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Abstract: This article focuses on the synthesis of three Schiff base ligands derived from
2-hydroxybenzaldehyde (B: BBr, BOCH;, BNO,) and three azo dye ligands derived from
naphthol (A: ABr, AOCH;, ANO,), followed by the preparation of copper(Il) complexes
with these six ligands in a 1:2 (metal:ligand) ratio. The ligands and complexes were
characterized by using 'H-NMR, " C-NMR, FTIR, UV-vis, and ESI-MS.
Thermogravimetric and differential thermal analyses of the copper complexes indicated
the absence of water molecules in the crystalline coordination, demonstrating high
thermal stability. The findings confirmed the formation of square-planar copper
complexes. The biological activity of the complexes was evaluated on breast cancer and
healthy cells using the MTT assay at different concentrations. The ICso analysis showed
that CuABr, CuBBr, and CuAOCH; had a significantly more substantial cytotoxic effect
on cancer cells than on healthy cells. CuBOCH; and CuBNO; also exhibited notable
selectivity toward cancer cells, whereas CUANO, was more toxic to normal cells. These
findings highlight the potential of CuABr, CuBBr, and CuAOCH; as promising
candidates for further development in targeted breast cancer therapy.
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m INTRODUCTION

Research into metal-based anticancer agents,

trigger cell death pathways, making copper-based
compounds promising for chemotherapy. Importantly,

particularly copper. compounds, has gained traction
following the discovery of cisplatin's effectiveness against
tumors [1].Copper compounds are appealing due to their
potential as anticancer drugs with potentially fewer side
effects than platinum compounds like cisplatin [2-3].
Copper ions, especially copper(I) and copper(II), possess
unique redox properties that make them intriguing for
cancer therapy. They can participate in redox reactions
within cells, generating reactive oxygen species and
inducing oxidative stress, ultimately damaging cellular
components such as DNA [4]. This oxidative stress can

copper's essential role in physiological processes offers
the advantage of targeting cancer cells while potentially
sparing healthy cells from toxicity [5]. Nonetheless,
further research is necessary to understand their
mechanisms, optimize efficacy, and minimize side
effects before clinical use becomes widespread.

The chemistry of Schiff base complexes,
particularly those formed from aldehydes and amines, is
rapidly advancing due to the diverse array of ligand
structures they can form [6-7]. Schiff bases are
significant due to their numerous applications in
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organic synthesis and biological activity [8]. They play key
roles in enzyme-catalyzed reactions like transamination,
racemization, and decarboxylation. Metal complexes of
Schiff bases are crucial in enzyme actions, metabolism,
and transport processes [9-10]. Shi et al. [11] prepared five
transition metal complexes (Cu, Ni, Co, Mn, and Fe) with
Schiff base ligands derived from naphthaldehyde. They
tested their anticancer activities on seven human cancer
cell lines using the MTT assay. The results revealed that
the copper complex exhibited the highest activity against
cancer cells compared to the other prepared complexes
and even surpassed cisplatin.

Azo derivatives have drawn considerable attention
due to their biological activity and extensive use in
medicinal chemistry. Azo dyes with a donor group
positioned ortho to the azo group typically function as
chelating agents. The presence of intramolecular hydrogen
bonding in ortho-hydroxy naphthol azo compounds
enhances their potential as chelating agents [12]. The B-
naphthol azo complexes find various applicationsin
biology, clinical practice, and analytical chemistry [13-14].
This research focuses on the synthesis ‘of copper
complexes with a square planar structure, utilizing ligands
based on Schiff bases and azo dyes. It explores the spectral
characteristics of both the ligands and their complexes
and further examines their anticancer potential against
breast cancer cell lines.

m EXPERIMENTALSSECTION
Materials

Aniline derivatives, copper nitrate trihydrate, and
toluene were purchased from Merck. The 2-naphthol and
2-hydroxy-1-naphthaldehyde  were
Alpha and EX-IR, respectively. Acetic acid and
hydrochloric acid from BAKER. Absolute ethanol, n-
hexane, and acetone from VWR. Human cancer cell lines
were obtained from ATCC: MCF7 (HTB-22), MDA-MB-
231 (HTB-26).

purchased from

Instrumentation

FTIR spectra were measured using the FTIR
spectrophotometer model FTIR Shimadzu, as KBr disks
at room temperature and a range of 4000-400 cm™. The

'"H-NMR spectra of the studied compounds were
scanned on a Bruker Vance 500 MHz spectrometer,
whereas the "“C-NMR spectra were scanned on
125 MHz. Dimethyl sulfoxide (DMSO-ds) was used as a
solvent. TGA studies were conducted using Mettler
Toledo with a 10 °C/min heat rate and a range of 50-
1000 °C. The electron spray ionization mass spectra
(ESI-MS) of the compounds were measured by
Shimadzu LC-MS 2010 A.

