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Abstract
In this work, a new Co(II) complex, abbreviated as [Co(L)(bipy)(H2O)2]n (1) was prepared using cobalt(II) acetate 
tetrahydrate, 2-((2’-carboxybenzyl)oxy)benzoic acid (H2L), and 2,2’-bipyridine (bipy) ligands in a mixture solution 
of ethanol and water (v: v = 3: 1). The structure of the complex (1) was analyzed by elemental analysis (EA), 
infrared (IR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, thermogravimetric analysis (TG), and single-
crystal X-ray diffraction techniques. The complex (1) crystallizes in the monoclinic space group C2/c, featuring a 
distorted octahedral [CoO₄N₂] coordination sphere, by two oxygen atoms from the carboxylate groups of two 
2-((2’-carboxybenzyl)oxy)benzoate (L) ligands, two oxygen atoms from coordinated water molecules, and two 
nitrogen atoms (N1 and N2) from a single 2,2’-bipyridine (bipy) ligand. Bridging carboxylate ligands (L) form a 1D 
chain, which extends into a 2D layer via π–π interactions of the 2,2’-bipyridine ligands (bipy). The DFT calculations 
of the complex (1) indicates that the HOMO is predominantly distributed on the oxygen and nitrogen atoms 
bonded to Co(II) ion, but the LUMO is mainly localized around distributed in the six-membered carbon ring 
adjacent to the Co(II) ion. Electrostatic potential calculation of the complex (1) shows that the regions with higher 
electrostatic potential are mainly located on the aromatic ring, whilst the lower electrostatic potential regions 
are primarily located near the oxygen and nitrogen atoms. The electrochemical behavior of the complex (1) was 
investigated in acetonitrile and 1 mol·L⁻¹ sulfuric acid. In ACN/TBATFB, the complex (1) exhibits a well-defined, 
predominantly reversible Co(III)/Co(II) redox couple, indicating good electrochemical stability, whereas in 1 mol·L⁻¹ 
H₂SO₄, a significantly different redox response with enhanced anodic currents and a prominent oxidation peak is 
observed, arising from the synergistic effect of ligand protonation–oxidation processes and the metal-centered 
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Introduction
Transition metal coordination compounds have long 
intrigued the scientific community due to their struc-
tural diversity and wide-ranging applications in catalysis, 
materials science, and biomedicine [1–3]. Among these, 
cobalt(II) complexes are particularly significant due to 
their variable coordination geometries, redox behavior, 
and magnetic properties [4], making them ideal candi-
dates for catalytic processes [5], molecular magnetism 
[6], photochemical systems [7], and biological applica-
tions [8, 9]. However, strategic selection of appropri-
ate ligands is essential for tailoring these properties, as 
they influence the electronic environment, stability, and 
function of the complexes. Carboxylic acids, acting as 
monodentate or bridging multidentate ligands, form 
robust coordination networks, enabling the develop-
ment of porous and stable materials for gas adsorption, 
separation, and various functional applications [10]. 
Carboxylates stabilize diverse coordination geometries 
and maintain metal-center electron density, thereby 
enabling the construction of MOFs [11], the develop-
ment of efficient heterogeneous catalysts [12, 13], and the 
enhancement of biological activities [8, 9]. The inherent 
Lewis acidity of Co(II), along with the biocompatibility 
and structural flexibility of carboxylate ligands, enables 
strong interactions with biomolecules such as proteins 
and demonstrates antimicrobial activity against drug-
resistant pathogens through ROS generation [14].

Over the years, cancer has remained a major global 
health challenge, with breast cancer being a leading cause 
of death among women, caused by the uncontrolled pro-
liferation of malignant cells, and the ACS documented 
nearly 20 million new cases in 2024 [15]. Although cis-
platin revolutionized chemotherapy [16], its severe toxic-
ity and resistance issues [17] have prompted the search 
for safer and more effective alternatives. In recent years, 
transition-metal complexes have emerged as promising 
candidates owing to their diverse coordination capabili-
ties, tunable redox and photochemical properties, and 
strong, selective interactions with biomolecular targets 
[18]. Notably, lighter metals such as Cu, Ni, Co, and Fe 
exhibit lower toxicity and better biocompatibility than 
platinum drugs [19], with essential metals such as copper 
and cobalt further enhancing therapeutic potential [20]. 
Among transition-metal complexes, cobalt complexes 

have gained prominence due to their structural versatil-
ity, accessible Co(II)/Co(III) redox chemistry, low toxic-
ity, and inherent biological relevance [21]. As an essential 
trace element, cobalt supports key metabolic processes, 
and its complexes exhibit antioxidant, antibacterial, anti-
fungal, and antiviral properties [22, 23]. Their growing 
anticancer potential stems from their redox-mediated 
generation of reactive oxygen species (ROS) and their 
ability to disrupt DNA, proteins, and cellular pathways, 
which are finely tuned by coordination geometry and 
ligand design [14].

