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Abstract An inorganic-organic hybrid complex [Cd7Cl14L2(EtOH)2]n (L = 4-Aminoantipyrine)

was synthesised by solvothermal reaction and characterised by X-ray single-crystal diffraction anal-

yses. It has unusual seven-nuclear cadmium chloride structure, which extends along the a-axis to

form an infinite flat ribbon structure with the thickness of 3 Å and the width of 18 Å. The flat inor-

ganic ribbon is wrapped in the two edge sides by organic molecules to form a sandwich structure.

The MTT assay result displayed that the synthesised complex possessed antiproliferative activity

potentials against the HCT-116, HepG2 and MCF-7 cancer cell lines. After 72 h treatment, the

complex had a potent inhibitory effect on HCT-116 cells, and the IC50 value was 1.05 ± 0.06

(lg/mL). The cell cycle and apoptosis experiments showed that the complex remarkably induced

apoptosis and arrested the HCT-116 cancer cell lines in the G1/G0 phase related to the concentra-

tion.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Heterocyclic compounds with pyrazole group generally have

antibacterial, antifungal, anti-inflammatory and enzyme inhi-
bitory effects. Moreover, they possess high efficiency and low
toxicity in anti-tumour and anti-virus applications (Liang

et al., 2016; Hura et al., 2018). As a pyrazolone derivative, 4-
Aminoantipyrine has various biological activities, such as
antimicrobial activity, analgesic, antiviral, and can also be
used as a precursor for the synthesis of biologically active

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2021.103117&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:11712010004@stu.bbmc.edu.cn
mailto:lwg1010@163.com
mailto:liangjyt@163.com
https://doi.org/10.1016/j.arabjc.2021.103117
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2021.103117
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 Crystal data and refinement parameters for the Cd

(II) complex.

Items Cd (II) complex

Formula

Formula weight

Crystal system

C26H38Cd7Cl14N6O4

1781.72

Triclinic

Space group P 1
�

a/Å 9.9039(6)
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compounds (Awad et al., 2007; Burdulene et al., 1999;
Evstropov et al., 1992; Raman et al., 2009). Moreover, the
recent reports found that 4-Aminoantipyrine had anti-

proliferative activity on human cancer cells and as cleavage
agents for DNA (Rosu et al., 2010; Raman et al., 2014;
Manjunath et al., 2017; Brana et al., 2006; Lin et al., 2007).

Studies have shown that 4-Aminoantipyrine combined with
anti-tumour drugs adriamycin, cisplatin and cyclophos-
phamide can reduce its genotoxicity, mutagenesis, apoptosis

and phagocytosis (Berno et al., 2016) (see Scheme 1).
It has been proven that certain drugs in the form of metal

chelates exhibited higher activity than organic compounds.
Cisplatin, as a metal anticancer drug with DNA-targeting

properties, it affects many malignancies, such as testicular,
ovarian, bladder and breast cancers (Arnesano and Natile,
2009; Santini et al., 2014). However, cisplatin is easy to

develop resistance to cancer cells and has significant side
effects on human kidneys and nerves (Bruijnincx and Sadler,
2008; Jung and Lippard, 2007). Therefore, further research

on novel metallic anticancer drugs with remarkable effect,
low side effect and low drug-resistant have become a research
hotspot in the field of bio-inorganic chemistry. Cadmium (Cd)

is a toxic metal and has toxic effects on many systems in the
body, among which liver and kidney are the main target
organs (Rao et al., 2009). Cd was identified as a class IA car-
cinogen (IARC, 1993). It can cause tumours in the lungs, pros-

tate and testicles (Gunn et al., 1963). However, Waalkes et al.
discovered the anticancer effect of Cd in the study of cadmium
promoting hepatocellular carcinoma in B6C3F1 mice

(Waalkes et al., 1991). Other studies also suggested that they
gave cadmium to hepatoma mice induced by nitroso
diethylamine (NDEA) and found that single dose of Cd could

reduce the incidence of liver tumours by 50% and dramatically
reduce the diversity of tumors after tumorigenesis
(Waalkes et al., 1996). So far, there are few reports of Cd