Procedure

Synthesis of azo dyes ligand

Azo dyes.are synthesized through a diazotization-
coupling reaction, which is a well-established method
for forming stable azo bonds between aromatic systems.
The choice of aniline derivatives in this study is based on
their electronic effects, which influence the reactivity
and color properties of the final azo dye. Electron-
donating or withdrawing groups on the aniline ring can
alter the stability of the diazonium salt, affecting yield
and selectivity [15]. In a 250 mL round-bottom flask,
2 mmol of 4-bromoaniline (0.344 g), 4-methoxyaniline
(0.246 g), 4-nitroaniline (0.276 g), respectively, were
dissolved in 5mL of cold water (ice bath), 2 mL of
0.03 M hydrochloric acid, and diazotized by slowly
adding 0.14 g (0.2 mmol) of aqueous sodium nitrite
under continuous stirring. The solution containing the
diazonium salt was added dropwise to a cold solution of
0.28 g (2mmol) of 2-naphthol in aqueous sodium
hydroxide (10% w/v). The reaction mixture was stirred
in an ice bath for 2-3 h, followed by TLC, separated by
filtration, and washed with hot distilled water. The
precipitate was recrystallized by ethanol or acetone
[12,16].

Synthesis of Schiff base ligand

Schiff base ligands play a crucial role in
coordination chemistry due to their ability to form stable
metal complexes. The choice of 2-hydroxy-1-
naphthaldehyde as a precursor is based on its ability to
act as both an electron donor and a chelating agent,
forming strong imine (C=N) bonds with aniline
derivatives [17]. The reaction was acid-catalyzed to

promote imine formation and eliminate water as a by-
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product. As much as 0.344 g (1 mmol) of 2-hydroxy-1-
naphthaldehyde was placed into a three-neck round flask
equipped with a thermometer and condenser, stirred, and
refluxed in 20 mL of absolute ethanol. Several drops of
glacial acetic acid are added to the solution. After 30 min,
1 mmol of 4-bromoaniline (0.172 g), 4-methoxyaniline
(0.123 g), 4-nitroaniline (0.138 g), respectively, were
dissolved in 10 mL of ethanol by adding dropwise. The
reaction is monitored by TLC for 2-3 h. Once completed,
the resulting solution is cooled and filtered. Finally, the
product is crystallized using ethanol or a mixture of
acetone and water in a ratio of 9:1 [18].

Synthesis of copper(ll) complex

First, 1 mmol of the ligand is placed in a three-neck
round-bottom flask equipped with a thermometer,
condenser, and stirrer. Depending on the ligand used, the
mixture refluxed in 20 mL of absolute ethanol or acetone.
During this, 10% w/v sodium hydroxide drops are added
to aid the process. In the next step, 1 mmol (0.241 g) of
the metal salt, dissolved in 10 mL of ethanol, is slowly
added to the flask dropwise. The solution undergoes
reflux for 5-6 h with TLC monitoring. Once done, the
solution is cooled, and the complex is filtered, washed
multiple times with ethanol or acetone, and then dried at
130 °C in an oven [19].

Cell viability assay

The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl
tetrazolium bromide (MTT) cell viability ‘assay was
employed to assess cell growth and viability. Briefly, cells
were cultured in monolayers, harvested with trypsin, and
adjusted to a density of 1.4 x 10* cells per well in a 96-well
plate with 200 pL of fresh medium per well. After 24 h of
incubation at 37 °C with 5% CO,, the cells were treated

with varying concentrations (600-7.4 pg/mL) of the
compounds for 24 h. After treatment, 200 uL of MTT
solution (0.5 mg/mL in PBS or phosphate-buffered
saline) was added, and the plate was incubated for 4 h at
37 °C. The supernatant was discarded, and 100 pL of
DMSO was added to dissolve the formazan crystals. The
plate was shaken and incubated at'37 °C until complete
dissolution occurred. Cell viability was quantified by
measuring the absorbance at 570 nm using a Bio Tek
ELISA reader. The concentration of compounds causing
50% cell death (ICss) was determined from the dose-
response curves.