Cobalt complexes with carboxylic acid ligands are 
promising anticancer candidates owing to their structural 
tunability, favorable redox chemistry, and biocompatibil-
ity [24, 25]. The versatile coordination modes of carbox-
ylate ligands influence the electronic environment of the 
cobalt center, thereby enhancing stability and solubility 
and enabling controlled Co(II)/Co(III) redox cycling that 
generates cytotoxic ROS in cancer cells [8, 9, 21]. The 
resulting oxidative stress triggers mitochondrial dam-
age and apoptosis, positioning these complexes as viable 
alternatives to platinum drugs [8, 9, 21, 25, 26]. Further-
more, their low toxicity enhances cellular uptake and 
tumor selectivity [24, 25], and robust carboxylate frame-
works can also be engineered to serve as drug-delivery 
platforms.

Considering the broad significance of carboxylate com-
plexes and their diverse applications, our group is actively 
involved in the synthesis, properties, structural investi-
gation, and evaluation of carboxylic acid–based metal 
complexes [26–32]. Herein, we describe a novel Co(II) 
complex, designated as [Co(L)(bipy)(H2O)2]n (1), synthe-
sized through the reaction of cobalt(II) acetate tetrahy-
drate with 2-((2′-carboxybenzyl)oxy)benzoic acid (H2L) 
and 2,2′-bipyridine (bipy) in a 3:1 ethanol and water 
mixture. The structure and physicochemical properties 
of the complex (1) were thoroughly investigated using 
elemental analysis (EA), infrared (IR) and ultraviolet–vis-
ible (UV–Vis) spectroscopy, thermogravimetric analysis 
(TG), and single-crystal X-ray diffraction. The electro-
chemical properties of the complex (1) were investigated 
in acetonitrile and 1.0 mol·L⁻¹ sulfuric acid solutions. 
Density functional theory (DFT) calculations were per-
formed to gain deeper insight into the electronic struc-
ture, revealing that the HOMO is mainly localized on 

Co(III)/Co(II) redox couple under acidic conditions. The cytotoxicity of the complex (1) and CoCl₂ was evaluated 
against L02, PANC-1, and MCF7 cell lines using the MTT assay. The complex (1) exhibited lower IC₅₀ values and 
higher selectivity for cancer cells than CoCl₂, attributable to improved cellular uptake and ROS-mediated oxidative 
stress, whereas free Co²⁺, which stimulated cell proliferation at low concentrations, the complex (1) showed no 
growth-inducing effect, highlighting its potential as a cobalt-based anticancer agent.

Keywords  2-((2′-Carboxybenzyl)oxy)benzoic acid, 2,2′-bipyridine, Co(II) complex, Spectral characterization, 
Antitumor activity
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the oxygen and nitrogen atoms coordinated to the Co(II) 
center, while the LUMO is predominantly distributed 
over the adjacent six-membered aromatic ring. Further-
more, the anticancer effects of the complex (1) and CoCl₂ 
were assessed against hepatocyte (L02), pancreatic can-
cer (PANC-1), and breast cancer (MCF7) cell lines by the 
MTT assay.

Results and discussion
Infrared spectra
The IR spectra of 2-((2’-carboxybenzyl)oxy)benzoic acid 
(H2L) and the complex (1) are shown in Fig. 1. The char-
acteristic carboxyl groups bands of 2-((2’-carboxybenzyl)
oxy)benzoic acid (H2L) ligand appear at 1691 cm− 1 and 
1602 cm− 1, assigning to the νasCOO− and νsCOO−. How-
ever, these bands shift to 1597 and 1379 cm− 1, respec-
tively, in the complex (1), revealing that the carboxylate 
O atoms of 2-((2’-carboxybenzyl)oxy)benzoic acid (H2L) 
ligand are coordination with Co(II) ion [33]. The value 
of Δν [Δν = νas(COO-)-νs(COO-)] is 218 cm⁻¹, suggesting 
that the carboxylate O atoms of L ligand are coordination 
with Co(II) ion as monodentate chelate [34–36]. Mean-
while, the C = N absorption peak of the 2,2’-bipyridine 
appears at 1443 cm− 1 in the infrared spectrum of the 
complex (1), indicating that the N atoms are also coor-
dination with Co(II) ion [33]. The ν(OH) absorption 
band around 3082 cm-1 confirmes the presence of water 

molecules in the complex (1), consistent with results 
of thermogravimetric analysis and X-ray single-crystal 
analysis.

