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INTRODUCTION

Schiff bases containing azomethine group (–HC=N–) in
their structures are usually synthesized by condensation reac-
tion of carbonyl compounds with primary amines. They are con-
sidered as one kind of the most distinguish organic compounds
due to their ease synthesis, various structures and remarkable
applications [1-6]. Most of the Schiff base ligands studied are
bidentate and tetradentate ligands, tridentate Schiff base ligands
are recently included [7-9]. In general, NNO tridentate Schiff
base ligands are prepared from mono-condensation reactions
of a carbonyl compound with one arm of a primary diamine.
Such tridentate ligands can exist as tautomeric mixture of keto-
amine and enol-imine forms [10-12]. In the presence of transi-
tion metal ions, the tridentate Schiff base ligands can form
stable unsymmetrical metal complexes with their specific struc-
tures and new applicable properties such as catalytic features
[13-16], advanced materials [17-19] and biomedical activities
[20-22].
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In this work, three mono-condensation Schiff bases of o-phenyldiamine with 5-t-butylsalicylaldehyde (AIBP), 3,5-di-t-butylsalicylaldehyde
(AIdBP) and 2-hydroxy-1-naphthaldehyde (AINA) were prepared and coordinated by CuCl2·2H2O without and with the presence of pyridine
to form six tridentate Schiff base copper(II) complexes. The synthesized unsymmetrical Schiff base copper(II) complexes were characterized
by diverse physico-chemical methods like mass, infrared, ultraviolet-visible spectroscopies and magnetic susceptibility measurements to
indicate that the coordination of copper(II) with the synthetic Schiff bases at NNO atoms and the geometry around central ion is distorted
square-planar or square-pyramidal probably. Then electrochemical properties of the obtained Schiff base copper(II) complexes were
studied using cyclic voltammetry (CV). [Cu(II)(AINA)Cl] has exhibited that the peak current increases with the increase of the scan rates
linearly. All the Schiff base copper(II) complexes have been screened for their in vitro antibacterial activity on Gram-positive bacteria,
Staphylococcus aureus, Bacillus subtilis, Lactobacillus fermentum. [Cu(II)(AIdBP)Cl] has expressed the effective activity for all three
tested bacteria. The in vitro cytotoxicity of the synthetic Schiff base copper(II) complexes for human cancer cell lines, MCF-7 and HepG-
2, were examined as well.
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Copper, a biometal found in several natural enzymes, is
important for the organ biotransformations. In metalloenzymes,
copper can usually exist in organometallic and coordination
compounds [23,24]. In published works on some useful copper
(II) complexes were found out for biomedical applications such
as antifungal, antimicrobial, antiviral and anticancer activities
[25-31]. Although there are some outstanding researches, more
works are needed to find the real bioactive copper(II) complexes
which can be used clinically, especially in anticancer drugs.
So in this work, the complexes of NNO tridentate Schiff base
ligands with copper(II) ion are prepared and studied their spec-
tral characterization, electrochemical behaviour and bioactive
activities.

EXPERIMENTAL

All chemical reagents were received from several comm-
ercial companies and used without any more purification. All
solvents were obtained from commercial resources and purified
by usual laboratory procedures.
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High resolution mass spectra (IDA-TOF-MS) were identi-
fied on Sciex X500 QTOF and Mass spectra (ESI-MS) were
recorded on Agilent 6310 Ion Trap in electrospray ionization.
Infrared spectra (FTIR) were determined on Perkin-Elmer
Spectrum-2 using KBr pellets. 1H NMR spectra were measured
on Bruker Advance (500 Hz) using CDCl3 as solvent and TMS
as a standard reference. Electronic absorption spectra were
recorded on Perkin-Elmer Lambda UV-35 spectrophotometer
in methanol solution. Magnetic susceptibility measurements
of the obtained copper(II) complexes were identified at room
temperature using a magnetic susceptibility balance (Sherwood
Scientific Mark 1 with serial No. 25179). The purity of the
synthetic compounds was analyzed by TLC and HPLC-MS
methods.