m RESULTS AND DISCUSSION
Synthesis of Ligand

According to the methods used in previous studies,
Schiff bases BBr, BOCHj3, and BNO,, derived from 2-
hydroxy-1-naphthaldehyde and substituted aniline
derivatives in a 1:1 molar ratio, were synthesized in
ethanol with catalytic amounts of acetic acid, as shown
in Scheme 1, its physical properties are listed in Table 1.
Three ligands, ABr, AOCH3, and ANO,, derived from
naphthol with substituted aniline derivatives, were

s e
NH, OH
C

H
Ethanol, AcOH \N

reflux

X
Scheme 1. Synthesis of Schiff base ligand, where X = Br,

OCH3, and NOz

Table 1. Physical properties for the Schiff base ligand

Molecul M.wt .p.
Compounds Name of compound f(())rrer::jl:r Color (g/m“(l)l) ?olg) Yield% R¢
BBr (E)-1-(((4-bromophenyl)imino)methyl)naphthalene-2-  C;;H;;BrNO Yellow 326.19 170 84  0.750
ol
BOCH; (E)-1-(((4-methoxyphenyl)imino)methyl)naphthalene- C;sH;sNO, Deep 277.32 130 92  0.600
2-0l yellow
BNO, (E)-1-(((4-nitrophenyl)imino)methyl)naphthalene-2-ol  C;;H;;N,O; Orange 292.29 236 86 0.512
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prepared to achieve excellent yields at temperatures
between 0-5°C. The reaction involves two steps, as
shown in Scheme 2. The first step involved the
diazotization of aniline to form a reactive intermediate,
benzene diazonium chloride while the second step
involved the formation of carbanion of 2-naphthol by a
nucleophilic attack initiated by the chloride ion. The
nucleophilic of 2-naphthol generated then attacks the
diazonium nitrogen to form the naphthol azo dye. The
physical properties are listed in Table 2.

Synthesis of Copper Complexes

In this study, copper(II) complexes were prepared
by reacting copper(II) nitrate hydrates with Schiff base
ligands or azo dyes, synthesized in a 1:2 molar ratio (M:L)
in ethanol in the presence of a basic medium of sodium
hydroxide, as shown in Scheme 3. The results are
summarized in Table 3.

Cl=

NaNO,* HCl

XXXX, XX (X), XX - XX

FTIR Spectra of the Ligand and Complex

FTIR data for Schift bases and azo dyes are presented
in Table 4, while the corresponding FTIR spectra are
provided in Fig. S1 and S2. The key feature of the Schiff
base ligands BBr, BOCH3;, and BNO,; is the appearance
of a strong band corresponding to the azomethine group
(C=N) in the following ranges: 1613, 1618, and 1620 em ',
respectively [20]. Meanwhile, the azo dye ligands ABr,
AOCH;, and ANO; exhibit absorption bands for the azo
group (N=N) at 1485,1451, and 1501 cm™", respectively
[21]. The IR spectra of both Schiff bases and azo dyes
reveal the disappearance of the phenolic hydroxyl band,
which is attributed to the formation of an internal
hydrogenbond between the phenolic hydrogen and the
nitrogen atom of the azomethine group in Schiff bases,
and the nitrogen atom of the azo group in azo dyes [22].
The aromatic (C=C) band appears in the Schiff base

—

~-N

d

N

o
(Diazotization)
X

X . .
benzenediazonium

(Diazo Coupling)

-

OH

Scheme 2. Synthesis of naphthoic azo dye ligand, where X = Br, OCHj3, and NO,

Table 2. Physical properties of the azo ligand

Molecular M.wt

Compounds Name of compound formula Color (g/mol) ?:C% Yield% R¢
ABr (E)-1-((4-bromophenyl)diazinyl)naphthalene-2-ol =~ C;cH;;BrN,O Red 327.16 166 96 0.675
AOCH; (E)-1-((4-methoxyphenyl)diazinyl)naphthalene-2-ol C,;H142N,O, Darkred 27831 130 86 0.567
ANO; (E)-1=((4-nitrophenyl)diazinyl)naphthalene-2-ol CisHiiN;O;  Red 293.28 250 90 0.433
R
R
AL
NaOH, ethanol PARRREE Cu/ LH
N + Cu(NOy),3H,0 > HC N
CH 5 h reflux
(0]
508 (L
R

Scheme 3. Synthesis of copper complexes from Schiff base ligand
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Table 3. Physical properties for the Cu-complexes

Formula weight, m.p. _.
Compounds Molecular formula  Color m/z (found) C) Yield%
CuBBr [Cu(Cy7H;(BrNO),] Bronze 728.95 (728.16) 320 78
CuBOCH; [Cu(Ci;sH13NO,),] Brown 631.21(631.21) 340 82
CuBNO, [Cu(CiyH10N203);]  Light green 661.15 (662.85) 280 56
CuABr [Cu(CisHoBrN,0),] Reddish-brown 730.93 (731.02) 350 76
CuAOCH; [Cu(CyH12N205),]  Reddish-brown  633.19 (633.69) 290 85
CuANO, [Cu(Ci6HoN;03),] Brown 663.13 (663.00) 360 60
Table 4. FTIR data for ligands
Compounds C=N N=N C=C C-H Others

BBr 1613 - 1555 3028 600 (C-Br)

BOCH; 1618 - 1572 3057 2968 (asym)-2835 (sym) of C-H in CH;