UV-Vis spectra
Figure 2 shows the UV-Vis spectra of 2-((2’-carboxyben-
zyl)oxy)benzoic acid (H2L) and the complex (1) recorded 
in aqueous solution (c = 1.00 × 10− 4 mol·L− 1). The 
2-((2’-carboxybenzyl)oxy)benzoic acid (H2L) exhibits two 
strong absorption peaks at 196 nm and 233 nm, along 
with a weak absorption peak around 278 nm, which may 
be due to the π-π* transitions of the L ligand. The Co(II) 
complex also exhibits two strong absorption peaks at 195 
nm and 231 nm, along a weak, broad absorption peak at 
approximately 293 nm. The strongest π-π* absorption 
peak of 2,2’-bipyridine (bipy) appears at 303 nm [37, 38]. 
The absorption peak at 293 nm in the UV spectrum of the 
complex (1) is attributed to the π-π* absorption peaks of 
both L and 2,2’-bipyridine (bipy) ligands. For 2,2’ -bipiri-
dine (bipy) ligand, the peak shifts to lower wavenumbers 
due to coordination with Co(II) ions, while for L ligand, 
the peak shifts to higher wavenumbers under the same 
coordination, suggesting that both L and bipy ligands are 
coordinated to the Co(II) ion.

Fig. 1  The IR spectra of 2-((2’-carboxybenzyl)oxy)benzoic acid (H2L) and the complex (1)
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Structural description of the complex (1)
Structural analysis indicates that the complex (1) crystal-
lizes in the monoclinic crystal system with space group 
C2/c. As shown in Fig. 3, the asymmetric structural unit 
contains one crystallographically independent Co(II) 
center, one 2-((2’-carboxybenzyl)oxy)benzoate ligand, 
one 2,2′-bipyridine (bipy) ligand, and two coordinated 
water molecules. The Co(II) ion exhibits a six-coordi-
nated geometry, coordinated by two nitrogen atoms (N1, 
N2) from the chelating 2,2’ -bipiridine (bipy) ligand, two 
oxygen atoms (O1a, O2) from two symmetry-related 
carboxylate ligands, and two oxygen atoms (O3, O4) 
from two coordinated water molecules, forming a dis-
torted octahedral environment. In the equatorial plane, 
the 2-((2’-carboxybenzyl)oxy)benzoate ligand bonds 
through O1a and O2, while the 2,2’ -bipiridine (bipy) 
ligand coordinates through two nitrogen atoms (N1 
and N2). The axial positions are occupied by two water 
molecules (O3, O4). The selected bond lengths (Å) and 
bond angles (°) are summarized in Table 1. The Co-O and 
Co-N bond lengths fall in the ranges from 2.0476(17) to 
2.1870(16) Å and from 2.137(2) to 2.1460(19) Å, respec-
tively [Co1-O1a = 2.0802(17) Å, Co1-O2 = 2.0476(17) Å, 
Co1-O3 = 2.1532(18) Å, Co1-O4 = 2.1870(16) Å, Co1-
N1 = 2.1460(19) Å, and Co1-N2 = 2.137(2) Å]. These 
values are consistent with those reported for related 
Co(II) complexes in the literature [39–41]. The coordi-
nation environment around the Co(II) center is further 

