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Employing the flexible hexacarboxylate ligand of 1,3,5-triazine-2,4,6-triamine hexaacetic acid (H,TTHA) to assemble with
Co(NO,),6H,0, we have acquired a novel coordination compound, i.e., [Co,(H,TTHA)(H,0)],-6n(H,0) (1). The analysis of
single X-ray diffraction indicated that the H,TTHA® ligand p,-bridges connected the Co(II) ions into a two-dimensional
layered architecture. Moreover, the magnetic property of 1 was also investigated between 2 and 300 K under 1000 Oe applied
magnetic field. The novel compound’s inhibitory activity against the viability of cancer cell was determined through CCK-8

assay, and the expression of miRNA31 in liver cancer cells was detected via the real-time RT-PCR.

1. Introduction

Liver cancer is not only the sixth most prevalent cancer but
also the second largest malignant tumor having cancer mor-
tality worldwide. China is a country with a large population
as well as a country with liver cancer [1]. About half of the
new liver cancer patients in the world each year come from
our country. Liver cancer is a serious threat to the health of
our people. The poor therapeutic effect of liver cancer is
largely due to the fact that the medical profession has not
clarified its pathogenesis [2]. Up to now, the mechanism of
the emergence and development of the liver cancer has not
been completely elucidated.

Recently, metal-organic frameworks (MOFs) are of great
importance mainly on account of their broad application
prospects being utilized as the solid functional materials in
various fields, for instance, gas storage, magnetism, lumines-
cence, catalysis, and nonlinear optics [3-7]. Therefore, the
design of MOFs is of significance to their properties. To
obtain the MOFs with the desired properties, the prerequi-
sites are the careful choice of central metal ion containing
desired coordination geometries and organic ligand having

appropriate coordination positions and symmetries. Accord-
ing to the reported papers of MOFs, most MOFs are on the
basis of multicarboxylate ligands and transition metal ions,
demonstrating that multicarboxylate ligands possess diversi-
fied coordination modes and high affinity to transition metal
ions [8-12]. 1,3,5-Triazine-2,4,6-triamine hexaacetic acid
(H,TTHA) has six flexible carboxylate arms and can adopt
a variety of conformations and coordination patterns based
on the geometric requirements of different metal ions. The
self-assembly of the H,TTHA ligand and Zn(II)/Cd(II)/-
Cu(IIT)/Co(II)/rare earth ions has afforded lots of intriguing
MOFs with interesting luminescent and magnetic properties
[13-15]. In view of the unique structural characteristic and
multifunctional coordination sites of the H,TTHA ligand,
in this work, the interaction between Co(II) ions and
H,TTHA was completed under the hydrothermal condition
which is expected to synthesize new functional MOFs.
Successfully, a novel Co(II) compound, ie., [Co,(H,T-
THA)(H,0)],-6n(H,0) (1), was obtained. The analysis for
the diffraction of a single crystal X-ray suggested that the 1
reveals a two-dimensional layered architecture with two
pairs of carboxylate arms in cis-cis conformation and the
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third carboxylate arm in cis-trans conformation. Moreover,
the complex 1’s magnetic performance and thermal stability
were also studied. Furthermore, the compound’s treatment
activity against liver cancer was investigated, and the detail
mechanism was discussed in this research.

2. Experimental

2.1. Materials and Instrumentation. The starting materials
except the H.TTHA ligand were of analytical grade and pur-
chased from the Sigma-Aldrich Company. The ligand of
H,TTHA was generated based on reported literature [16].
Through utilizing the analyzer of elemental Vario EL III,
the hydrogen, nitrogen, and carbon elements were analyzed.
The PXRD could be analyzed and then recorded with the
powder diffractometer of the PANalytical X’Pert Pro utiliz-
ing the Cu/Ka radiation (with A of 1.54056 A) with 0.05° step
size. The thermogravimetric analyses were implemented via
exploiting the thermoanalyzer of NETSCHZ STA-449C
under the atmosphere of N, with 10°C/min rate between
30 and 800°C. The luminescent spectra of 1 and organic
ligands were collected on the Edinburgh Analytical instru-
ment FLS§920.

