80 (3.72); Cl, 8.90 (8.81); Cu, 15.95 (15.89); N, 7.03 (6.94).

At 140 ºC (3): Yield: 69%; colour: brown; Elemental anal-
ysis calcd. (found) % for C16H15N2O4ClCu: C, 48.25 (48.22);
H, 3.80 (3.74); Cl, 8.90 (8.87); Cu, 15.95 (15.90); N, 7.03 (6.93).

At 160 ºC (4): Yield: 64%; colour: Amber; Elemental
analysis calcd. (found) % for C16H15N2O4ClCu: C, 48.25 (48.21);
H, 3.80 (3.78); Cl, 8.90 (8.88); Cu, 15.95 (15.91); N, 7.03
(6.99).

Antioxidant activity: The erythrocyte hemolysis, ABTS,
and DPPH of the antioxidant activity were determined [36-
38] using eqn. 1, where the free radical ABTS and DPPH per-
centage of inhibition (I%) was measured.

Absorbance of sample
I (%) 100

Absorbance of blank
= ×

Cytotoxic activity: For cytotoxic activity, the cell viability
and Ehrlich ascites were estimated microscopically through
examination [39,40].

RESULTS AND DISCUSSION

Copper(II) hybrids having nanosize were acquired using
the refluxing method and also by hydrothermally treating the
synthesized azomethine Schiff base ligand (HPEAQ) with
copper(II) metal salt in a ratio of 1:1 at different temperatures
viz. 120, 140 and 160 ºC. The data of the elemental analysis of
nanosized hybrids were in strong agreement with hybrids
obtained under the reflux condition.

Characterization of azomethine Schiff base ligand
(HPEAQ): The 1H NMR signals of the aromatic, OH, CH3,
CH and CH=N proton appeared at δ 6.72-8.13, 11.08, 4.3, 4.1
and 8.27 ppm, respectively. The 13C NMR spectrum signals
appeared at δ 64, 52, 117-133, 164, 142 and 168 ppm indicated
the existence of CH, CH3, phenyl, C–OH, CH=N and C=O
carbon, respectively. In the 15N NMR spectrum, the signals of
N1 (quinoline) and N12 (azomethine) were appeared at 164.2
and 245.3 ppm, respectively.

The IR spectrum of HPEAQ shows a band at 1618 cm-1

for –N=CH– stretching vibrations [41,42]. After chelation with
copper ions, this band shifted to a lower wavenumber. The
frequency ν(C-O) and ν(C=O) bands appeared at 1243 and
1603 cm-1, respectively, were shifted towards the lower sides

N N

CH 3

O HO

N

NH 2

O

HO
O+

CH 2Cl2/Na 2SO 4

at 40 °C, 3 h

1-Aminoquinolin-2(1 H )-one 1-(2-Hydroxyphenyl)
ethan-1-one (HPEAQ)

Scheme-I: Preparation of HPEAQ
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in Cu(II) hybrids, which indicated coordination through C–O
and C=O, respectively (Fig. 1a). The -OH stretching vibration
band appeared at 3055 cm–1 region [43] was disappeared after
the chelation with copper ions. In [Cu(HPEAQ)(H2O)2] spectra,
the bands for Cu-O, Cu-N and Cu-Cl stretching vibrations
appeared near 483-472, 543-538 and 349-334 cm-1, respec-
tively [44] (Fig. 1b).

(b)

(a)

Fig. 1. IR spectra of HPEAQ (a) and Cu(II) hybrid 2 (b)

Mass analysis: The mass spectra of hybrid 2 and HPEAQ
were also recorded. The m/z peaks corresponding to [C16H15Cl-
CuN2O4]+ and [C17H14N2O2] + ions were observed at 412 and
278, respectively (Fig. 2).

Fig. 2. Mass spectra of (a) HPEAQ and (b) Cu(II) hybrid 2

Magnetic moment and UV-visible analysis of Cu(II)
hybrid: The electronic spectra of HEPAQ (Fig. 3a) exhibited
six bands due to π→π* and n→π* transitions in the UV region

at 233, 274, 292, 338, 412 and 432 nm. The magnetic moment
of nanocopper hybrid (2) was determined at 1.92 B.M. The elect-
ronic spectra of [Cu(PEAQ)Cl(H2O)2] (Fig. 3b) presents the
bands at 13,468, 19,146 and 26,762 cm–1 corresponding to
2B1g→2A1g (dx2–y2→dxy), 2B1g→2A1g (dx2–y2→dz2), and 2B1g→2Eg

(dx2–y2→dxz, dyz) transitions, respectively [45,46]. According
to the aforementioned data, the molecular structure of the copper
hybrid is assigned to be octahedral.

Thermal analysis: Thermogravimetry analysis/differ-
ential thermal analysis curves of Cu(II) hybrid (2) were obtained
in 20-1000 ºC and indicated three weight loss steps at 140-210,
350-415 and 600-910 ºC (Fig. 4), which corresponded to coordi-
nated water molecules. Primary weight loss was detected at
140-210 ºC caused by nanosized Cu(II) hybrid (2), which is
in accordance with coordinated water molecules, HPEAQ
moieties and CuO formation [47].