BNO, 1620 - 1576 3067 1502 (asym)-1332 (sym).in NO3

ABr - 1485 1621 3098 540 (C-Br)

AOCH; - 1501 1599 3071 2960 (asym)-2835 (sym) of C-H in CH;

ANO, - 1451 1593 3067 1500.67 (asym)-1330.93 (sym) in NO,

ligands of BBr, BOCH3;, and BNO; in the following ranges:
1555, 1572, and 1576 cm™', respectively. For the azo dye
ligands ABr, AOCH;, and ANO,, the C=C aromatic band
appears in the ranges of 1620 and 1599 cm™, respectively
[16,23-24]. The IR spectra of the ligands BOCH; and
AOCH; show symmetric and asymmetric C—H aliphatic
bands due to the presence of a methoxy substituent in
both ligands. Additionally, in the ligands ANO, and
BNO,, the spectra display bands corresponding to the NO,
substituent, as indicated in Table 4.

Table 5 illustrates the absorption bands for the
synthesized copper complexes, and the FTIR spectra are
presented in Fig.. S3 and S4. These spectra are
characterized by a shift .in the spectral range of 417-
499 cm™', which is attributed to the coordination of
copper with the nitrogen atom of the azomethine group
in Schiff baseligands and the nitrogen atom of the azo

group in azo dyes, forming a Cu—N coordination bond
[25-27]. The spectra also reveal the interaction of Cu-O,
where copper bonds with the oxygen atom of the
phenolic group in Schiff base ligands and azo dyes,
within the range of 499-586 cm™'.

'H- and "*C-NMR Spectrum of Ligands

3C-NMR spectrum of ligands

The prepared Schift base ligands and azo dyes were
BC-NMR
analysis results showed several carbon atoms matching

characterized using spectroscopy. The
the structure of the prepared ligands. The spectra of the
ligands displayed solvent for DMSO solvent exhibited a
Multiple signal in the range of 39.34-40.59 ppm. The
BC-NMR spectrum of the prepared Schiff bases showed
a signal in the 150.09-155.79 ppm range, corresponding
to the HC=N group. The spectra of the Schiff base ligands

Table 5. FTIR data for copper complexes
Compounds C=N N=N C=C C-H M-O M-N Other
CuBBr 1608 - 1535 3051 499 459 584 (C-Br)
CuBOCH3; 1608 - 1501 3017 557 417 2949 (asym)-2835 (sym) of C-H in CH;3
CuBNO, 1616 - 1533 3059 527 464 1418 (asym)-1383 (sym) in NO,
CuABr - 1497 1603 3051 499 453 571 (C-Br)
CuAOCH; - 1499 1601 3053 548 449 2928 (asym)-2835 (sym) of C-H in CH;3
CuANO, - 1510 1597 3065 586 455 1333 (asym)-1294 (sym) in NO,
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indicated that R substituent affects the chemical shift of
the R-CsHs—group, as shown in Table 6, and the
corresponding "C-NMR spectra are provided in Fig. S5.
In the "C-NMR spectrum of the BOCH; ligand, a signal
appeared at 55.65 ppm attributed to the carbon of the
OCH:; substituents. The remaining peaks in the spectrum
correspond to the carbon atoms of the prepared Schiff
bases.

The “C-NMR analysis results of the prepared azo
dyes showed that the number of carbon atoms in the
spectrum corresponds to the structure of the prepared
ligands. The spectra of the ligands indicated that the effect
of the R substituent on the chemical shift of the
R-CgsHy—group is evident, as shown in Table 7, and the
C-NMR spectra are provided in Fig. S6. In the "C-NMR
spectrum of the AOCH; ligand, signals appeared at
55 ppm, attributed to the carbon atoms of the OCH; and
CH; substituents.

"H-NMR spectrum of ligand
The proton NMR spectrum of the Schiff base ligands
showed a broad peak in the range of 16.01-15.24 ppm,

displayed a triplet at 3.87 ppm, corresponding to the
OCH; group, as shown in Table 9 and the "H-NMR data
of the azo dye ligands are presented in Fig. S8. The
results were consistent with those reported in previous
studies. The results of the FTIR, 'TH-NMR, and *C-NMR
spectra are in good agreement with theproposed formulas

Table 6. Chemical shift (ppm) of "C-NMR Schiff base

ligands

Catom BBr BOCHs; BNO Structure
Cl 10891 108.53 109.61 R
C2  168.66 169.16 172.75 L4
C3 | 111899 121.59. 121.24 1 "
C4 12952 133.09 133.55 3
Cll (15579 153.77 150:09
Cl2  133.01 136.83 156.82
CI3 12387 121.77..124.55
Cl4 13278 11560 125.70
Cl5 12146 15881 145.16
CR 55.65

