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Abstract. A ternary mixed ligand Cu(Il) complex, [Cu(L)(Phen)], was prepared from the reaction of (E)-
N’-((2-hydroxynaphthalen-1-yl)methylene)acetohydrazide [HL], Cu(NO3),.3H,0 and 1,10-Phenanthroline in
1:1:1 molar ratio. This complex was fully characterized using spectroscopic and physicochemical methods. The
structure of the complex was determined by single crystal X-ray diffraction. The Cu(Il) center is coordinated
by two oxygen and one nitrogen donors of L?>~ and nitrogen atoms of the heterocyclic group. Electrochemical
studies of the Cu(Il) complex showed shifts in the ligand peaks as well as the appearance of new peaks after
complexation. The electrochemical behavior of the Cu(Il) complex was also studied using cyclic voltammetry.
According to biochemical investigation (MCF-7 cells viability), anticancer activity of [Cu(L)(Phen)] was higher
than those of Cu(NO3),.3H,0, HL and 1,10-Phenanthroline.
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1. Introduction

In recent decades, hydrazone Schiff base ligands and
their transition metal complexes have attracted much
attention.!'? To mention the reasons, we can point out
their structural similarities with the biological units,
facile synthesis and applications in several areas. A
wide range of biological properties such as antibacte-
rial, anti-fungal,® anti-malarial,* anti-cancer’ and other
biochemical process® have been reported for hydra-
zone derivatives. Among these, different applications of
Cu(II) complexes are documented in various fields.”-3

Copper exists in the biological system as asymmet-
ric multi-dentate chelates.” The role of copper in both
the etiology and growth of tumors has been exten-
sively studied.!® Also many of the Cu(I) Schiff base
complexes can be good models for simulating and
representing their function and providing models for
the metal-containing sites in copper-containing proteins
and enzymes such as ascorbic oxidase.'

*For correspondence

Schiff base; Cu(Il) complex; anticancer activity; electrochemical evaluation; crystal structure.

In spite of the rapid development of novel anticancer
drugs, outbreak of drug resistance and undesirable side
effects have created many problems in cancer therapy.
Thus, it is necessary to identify new compounds with
improved properties in this regard.'?

One of the characteristics of metal ions is their poten-
tial to undergo redox processes, as determined by their
redox potentials. Especially, transition metal ions are
usually able to switch between several oxidation states.
Due to the redox activity of metals and, therefore, a
possible disturbance of the sensitive cellular redox
homeostasis, a tight regulation of the metal and redox
balance is crucial for health and survival,!%-13-14

Copper has a crucial role in redox reactions and
triggers generation of reactive oxygen species (ROS)
in human cells. Cu(Il) complexes are well known for
their redox activity, which seems to be, at least in
part, involved in the most of their defined biological
activities.!>~13

Herein, we describe the synthesis, characteriza-
tion of a new mixed-ligand Cu(Il) complex. Further-
more, the effects of the synthesized compounds on the
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anti-cancer viability of breast cancer cells are investi-
gated and described.

2. Experimental
2.1 Materials and instrumentation

All chemicals and solvents were of analytical reagent
grade and used as received. Ligand HL. was prepared
according to previous report.’ Melting points were
determined with the help of an Electrothermal Appa-
ratus-9200. Elemental analyses were carried out using
a Thermo Finnigan Flash Elemental Analyzer 1112EA.
FT-IR spectra were recorded at a Bruker-Tensor 27
by embedding the material in KBr discs in the range
of 400-4000 cm~'. Molar Conductance measurements
were made by means of a Metrohm 712 Conductome-
ter in DMSO. Electronic spectra were recorded at 2°C
using a Cary 50 UV-Vis spectrophotometer. 'H-NMR
spectrum was recorded at 25°C on an Avance BRX
400MHz spectrometer. All electrochemical experi-
ments were performed on a Sama 500 electrochemical
analyzer (Iran) at room temperature in DMSO solu-
tion with 0.1 M tetrabutylammonium bromide as the
supporting electrolyte. An Ag/AgCl (saturated KCI)/3
M KCl reference electrode, a Pt wire as counter elec-
trode and a glassy carbon electrode as working elec-
trode were employed for the electrochemical studies.
Cell culture reagents, penicillin-streptomycin solution,
trypsin EDTA, and fetal bovine serum (FBS) were
obtained from Biosera CO. (East Sussex, UK). Culture
flasks and dishes were acquired from SPL lifesciences
Inc. (Gyeonggi-Do, South Korea). 3-[4,5]-Dimethyl-
2-thiazolyl-2,5-diphenyl-2-tetrazolium bromide (MTT)
was purchased from Sigma (St. Louis, MI, USA).