Synthesis of NNO-tridentate Schiff base ligands: The
tridentate Schiff bases were synthesized following the reported
condensation reaction between o-phenyldiamine and relative
aldehydes [32,33]. o-Phenyldiamine (10.0 mmol, 1.11 g) and
15 mL ethanol were added into 100 mL flask containing a
magnetic stirring bar. Then 10.0 mmol of relative aldehyde in
20 mL ethanol was slowly added. The condensation reaction
was continuously stirred for 60 min in the presence of 10 mmol
of anhydrous Na2SO4 (1.43g). The reaction was observed by
TLC until the reaction was carried out completely. The precipi-
tates were filtered and dried under low pressure and recrystall-
ized in methanol (Scheme-I). The received products were
analyzed by various spectroscopies to obtain their mass, IR,
NMR and UV-Vis spectra.

(E)-2-(((2-Aminophenyl)imino)methyl)-4-(tert-butyl)-
phenol (AIBP): Yellow powder, yield: 91%; 2.44 g; ESI-MS
(m/z): 269.0 [M+H+] (calcd. 269.3); FT-IR (KBr, cm–1): 3484,
3382 ν(N–H), 2953 ν(C–H), 1608 ν(C=N), 1489, 1265 ν(C–O),
1173, 818, 754 δ(C–H), 617, 488; 1H NMR (500 MHz, CDCl3,
δ ppm): 12.79 (s, 1H, OH), 8.62 (s, CH=N), 7.43 (dd, J = 8.5
Hz; 2.5, 1H-Sal), 7.38 (d, J = 2.5 Hz, 1H-Sal), 7.09 (dt, J =
7.5 Hz; 1.5, 1H-Ph), 7.04 (dd, J = 8.5 Hz; 1.0, 1H-Ph), 6.97
(d, J = 8.5 Hz, 1H-Sal), 6.79 (m, 2H-Ph), 3.99 (s, 2H-NH2),
1.33 (s, 9H-t-Bu; UV-Vis (MeOH, 3.0 × 10–5 M, λ/nm, ε/cm–1

M–1) 237 (13,000), 274 (8.333), 375 (6,000).
(E)-2-(((2-Aminophenyl)imino)methyl)-4,6-di-tert-

butylphenol (AIdBP): Yellow powder (Yield: 88%; 2.85 g);
ESI-MS (m/z): 325.0 [M+H+] (calcd. 325.4); FT-IR (KBr, cm–1):
3488, 3390 ν(N–H), 2965 ν(C–H), 1606 ν(C=N), 1474, 1267
ν(C–O), 1170, 813, 752 (δ, C–H), 644, 473; 1H NMR (500
MHz, CDCl3, δ ppm): 13.71 (s, 1H, OH), 8.85 (s, CH=N), 7.48
(d, J = 2.5 Hz, 1H-Sal), 7.38 (d, J = 2.5 Hz, 1H-Sal), 7.15 (dd,
J = 8.0 Hz; 1.5, 1H-Ph), 7.01 (dt, J = 8.0 Hz; 1.5, 1H-Ph),
6.80 (dd, J = 8.0 Hz; 1.0, 1H-Ph), 6.63 (dt, J = 7.5 Hz; 1.5,
1H-Ph), 4.98 (s, 2H-NH2), 1.43 (s, 9H-t-Bu), 1.30 (s, 9H-t-Bu;
UV-Vis (MeOH, 3.0 × 10–5 M, λ/nm, ε/cm–1 M–1) 239 (10,667),
278 (7.000), 375 (5,000).