Complexes with anticancer activity. In this paper, we used
4-Aminoantipyrine as the ligand to synthesise the Cd (II)
complex [Cd7Cl14L2(EtOH)2]n. This complex has an unusual
seven-nuclear cadmium chloride structure. The flat inorganic

ribbon is wrapped in the two edge sides by organic molecules
to form a sandwich structure. This structure could reduce its
toxicity, but it still has anticancer activity, especially

HCT-116 cancer cell.
Scheme 1 Synthesis scheme of Cd (II) complex.
2. Materials and instruments

2.1. Synthesis of the complex [Cd7Cl14L2(EtOH)2]n

4-Aminoantipyrine (0.0203 g, 0.1 mmol), CdCl2�2.5H2O
(0.142 g, 0.06 mmol), 2 mL ethanol and 6 mL ethyl acetate

were mixed and slightly heated (70 �C) for 3 d with stirring.
The yellow-green bulk crystals were obtained. The crystals
were separated by filtration and washed with ethanol. Infra-

red (IR) (KBr, cm�1): 3734 (w), 3709 (w), 3627 (w), 3544
(w), 3260 (w), 2356 (s), 2342 (s), 1609 (s), 1557 (s), 1491 (m),
1456 (m), 1324 (m), 1072 (s), 769 (s), 702 (w), 669 (w), 505 (w).

2.2. Structure determination

The single crystal X-ray diffraction data of the complex were
measured using a Bruker Smart APEX II diffractometer

equipped with graphite monochromatic Mo-Ka radiation
(k = 0.71073 Å). The data were calibrated using SAINT
and SADABS software. The structure can be analyzed by a

direct method and improved with the Olex2 software package.
All non-hydrogen atoms were refined with anisotropic dis-
placement parameters. Hydrogen atoms were generated geo-

metrically and refined by a riding-mode. Detailed
crystallographic data and structure refinement parameters
are listed in Table 1.

2.3. Antiproliferative assay

Both the human cancer cells (HCT-116, HepG2 and MCF-7
cell lines) and normal human intestinal epithelial cells
b/Å 10.9765(7)

c/Å 12.2519(8)

a/(�) 70.345(2)

b/(�) 88.481(2)

c/(�) 79.590(2)

Z 1

V/Å3 1232.81(14)

T/K 173(2)

Dc/(g�cm�3) 2.400

F (000) 842

m/mm�1 3.757

Crystal size/mm3 0.080 � 0.070 � 0.050

Reflections collected

Independent reflections

13910

4505

Rint 0.0830

GOF on F2 0.991

R1,wR2 [all data] 0.1146, 0.0514

R1,wR2 [I > 2r(I)] 0.0436, 0.0414

Largest diff. peak and hole 0.790 and �0.750 e.Å�3

CCDC No 1936730



Fig. 1 The asymmetric unit of 1.

Fig. 2 The molecule structure of the heptanuclear cadmium

cluster.
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(NCM460 cells) were all come from the American Tissue Cul-
ture Collection (ATCC, USA). The anti-proliferative activity
of the complex was investigated by MTT assay, and 0.1%

DMSO was used as a positive control. MCF-7 cells were cul-
tured in DMEM, and HepG2 and HCT-116 cells were cultured
in RPMI-1640, and they all contained 10% fetal bovine serum

(FBS), 1% penicillin and streptomycin. All cell lines were incu-
bated at 37 �C with 5% CO2. The cells in the log phase were
seeded in a 96-well culture plate at a density of 1 � 105

cells/well. Until 80% cell was fused, cells were incubated for
2 h to synchronise. Discarded the culture supernate, the cancer
cells were incubated with the complex (0, 0.625, 1.25, 2.5, 5 and
10 lg/mL, respectively) for 24, 48 and 72 h. Add 20 lL
(5 mg/mL) MTT reagent to each well before 4 h of incubation.
Use the microplate reader (Berthold LB941, Germany) to mea-
sure the absorbance at 570 nm. IC50 values were calculated

using the percentage of growth versus untreated control. The
cytotoxicity of the complex is expressed as the percentage of
cell proliferation inhibition.