characterized by bond angles, including O1a-Co1-N1 
= 90.66(7)°, O2-Co1-O1a = 101.55(7)°, O2-Co1-N2 
= 94.46(8)°, N1-Co1-N2 = 75.45(8)°, and O3-Co1-O4 
= 168.35(7)°, which indicate a distorted octahedral 
geometry. The dihedral angle of two benzene rings of 
2-((2’-carboxybenzyl)oxy)benzoate ligand is 82.96°, dem-
onstrating that the complex (1) adopts a markedly non-
coplanar conformation. Notably, the oxygen atoms of the 
two carboxylate groups coordinate to distinct Co(II) cen-
ters, thereby forming one-dimensional zigzag coordina-
tion chains (Fig. 4). These chains are further assembled 
into a two-dimensional supramolecular architecture 
through π–π stacking interactions between adjacent 
2,2′-bipyridine rings, with an average centroid–centroid 
separation of 3.373 Å (Fig. 5). In addition, intermolecular 
hydrogen-bonding interactions between carboxylate oxy-
gen atoms and coordinated water molecules significantly 
stabilize the overall crystal structure (Table 2).

DFT calculations
Density functional theory (DFT) calculations were 
performed to provide a deeper understanding of the 
electronic structure of the complex (1). Electrostatic 
potential (ESP) mapping and frontier molecular orbital 
(FMO) analyses were conducted using the DMol³ mod-
ule in Materials Studio 2020. The DFT results reveal that 
the highest occupied molecular orbitals (HOMO) (-0.211 
Ha (-5.741  eV)) are primarily localized on the oxygen 

Fig. 2  The UV-Vis spectra of 2-((2’-carboxybenzyl)oxy)benzoic acid (H2L) and the complex (1) in aqueous solution (c = 1.00 × 10− 4 mol·L-1)
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and nitrogen donor atoms coordinated to the Co(II) ion, 
while the lowest unoccupied molecular orbitals (-0.15402 
Ha (-4.191 eV)) are mainly situated on the adjacent six-
membered aromatic carbon ring (Fig.  6). Furthermore, 
the ESP analysis reveals regions of higher electrostatic 
potential concentrated on the six-membered carbon ring, 
whereas regions of lower potential are predominantly 
associated with the oxygen and nitrogen atoms (Fig.  7), 

suggesting electrophilic and nucleophilic interaction 
sites, respectively.

Electrochemical activity
To better understand the electrochemical properties 
of the complex (1), cyclic voltammetry (CV) was con-
ducted in acetonitrile (ACN) with tetrabutylammonium 
tetrafluoroborate (TBATFB) as the supporting electro-
lyte. The experiments were carried out under a nitrogen 
atmosphere using a CS310M electrochemical analyzer 
in a standard three-electrode configuration: a work-
ing electrode consisting of the complex (1) coated on an 
indium tin oxide (ITO) substrate, an Ag/AgCl reference 
electrode, and a platinum wire counter electrode. As 
shown in Fig. 8A, the complex (1) exhibits a well-defined 
redox behavior between 1.0 and 2.0 V, attributable to the 
Co(III)/Co(II) redox process. The nearly symmetrical 
anodic and cathodic peaks indicate that the electron-
transfer process is predominantly reversible, demonstrat-
ing good electrochemical stability of the complex under 
the experimental conditions.

To investigate the electrochemical behavior of the com-
plex (1) in an acidic environment, cyclic voltammetry 
measurements were performed in 1 mol·L⁻¹ sulfuric acid 
solution. As shown in Fig.  8B, the complex (1) exhibits 
a pronounced redox response under acidic conditions. 
Unlike the reversible Co(III)/Co(II) couple observed in 
ACN/TBATFB, the CV in H₂SO₄ shows a continuous 
increase in current density during the anodic scan across 

Table 1  Selected bond lengths (Å) and bond angles (°) for the 
complex (1)
Bond d Angle (°)
Co1-O1a 2.0802(17) O1a-Co1-O3 83.99(7)

Co1-O2 2.0476(17) O1a-Co1-O4 87.29(6)

Co1-O3 2.1532(18) O1a-Co1-N1 90.66(7)

Co1-O4 2.1870(16) N2-Co1-O1a 162.56(8)

Co1-N1 2.1460(19) O2-Co1-O1a 101.55(7)

Co1-N2 2.137(2) O2-Co1-O3 85.42(7)

O2-Co1-O4 88.77(7)

O2-Co1-N1 162.27(8)

O2-Co1-N2 94.46(8)

O3-Co1-O4 168.35(7)

N1-Co1-O3 83.11(7)

N1-Co1-O4 104.76(7)

N2-Co1-O3 104.33(8)

N2-Co1-O4 86.17(7)

N2-Co1-N1 75.45(8)
Symmetric operation code: a: x, 1-y, 1/2 + z

Fig. 3  The coordination environment of Co(II) ion. Symmetric operation code: a: x, 1-y, 1/2 + z

 



Page 6 of 12Sui et al. BMC Chemistry           (2026) 20:51 

the potential range of 0–1.0 V, featuring a distinct oxida-
tion peak centered at around 0.3 V. This behavior is likely 
attributable to the protonation of the ligand moieties in 
the acidic environment, which significantly affects the 
complex’s electron-transfer properties. Therefore, the 
overall redox activity in 1  mol·L⁻¹ H₂SO₄ involves both 

ligand protonation-oxidation processes and the metal-
centered Co(III)/Co(II) redox couple.