(E)-1-(((2-Aminophenyl)imino)methyl)naphthalen-2-
ol (AINA): Yellow powder; yield: 85%; 2.23 g); ESI-MS (m/z):
262.9 [M+H+] (calcd. 263.3); FT-IR (KBr, cm–1): 3472, 3375
ν(N–H), 3048 ν(C–H), 1610 ν(C=N), 1558, 1493, 1306 ν(C–
O), 1162, 816, 752 (δ, C–H), 470, 418; 1H NMR (500 MHz,
CDCl3, δ ppm): 15.63 (s, 1H, OH), 9.60 (s, CH=N), 8.50 (d, J

= 9.0 Hz, 1H-Naph), 7.93 (d, J = 9.0 Hz, 1H-Naph), 7.82 (d, J
= 8.0 Hz, 1H-Naph), 7.54 (t, J = 7.0 Hz, 1H-Naph), 7.45 (d, J
= 7.5 Hz, 1H-Naph), 7.36 (t, J = 7.0 Hz, 1H-Naph), 7.09 (d, J
= 9.0 Hz, 1H-Ph), 7.04 (t, J = 8.0, 1H-Ph), 6.84 (d, J = 8.0,
1H-Ph), 6.71 (t, J = 7.0 Hz, 1H-Ph), 5.08 (s, 2H-NH2); UV-
Vis (MeOH, 3.0 × 10–5 M, λ/nm, ε/cm–1 M–1) 262 (13,000), 320
(6.333), 440 (8,667).

Synthesis of tridentate Schiff base copper(II) complexes:
The tridentate Schiff base copper(II) complexes were formed
by the coordination of the synthetic tridentate Schiff bases
with CuCl2·2H2O (1:1 molecular ratio) in ethanol using reflux.
Schiff base ligand (2.0 mmol) dissolved in 15 mL ethanol was
added slowly into a 100 mL flask containing 2.0 mmol (0.35 g)
CuCl2·2H2O dissolved in 20 mL ethanol. The reaction mixture
was stirred continuously and reflux for 3 h. The reaction compl-
etion was checked by TLC. Then the reaction was cooled until
room temperature. The blue precipitates were collected and
dried (Scheme-I). The coordination products are soluble in
polar solvents e.g. DMSO, CH3OH, CH3CN and CHCl3.

[Cu(II)(AIBP)Cl]: Green powder, yield: 90% (0.66 g);
+IDA-TOF-MS (m/z): 330.0684 [M–Cl]+ (calcd. 330.90); FT-
IR (KBr, cm–1): 3331 (N–H), 2955 (C–H), 1616 (C=N), 1521,
1494 (C=C), 1379, 1259 (C–O), 1154, 833, 742 (C–H), 511
(Cu–N), 465 (Cu–O). UV-Vis (MeOH, 1.0 × 10–4 M, λ/nm, ε/
cm–1 M–1): 247 (7,500), 301 (5,500), 425 (2,900). µeff (B.M.):
2.12.

[Cu(II)(AIdBP)Cl]: Green powder, yield: 87% (0.74 g);
+IDA-TOF-MS (m/z): 386.1284 [M–Cl]+ (calcd. 387.01); FT-IR
(KBr, cm–1): 3313, 3193 (N–H), 2951 (C–H), 1615 (C=N),
1524 (C=C), 1384, 1256 (C–O), 1165, 836, 761 (C–H), 535
(Cu–N), 442 (Cu–O). UV-Vis (MeOH, 1.0 × 10–4 M, λ/nm, ε/
cm–1 M–1): 242 (9,000), 303 (6,800), 429 (3,950). µeff (B.M.):
2.15.

[Cu(II)(AINA)Cl]: Green powder, yield: 85% (0.61 g);
+IDA-TOF-MS (m/z): 324.0205 [M–Cl]+ (calcd. 324.85); FT-
IR (KBr, cm–1): 3229 (N–H), 3058 (C–H), 1616 (C=N), 1581,
1534 (C=C), 1365 (C–O), 1182, 831, 738 (C–H), 570, 497
(Cu–N), 439 (Cu–O). UV-Vis (MeOH, 1.0 × 10–4 M, λ/nm, ε/
cm–1 M–1): 274 (4,800), 332 (2,700), 429 (2,900), 454 (2,800).
µeff (BM): 2.14.