2.4. Cell apoptosis analysis

Cell apoptosis was determined using KeyGEN Biotech Apop-

tosis Assay kit (Nanjing, China). Incubated HCT-116 cancer
cells (1 � 106/well) in a 6-well plate for 12 h, and then treated
them with DMSO and the complex (0, 1, 3 and 10 mg/mL,
respectively). After 48 h, harvested the cells and washed three

times with ice-cold PBS. A 0.5 mL of staining buffer and 5 lL
of FITC were added. The cells were incubated in the dark for
15 min. After staining, 5 mL of PI buffer was added, mixed

gently and kept on ice. The samples were tested with Beckman
DxFlex flow cytometer.

2.5. Cell cycle analysis

After the HCT-116 cells were cultivated in a 6-well plate for
12 h, they were treated with DMSO and the complex (0, 1, 3

and 10 mg/mL, respectively). The cells were collected at 48 h
and fixed with 70% pre-cooled ethanol at 4 �C overnight. Cells
were cultivated with about 3 mL of DNase-free RNase (the
final concentration was 50 lg/mL) for 30 min and stained by

propidium iodide (PI) staining solution (the final concentra-
tion was 65 lg/mL) on ice in the dark for 30 min. DNA con-
tent was determined by Beckman DxFlex flow cytometer.

3. Results and discussion

3.1. Crystal structure

One-dimensional (1D) cadmium coordination frameworks,

[Cd7Cl14L2(EtOH)2]n, (L = 4-Aminoantipyrine) was obtained
through in situ solvothermal synthesis and structurally charac-
terised by elemental analyses, thermal gravimetric analysis,

and single-crystal and powder X-ray diffraction. The crystal
data and structure refinement for Cd (II) complex are listed
in Table 1.

X-ray crystallographic analysis indicated that complex 1

crystallises was in the triclinic space group P 1
�
(No. 2). The

asymmetric unit contained four crystallographically unique

Cd (II) atoms, seven Cl atoms, one ethanol and one unique
L ligand (Fig. 1). The occupancy of Cd1 is 1, Cd2, Cd3 and
Cd4 are 0.5. The Cd1 atom, sitting on an inversion centre, is
coordinated by two Cl1, two Cl2 and two Cl3 atoms. The

Cd-Cl distances are 2.5506(19), 2.6408(18) and 2.6446(19) Å.
Cl1, Cl2 and Cl3 atoms connect three Cd atoms in a
l3-bridging mode. Cl4, Cl5 and Cl7 atoms connect two Cd

atoms in a l2-bridging mode. The molecule structure contains
seven Cd (II) atoms, fourteen Cl atoms, two ethanol molecules
and two L ligands (Fig. 2). Cd1, Cd2, Cd3 and Cd4 all have an

octahedral coordination geometry. Cd1 and Cd2 are coordi-
nated by six Cl atoms. Cd3 is coordinated by five Cl atoms
and one nitrogen atom. Cd4 is coordinated by four Cl atoms
and two oxygen atoms, one from carbonyl and one from

ethanol. Cd1 sitting at a center of inversion is connected to
six surrounding Cd atoms by six l3-Cl atoms, furnishing a
seven-nuclear [Cd7Cl14] cluster. The six surrounding Cd atoms

and the central Cd atom are coplanar, with half Cl atoms up of
the plane and half under the plane (Fig. 3). The [Cd7Cl14]
cluster is flower-like and such unit is rare in the reported

coordination polymers containing Cd and chlorine atoms.
The flower-like [Cd7Cl14] cluster is surrounded by two

ethanol and two ligands, which is further connected by two

Cl4 and two Cl6 atoms to form an infinite flat ribbon
[Cd7Cl14L2(EtOH)2]n (Fig. 4). The width of the ribbon is
18 Å, and the thickness is 3 Å. So the infinite ribbon containing
the centre [Cd7Cl14] cluster is an inorganic ribbon which is



Fig. 3 The seven Cd atoms are coplanar (cyan plane) with half Cl ions up and half under the plane (vertical view and side view).