Thermogravimetric analysis
Thermogravimetric analysis (TGA) was conducted to 
assess the thermal stability of the complex (1) in an air 

Table 2  Hydrogen bonds in the Co(II) complex
Donor-H Acceptor D-H (Å) H…A (Å) D…A (Å) D-H…A (°) Symmetric operation
O3-H3A O6 0.86 1.95 2.697(2) 144 1/2-x, 1/2-y, -z.

O4-H4A O7 0.86 1.89 2.655(2) 148

O4-H4B O1 0.86 2.51 2.946(3) 112 x, y, z

O4-H4B O6 0.86 1.84 2.689(3) 171 x, y, z

Fig. 6  The frontier molecular orbitals of the complex (1)

 

Fig. 5  Three-dimensional network structure of the complex (1)

 

Fig. 4  One-dimensional zigzag chains structure of the complex (1)
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atmosphere at a heating rate of 10  °C min⁻¹ across a 
temperature range of 25–650  °C (Fig. 9). The TGA pro-
file shows an initial weight loss between 25 and 105  °C, 
due to the desorption of physically adsorbed water mol-
ecules. The initial mass loss of 6.81% (calculated: 6.91%) 
observed between 25 and 105  °C is attributable to the 
release of two coordinated water molecules. The experi-
mentally observed mass loss (6.81%) is close to the theo-
retically calculated value of 6.91%. Upon further heating, 
the complex (1) remains relatively stable up to approxi-
mately 280  °C, beyond which the coordination frame-
work decomposes gradually in the temperature range 
280–440 °C. The maximum rate of weight loss occurs at 
approximately 440  °C, corresponding to an overall mass 
loss of 87.1%. The residual mass accounted for 12.9% of 
the initial mass, consistent with the formation of CoO, 
which has a theoretical residue of 14.39%.

Cytotoxic effects
Long-term exposure to cobalt environments may lead to 
potential cobalt toxicity, cardiotoxicity, or carcinogenic-
ity. This occurs because cobalt ions can induce the pro-
duction of reactive oxygen species (ROS). Consequently, 

researchers are increasingly exploring the development 
of anticancer drugs based on cobalt’s toxic properties 
[42]. To examine the changes in cobalt ion properties 
after coordination, the normal hepatocyte cell line L02, 
pancreatic cancer cell line PANC-1, and breast cancer 
cell line MCF7 were used to assess the cytotoxicity of the 
complex (1) and free Co²⁺. Considering the differences in 
molecular weight and cobalt concentration between the 
two substances, the experimental IC₅₀ values were con-
verted based on cobalt content. As shown in Fig. 10, the 
IC₅₀ values of the complex (1) and CoCl₂ against L02 cells 
were 21.4587 µg/mL and 42.8521 µg/mL, respectively; 
for PANC-1 and MCF7 cells, the values were 16.1929 µg/
mL, 25.7608 µg/mL, and 15.1872 µg/mL, 28.7827 µg/mL. 
Both substances exhibited cytotoxic effects on normal 
cells and cancer cells; however, the IC₅₀ values for the two 
cancer cell lines were lower than those for normal cells 
across various treatments. Therefore, cancer cells are 
more sensitive to cobalt-containing substances. The IC₅₀ 
value of the complex (1) is significantly lower than that 
of cobalt chloride, which means that at the same cobalt 
concentration, the complex (1) exhibits nearly twice the 
toxicity to cells compared to cobalt chloride.

