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Two coordination polymers: Crystal
structures, prevention and nursing
values on postoperative infection
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Abstract
In this current work, two fresh transition metal coordination polymers (CPs) have been created
with the reaction between terphenyl-3,300,5,500-tetracarboxylic acid (H4L), the symmetrical rigid
carboxylic acid ligand and the relevant metal salts under the reaction conditions of solvothermal,
and the chemical compositions of the compounds respectively are {[Cu2(TPTC) (DMF)2(H2O)]�
2DMF�2H2O} (2) and {[Zn (TPTC) (1,2-bimb)2]�4(H2O)}n (1, bimb = 1,2-bis((1H-imidazol-1-yl)
methyl)benzene). Moreover, the prevention and nursing values of the compound on postoperative
infection was explored and their corresponding mechanism also was investigated. Firstly, enzyme
linked immunosorbent assay kit (ELISA) was employed to detect the release of inflammatory
cytokines into plasma. Additionally, the expression of the bacterial survival genes was determined
via exploiting the real time reverse transcription-polymerase chain reaction (RT-PCR) after treated
with the compound.
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Introduction

Postoperative infection is an important form of infection after surgery, which seriously affects
the recovery progress of patients after surgery.1 A large amount of data shows that surgical
incision infections account for more than 10% of nosocomial infections, which seriously affects
the quality of medical services and the recovery of patients.2 As a result, in the current work, the
novel candidates were designed and synthesized and their biological application values were
evaluated.

In recent several years, the transition metal complexes involving organic ligands and in-
organic metal ions are the focus of recent research on account of their versatility in structure and
their extensive applications range for instance the antibacterial and antitumor activities, the
performances of luminescence, catalytic activities, the adsorption of gas, DNA binding, and
magnetic performances.3–6 As is known to all, for the metal–organic complexes, the diversity in
structure and activity performances are decided by the selection of metal atoms and organic
ligands applied to a great extent, together with the reaction mechanism for acquiring the
complex.7–11 As a result, the choice of appropriate metal ions and the rational design of organic
ligands possess a significant function in acquiring the complexes having ideal
performances.12–15 The terphenyl-3,300,5,500-tetracarboxylic acid (H4TPTC) was employed in
our investigation on the basis of these reasons: (1) the rigid skeleton for the ligand of H4TPTC is
helpful to establish the stable CPs. ,2) the carboxyl groups of CPs can be coordinated in many
ways, which makes it possible to establish the CPs having outstanding performances and fresh
architectures, and (3) the conjugated aromatic rings of CPs are conducive to electron transport
and the interactions of π-π with the bioactivity molecules, which might endow them with in-
teresting bioactivity.16–20 In this current work, two fresh transition metal coordination polymers
(CPs) have been created with the reaction between terphenyl-3.300,5.500-tetracarboxylic acid
(H4L, Scheme 1), the symmetrical rigid carboxylic acid ligand and the relevant metal salts under
the reaction conditions of solvothermal, and the chemical compositions of the compounds
respectively are {[Cu2(TPTC) (DMF)2(H2O)]�2DMF�2H2O} (2) and {[Zn (TPTC) (1,2-bimb)2]�
4(H2O)}n (1). After providing the novel compounds having new architecture, their prevention
and nursing values on postoperative infection was explored and the related mechanism was
discussed as well.

Scheme 1. The chemical drawings for the organic ligands.
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Experimental

Chemicals and measurements

All of the starting chemicals employed in our investigation could be acquired from the market, and
they were exploited without processing. The FT-IR spectra could be performed utilizing KBr pellets
and it was recorded through employing the spectrometer of Nicolet Impact 750 FTIR with the
infrared spectra region form 400 cm�1 to 4000 cm�1. Through utilizing the analyzer of Perkin-
Elmer 2400C, the analysis of Hydrogen, Nitrogen and Carbon elements was implemented.