Table 7. Chemical shift (ppm) of "C-NMR azo dye

] _ ligands
corresponding to the hydroxyl group, and a peak in the
range of 9.63-9.67 ppm attributed to HC=N group. The = act;)m IZA; L 1??; 8123 3224 Strucmr;
spectrum of the BOCH; ligand displayed a triplet at C2 169:79 157:90 179:76 14
3.79 ppm, corresponding to the OCHj; group, as shown in C3 12000 121.63 126.11 9 A
Table 8. The results were consistent with those reported C4  140.89 142.74 144.09
in previous studies [16,28-29]. The '"H-NMR spectra for Cl1 14481 136.00 148.44
the ligands are provided in Fig. S7. Cl2 12191 12326 117.70
The NMR spectrum of the azo ligands showed a broad C13 13310 11551 122.60
peak in the range of 15.69-15.05 ppm, corresponding to Cld 121.28 16146 14437
the hydroxyl group. The spectrum of the BOCHj ligand CR >6.14
Table 8. The '"H-NMR data of the Schiff base ligands
Compounds Chemical shift (ppm) Structure
BBr 15.55 (s, 1H) OH, 9.64 (s, 1H) (CH=N), 7.92 (d, J=9.3 Hz, 1H) 2,7.78 (d, ] = 8.1 Hz, R
1H) 3, 7.58 (dd, ] = 17.7, 9.6 Hz, 5H) 4-7-8-9-10, 7.34 (d, J = 7.4 Hz, 1H) 6,7.02 (d, ] = 6
9.0 Hz, 1H) 1. 1 ,
BOCH; 16.01 (d, J= 4.4 Hz, 1H) OH, 9.63 (d, ] = 4.2 Hz, 1H) (CH=N), 7.89 (d, ] = 9.2 Hz, 1H) 2,
7.78 (d, J= 7.9 Hz, 1H) 3, 7.61 (d, ] = 8.5 Hz, 2H) 7+10, 7.57-7.47 (m, 1H) 4, 7.33 (t, ] = N
7.4 Hz, 1H) 5,7.03 (dd, J = 9.0, 4.2 Hz, 3H) 1+8+9, 3.79 (s, 3H) CH,. HC
BNO, 15.24 (s, 1H) OH, 9.67 (s, 1H) (CH=N), 8.52 (d, J = 8.4 Hz, 1H), 8.32 (d, ] = 8.6 Hz, 2H), 8

7.97 (d, J= 9.3 Hz, 1H) 2+4, 7.83 (dd, J = 17.7, 8.3 Hz, 3H) 3+7+8, 7.57 (t, ] = 7.7 Hz,
1H) 5,7.38 (t, ] = 7.5 Hz, 1H) 6, 6.99 (d, ] = 9.2 Hz, 1H) 1.
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Table 9. The "H-NMR data of the azo dye ligands

Compounds Chemical shift (ppm) Structure
ABr 15.55 (s, 1H) OH, 8.53 (d, J = 8.2 Hz, 1H) 6, 7.98 (d, J = 9.4 Hz, 1H) 2, 7.88-7.81 (m, 2H) R
7-10,7.79 (dd, J = 7.9, 1.3 Hz, 1H), 7.76-7.68 (m, 2H) 8-9, 7.62 (ddd, ] = 8.3, 7.1, 1.4 Hz, 8
1H) 5,7.47 (ddd, J=8.1,7.1, 1.2 Hz, 1H) 3-4,6.92 (d, ] = 9.4 Hz, 1H) 1. ; 7
AOCH; 15.05 (s, IH) OH, 8.71 (d, J = 8.3 Hz, 1H) 6, 7.99 (d, ] = 9.0 Hz, 3H) 7-10-3,7.88 (d, ] =
8.1 Hz, 1H) 2, 7.67-7.60 (m, 1H) 5, 7.50-7.43 (m, 1H) 4, 7.14 (dd, ] = 9.1, 2.3 Hz, 3H) 1, )
3.87 (s, 2H) CH;. N
ANO, 15.69 (s, 1H) OH, 8.43 (d, ] = 7.9 Hz, 1H) 2, 8.33 (d, J = 7.1 Hz, 1H) 6, 8.03-7.90 (m, 3H) 2

7-8-9-10,7.73 (dd, J=7.7,1.4 Hz, 1H) 3, 7.61 (td, = 7.7, 1.4 Hz, 1H) 5, 7.50 (td,J=7.4,

1.3 Hz,1H) 4,6.72 (d, J=9.8 Hz, 1H) 1.

of the prepared ligands (Schift bases and azo dyes) and are
consistent with those reported in previous studies.