2.2 Synthesis of (E)-N’-((2-hydroxynaphthalen-1-yl)
methylene)acetohydrazide [HL]

A 5mL ethanolic solution of 2-hydroxy naphtaldehyde
(2mmol, 0.2g) was added to an ethanolic solution
(4mL) of acetohydrazide (2 mmol, 0.30 g). The mix-
ture was stirred for 10 min at 50°C. The resulting pre-
cipitate was filtered off, washed with cold ethanol and
dried in desiccator over silica gel. Yield: 0.51 g, 86%.
M.p.: 211°C. FT-IR (KBr), cm™': v(OH) 3185, v(NH)
3012, v(C=0) 1678, v(C=N) 1642, v(C=Cypy) 1467,
v(C-0) 1286, v(NN) 1126, u0p(OH) 720. 'H-NMR
(400 MHz, DMSO-dg, 25°C, ppm): § = 12.61 (s, 1H,
-OH), 11.74 (s, 1H, NH), 9.14 (s, 1H, -CH=N), 8.21-
7.22 (m, 6H, ArH), 2.02 (s, 3H,-CH3). UV/Vis (DMSO)
Amaxs DM (&, L mol~! cm™1): 315 (12022), 323 (14454),
360 (12882), 371 (12303), 417 (1513).
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2.3 Preparation of (1,10-phenanthroline)(E)-1-((2-
acetylhydrazono)methyl)naphthalen-2-olate copper(1l)
[Cu(L)(Phen)]

Cu(NO3),;-2H,0 (0.1 mmol, 0.0223 g) was added to a
solution of HL (0.1 mmol, 0.0228 g) in 5 mL of boiling
ethanol and the mixture was refluxed in a water bath
for 10 min. 1,10-Phenanthroline (0.1 mmol, 0.0180 g)
was added to the resulting dark-green colored solution
which was further refluxed for ca. 1h. After cooling,
the precipitate was separated and then recrystallized
from methanol to give green single crystal and were
dried in a vacuum desiccator over CaCl,. Yield: 0.030g,
64%. M.p.:260°C. Anal. Calc. (%) for C,sH;3CuN,O,
(469.98 gmol~!): C, 63.89; H, 3.86; N, 11.92. Found
(%): C, 63.82; H, 3.79; N, 11.94%. Molar conduc-
tance (1073 M, DMSO) 7.1 ohm~!cm? mol~!'. FT-IR
(KBr), em™': v(C=N) 1621, v(C=Cp,,) 1465, v(C-
0) 1241, v(N-N) 1141. UV/Vis (DMSO, A, nm (&,
L mol™' cm™!): 265(43651), 335(9332), 395(14125),
415(17782), 435(13490), 648(158).

2.4  Crystal structure determination

X-ray data for [Cu(L)(Phen)] was collected at room
temperature with a Bruker APEX II CCD area-detector
diffractometer using Mo Ko radiation (A = 0.71073 A).
Data collection, cell refinement, data reduction and
absorption correction were performed using multiscan
methods with Bruker software.'® The structures were
solved by direct methods using SIR2004.2° The non-
hydrogen atoms were refined anisotropically by the full
matrix least squares method on F? using SHELXL.*!
All the hydrogen (H) atoms were placed at calculated
positions and constrained to ride on their parent atoms.
Details concerning collection and analysis are reported
in table 1.

2.5 Cell culture

MCF-7 (breast cancer) cells were obtained from
National Cell Bank of Iran (NCBI)-Pasteur Institute of
Iran (Tehran, Iran). Cells were grown with Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal
bovine serum, penicillin (100 U/mL) and streptomycin
(100 g/mL). They were maintained at 37°C in a 5%
CO, atmosphere. Growth medium was changed three
times a week. Cells were plated at the density of
5000 per well in a 96 micro plate well for the MTT
assay. The cells were incubated with different doses of
compounds. MCF-7 cells are useful for in vitro breast
cancer studies because they have retained several
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Table 1.
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Crystal data and structure refinement for [Cu(L)(phen)].