2.2. Synthesis of Compound [Co,(H,TTHA)(H,0)],-6n(H,0)
(1). The mixture prepared from 0.100mmol of Co(N-
0,),-6H,0, 0.05 mmol of H,TTHA, 0.2 mmol of NaHCO,,
and 10.0mL of H,O was sealed into a stainless steel con-
tainer with PTFE lining (23 mL) and then this mixture was
heated for seventy-two hours at 170°C. The complex 1’s
purple massive crystals were separated with the yield of
38% according to Co(NO,),-6H,0O after cooling the mix-
ture to environmental temperature at 2°C/min rate. Analy-
sis calculated for 1 (chemical formula: C,;H,,N.O,;Co,,
formula: weight: 694.26): N, 12.10%; H, 3.46%; C,
25.93%. Experimental values: N, 12.13%; H, 3.48%; C,
25.89%.

2.3. X-Ray Crystallography. The data of a single crystal was
implemented by the graphite-monochromated Mo-Ka« radi-
ation (with A of 0.71073A) with the diffractometer of
Mercury CCD controlled by computer at 293(2) K. The dual
direct approach is applied to solve the compound’s architec-
ture utilizing the ShelxT, and then, the refinement package of
ShelXL is utilized to refine this structure via least squares
minimization [17]. The complex 1’s data of crystallography
were detailed and then concluded in Table 1. The chose
bond angles () and bond lengths (A) of the complex 1 are
revealed in Table S1.

2.4. CCK-8 Assay. The novel compound’s inhibitory activity
against the liver cancer cell viability was detected through
exploiting the CCK-8 assay. This conduction was completed
fully based on the protocols’ guidance with some modifica-
tions. In general, in the stage of logical growth, the liver can-
cer cells of HepG2 were harvested, and then, they were
planted at 1 x 10*/well destiny in 96-well plates. The cells
could be inoculated in a 5-percent humidified CO, and
37°C incubator. After the liver cancer cells of HepG2 went
up to 70-80 percent confluence, the compound (1uM,
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TaBLE 1: The complex I’s crystal data indexes.

Formula C,sH,,N.0,4Co,
Fw 694.26
Crystal system Orthorhombic
Space group Pca2,

a (A) 22.4966 (6)
b (A) 11.1009 (3)
¢ (A) 9.9004 (3)

a () 90

BO) 9

y ) 90
Volume (A%) 2472.45 (12)
Z 4
Density (calculated) 1.865
Abs. coeff. (mm™) 1.441
Total reflections 8970
Unique reflections 3081
Goodness of fit on F? 1.052

Final R indices (I > 2sigma(I*))
R (all data)
CCDC

R=0.0532, wR, = 0.1494
R=0.0557, wR, = 0.1531
2082854

2uM, 4uM, 8 uM, 10 uM, 20 uM, 40 uM, 80 uM, 100 uM)
was added into a PBS well of the same volume. After
treating for twenty-four hours, the medium of the culture
was discarded, and then, the cells were washed by utilizing
the preclod PBS. Afterwards, the medium with the reagent
of CCK-8 (Sigma) was added to each well to incubate for
4 hours in darkness. Ultimately, for each well, its value of
optical density (OD) was determined at the 490 nm wave-
length. This experiment was implemented for 3 times or
more.

2.5. Real-Time RT-PCR. For the sake of detecting the
miRNA31 expression in liver cancer cells, after treating
via the compound, the real-time RT-PCR was conducted
in our experiment. Briefly, in the stage of logical growth,
the liver cancer cells of HepG2 were harvested, and then,
they were planted at 2 x 10°/well ultimate destiny in 6-well
plates. Afterwards, the cells could be inoculated in a 5-
percent CO, and 37°C incubator overnight. After the cells
went up to 75 percent confluence, the compound
(10ng/mL, 20 ng/mL, 50ng/mL) was added into the well
to carry out the treatment for 24 hours. After finishing
the indicated treatment, in distinct groups, the cells were
collected and the overall RNA could be extracted via
exploiting the TRIzol Reagent (Sigma, St. Louis, MO,
USA). In accordance with the proposal of manufacturer,
the RNA was transcripted reversely into the cDNA by kit.
The SYBR Green Master Mix (Roche) was utilized for
real-time RT-PCR, and gapdh was applied as an internal
control to detect the miRNA31 relative expression. The
outcomes were acquired via employing the 27" approach
for 3 times.
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FiGURE 1: (a) The coordination surrounding view of Co(II) ions in the complex 1. (b) The 1’s two-dimensional layered architecture. (c)
The three-dimensional supramolecular skeleton of complex 1 via the connection of multipoint H bonds (black dotted lines stands for

the H bonds).