Synthesis of mixed-ligand Schiff base copper(II) comp-
lexes: The mixed-ligand Schiff base copper(II) complexes were
synthesized by the coordination of the synthesized tridentate
Schiff bases and pyridine with CuCl2·2H2O (1:1:1 molecular
ratio) in ethanol under reflux. The solution of 2.0 mmol (0.35
g) CuCl2·2H2O dissolved in 20 mL ethanol was added slowly
into a 100 mL flask containing 2.0 mmol of synthetic Schiff
base ligand in 15 mL ethanol. Then, 2.0 mmol (0.16 g) of
pyridine in 5.0 mL ethanol was added. The reaction mixture
was stirred continuously and reflux for 3 h. The complete
reaction was checked by TLC and cooled until room tempera-
ture. The blue precipitates were collected and dried  (Scheme-
I). The coordination products are soluble in polar solvents like
DMSO, CH3OH, CH3CN and CHCl3.

[Cu(II)(AIBP)(Py)Cl]: Brown powder, yield: 79% (0.71 g);
+IDA-TOF-MS (m/z): 408.0721 [M–Cl]+ (calcd. 410.12); FT-
IR (KBr, cm–1): 3348 (N–H), 2956 (C–H), 1616 (C=N), 1521,
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1497 (C=C), 1380, 1258 (C–O), 1157, 833,, 738 (C–H), 596,
511 (Cu–N), 464 (Cu–O). UV-Vis (MeOH, 1.0 × 10–4 M, λ/
nm, ε/cm–1 M–1): 243 (19,500), 299 (14,700), 337 (10,300),
427 (6,700). µeff (BM): 1.81

[Cu(II)(AIdBPy)(Py)Cl]: Dark powder, yield: 77% (0.77
g); +IDA-TOF-MS (m/z): 466.1502 [M–Cl]+ (calcd. 466.19);
FT-IR (KBr, cm–1): 3340 (N–H), 2952 (C–H), 1599 (C=N),
1519 (C=C), 1383, 1253 (C–O), 1163, 835, 745 (C–H), 538
(Cu–N), 441 (Cu–O). UV-Vis (MeOH, 1.0 × 10–4 M, λ/nm, ε/
cm–1 M–1): 247 (16,700), 302 (12,500), 430 (7,900). µeff (BM):
1.83.

[Cu(II)(AINA)(Py)Cl]: Dark powder, yield: 75% (0.66
g); +IDA-TOF-MS (m/z): 402.0419 [M–Cl]+ (Cal. 403.07);
FT-IR (KBr, cm–1): 3266 (N–H), 3060 (C–H), 1616 (C=N),
1579, 1534 (C=C), 1364 (C–O), 1183, 829, 739 (C–H), 551,
497 (Cu–N), 455 (Cu–O). UV-Vis (MeOH, 1.0 × 10–4 M, λ/
nm, ε/cm–1 M–1): 244 (8,700), 275 (5,500), 331 (3,000), 430
(3,500), 454 (3,400). µeff (BM): 2.11.

Electrochemical measurements: The electrochemical
properties of Schiff base copper(II) complexes were studied
on a Zahner Elektrik IM6 instrument using Ag/AgCl as the
reference electrode, the counter electrode as a platinum wire
and the working electrode was a glassy carbon electrode. The
cyclic voltammograms were recorded using the complexes’
concentration of 1.0 × 10–3 M in DMSO solution and LiClO4

0.1 M as supporting electrolyte. All experiments in standard
cells at scan rate of 100 mV s–1 at room temperature were per-
formed within the potential window –2.0 V to +0.75 V vs. the
reference electrode.