Empirical formula

Formula weight
Temperature

Wavelength

Crystal system, space group
Unit cell dimensions

Volume

Z, Calculated density
Absorption coefficient

F(000)

Theta range for data collection
Limiting indices

Reflections collected / unique
Completeness to theta
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [I > 20 (I)]
R indices (all data)

Largest diff. peak and hole

Cas Hig CuNy O

469.97
296(2) K
0.71073 A

Monoclinic, C2/c
a=25.1157(11) A
b=11.2432(4) A
c=15.2228(5)A

o =90°
B =94.727(3)
y =90°
4284.0(3) A3
8, 1.457 Mg/m?
1.050 mm™!
1928
3.2 t0 27.00°.

—32 <=h<=32, —14 <=k<=14,

—19 <=1<=19

39718 / 4620 [R(int) = 0.0294]

27.00 (98.6 %)

Full-matrix least-squares on F2

4620/07/290
0.927

R; =0.0292, wR, = 0.0782
R; = 0.0402, wR, = 0.0882
0.299 and —0.220e.A3

characteristics of mammary epithelium. MCF-7 cell
line is an estrogen receptor (ER) positive cell line.?

2.6 MTT assay

Cellular viability was assessed by the reduction of 2-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) to Formazan. The reduction of tetrazolium salts
is now widely accepted as a reliable way to examine
cell proliferation. The yellow tetrazolium MTT (3-(4, 5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide)
is reduced by metabolically active cells, in part by the
action of dehydrogenase enzymes, to generate reducing
equivalents such as NADH and NADPH. The result-
ing intracellular purple Formazan can be solubilized
and quantified by spectrophotometric means.?> MTT
was dissolved in PBS, and added to the culture at
final concentration of 0.5 mg/ml. After additional 2h
incubation at 37°C, the media were carefully removed
and 100 uL. DMSO was added to each well, and the
absorbance (OD) values were determined at 490 nm
with microplate reader (BioTek ELX808). Results were
expressed as percentages of control.’

2.7 Statistical analysis

The results are expressed as mean =SEM. The dif-
ferences in cell viability (mean MTT assay) between
groups were determined by one-way ANOVA, followed
by the Tukey test. P < 0.05 was considered significant.

3. Result and Discussion

A ternary Cu(Il) complex containing ONO hydrazine
ligand (HL), Cu(NO;),.2H,0 and 1,10-Phenanthroline
in molar ratio 1:1:1 has been prepared. The complex is
stable in air and soluble in most organic solvent except
n-hexane and diethyl ether.

3.1 FT-IR study

In the FT-IR spectrum of HL, the bands observed
at 3012 and 720cm™! are respectively associated to
stretching and out of plane bending vibrations of
OH® and NH stretching vibration in HL is located at
3012 cm~!.** Disappearance of these bands in the spec-
trum of the complex is strong evidence for complexa-
tion. Coordination of nitrogen of the azomethine group
results in a red shift of CN vibration from 1642 cm™!
to 1621 cm™"'.> A 45cm™! red shift is observed in the
stretching vibration of CO of the complex relative to
that of the free ligand, consistent with the coordina-
tion of the Schiff base ligand with the Cu(Il) central
ion through the phenolic oxygen.?® The IR spectrum of
the complex reveals stretching vibrations of Cu-O and
Cu-N at 650 and 525 cm™', respectively.’

3.2 Electronic spectra

Electronic spectra of compounds were recorded in
DMSO. In the UV-Vis spectrum of the Schiff base
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Figure 1. Electronic spectra of HL (3 x 107> M) and its
Cu(II) complex (3 x 10~ M) in DMSO. The d — d transition
(1073 M) is shown in inset for the complex.

ligand [HL], m—m* transitions of the aromatic rings
and m—m* and n—m* transitions of the carbonyl
moiety and imine bonds were appeared as five absor-
ption bands in the range of 315-417nm (figure 1).
Similar features were observed in the spectrum of
[Cu(L)(Phen)]. Appearance of two peaks at 415 and
435 nm with epsilon values of log ¢ (M~'cm™") = 4.25
and 4.16, respectively, confirmed coordination of the
ligand to the metal center. These high epsilon values
indicate that the corresponding peaks were originated
from MLCT (metal to ligand) and LMCT (ligand to
metal) charge transfer transitions. In five-coordinated
Cu(Il) complexes, the electronic spectrum in visible
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region can be used for predicting the preferred geome-
try (SP or TBP). It has been demonstrated that presence
of a peak in 550-660 nm range which is related to d,,,
dy,—d— shows SP or distorted SP geometries.”’**
For example, Cu(TMCPMP-TS)(Phen)] complex syn-
thesized by Vyas and coworkers showed a peak in the
670-690 nm range resulted in SP geometry which was
confirmed by other characterization techniques includ-
ing X-ray crystal structure.” On the other hand, TBP
structures exhibit a characteristic peak around >800 nm
that is assigned to d,,, d’ —y2 —d,2* In the visible
spectrum of [Cu(L)(Phen)], a band was observed at
648 nm (figure 1). Accordingly, the geometry of the
Cu(II) complex synthesized here is closer to SP.?