3. Results and Discussion

3.1. Crystal Structure of Compound 1. The complex 1’s archi-
tecture was crystallized in the space group of Pca2, of ortho-
rhombic system. The I's fundamental unit is constructed
from 2 separated Co(II) ions in crystallography, a ligand of
H2TTHA4’, a terminal ligand of water, along with 5 lattice
molecules of water. As reflected in Figure 1(a), the Col ion
exhibits a hexacoordinated geometry of octahedron defined
through 5 carboxylic acid O atoms (i.e., O9b, O12a, Olla,
03, and O1) along with a N atom (namely, N4) derived from
3 diverse ligands of H,TTHA*, and the Co2 ion also dis-
plays a six-coordinated octahedral geometry surrounded by
one terminal water ligand, 4 carboxylic acid O atoms (i.e.,
0O7¢, 05¢, 06, and 02), and a N atom (N5c¢) comes from
two separate H,TTHA" ligands. The distance of Co-O is
between 1.984(8) and 2.188(7) A, and the length of Co-N
is between 2.398(8) and 2.400(8) A, respectively, which are
comparable with those coordination polymers based on the
similar organic ligands such as {[Co, s(TBIP), ;(L)]-0.5-
H,0}, (Co-O/N: 1.973(2) to 2.359(2) A) [18] and
[{Co(L)},],,nCH,COCH, (Co-O/N: 1.976(2) to 2.449(2) A)
[19]. The polycarboxylate H,TTHA ligand is incompletely
deprotonated into the form of H,TTHA® that utilizes as a

us-bridge linking 5 diverse Co(II) ions, and the specific coor-
dination pattern of H,TTHA" is revealed in Figure S1. It is
noteworthy that two pairs of carboxylate groups are in cis-cis
conformation, and the third pair of carboxylate group is in
cis-trans conformation. Consequently, all the Co(II) ions
are linked together through the carboxylic acid groups
from the H,TTHA* ligands with six flexible arms,
affording a 2D layered structure extending along the
crystallographic bc plane. The structure of 1 contains lots
of carboxylic acid groups, the lattice, and coordinated
molecules of water. Thus, there exist abundant hydrogen
bond interactions between carboxylic acid O atoms,
coordinated molecules of water, lattice molecules of water
and coordinated molecules of water, lattice water molecules
and lattice water molecules, and carboxylic acid O atoms
and lattice molecules of water, and the detailed parameters
of the H-bond are revealed in Table S2. In the end, these
interactions of hydrogen in-depth linked neighboring two-
dimensional layers into a three-dimensional supramolecular
skeleton (Figure 1(c)).

3.2. Powder X-Ray Diffraction Pattern (PXRD) and
Thermogravimetric Analysis (TGA). The bulk samples’ phase
purity is demonstrated though the patterns of PXRD
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FiGure 2: The TGA curve of 1.

reflected in Figure S2. For the simulated pattern, the
diffraction peaks are in accordance with the experiment
results, and this reflects that the bulk samples are in the
single phase.

Furthermore, we also investigated the 1’s thermal behav-
ior under nitrogen atmosphere from 30-800°C, and the TGA
curve is plotted in Figure 2. It can be observed that the
framework of 1 experienced a two-step process of weight-
lessness. The first 15.48% of weightlessness appeared
between 83 and 116°C, which is on account of the loss of
the coordinated and lattice molecules (with the calculated
value of 15.56%), and the second step accompanied by rapid
and significant weight loss occurred from 277°C and ended
at 421°C, leaving the final residues of 21.42% corresponding
to the generation of CoO (calculated: 21.59%).