Antibacterial assay: All the obtained Schiff base copper(II)
complexes were evaluated for their antibacterial activity against

the Gram-positive bacteria, Staphylococcus aureus (ATCC
13709), Bacillus subtilis (ATCC 6633), Lactobacillus fermentum
(N4) using the microdilution method [34,35]. Ampicillin was
used as the reference drug. Bacterial strains were suspended
in nutrient broth at a concentration of approximately 5 × 105

CFU/mL. The nutrient broths containing microorganisms were
transferred by 200 µL into 96 well plates and 10 µL of each
solution with the different complexes’ concentration of 128.0-
4.0 µg/mL were added. All the tests were grown at 37 ºC in an
incubator for 24 h. The minimum inhibitor concentration (MIC,
µg/mL), at which more than 90% bacteria inhibition was deter-
mined, was represented for at least three observations.

Cytotoxicity assay: MTT assay was used to determine
cytotoxic activity of the Schiff base Cu(II) complexes against
human cancer cell lines, MCF-7 and HepG-2, according to
Mosmann’s modified method [36]. The % cell inhibition was
calculated from the obtained optical densities following the
reported formulae [37]. The IC50 values, at which the tested
complex concentration has caused 50% cell inhibition, were
estimated from the plots performed % cell inhibitions based
on tested complex concentrations.

RESULTS AND DISCUSSION

Mono-condensation was carried out at room temperature
with 1:1 molecular ratio of o-phenyldiamine and relative alde-
hyde to synthesized one-arm Schiff base ligands (Scheme-I)
in high yields (85-91%). From these Schiff bases, their Cu(II)
complexes were prepared following two ways with and without
pyridine to form the green or dark Schiff base Cu(II) complexes
(Scheme-I) in high yields up to 90% and high purity (> 99%
examined by HPLC). The obtained Schiff base copper(II) com-
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Scheme-I: Synthesis of Schiff base compounds
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plexes are soluble in polar organic solvents such as chloroform,
methanol, acetonitrile, DMF, etc.

Spectral features: From the recorded mass spectra, pseudo-
molecular peaks are found as [M+H+] for the Schiff base ligands
or [M–Cl]+ for the synthesized copper(II) complexes. These
mass peaks are well suitable to the molecular mass of the
proposed formulae.

On 1H NMR, the synthetic Schiff base ligands, there are
typical signals at 15.63-12.79 ppm as single peaks for OH
protons, at 9.60-8.62 ppm as single peaks for protons of CH=N
bonds which are formed by the mono-condensation, at 8.50-
6.63 ppm for aromatic protons and 5.08-3.99 ppm as single
peaks for NH2 protons. The protons of t-butyl are appeared at
1.43-1.30 ppm as single peaks reasonably.

From FT-IR spectra of the synthesized Schiff base ligands,
the typical signals are observed at 3488-3375 cm–1, which can
present for stretching vibrations of two N–H bonds. Special
signals at 1610-1606 cm–1 must be stretching vibrations of
C=N bonds, at 1306-1265 cm–1 for stretching vibrations of C–O
bonds and at 754-752 cm–1 for bending vibrations of C–H. In
IR spectra of the Schiff base copper(II) complexes, the typical
bands at 3331-3193 and 3340-3266 cm–1 can exhibit for stret-
ching vibrations of two N–H bonds, which show that the NH2

of the Schiff base ligands are existed in the synthesized Cu(II)
complexes [38,39]. There are typical signals at 1616-1615 cm–1

and 1616-1599 cm–1 for stretching vibrations of C=N bonds,
at 1365-1256 and 1364-1253 cm–1 for stretching vibrations of
C–O bonds, at 761-738 and 745-738 cm–1 for bending vibra-
tions of C–H. There are new signals at 535-497 and 465-439
cm–1; at 538-497 and 464-441 cm–1 for vibrations of Cu–N
and Cu–O bonds, which have proved the coordination of ion
Cu2+ with atoms N, O in the studied Schiff base ligands of both
two kinds of copper(II) complexes, respectively.