Fig. 8  CV curve of the complex (1) in ACN using TBATFB as the supporting electrolyte (A) and 1 mol·L⁻¹ sulfuric acid solution (B)

 

Fig. 7  Electrostatic potential of the complex (1)
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This phenomenon is due to the high metabolic activity 
of cancer cells, which facilitates faster cobalt absorption, 
as well as the naturally higher accumulation of reactive 
oxygen species (ROS) in these cells [43, 44]. When com-
paring the effects of the complex (1) and CoCl₂ treat-
ments, the complex (1) exhibited lower IC₅₀ values in all 
three cell lines, indicating higher cytotoxicity at the same 
cobalt concentration. This benefit arises from the nega-
tive charge of the carboxyl groups in the ligand, which 
increases the affinity of the complex (1) for biological 

membranes [45]. Additionally, the presence of 2,2’-bipyr-
idyl increases the lipophilicity of Co(Ⅱ) ions, facilitating 
their translocation across cell membranes, whereas free 
Co(Ⅱ) ions primarily enter cells through protein-medi-
ated transport or endocytosis [46].

Notably, low concentrations of CoCl₂ had a significant 
proliferative effect on cells. Compared to the untreated 
control, low-concentration CoCl₂ increased L02 cell via-
bility to 101.28% (Fig. 11), and PANC-1 and MCF7 cell 
viabilities to 108.99% (Fig. 12) and 110.04% (Fig. 13), 
respectively. The proliferative effect was more significant 
in cancer cells than in normal cells. However, this effect 
was not seen in the complex (1) treatment groups (Figs. 
11, 12 and 13). This might be because low concentrations 
of free Co(Ⅱ) ions support normal cellular physiologi-
cal functions. Furthermore, CoCl₂ has been shown to 
act as a deoxygenating agent that simulates the hypoxic 
tumor microenvironment, and specific concentrations of 
CoCl₂ may promote cancer cell proliferation [47, 48]. In 
contrast, after binding to the ligand, Co(Ⅱ) ions can no 
longer interact normally with relevant proteins, prevent-
ing them from carrying out their physiological functions, 
which clarifies that the complex (1) does not induce cell 
growth.

Additionally, the IC₅₀ values of the complex (1) against 
the two cancer cell lines were similar, indicating that 
the complex (1) works through the same anticancer 

Fig. 10  The comparison of IC50 of the complex (1) and CoCl2 for L02, 
PANC-1 and MCF7 cells

 

Fig. 9  Thermogravimetric curve of the complex (1)
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mechanism—namely, oxidative stress caused by excessive 
ROS production—in eliminating both cancer cell types. 
In summary, compared with free Co(Ⅱ) ions, the ligand-
coordinated Co(Ⅱ) complex exhibits higher selectivity 
for cancer cells and enhanced anticancer activity. These 
findings provide insights into the development of more 
effective cobalt-based anticancer medicines and pro-
mote further investigation into the mechanisms of cobalt 
toxicity.

Experimental
Materials and measurements
Cobalt(II) acetate tetrahydrate, 2-((2’-carboxybenzyl)
oxy)benzoic acid (L1), 2,2’-bipyridine (L2), NaOH, and 
ethanol were received from Jilin Chinese Academy of 
Sciences-Yanshen Technology Co., Ltd. (Jilin, China). 
An Elementar Vario III EL elemental analyzer (Elemen-
tar, Germany) was used to determine the C, H, and N 
content. Functional group identification was conducted 
using a Tianjin Gangdong FTIR-850 spectrophotometer 

Fig. 12  The comparison of viability of PANC-1 cells treated with the complex (1) and CoCl2 at gradient concentrations by MTT assay

 

Fig. 11  The comparison of the viability of L02 cells treated with the complex (1) and CoCl2 at gradient concentrations by MTT assay
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(Tianjin, China) with KBr pellets, covering the range of 
4000 –400  cm⁻¹. UV-Vis spectra were recorded from 
190 to 700  nm using a PERSEE T9 spectrophotometer 
(Beijing, China). Thermal stability was examined with a 
HENVEN HCT-2 thermal analyzer (Beijing, China). The 

crystal structure was analyzed with a Bruker CCD area 
detector (SuperNova, Billerica, MA, USA).

Synthesis of the complex (1)
0.1360  g of 2-((2’-Carboxybenzyl)oxy)benzoic acid (0.5 
mmol) and 0.040 g NaOH (1.0 mmol) were dissolved in a 
solvent mixture consisting of 10 mL of ethanol and 5 mL 
water. Subsequently, 0.1245  g of cobalt(II) acetate tetra-
hydrate (0.5 mmol) solid was added to the above solution 
while stirring. The reaction mixture was stirred at 78 °C 
for 1 h, then 5 mL ethanol solution containing 0.0781 g 
of 2,2’-bipyridine (0.5 mmol) was added. The solution 
was stirred again at 78 °C for another 3 h, then cooled to 
room temperature and filtered. The block crystals formed 
after 21 days.