3.3. Magnetic Property of 1. The complex 1’s magnetic sus-
ceptibility with temperature was determined in 1000 Oe
external magnetic field ranging from 2K to 300 K. In accor-
dance with the plot of T vs. x\T which is reflected in
Figure 3, it can be observed that at 300K, the y,,T value is
2.75cm’mol K, which is greater than the pure spin value
(namely, 1.87 cm’mol "K) for the Co(Il) ion with a high-
spin value (g=2.0 and S=3/2). Such a higher value is
caused by the contribution of orbital angular momentum
to the magnetic susceptibility at a high temperature [20].
With the decrease of temperature, the y,,T value monoton-
ically reduces, and the minimum value is 0.82 cm’-mol 'K,
suggesting that between the Co(II) ions, there exist weak
antiferromagnetic interactions. The plot of T vs. 1/yy
exhibits the linear relationship between 50 and 300K and
adheres to the law of Curie-Weiss, and the Curie constant
of C and Weiss constant of 6 is 2.86cm’>mol K and
—-2.67K, respectively. For the Weiss constant, its negative
value in-depth proves that between the Co(II) ions, there is
an antiferromagnetic interaction [21-23].

3.4. Compound Significantly Reduces the Viability of the
Cancer Cells. After creating the novel compound, the assess-
ment of bioactivity on liver cancer cells was conducted. As a
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FI1GURE 3: The 1’s temperature dependence of 1/, and y,,T.
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FIGURE 4: Significantly reduced the cancer cell viability after
treating through the compound. Positive drug, 5-Fu, and the
prepared fresh compound could be employed for the treatment of
liver cancer cells. The CCK-8 assay was carried out, and the novel
compound’s viability was detected.

result, the CCK-8 assay was implemented, and the liver
cancer cell viability was detected. As per the outcomes illus-
trated in Figure 4, the cancer cell viability could be remark-
ably decreased by compound in contrast to the control
group. The novel compound’s inhibition was even much
stronger than the positive drug, 5-Fu.

3.5. Compound Obviously Inhibited the Expression of
miRNA31 in the Liver Cancer Cells. In the above results,
we can see that the compound was good at inhibiting the
cancer cell viability, as the miRNA31 expression in liver can-
cer cells possesses an essential effect in the viability of cell.
Thus, the real-time RT-PCR was accomplished, and the
miRNA31 expression in liver cancer cells was determined.
The outcomes in Figure 5 suggested that in comparison with
the control group, the model group has a higher expression
level of miRNA31 in the liver cancer cells. The compound
obviously reduced the miRNA31 relative expression in liver
cancer cells. This inhibition indicated the time- and dose-
dependent relationship.
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FiGure 5: Evidently inhibited miRNA31 expression in liver cancer cells after treating with compound. The novel compound was employed
to treat liver cancer cells; the miRNA31 expression was detected through the real-time RT-PCR.

4. Conclusion

In summary, one new Co(II) compound was synthesized by
using the flexible hexacarboxylate ligand of HFTTHA under
hydrothermal conditions. Compound 1 exhibits a two-
dimensional layered architecture through the connection of
H2THHAA4-ligands with Co(II) ions. It is worth noting that
there are rich H-bonds between carboxylic acid O atoms, the
lattice molecules of water, and the coordination molecules of
water, which in-depth link these two-dimensional layers into
the three-dimensional supramolecular skeleton. The
variable-temperature magnetic performance researches sug-
gest the complex 1’s weak antiferromagnetic behavior. The
CCK-8 assay outcomes reflected that this compound could
remarkably decrease the cancer cell viability. Besides, the
expression of miRNA31 in liver cancer cells was also
increased through this compound dose dependently. Ulti-
mately, it can be summed up that the fresh compound could
be an outstanding candidate for the liver cancer treatment
by regulating the expression of miRNA31 in the liver cancer
cells; this result also proved the previous researches [24].

Data Availability

Selected bond lengths (A) and angles (°) for 1 (Table S1); the
detailed hydrogen bond parameters for 1 (Table S2); the
detailed coordination mode of H2TTHA4-ligand (Figure S1);
the PXRD patterns for 1 (Figure S2), the information could
be found in the supporting information file.
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