Preparation and characterization for {[Zn(TPTC) (1,2-bimb)2]�4(H2O)}n (1) and
{[Cu2(TPTC) (DMF)2(H2O)]�2DMF�2H2O} (2)

2.1 mg and 0.005 mmol of H4TPTC, 0.010 mmol and 2.4 mg of 1,2-bimb and 15 mg and 0.05 mmol
of Zn(NO3)2�6H2O were dissolved into the mixed solution of CH3CN and H2O (4 mL, with 1:1
volume ratio). The product was kept in the reaction vessel and then it was heated for 72 hours to
130°C. The colorless needle crystals can be acquired after dropping to the environmental tem-
perature slowly. (with 35% yield on the basis of Zn). Elemental analysis (%): calcd for the
C50H47Zn2N8O12: N, 10.35%, C, 55.47% and H, 4.38%. Found: N, 10.68, C, 55.95 and H, 4.24%.
IR (KBr pallet, cm�1): 3354 (s), 2836 (m), 1600 (s), 1551 (s), 1506 (m), 1490 (m), 1455 (s), 1433
(m), 1386 (m), 1366 (m), 1337 (s), 1312 (s), 1180 (w), 1149 (m), 1108 (s), 1008 (w), 947 (w), 907
(w), 843 (m), 769 (m), 737 (m), 707 (m), 687 (m), 613 (w), 598 (w), 562 (w), and 491 (m).

The mixture synthesized from 0.1 mmol and 0.025 g of terphenyl-3,300,5,500-tetracarboxylic acid,
0.048 g and 0.2 mmol of Cu(NO3)2�3H2O and 3 mL of DMF was stirred in the air for half an hour.
The obtaining product was kept in the vial container (25 mL) and then this solution was heated for
3 days to 105°C. Subsequently, the mixture of reaction was dropped at 2°Ch�1 rate to environmental
temperature. The complex 2’s blue massive crystals were gained with the yield of 32% according to
zinc. Elemental analysis results calculated for the C34H44Cu2N4O15 (1): N, 6.40%, C, 46.63% and
H, 5.06%; found: N, 6.58, C, 46.01 and H, 5.50%. IR (KBr pallet, cm�1): 3423 (m), 3063 (m), 2934
(m), 2783 (m), 1593 (s), 1563 (s), 1489 (s), 1451 (s), 1380 (m), 1364 (m), 1338 (s), 1312 (s), 1233
(s), 1162 (m), 1150 (m), 1108 (s), 1026 (m), 1005 (w), 925 (s), 836 (m), 776 (s), 756 (s), 710 (m),
689 (s), 618 (w), 580 (w), and 535 (s).

The data for X-ray can be analyzed through SuperNova diffractometer. For the strength data, it
was analyzed via exploiting the CrysAlisPro, and this data was then converted to HKL files. And,
the original structural manners were established by the direct means based SHELXS, and after that,
least-squares method based SHELXL-2014 was exploited to modify. The anisotropic parameters
were mixed with global non-hydrogen atoms. Next, the entire hydrogen atoms were geometrically
fixed via applying the AFIX commands to carbon atoms that they adjacent to. The compounds’ details
of optimization and their parameters of crystallography were revealed in length in the Table 1.

Inflammatory cytokines determination

After the establishment of model and the treatment of compound, the inflammatory cytokines
releasing into plasma in diverse groups was determined by utilizing the ELISA detection kit. This
implementation was completed fully in accordance with the protocols of manufactures with minor
change. Afterward, 40 BALB/c mice applied in this work were provided via the Shanghai Southern
Model Biotechnology Co, Ltd and in this research, all of the conduction were granted through the
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Animal Ethics Committee of China. The Staphylococcus aureus was used to infect the animal to
induce the postoperative infection. Then, the treatment was completed via utilizing the compounds
with 5 mg/kg. The animal plasma was collected and the inflammatory cytokines content was
detected.

Bacterial survival genes expression

The real time RT-PCR was further accomplished in the current investigation for the detection of the
bacterial survival genes expression after the incubation of compound. This study was implemented
strictly in the light of instructions with minor modifications. Shortly, the S. aureus were harvested
and then they were inoculated into plates of 96 well, and the treatment was conducted after adding
the compounds at 10 ng/mL, 20 ng/mL and 50 ng/mL concentration. Next, the S. aureus were
harvested and in cells, the overall RNA could be extracted through utilizing the reagent of TRIZOL.
After the determination of the entire RNA concentration, the concentration was reverse transcript
into the cDNA. In the end, the real time RT-PCR was performed and the S. aureus survival genes
relative expression was detected.