Fig. 4 The 1D ribbon [Cd7Cl14L2(EtOH)2]n extends along the a-axis.
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surrounded and wrapped in the two edge sides by organic
molecules to form sandwich structure (Fig. 5). There are a

few kind of cadmium chloride inorganic chains, but such kind
of flower-like seven-nuclear ribbon has not been reported
(Jiang and Mao, 2006; Zhai et al., 2011; Mobin et al., 2014;

Ou et al., 2015; Soudani et al., 2015). As Cd atom is poisonous,
the centre Cd atoms are wrapped by Cl atoms on the two faces
and organic molecules in the two edge sides. This wrapped
inorganic ribbon structure may help to avoid the release of

Cd atoms, which may reduce the toxicity of cadmium. The infi-
nite ribbon [Cd7Cl14L2(EtOH)2]n extends along the a-axis, and
there are no weak interactions between the chains (Fig. 6).

3.2. Powder X-ray diffraction (PXRD) and electrical

conductivity

To confirm the purity of the complex, we carried out the
PXRD experiments. The experimental and structure-
simulated powder XRD patterns were compared and the



Fig. 5 The sandwich structure of the [Cd7Cl14L2(EtOH)2]n ribbon.

Fig. 6 The [Cd7Cl14L2(EtOH)2]n ribbons are isolated without

weak interactions.

Table 2 Electrical conductivity values of CdCl2 and the title

complex.

Substance Mass Solvent Conductance Value

CdCl2 0.005 g 10 mL H2O 8.0 mS/cm

0.005 g 10 mL DMSO/H2O 3.0 mS/cm

0.0178 g 10 mL DMSO 1.3 mS/cm

Complex 0.005 g 10 mL H2O 4.0 mS/cm

0.005 g 10 mL DMSO/H2O 1.6 mS/cm

0.0178 g 10 mL DMSO 0.7 mS/cm

Table 3 Growth inhibition of HepG2, HCT-116, MCF-7 and

NCM460 cell lines in different concentrations of the complex

after 24, 48 and 72 h incubation (IC50 values in lg/mL).

Cell line IC50 (lg/mL)

24 h 48 h 72 h

NCM460 30.30 ± 1.76 23.21 ± 1.37 16.44 ± 1.09

HepG2 7.52 ± 0.38 6.38 ± 0.16 5.65 ± 0.16

HCT-116 2.43 ± 0.23 1.69 ± 0.05 1.05 ± 0.06

MCF-7 8.08 ± 0.20 7.24 ± 0.14 6.34 ± 0.07

Note: Cancer Cells were incubated with the complex (0, 0.625, 1.25,

2.5, 5 and 10 lg/mL, respectively) for 24 (A), 48 (B) and 72 h (C).

At the same time, the NCM460 cells were incubated with the

complex (0, 1, 3, 10, 30 and 100 lg/mL, respectively). Cell viability

was determined using MTT assay. Results were mean ± SD for five

repeats for each condition.
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results showed that the main peaks of the synthesized bulk

materials matched well with the simulated ones, indicating
the phase purity (Fig. 7). The title complex is soluble in
DMSO, and its solubility in water is small. The powder

XRD patterns of the sample after soaked in water are similar
with the simulated peaks, indicating the main structure of the
sample maintains.
Fig. 7 PXRD pattern of the complex: (a) simulated, (b)

synthesized, and (c) after soaked in water.
To further investigate the stability of the title complex in
DMSO, the electrical conductivity of the complex was mea-

sured. The conductivity values of the complex and cadmium
chloride are listed in Table 2. We can see from the table that
in 10 mL H2O, the conductance values of the title complex

and CdCl2 are 4.0 and 8.0 mS/cm, respectively, while in
10 mL DMSO/H2O, the conductance values are 1.6 and 3.0
mS/cm, respectively. The title complex has half conductance

values of the CdCl2 in both water and DMSO/H2O mixing
solution. Combined with the PXRD and conductance data,
we can reach the conclusion that there could be some chloride
ions dissociated from the [Cd7Cl14L2(EtOH)2]n ribbon in

DMSO and water solutions, but the primary ribbon structure
maintains. (See Table 3.)