ESI-MS Spectra

The results obtained from the ESI-MS spectra of the
prepared copper complexes, with molecular ion peaks for
CuBBr, CuBOCH;, CuBNO,, CuABr, CuAOCH;, and
CuNO,, are consistent with the proposed molecular
formulas of the complexes as shown in Table 3, and the
ESI-MS spectra of the complexes are provided.in Fig. S9
and S10. These results confirm that the geometric structure
of the synthesized copper complexes is square planar.

Thermal Analysis

Thermogravimetric analysis was conducted on
copper complexes prepared using TGA and DTG
techniques over a temperature range of 50 to 1000 °C,
with a heating rate of 10 °C/min under an.inert nitrogen

atmosphere at a flow rate‘of 50 mL/min. Through this
technique, thermal parameters such as decomposition
stages, the temperature at which decomposition occurs,
and the residue after decomposition were calculated.

Table 10 shows the thermal parameters derived
from the thermogravimetric curves of the prepared
copper complexes. The TGA dan DTG analysis of the
copper complexes are shown in Fig. S11 and S12. The
TGA and DTG curves for the CuBBr complex indicate
that the complex decomposes in two stages. The first
stage occurs in the temperature range of 60.34 to
509.95 °C, where a weight loss of 45.53% is observed,
resulting from the loss of three water molecules from the
crystal lattice and C;;His. The second stage occurs in the
temperature range of 509.95 to 814.32 °C, with a weight
loss of 24.83% due to the loss of nitrogen and bromine
gases, and the remaining residue is 28.96%.

Table 10. Thermogravimetric analysis of the copper complexes
Mass loss (%)

Decom. Temp. °C
P Char. contact

Compounds Assignment

T Tinax T; theoretical
CuBBr 260.34 312.95 509.95 28.96 46.53 3H,0 + C,His
509.95 610.88 814.32 24.83 Br, + N,
CuBOCH; 23442 337.92 572.57 15.33 80.90 Residue CuCO;
CuBNO, 211.03 28591 572.83 21.69 75.39 Residue CuCO;
CuABr 156.09 303.75 416.61 30.52 39.41 CyHis
419.16 67093 789.69 28.74 NO,
CuAOCH; 63.88 107.68 21241 48.52 2.13 H,O
226.06 291.87 476.45 41.46 CisHa
47594 671.99 768.44 7.83 NO,
CuANO, 250.92 357.18 384.57 5.57 45.32 CxpHis+ N,
385.60 777.00 997.33 43.89 NO; + Nz + C;iHsO
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The TGA and DTG thermogravimetric curves of the
CuBOCH; complex show that it decomposes in a single
stage in the temperature range of 234.42 to 572.57 °C,
with a weight loss of 80.90%, and the remaining residue is
15.33%, which is CuO. The TGA and DTG curves of the
CuBNO, complex indicate that it undergoes a single
decomposition stage in the temperature range of 211.03
to 572.83 °C, with a weight loss of 75.39%, resulting from
the decomposition of the complex, and the remaining
residue is 21.69% CuCOs.

The TGA and DTG curves for the CuABr complex
indicate two stages of decomposition. The first stage
156.09 and 416.61°C, with a
decomposition percentage of 39.41%, caused by the loss

occurs between
of C,His. The second stage takes place from 419.16 to
789.69 °C, with a 28.74% weight loss due to the release of
NO; and Br,. The remaining residue is 30.52%.

In contrast, the TGA curve for the CuAOCH;
complex shows three decomposition stages. The first
stage, from 63.86 to 212.41 °C, involves a 2.13% weight
loss due to the evaporation of a water molecule from the
crystal lattice. The second stage occurs between 226.06
and 467.45 °C, with a 41.46% weight loss from the loss of
CisH220,. The third stage, from 475.94 to 768.44 °C,
shows a 7.83% weight loss due to the release of NO,. The
remaining residue is 48.52%.

The TGA curve for the CuANO, complex reveals
two decomposition stages: The first stage occurs between
250.92 and 384.57 °C,with a 45.32% weight loss due to the
loss of C,H;s and the release of N> gas. The second stage,
from 385.60 to 997.33 °C, shows a 43.89% weight loss due
totheloss of C,0HsO and the release 0f NO,. The remaining
residue is 5.57%. The thermogravimetric analysis of the
synthesized copper complexes suggests that the complexes
do not contain water molecules within the coordination
sphere. These findings support the proposed square
planar geometry for the copper complexes.