Crystal structure determination
The block crystals (0.18 mm×0.15 mm×0.13 mm) 
were selected and mounted on the Bruker Smart CCD 
X-ray single-crystal diffractometer. The diffractometer 
was equipped with Mo Kα monochromatic X-ray (λ = 
0.071073 nm) and the ω-scans mode was used to collect 
the diffractogram of the complex (1) at 296 K. The col-
lected data were corrected for absorption using Olex2 
[49], and the direct method was applied to solve the 
structure using SHELXS [50]. The detailed crystallo-
graphic parameters are summarized in Table 3.

Cell culture
The normal liver cell line L02 and cancer cells lines 
PANC-1 and MCF7 were obtained from the National 
Collection of Authenticated Cell Cultures. They were 

Table 3  The crystal structural parameters for the complex (1)
Empirical formula C25H22CoN2O7

Formula weight 521.37

Temperature/K 296

Crystal system monoclinic

Space group C2/c

a/Å 35.1057(18)

b/Å 7.2928(3)

c/Å 19.1436(9)

β/° 109.990(2)

Volume/Å3 4605.8(4)

Z 8

ρcalc, mg/mm3 1.504

µ/mm-1 0.795

S 1.220

F(000) 2152

Index ranges -41 ≤ h ≤ 41,
-8 ≤ k ≤ 8,
-22 ≤ l ≤ 22

Reflections collected 29,833

Independent reflections 3970 [R(int) = 0.0543]

Data/restraints/parameters 3970/0/312

Goodness-of-fit on F2 1.220

Refinement method Full-matrix least-squares on F2

Final R indexes [I > = 2σ (I)] R1 = 0.0399, wR2 = 0.0983

Final R indexes [all data] R1 = 0.0462, wR2 = 0.1025

Fig. 13  Comparison of MCF7 cell viability treated with the complex (1) and CoCl2 at varying concentrations using MTT assay
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cultured using DMEM or RPMI-1640 medium, respec-
tively, supplemented with 10% fetal bovine serum (FBS, 
HyClone), 100 U/mL penicillin, and 100 µg/mL strepto-
mycin. Cells were maintained in a cell culture incubator 
at 37℃ and 5% CO2. For the methylthiazolyldiphenyl-
tetrazolium bromide (MTT) assay, digested cells were 
plated on 96-well plates and cultured for at least 24 h to 
reach approximately 50–60% confluence.

MTT assay
The MTT assay was performed according to the Beyo-
time manual (ST316) with some modifications. The L02, 
PANC-1 or MCF7 cells suspensions were plated onto 
96-well plates (100 µl per well). The perimeter wells (rows 
A and H; columns 1 and 12) were filled with PBS to pre-
vent edge effects (evaporation). The cell columns were 
treated with a gradient concentration of the complex (1) 
or cobalt chloride hexahydrate (0 ~ 320 µg/mL) overnight 
at 37℃. After treatment, 10 µL of MTT solution (5 mg/
mL) was added to each well. Following 4 h of incubation, 
the solution in the wells was discarded, and 100 µL of 
DMSO was added to dissolve the formed formazan. The 
optical density (OD) was measured using a microplate 
reader at a wavelength of 490 nm.

Conclusions
In conclusion, a novel Co(II) complex was successfully 
synthesized and structurally characterized, revealing a 
distorted octahedral [CoO₄N₂] geometry and a 2D lay-
ered architecture mediated by π-π interactions. DFT and 
electrostatic analyses provided insight into electronic dis-
tribution. Cyclic voltammetry studies revealed medium-
dependent redox behavior, with reversible Co(III)/Co(II) 
processes in ACN and ligand-influenced oxidation in 
acidic media, highlighting the complex’s pH-sensitive 
redox activity and potential for diverse electrochemi-
cal environments. Biological evaluation showed that the 
complex exhibits enhanced cytotoxicity and selectivity 
for cancer cells compared with free Co²⁺, without pro-
moting cell proliferation at low concentrations, highlight-
ing its potential as a cobalt-based anticancer agent.
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