Fig. 4. TG-DTA traces of Cu(II) hybrid (2)

EPR spectra: According to the simulated and experimental
EPR spectra of nanosized Cu(II) hybrid (2) (Fig. 5), the unpaired
electron is present on the dz2 elongated octahedral orbital in
both the EPRs, in which g⊥, gav, g|| and A|| were observed at
2.04, 2.102, 2.21 and 12.3 Mt, respectively [48]. Orthorhombic
g molecule parameters are supposed for octahedral geometries
with a coordination number of six.

PXRD and SEM analysis: The powder X-ray diffraction
(XRD) of nanosized Cu(II) hybrid (2) and the ligand HPEAQ

(a) (b)

Fig. 3. Electronic spectra of (a) HPEAQ and (b) Cu(II) hybrid 2
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Fig. 5. EPR spectra of Cu(II) hybrid 2 in experimental and simulated

showed medium and sharp peaks, suggesting a crystalline nature
(Fig. 6). Hybrid 2 shows novel peaks, indicating chelation of
HPEAQ with copper ions. According to Scherrer’s equation
(D = 0.9 λ/βcos θ) for Cu(II) hybrid, the crystal size is 42 nm.
The particle size of hybrid 2 was determined using the SEM
technique. This size was 10 µm and the shape was similar to
broken ice pieces (Fig. 7). This value indicated a homogeneous
matrix having the ideal shape of a material of uniform phase
in nanosized Cu(II) hybrid (2).

Fig. 6. PXRD pattern of HPEAQ and its nano-sized Cu(II) hybrid (2)

Fig. 7. SEM photograph of nano-sized Cu(II) hybrid (2)

DPPH free radical scavenging activity: The synthesized
ligand HPEAQ and nanosized Cu(II) hybrid (2) have the highest
ascorbic acid equivalent antioxidant capacity (AEAC). How-
ever, HPEAQ and nanosized Cu(II) hybrid (2) have the lowest
corresponding IC50 of 1.82 and 0.663 mg/mL, respectively.
The erythrocyte hemolysis and antioxidant activity of nano-
sized Cu(II) hybrid (2) and HPEAQ were analyzed using the
ABTS assay (Tables 1 and 2). Nanosized hybrid (2) exhibits a
strong antioxidant activity followed by HPEAQ.

TABLE-1 
ABTS ANTIOXIDANT FOR HPEAQ  

AND NANO-SIZED Cu(II) HYBRID (2) 

Compound Absorbance ABTS inhibition (%) 
Control of ABTS 0.634 0 
L-ascorbic acid 0.027 96.68 

HPEAQ 0.359 35.84 
Cu(II) hybrid 0.162 69.63 

 

TABLE-2 
ERYTHROCYTE HEMOLYSIS (%) OF FOR  

L HPEAQ AND NANO-SIZED Cu(II) HYBRID (2) 

Compound Absorbance Erythrocyte hemolysis (%) 
Distilled water 0.724 100 
L-ascorbic acid 0.035 5.85 

HPEAQ 0.042 6.44 
Cu(II) hybrid 0.049 8.26 

 
Antitumor activity using Ehrlich assay: An antitumor

activity was identified in the synthesized ligand HPEAQ and
nanosized hybrid (2). The results indicated that a higher cyto-
toxic activity was observed in HPEAQ (64.49%) than in
nanosized Cu(II) hybrid (64.68%). Table-3 presents the varia-
tions in the percentage inhibition of the Ehrlich assays of the
HPEAQ and nanosized copper(II) hybrid (2).

TABLE-3 
EHRLICH INHIBITION % AT VARIOUS CONCENTRATIONS  

FOR HPEAQ AND NANO-SIZED Cu(II) HYBRID (2) 

Compound Concentration Inhibition (%) 
0 40.23 
25 59.87 5-FU 
100 93.62 
0 38.15 
25 54.29 HPEAQ 
100 91.74 
0 32.56 
25 51.78 Cu(II) hybrid 
100 89.73 

 
Molecular docking studies with DNA and BSA: The

conformation of docked nanosized Cu(II) hybrid (2) was  also
determined. The chelation of nanosized Cu(II) hybrid (2) was
estimated using docking scores (Table-4), while the docking
poses of nanosized Cu(II) hybrid (2) with EFGR kinase enzyme
(1M17) and human LDHA receptor (4QT0) are shown in Fig
8 and 9, respectively.
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Fig. 8. Docking poses of nanosized Cu(II) hybrid (2) with EFGR kinase
enzyme (1M17)

Fig. 9. Docking poses of nanosized Cu(II) hybrid with human LDHA
receptor (4QT0).

Conclusion

Nanosized copper hybrids were successfully prepared using
a simple hydrothermal route. The SEM and XRD results indicated
that nanosized copper hybrids are observational. Temperature

changes 120, 140 and 160 °C indicate a strong effect of hybrids
on the morphology of nanocopper hybrids. The spectroscopy
results and analytical data supports the octahedral geometry
of the new prepared nanosized copper(II) hybrids (Fig. 10).
The docking and biological studies of nanosized copper(II)
hybrid (2) and the newly synthesized azomethine Schiff base
ligand (2-hydroxyphenylethylideneamino)quinolin-2(1H)-one
(HPEAQ) were also carried out.

N O

N

O

Cu OH2

OH2

Cl

H3C

Fig. 10. Schematic representation of the Cu(II) hybrid
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