UV-vis Spectra

In the electronic spectra of Schiff base ligands BBr,
BOCH;, BNO; and Azo dyes ligand ABr, AOCH;, and
ANO:; recorded for their solutions (10~ M) in ethanol or
acetone, the absorption bands observed at Ama., 223-

335 nm were assigned to the m>m* transitions. The bands
observed in the range of Aax, 340-451 nm were attributed
to the n>7m* transitions related to . HC=N and N=N
groups for Schiff base [30] and azo dyes [16],
respectively. Moreover, the longer wavelength band at
A

intramolecular ligand-centered charge transfer (ILCT)

400-481 nm was due to .the characteristic

transitions. The electronic spectra of all complexes
CuBBr, CuBOCHj3;, CuBNO,, CuABr, CuAOCHs;, and
CuANO; showed intense high energy bands at around
Amao 289-340 nm and this was attributed to an intra-
ligand m=>m* transitions of the coordinated ligands. The
bands around A, 440-643 nm in CuBBr, CuBOCHs,
and CuANO; complexes due to charge transfer from the
ligand to the metal ion. In the visible domain of the
absorption spectra, a band.at rang Amax, 519-775 nm was
attributed to the d-d transitions for a Cu** complex, as it
undergoes characteristic square-planar coordination
[31-32]. The combined UV-vis spectra of both ligands
and their copper complexes are summarized in Table 11.
The UV-vis spectra of the ligands and their complexes
are provided in Fig. S13 and S14.

Molar Conductivity

Table 12 shows the molar conductivity values of
copper complexes, which were prepared and measured
ina 107 M toluene solution at 25 °C. The results indicate
that the copper complexes exhibit very low conductivity,
suggesting their non-electrolytic nature, meaning that
the coordination complex is non-ionic. These results
support that the copper complexes prepared have a
square planar geometry [32-33].

Anticancer Activity

Copper complexes have been chosen for studying
their effectiveness against cancer due to their high
biological activity and lower side effects compared to
other complexes [34-36]. The effect of copper complexes
of Schiff bases and azo compounds (CuBBr, CuBOCHj,
CuBNO,, CuABr, CuAOCH3;, CuANO,) was studied on
human breast cancer cells (MCF-7) and normal cells
(MCF10A) using the MTT assay as shown in Fig. 1 and
2.
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Table 11. UV-vis spectra of the ligands and their copper complexes

Compounds  Ams (nm) ligand ~ Transitions  Amex (nm) Cu complex  Transitions

CuBBr 384 n->m* 460 d-d
323 >t 440 L->Cu*? (CT)
369 n->m*
317 >t
CuBOCH; 392 n->m* 462 d-d
321 >t 444 L>Cu* (CT)
388 n->m*
340 >t
323 >t
CuBNO;, 400 IL (CT) 737 d-d
340 n->m* 371 n->m*
335 m>T* 321 >t
CuABr 477 n>m* 519 d-d
305 >t 313 >t
CuAOCH; 457 IL (CT) 464 d-d
415 n->m* 417 n->m*
289 T>T*
CuANO;, 481 IL (CT) 755 d-d
223 >t 643 L>Cu** (CT)
497 n->m*

Table 12. Molar conductivity of copper complexes at 10~ M concentration

Specific conductivity Molar conductivity

Complexes (10 0 em™) (O e mol ) Type of electrolyte
CuBBr 2.40 2.40 non electrolyte
CuBOCH;3 1.44 1.44 non electrolyte
CuBNO, 2.65 2.65 non electrolyte
CuABr 3.73 3.73 non electrolyte
CuAOCH; 1.86 1.86 non electrolyte
CuANO;, 3.50 3.50 non electrolyte

— ~—@— CUABr
T ® e CuAOCH:

CuANO;
~—&— CuBBr

Viability (%)

—&— CuBOCH:
~—o— CuBNO:

0 100 200 300 400 500 600
Concentration (pug/mL)

Fig 1. Effect of the concentration of copper complexes on MCF10A cell viability
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Viability (%)

—&— CuABr
~&— CuAOCH;
CuANO2
—&— CuBBr
~—e— CuBOCH:
~—&— CuBNO;

0 100 200 300

400 500 600

Concentration (pug/mL)

Fig 2. Effect of the concentration of copper complexes on MCE-7 cell viability

The effectiveness of copper complexes on cancerous and
normal cells was evaluated after 48 h of treatment with
five different concentrations (600, 200, 66.66, 22.22, and
7.4 pg/mL). Several parameters, such as viability (%), ICso
values, and R?, were calculated.

The ICs is a commonly used metric in
pharmaceuticals and drug development to assess the
effectiveness of a substance in inhibiting a biological or
biochemical process [37-38]. It refers to the lowest
concentration of a substance required to inhibit or kill
50% of the target cells. A lower ICs, value indicates a
stronger inhibitory effect, while a higher ICs value
suggests weaker effectiveness [39-40]. In this study, the
ICso values for the selected copper complexes were
calculated using GraphPad Prism software. The data
presented in (Table 13) highlight the inhibitory effects of
the copper complexes. on MCF-7 cancer cells and
MCF10A normal cells, along with the corresponding
correlation coefficient.