3.3 X-ray Crystal Structure

The title complex, [Cu(L)(Phen)] consists of a Cu(Il)
ion coordinated by an deprotonated dianionic triden-
tate ONO schiff base ligand (E)-1-((2-acetylhydrazono)
methyl)naphthalen-2-olate (L?~) and one bidentate
1,10 phenanthroline ligand. An ORTEP view of the
asymmetric unit of [Cu(L)(Phen)] is shown in figure 2.
Selected bond lengths and angles for the Cu(Il) com-
plex are set out in table 2.

The Cu(Il) ion is situated in a distorted square pyra-
midal environment (N3O, chromophore) with trigonal-
ity index T = 0.21 (t = (8 — «)/60 where 8 and «
are the two largest bond angles around the metal center
in five coordinated environment. for ideal square pyra-
mid, t is 0 but this value for ideal trigonal-bipyramidal

Figure 2. ORTEP view of [Cu(L)(Phen)]. Non-H atoms, represented as dis-
placement ellipsoids, are plotted at the 50% probability level, while H atoms
are shown as small spheres of arbitrary radius.
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Table 2. Bond lengths [A] and angles [°] for [Cu(L)(phen)].

0(2)-Cu(1) 1.9466(14)
Cu(1)-N(3) 1.9095(15)
Cu(1)-0(1) 1.9161(13)
Cu(1)-N(2) 2.0280(16)
Cu(1)-N(1) 2.2366(17)
N(4)-N(3) 1.403(2)
N(3)-Cu(1)-0(1) 92.30(6)
N(3)-Cu(1)-0(2) 81.45(6)
O(1)-Cu(1)-0(2) 161.08(6)
N(3)-Cu(1)-N(2) 173.78(6)
O(1)-Cu(1)-N(2) 93.92(6)
0(2)-Cu(1)-N(2) 92.55(6)
N(3)-Cu(1)-N(1) 100.71(7)
O(1)-Cu(1)-N(1) 99.95(6)
0(2)-Cu(1)-N(1) 98.75(7)
N(2)-Cu(1)-N(1) 78.45(7)

structure is equal to 1).*! The square plane is made up of
enolate oxygen atom (02), the phenolate oxygen atom
(O1), and the imine nitrogen atom (N3) of dianionic tri-
dentate ligand. The fourth site is occupied by nitrogen
atom of the hetrocyclic ligand (N2). The other nitro-
gen atom of 1,10 phenantroline (N1) occupies the axial
position.

The Cu-O1, Cu-O2, Cu-N2 and Cu-N3 bond dis-
tances are 1.9161(13), 1.9466(14), 1.9095(15) and
2.0280(16) A, respectively which are similar to those
values in similar reported structures. The unit cell and
Crystal packing representation for title complex are
shown in figure 3. As shown in this figure, the short con-
tact (van der Walls interactions) stabilizes the crystal
structure of this compound.

3.4 Electrochemical studies

The electrochemical behavior of the ligand and its
Cu(II) complex (107> M) were evaluated using cyclic
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voltammetry in DMSO containing 0.1 M TBAB as sup-
porting electrolyte. Cyclic voltammograms of the lig-
and and its Cu(Il) complex are depicted in figure 4.
The free ligand exhibits a quasi-reversible electrochem-
ical behavior (oxidation wave at ~0.58 V and reduc-
tion wave at ~0.33 V). With increasing the potential
scan rate, the oxidation peak shifted slightly towards
more positive potentials while the reduction one shifted
towards more negative potentials, as expected for a
quasi-reversible electron transfer process.

In the voltammogram of the complex, a redox cou-
ple at 0.10V and 0.065V with the peak currents of
1.56 and 2.58 uA, respectively were observed which
can be assigned to Cu'.323 Once again, increasing
the potential scan rate shifted the first peak (oxidation)
towards more positive potentials and shifted the second
one (reduction) towards more negative potentials.