Results and discussion

Crystal structures

In accordance with the analysis of the diffraction of X-ray, the complex 1 is part of the space group
P21/n ofmonoclinic system. As can be found from the Figure 1(a), in its asymmetric unit, there exist

Table 1. The complexes’ details of optimization and their parameters of crystallography.

Identification code 1 2
Empirical formula C50H38N8O8Zn2 C28H26Cu2N2O11

Formula weight 1009.62 693.59
Temperature/K 296.15 296.15
Crystal system Monoclinic Monoclinic
Space group P21/n P21
a/Å 9.963 (2) 9.6236 (11)
b/Å 15.6741 (10) 16.518 (3)
c/Å 31.559 (3) 15.265 (2)
α/° 90 90
β/° 92.782 (2) 107.3170 (10)
γ/° 90 90
Volume/Å3 4922.6 (11) 2316.6 (6)
Z 4 2
ρcalcg/cm

3 1.362 0.994
μ/mm�1 1.035 0.958
Data/restraints/parameters 9330/36/613 11040/1/393
Goodness-of-fit on F2 0.971 0.947
Final R indexes [I> = 2σ (I)] R1 = 0.0633, ωR2 = 0.1387 R1 = 0.0619, ωR2 = 0.1543
Final R indexes [all data] R1 = 0.1449, ωR2 = 0.1697 R1 = 0.1113, ωR2 = 0.1799
Largest diff. peak/hole/e Å�3 1.11/-0.66 1.22/-0.61
CCDC 2,078,175 2,078,176

4 Progress in Reaction Kinetics and Mechanism 47(0)



2 Zn(II) ions, 2 connectors of 1,2-bimb, along with a TPTC4� connector. The Zn1 ion and the Zn2ii

ion exhibit the same surrounding of coordination. The Zn1 is connected through 2 nitrogen-atoms
(N4ii and N5, respectively) in 2 distinct connectors of 1,2-bimb and 3 oxygen-atoms (namely, O6ii,
O3i, and O1) derived from 3 diverse connectors of TPTC4� to producing a triangular biconical
geometry. The separations of Zn–O/N are between 1.964 (3) Å and 2.287 (4) Å, and the angles of O–
Zn–N/O are between 85.56 (13) ° and 174.98 (18) °. The consecutive Zn1 ion and the Zn2ii ion are
linked to 2 carboxyl groups in order to create the binuclear SBUs of [Zn2(COO)4] (Figure 1(b)),
which are connected through the TPTC4� connector and 1,2-bimb connector by using the bonding
pattern of μ6-η

1:η1:η1:η1:η1:η1 to establish a two-dimensional architecture (Figure 1(c)). Topo-
logically, when both SBUs of [Zn2(COO)4] and the ligands of TPTC4� can be applied as the four-
linked nodes, the complex 1 have topology type of sql (Figure 1(d)).

The complex 2’s structure is constructed from 2 distinctive Cu(II) ions, a distinctive connector of
TPTC4�, and 2 coordinated molecules of DMF as well as a coordinated molecule of water (Figure
2(a)). The metal ions are linked through the connector of TPTC4� in order to geberate the binuclear
cluster, and the 2 metals connected via 3 TPTC4� connector carboxylic acid groups. The 4 TPTC4�

connector carboxylic acid groups employ 3 diverse coordination patterns, i.e. bridging bidentate,
chelating bidentate along with μ3-chelating–bridging tridentate, so as to coordinate to 7 copper
atoms (Figure 2(b)). For the Cu1 ion, its coordination sphere is accomplished via the coordination of
a coordinated molecule of water and 2 molecules of DMF, and for the Cu2 ion, its coordination
sphere is accomplished via the chelation of another connector of TPTC4� carboxylic acid.
Therefore, each of the binuclear cluster is coordinated with 4 connectors of TPTC4�; each of the