The results above show that the copper complexes
used clearly-affect cancer cells, with their ability to inhibit
cancer cell growth varying in effectiveness. Statistical
analysis of the ICs, results indicates that the copper
complexes CuABr, CuBBr, and CuAOCH; have a
significantly higher effect on cancer cells compared to
normal cells. On the other hand, the complexes
CuBOCH; and CuBNO; exhibited a greater effect on
cancer cells than on normal cells, with statistically
significant differences. However, the CuANO, complex

had a stronger effect on normal cells than on cancer cells.
As seen from the p-value in Table 13, there are
statistically significant and highly significant differences
between the effects of the complexes on cancer cells
versus normal cells, with very low error margins. The
results shown in Table 14 indicate that the R* regression
value demonstrates a strong relationship between the
effectiveness of the complexes in killing cancer cells and

Table 13. The calculated ICs, of copper complexes
against human breast cancer cells and normal cells

ICso (UM) Adjusted

Complexes

MDA-MB-231 MCFI10A  p-value
CuABr 196.80 57.99 0.0003
CuAOCH; 106.00 41.65 0.0015
CuANO; 29.89 76.74 0.0008
CuBBr 370.60 91.45 0.0017
CuBOCH; 27.60 17.40 0.0174
CuBNO; 17.76 1.81 0.0221

Table 14. R® of copper complexes against human breast
cancer cells and normal cells

Complexes R
MDA-MB-231 MCF10A

CuABr 0.9597 0.9742
CuAOCH; 0.9892 0.9393
CuANO, 0.9518 0.9748
CuBBr 0.9566 0.9487
CuBOCH; 0.977 0.6856
CuBNO, 0.9453 0.8041
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Table 15. Comparison of ICs, values for synthesized and

previously reported Cu(Il) complexes in various
cytotoxicity assays
Compounds Assay 1o (M) Ref
MCEF-7
[Cu(L),SO4] SRB 66.90 (41]
[Cu(L),CL] SRB 52.80
[Cu(L),] MTT  56.00 [42]
[Cu(L),] MTT  19.37 (36]
[Cu(L)]-3H,O XTT 62.20 [43]
[Cu(L)(NO;)(OHz).] DPPH 6.13+0.3 [44]
CuBBr MTT 370.60  This work
CuBOCH; MTT 27.60 This work
CuBNO; MTT 17.76 This work

their concentration. It is observed that the R-value close to
1 signifies a high correlation between the complex's
effectiveness and its concentration.

The cytotoxicity of the synthesized Cu(II)
complexes was evaluated and compared with previously
reported Cu(II) complexes presented in Table 15. The ICs,
values for CuBBr, CuBOCH3;, and CuBNO, were 370.60,
27.60, and 17.76 uM, respectively. Notably, CuBNO,
exhibited the highest cytotoxicity among the synthesized
complexes, showing a significantly Jower 1Csy than
CuBOCH; and CuBBr. When compared to previous
studies, certain Cu(II) complexes such as [Cu(L),] (ICso =
19.37 ug/mL) [3] and [Cu(L),Ch] (ICs = 52.8 uM)
cytotoxic effects.
differences in ICs, values may arise due to variations in

demonstrated strong However,
ligand structures, coordination environments, and assay
methods. The presence of electron-withdrawing (-NO,)
and electron-donating (-OCH;) groups in the ligands
influenced the cytotoxicity of the synthesized complexes,
with CuBNO, showing. the highest potency. Moreover,
the use of different assays, such as MTT, SRB, DPPH, and
XTT, introduces variability in ICsp measurements, as each
assay evaluates cytotoxicity through distinct cellular
These

modification plays a critical role in tuning the biological

mechanisms. findings suggest that ligand

activity of Cu(II) complexes, and further structural
optimizations may enhance their anticancer potential.

m CONCLUSION

This study synthesized three Schiff base ligands
derived from 2-hydroxynaphthaldehyde, and three azo
dye ligands derived from 2-naphthol using various
substituted aniline derivatives as coupling agents. The
prepared ligands were characterized using “C-NMR,
'"H-NMR, and FTIR techniques. These six ligands were
then used to prepare copper complexes in an ethanol
medium in a 1:2 (M:L) ratio. The characterization data
of the prepared complexes indicates that the geometric
shape of the prepared copper complexes is square
planar. The biological activity results showed that the
copper complexes significantly affect cancer cells, and
their ability to inhibit cancer cell growth occurs with
varying effectiveness. Statistical analysis of ICsy results
shows that copper complexes CuABr, CuBBr, and
CuAOCH:; have a higher effect on cancer cells compared
to healthy cells, with highly significant differences. In
comparison, complexes CuBOCH; and CuBNO; have a
higher impact on cancer cells than healthy cells with
substantial differences. However, the CuANO, complex
had a higher effect on normal cells than cancer cells.
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