3.5 Anticancer activity

Breast cancer cells (MCF-7 cell line) were selected to
investigate the anticancer activity of the synthesized
compounds. The cancer cells were treated with different
concentrations of Cu(NOs),.3H,0, [HL], 1,10-phenan-
throline and [Cu(L)(Phen)] (0, 1, 5, 10 and 20 uM) for
24 h. The obtained results are depicted in figure 5. As
expected, the cell viability decreases with increasing the
concentration of each compound in a dose-dependent
manner.

Generally, cytotoxic effect of the complex is more
than those of the other tested compounds. It has been
reported that 1,10-phenanthroline derivatives has potent
cytotoxicity against various cancer cell lines and can
induce apoptosis.** In addition, hydrazone derivatives
elicit potent toxic effect on cancer cells.® It is clear that
the anticancer activity of the synthesized Cu(Il) com-
plex here has been significantly improved compared

Figure 3. Unit cell of the complex [Cu(L)(Phen)] (left) and illustration of p-stacking
interaction in Cu(I) complex with hydrogen omitted for clarity (right).
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Figure 4. A comparison between cyclic voltammograms of the ligand and
the Cu(Il) complex at a scan rate of 200 mV/s. (Ag/AgCl (saturated KC1)/3 M
KCl was used as reference electrode). Cyclic voltammograms of the [HL] (inset
a) and its Cu(II) complex (inset b) at scan rates of 100, 200 and 300 mV/s.

with the parent Schiff base ligand [HL] and the hetroc-  grooves. This interaction enables redox reactions of the
yclic ligand 1,10-phenanthroline and also the metal salt. ~ Cu(Il) core with DNA and even RNA *%-37

It has been documented that copper complexes of Metal complexes have been proposed to trigger apop-
1,10-phenanthroline can intercalate into the DNA minor  tosis pathway leading to cytochrome c release and
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Figure 5. Effects of different doses of Cu(NOs),.3H,0, [HL], 1,10-
Phenanthroline and [Cu(L)(Phen)] on MCF-7 cancer cells viability determined
by MTT assay. The components have dose dependent toxic effect on can-
cer cells. Data are expressed as mean = SEM; n=6 well for each group;
*p < 0.05,%*P < 0.01 and ***p < 0.001 versus control (non-treated) cells; +p
< 0.05, +4P < 0.01 and + + +p < 0.001 versus Cu(NO3),.3H,0 -treated
cells; #P < 0.05; ###P < 0.001 versus 1,10-Phenanthroline-treated cells and
===P < 0.001 versus [HL]-treated cells in same doses.
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caspase-3 activation.”®® Apoptosis is a multi-step and
multi-pathway programmed cell death that is inher-
ent in all cells. Cancer treatment by chemotherapy and
irradiation primarily kills target cells through apoptosis.
ICs, value for the complex against MCF-7 cell line
was calculated to be 2.4 uM which was significantly
smaller than that reported for the well-known anticancer
drug, cis-platin.**** ICs, value for HL was found to be
17.4 uM. So, the [Cu(L)(Phen)] synthesized here can
be proposed as an efficient anti-cancer agent alternative
for cis-platin. However, further studies are needed to
investigate all aspects of treatment by this drug.

4. Conclusions

A new ternary mixed-ligand copper(Il) complex, [Cu
(L)(Phen)] was synthesized and structurally characteri-
zed. Single crystal X-ray diffraction analysis revealed
that this complex has square pyramidal geometry around
Cu(Il) center and positions around it are occupied with
the oxygen and nitrogen atoms of [HL] and nitrogen
atoms of 1,10-Phenanthroline. Anti-cancer activities of
[HL], Cu(NOs),.3H,0, 1,10-phenanthroline and [Cu(L)
(Phen)] against human breast cancer cells (MCF-7) we-
re investigated and compared with each other. It was
found that [Cu(L)(Phen)] complex showed higher anti-
cancer activity than the others.

Supplementary Information

FT-IR spectra of [HL] and [Cu(L)(Phen)], '"H NMR
spectrum of ligand, atomic coordinates and equivalent
isotropic displacement parameters, bond lengths and
angles, and anisotropic displacement parameters for
[Cu(L)(Phen)] are available at www.ias.ac.in/chemsci.
CCDC 1043607 contains the supplementary crystallo-
graphic data for [Cu(L)(phen)]. A copy of this informa-
tion may be obtained free of charge from The Director,
CCDC, 12 Union Road, Cambridge, Cb2 1EZ, UK (fax:
+44 1223 336 033); web page: http://www.ccdc.cam.
ac.uk/cgibin/catreq.cgi
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