In UV-visible spectra of the obtained Schiff bases, there
are absorption maxima at 237-262 nm, which can be assigned
to π→π* electron transitions of aromatic rings; at 274-320
nm and 375-440 nm which can be attributed to π→π* and
n→π* electron transitions of azomethine, hydroxyl and amine
groups [40] (Fig. 1). In the coordinated complexes, the absorp-
tion bands found in Schiff base ligands were moved to the
longer wavelength as usual. Electron transitions of π→π* of
aromatic rings were found at 242-275 nm. Electron transitions
of π→π* and n→π* of azomethine, hydroxy and amine groups
were found at 299-337 nm and 425-554 nm, respectively. There
is no significant difference on the electronic spectra of triden-
tate Schiff base copper(II) complexes and mixed-tridentate
Schiff base copper(II) complexes (Figs. 2 and 3). The studied
Schiff base copper(II) complexes have the effective magnetic
moments (µeff) in the range 1.81-2.15 B.M. consistent with
one unpaired electron d9 system and distorted square-planar
or square-pyramidal geometry around Cu(II) centers [41,42].

Electrochemical studies: Electrochemical behaviour of
all Schiff base copper(II) complexes was investigated in DMSO
using 0.1 M LiAlO4 as supporting electrolyte. The cyclic volta-
mmetry (CV) of 1 mM copper(II) complexes show that the
reduction peaks at 1.44-1.94 V due to CuI/0 redox processes
and at 1.05-1.47 V for CuII/I redox processes probably. From the
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Fig. 1. The electronic spectra of studied unsymmetrical tridentate Schiff
base ligands
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Fig. 3. The electronic spectra of the mixed-tridentate Schiff base copper(II)
complexes

CVs of the copper(II) complexes, the reduction potentials and
relative currents (mA) are identified and presented in Table-1.

Among the synthesized Schiff base copper(II) complexes,
[Cu(II)(AINA)Cl] has expressed favourable reduction poten-
tials at -1.44 and-1.05 V for CuI/0 and CuII/I redox processes,
respectively. Especially, the observed current assigned to CuII/I

redox process is remarkable, -2.05 × 10–2 A. Then the electro-
chemical property of [Cu(II)(AINA)Cl] was continuously
carried out at different scan rates of 100, 200, 300 and 400 mV
s–1 (Fig. 4). The results (Table-1) revealed the relationship bet-
ween the square root of the scan rates and the relative currents
of [Cu(II)(AINA)Cl] is the similar linear dependence. This result
shows that [Cu(II)(AINA)Cl] can electrocatalyze hydrogen
evolution [43,44].

Antimicrobial activity: The antibacterial activity of
tridentate Schiff base copper(II) complexes was evaluated by
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TABLE-1 
REDUCTION POTENTIAL (V) AND CURRENT (mA) 

Sample Scan rate 
(mV s–1) 

Reduction 
potential (V) 

Current 
(mA) 

Blank 100 -0.725 -1.98 × 10–2 

[Cu(II)(AIBP)Cl] 100 
-1.47 (CuI/0) 
-1.12 CuII/I) 

-0. 713 

-1.58 × 10–2 

-1.39 × 10–2 
-1.67 × 10–2 

[Cu(II)(AIdBP)Cl] 100 
-1.79 (CuI/0) 
-1.25 (CuII/I) 

-0.742 

-1.45 × 10–2 
-1.18 × 10–2 
-1.18 × 10–2 

[Cu(II)(AINA)Cl] 100 
-1.44 (CuI/0) 
-1.05 (CuII/I) 

-0.739 

-1.84 × 10–2 
-2.05 × 10–2 

-1.69 × 10–2 

[Cu(II)(AINA)Cl] 200 
-1.47 (CuI/0) 
-1.07 (CuII/I) 

-0.758 

-2.27 × 10–2 
-2.49 × 10–2 
-2.08 × 10–2 

[Cu(II)(AINA)Cl] 300 
-1.52 (CuI/0) 
-1.11 (CuII/I) 

-0.784 

-2.70 × 10–2 

-2.83 × 10–2 
-2.36 × 10–2 

[Cu(II)(AINA)Cl] 400 
-1.51 (CuI/0) 
-1.08 (CuII/I) 

0.769 

-3.16 × 10–2 

-3.32 × 10–2
 

-2.65 × 10–2 

[Cu(II)(AIBP)(Py)Cl] 100 
-1.45 (CuI/0) 
-1.13 (CuII/I) 