3.3. Thermogravimetric analysis (TGA)

In order to estimate the pyrolysis behavior of the complex, the
crystal samples were analyzed by TGA and differential



Fig. 8 The TG-DSC curve of the complex.
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scanning calorimetry (DSC) under the protection of nitrogen
atmosphere. As shown in Fig. 8, thermogravimetric analysis

reveals no mass loss under 200 �C. The weight loss with an
endothermic peak at 220 �C is 4.83%. The reason may be
due to the decomposition of two coordinating ethanol mole-
cules (Calcd. 5.17%). The weight gradually dropped to

13.18% at about 330 �C, accompanied by an endothermic
peak. This may be due to the loss of one coordinated L mole-
cule (Calcd. 11.41%). And then a gradual decomposition is

followed. The pyrolysis of the whole framework occurs at
about 600 �C.

3.4. Biological tests

3.4.1. Antiproliferative assay

The cytotoxicity effect of the complex on three cancer cells and
normal NCM460 cells were expressed as inhibition rate values
Fig. 9 The effect of the complex on HCT-116 cells cell cycle and

complex (0, 1, 3 and 10 mg/mL, respectively) for 48 h, cell apoptosis rate

were mean ± SD for five repeats for each condition.
in Tab 3. The results showed that the complex had low toxicity
to normal cells, and showed a significant inhibitory effect on
HCT-116 cells, and the IC50 value was 1.05 ± 0.06 after

72 h of treatment. Our complex has a better inhibitory effect
on Human colorectal cancer cells Compared with the schiff
based CdCl2 complex (C14H21N3O2) (Hajrezaie et al., 2015).

3.4.2. Cell apoptosis analysis

In order to further study whether the effective anti-
proliferative activity of the target complex was related to the

enhancement of cancer cell apoptosis, we performed flow
cytometry analysis on the HCT-116 cancer cell line and deter-
mined the percentage of apoptotic cells. HCT-116 cells were

incubated with different concentrations of target complex.
After HCT-116 cells were incubated with the complex (0, 1,
3 and 10 mg/mL, respectively) for 48 h. Cell apoptosis rate

was determined by FCM. As shown in Fig. 9, the complex
remarkably induced apoptosis of HCT-116 cancer cells in con-
nection with the concentration. The complex induced 16.86%,
27.69 and 30.67% apoptosis of HCT-116 cells at 1 mg/mL,

3 mg/mL and 10 mg/mL, respectively.

3.4.3. Cell cycle analysis

Cell cycle analysis of the complex was investigated in HCT-116
cancer cells. The complex induced HCT-116 cancer cells
arrested in the G1/G0 phase related to the concentration.
The concentration of 10 mg/mL had the most significant effect

(p < 0.05, p < 0.01).

4. Conclusions

In conclusion, we synthesised the complex [Cd7Cl14L2(EtOH)2]
n. The [Cd7Cl14] cluster is an inorganic ribbon structure
cell apoptosis rate. After HCT-116 cells were incubated with the

and cell cycle of HCT-116 cells were determined by FCM. Results
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wrapped in the two edge sides by organic molecules to form a
sandwich structure. The MTT assay results showed the HCT-
116 cells had the best inhibitory effect. Therefore, the cell cycle

and apoptosis experiments were carried out on the HCT-116
cells. The results showed that the complex remarkably induced
apoptosis and arrested the HCT-116 cells in the G1/G0 phase

related to the concentration. The experiment results showed
that the synthesised small molecular substance had good anti-
cancer activity. The above results provide a theoretical basis

for the later research on the mechanism.
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