Figure 1. (a) The asymmetry unit for the compound 1. (b) The SBU of [Zn2(COO)4] in complex 1. (c) The 1’s
two-dimensional layered architecture. (d) The 1’s four-linked sql net.
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ligand coordinates with 4 binuclear clusters in turn. As a result, each of the binuclear cluster is bound
with 4 ligands. Each of the ligand is bonded with 4 clusters of Cu2 in tune. The molecular building
blocks (MBBs) of {Cu2(CO2)5} was combined with four-linked ligands with a ratio of 1:1 to
generate a three-dimensional skeleton, which displayed the elliptical channels (atom-to-atom
separations) with the size of 11.5 × 14.8 Å2 along plane ab (Figure 2(c)). In topology, as a result, the
binuclear metal cluster and each of the ligand apply as the four-linking nodes to form a global three-
dimensional net containing an uninodal four-linked lonsdaleite (lon) topology (Figure 2(d)). On the
basis of PLATON calculation, the effective free volume is approximately 68.3%.

To check the phase purity of the products, powder X-ray diffraction (PXRD) experiments have
been carried out for these complexes (Figure 3(a) and (b)). The peak positions of the experimental
and simulated PXRD patterns are in good agreement with each other, indicating that the crystal
structures are truly representative of the bulk crystal products. The differences in intensity may be
owing to the preferred orientation of the crystal samples.

Compound significantly inhibited the releasing of the inflammatory cytokines into
the plasma

The compounds 1 and 2 were synthesized in this research for the postoperative infection treatment.
Because, they was generally combined with the enhanced inflammatory response level during the
postoperative infection, exhibited as the enhanced inflammatory cytokines releasing levels. As a

Figure 2. (a) The asymmetry unit for the complex 2. (b) The coordination manners for carboxylic acid ligand
in compound 2. (c) The 2’s three-dimensional net (d) The 2’s four-linked lonsdaleite (lon) topology.

6 Progress in Reaction Kinetics and Mechanism 47(0)



result, the ELISA detection kit was performed and the inflammatory cytokines content released into
plasma was detected. The outcomes in the Figure 4 exhibited that the model group has a much
higher inflammatory cytokines in comparison with control group, with the value of <0.005. After
treated with the compound 1, the inflammatory cytokines released into plasma was remarkably
decreased. The complex 2’s inhibitory influence was much weaker than compound 1.

Compound obviously reduced the expression of the bacterial survival genes

As previous described, the 1 was more superior than that of the 2 on the inhibition of the in-
flammatory cytokines releasing into the plasma. In addition to this, the influence of the new
compounds on the bacterial survival genes expression was still required to be explored. As the

Figure 4. Significantly inhibited inflammatory cytokines releasing into plasma after treating with the
compound. The Staphylococcus aureus was used to infect the animal to induce the postoperative infection.
Then, the treatment was completed by utilizing the compounds with 5 mg/kg. The animal plasma was
harvested and the inflammatory cytokines content was determined.

Figure 3. The PXRD patterns for complex 1 (a) and complex 2 (b).
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results illustrated in the Figure 5, the bacterial survival genes expression was much reduced by
compound 1 with a dose dependent manner. Different from compound 1, compound 2 exhibited a
much weaker influence on the expression of the bacterial survival genes

Conclusion

On the whole, we have produced two fresh transition metal coordination polymers triumphantly
with the reaction between terphenyl-3.300,5.500-tetracarboxylic acid (H4L), the symmetrical rigid
carboxylic acid ligand and the relevant metal salts under the reaction conditions of solvothermal.
The analysis of structure suggest that the 1 is a four-linked two-dimensional nets with sql type of
topology, and the compound 2 reveals a three-dimensional uninodal four-linked lonsdaleite (lon)
topology on the basis of the binuclear copper clusters. The ELISA assay results exhibited that the 1
was more superior than that of the complex 2 on the inhibition of the inflammatory cytokines
releasing into the plasma. Besides, the expression of the bacterial survival genes was also inhibited
via the complex 1, and this much stronger in contrast to the 2. In the end, we gained the summary
that the 1 may become an outstanding candidate for the treatment of postoperative infection via the
inhibition of inflammatory response and the reduction of the bacterial survival genes expression.
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Figure 5. Obviously reduced expression of the bacterial survival genes after compound treatment. The
Staphylococcus aureus were collected and incubated with compounds 1 and 2 with different concentrations.
The real time RT-PCR was conducted and the expression of the bacterial survival genes was determined.
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