-0.733 

-1.51 × 10–2 
-1.39 × 10–2 
-1.63 × 10–2 

[Cu(II)(AIdBP)(Py)Cl] 100 
-1.94 (CuI/0) 
-1.47 (CuII/I) 

-0.753 

-2.36 × 10–2 
-1.60 × 10–2 
-1.74 × 10–2 

[Cu(II)(AINA)(Py)Cl] 100 
-1.76 (CuI/0) 
-1.32 (CuII/I) 

-0.745 

-1.42 × 10–2 
-1.21 × 10–2 
-1.18 × 10–2 

 

minimum inhibitory concentration (MIC) against some Gram-
positive strains (Staphylococcus aureus, Bacillus subtilis and
Lactobacillus fermentum). Some of the synthesized Schiff base
copper(II) complexes like [Cu(II)(AIBP)Cl], [Cu(II)(AIdBP)-
Cl], [Cu(II)(AINA)Cl] and [Cu(II)(AIBP)(Py)Cl] showed the
effective antimicrobial activity to S. aureus with MIC 64.0, 4.0;
32.0 and 64.0 µg/mL, respectively (Table-2). [Cu(II)(AIdBP)Cl]
has exhibited the good efficiency for all the studied Gram-
positive strains, S. aureus, B. subtilis and L. fermentum with
MIC = 4.0, 8.0 and 16.0 µg/mL, which can compared to the
standard drug ampicillin, with MIC = 0.125, 32.0 and 32.0
µg/mL, respectively. The presence of pyridine as a co-ligand
adversely impacts the antibacterial activity, as it tends to
enhance the solubility of copper(II) complexes [45,46].

Cytotoxic activity: In vitro cytotoxic activity of the synth-
esized Schiff base copper(II) complexes were evaluated against

TABLE-2 
In vitro ANTIMICROBIAL ACTIVITY OF  

THE SCHIFF BASE COPPER(II) COMPLEXES 

MIC (µg/mL) 
Compound 

S. aureus B. subtilis L. fermentum 
[Cu(II)(AIBP)Cl] 64.0 > 128.0 > 128.0 
[Cu(II)(AIdBP)Cl] 4.0 8.0 16.0 
[Cu(II)(AINA)Cl] 32.0 > 128.0 > 128.0 
[Cu(II)(AIBP)(Py)Cl] 64.0 > 128.0 > 128.0 
[Cu(II)(AIdBP)(Py)Cl] > 128.0 > 128.0 > 128.0 
[Cu(II)(AINA)(Py)Cl] > 128.0 > 128.0 > 128.0 
Ampicillin 0.125 ± 0.0 32.0 ± 0.0 32.0 ± 0.0 
 

3.00E-02

2.00E-02

1.00E-02

0

-1.00E-02

-2.00E-02

-3.00E-02

-4.00E-02

4.00E-02

3.00E-02

2.00E-02

1.00E-02

0

-1.00E-02

-2.00E-02

-3.00E-02

-4.00E-02

-5.00E-02

4.00E-02

3.00E-02

2.00E-02

1.00E-02

0

-1.00E-02

-2.00E-02

-3.00E-02

-4.00E-02

-5.00E-02

6.00E-02

4.00E-02

2.00E-02

0

-2.00E-02

-4.00E-02

-6.00E-02

C
ur

re
nt

 (
m

A
)

C
ur

re
nt

 (
m

A
)

C
ur

re
nt

 (
m

A
)

C
ur

re
nt

 (
m

A
)

-3.00E+00 -2.00E+00 -1.00E+00 0 1.00E+00 -3.00E+00 -2.00E+00 -1.00E+00 0 1.00E+00

-3.00E+00 -2.00E+00 -1.00E+00 0 1.00E+00
-3.00E+00 -2.00E+00 -1.00E+00 0 1.00E+00

Potential (V)
Potential (V)

Potential (V)

Potential (V)

(a) (b)

(c) (d)

Fig. 4. The cyclic voltammograms of [Cu(II)(AINA)Cl] in DMSO at various scan rates of 100 mV s–1 (a), 200 mV s–1 (b), 300 mV s–1 (c), 400 mV s–1 (d)
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human cancer cell lines, breast cancer cells (MCF-7) and hepato-
cellular carcinoma cell line (HepG-2), The experimental data
of IC50 at which 50% cells inhibited are presented in Table-3.
The obtained results have showed that all copper(II) complexes
are good cytotoxic to cancer cells with IC50 < 30.0 µg/mL except
[Cu(II)(AIdBP)(Py)Cl]. [Cu(II)(AIBP)(Py)Cl], a copper(II)
complex containing pyridine as a co-ligand, has performed
the good effect to MCF-7 with IC50 = 15.25 µg/mL ,which is
better than cisplatin with IC50 = 18.47 µg/mL while [Cu(II)-
(AINA)Cl] without pyridine possess the best IC50 = 7.47 µg/
mL for HepG-2, which are quite close to the cytotoxicity of
the reference cisplatin with IC50 = 5.65 µg/mL. The steric struc-
ture and electronic nature of ligands and co-ligands can affect
the lipophilicity and the geometry around Cu2+ are usually key
reasons, which induce to the effective interactions of synthetic
copper(II) complexes with the studied human cancer cell lines
[47].

TABLE-3 
In vitro CYTOTOXICITY OF THE STUDIED  

SCHIFF BASE COPPER(II) COMPLEXES 

IC50 (µg/mL) 
Compound 

MCF-7 HepG-2 
[Cu(II)(AIBP)Cl] 19.14 ± 1.06 8.51 ± 0.61 
[Cu(II)(AIdBP)Cl] 17.41 ± 0.98 11.01 ± 0.65 
[Cu(II)(AINA)Cl] 23.27 ± 1.29 7.47 ± 0.42 
[Cu(II)(AIBP)(Py)Cl] 15.25 ± 0.9 15.75 ± 1.19 
[Cu(II)(AIdBP)(Py)Cl] 99.76 ± 8.41 > 128.0 
[Cu(II)(AINA)(Py)Cl] 22.30 ± 1.23 27.42 ± 1.62 
Cisplatin 18.47 ± 0.35 5.65 ± 0.06 
 

Conclusion

Three one arm Schiff bases were synthesized from mono-
condensation of o-phenyldiamine with the relative salicylal-
dehydes. From the synthetic unsymmetrical Schiff bases, six
Schiff base copper(II) complexes were synthesized and charac-
terized by various physico-chemical properties such as mass,
FT-IR, UV-visible spectroscopies and magnetic susceptibility
measurements. Data indicated that the coordination of copper(II)
with the synthesized tridentate Schiff base ligands at the NNO
sites occurs in a distorted square-planar or square-pyramidal
geometry around the copper(II) centre. Electrochemical studies
was carried out using cyclic voltammetry. The [Cu(II)(AINA)Cl]
has indicated the observed current assigned to CuII/I redox
process is remarkable and the increase of the scan rates has
caused the linear increase of the relative currents. The synthe-
sized Schiff base copper(II) complexes were also screened for
their in vitro antibacterial activity on Gram-positive bacteria,
S. aureus, B. subtilis, L. fermentum. [Cu(II)(AIdBP)Cl] has
possessed the effective activity for all three tested bacteria.
The in vitro cytotoxicity of the synthetic Schiff base Cu(II)
complexes for human cancer cell lines, MCF-7 and HepG-2,
werere examined as well. The [Cu(II)(AINA)Cl] has performed
the best activity for HepG-2 with IC50 = 7.47 µg/mL while
[Cu(II)(AIBP)(Py)Cl] has expressed the good effect to MCF-
7 with IC50 = 15.25 µg/mL, which is closely similar to the
activity of cisplatin with IC50 = 5.65 and 18.47 µg/mL.
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