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Abstract

The reactions of a semirigid tripodal carboxylic ligand 3, 5-bi (4-Carboxyphenoxy)-Benzoic Acid
(H3BCPBA) with Cd (NO3)2 and CuCl2 • 2H2O afford two novel coordination polymers,
((Cd3(BCPBA)2) (DMA))n (1) and [Cu2(HBCPBA)2(DMA)3]n (2) (DMA=N, N-dimethylacetamide), in
which 1 shows a three-dimensional (3D) structure with a 5, 6, 6-connected net structure and 2 features a
non-interpenetrating 3D networks with 1D small-size channels running along the a axis. In addition,
anti-inflammatory properties of the synthesized compounds were evaluated in vivo utilizing a standard
acute carrageenan-induced paw oedema method in rats.
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Introduction
Sympathetic Ophthalmia (SO) is currently thought to be an
autoimmune inflammatory response toward ocular antigens,
specifically a delayed hypersensitivity to melanin-containing
structures from the outer segments of the photoreceptor layer
of the retina [1,2]. The immune system, which normally is not
exposed to ocular proteins, is introduced to the contents of the
eye following traumatic injury. Once exposed, it senses these
antigens as foreign, and begins attacking them. The onset of
this process can be from days to years after the inciting
traumatic event [3,4].

Because SO is so rarely encountered following eye injury, even
when the injured eye is retained, the first choice of treatment
may not be enucleation or evisceration, especially if there is a
chance that the injured eye may regain some function [5].
Additionally, with current advanced surgical techniques, many
eyes once considered nonviable now have a fair prognosis.

In recent years, much attention has been paid to synthesis and
characterization of Metal-Organic Frameworks (MOF) based
on carboxylate ligands because of their fascinating
architectures as well as their potential applications in molecular
recognition, magnetism, catalysis, optoelectronic devices, and
so on [6-9]. In this work, two new Cd (II) coordination
polymer (1) and Cu (II) coordination polymer (2) were
solvothermally prepared by employment of a semi rigid

tripodal carboxylic ligand H3BCPBA (Figure 1) and their anti-
inflammatory activities was then evaluated.

Figure 1. The scheme representation for ligand 3, 5-bi (4-
carboxyphenoxy)-benzoic acid (H3BCPBA).

Experimental

Apparatus and materials
All the starting materials and reagents used in this work were
obtained commercially and used without further purification.
Element analyses (C, H and N) were determined with an
elemental Vairo EL III analyser. Single-crystal X-ray
diffraction data for compounds 1 and 2 was recorded on
Mercury CCD diffractometer. The melting points were taken
on a XT-4 micro melting apparatus, and the thermometer was
uncorrected.

Synthesis and characterization of compounds 1 and 2
A mixture of Cd (NO3)2 • 6H2O (29.1 mg, 0.1 mmol) and
H3BCPBA (39.4 mg, 0.1 mmol) was added to 8 ml of DMA.

ISSN 0970-938X
www.biomedres.info

Biomed Res- India 2017 Volume 28 Issue 5 2152

Biomedical Research 2017; 28 (5): 2152-2155



The final mixture was placed in a Parr Teflon-lined stainless
steel vessel (25 ml) under autogenous pressure and heated at
120˚C for 30 h, and then cooled to room temperature for 90 h.
Colourless crystals 1 were obtained. Analytical Calculated for
C46H35Cd3NO19: C, 44.45; H, 2.84; O, 24.46; found C, 44.62;
H, 2.91; O, 24.12.

A mixture of CuCl2 • 2H2O (0.1 mmol, 0.017 g), and 4, 4-[(5-
carboxy-1, 3-phenyl- ene) bis (oxy)] dibenzoic acid (H3L,
0.0394 g, 0.1 mmol) were mixed in 10 ml DMA solution. After
stirring for 5 min in air, the mixture was placed into 25 ml
teflon-lined autoclave under autogenous pressure being heated
at 120°C for 72 h. Subsequent cooling to room temperature
yielded green block crystals of 2. Analytical found for
compound 2 (C42H24Cu2O16): C, 55.33; H, 2.65; O, 28.08.
Calculate: C, 55.45; H, 2.38; N, 28.90.

Crystal structure determination
Structural measurement was performed on a computer-
controlled Mercury CCD diffractometer with graphite-
monochromated Mo-Kα radiation (λ=0.71073 Å) at T=293 K
(2). Absorption correction was made using the SADABS
program. The structure was solved using the direct method and
refined by full-matrix least-squares methods on F2 by using the
SHELXS-97 [10] program package. Crystallographic data and
structural refinements for compounds 1 and 2 are summarized
in Table 1.

Table 1. Crystal data and structure refinement for 1 and 2.

 1 2

Formula C46H35Cd3NO19 C42H24Cu2O16

Mr 1243 911.69

Temperature/K 293 (2) 293 (2)

Crystal system Monoclinic Monoclinic

Space group P21/c P21/c

a/Å 8.5614 (11) 14.794 (2)

b/Å 30.757 (2) 20.218 (2)

c/Å 9.1898 (11) 12.819 (3)

α/° 90 90

β/° 116.346 (16) 12.819 (3)

γ/° 90 90

V/Å3 2168.5 (5) 3753.0 (10)

Z 2 4

Dcalc/g • cm-3 1.825 1.614

μ (Mo Kα)/mm-1 1.539 1.213

θ range/° 2.967 to 26.372 2.99 to 25.50

Reflections collected 9929 32140

No. unique data (R (int)) 4411 (0.0545) 6985 (0.1710)

No. data with I ≥ 2 σ (I) 3314 2484

R1 0.051 0.0897

ωR2 (all data) 0.147 0.2986

Anti-inflammatory activity
Anti-inflammatory activity screening for the prepared
compounds was determined in vivo by the standard acute
carrageenan-induced paw oedema method in rats. Wister
albino rats of either sex (pregnant female animals were
excluded) weighing 160-190 g were divided into 19 groups of
six animals each. Paracetamol (reference standard) and the
tested compounds (1, 2 and H3BCPBA) dissolved in DMSO,
at a dose of 50 mg/kg body weight, were administered
intraperitoneally, while the control group received DMSO, 1
hour before induction of inflammation. Carrageenan paw
oedema was induced by subcutaneous injection of 1% solution
of carrageenan in saline (0.1 ml/rat) into the right hind paw of
rats. Paw volumes were measured volumetrically after 4 hours
with a 7140 plethysmometer and compared with the initial hind
paw volume of each rat for determining the oedema volume.
Data were collected, checked and revised. Quantitative
variables from normal distribution were expressed as means ±
SE "standard error". The significant difference between groups
was tested by using one-way ANOVA followed by Tukey HSD
test at p<0.05. The anti-inflammatory activity was expressed as
percentage inhibition of oedema volume in treated animals in
comparison with the control group (Table 1): %Inhibition of
oedema=(Vc-Vt) × 100/Vc, where, Vc and Vt are the volumes
of oedema for the control and drug-treated animal groups.

Results and Discussion

Molecular structure
Single-crystal X-ray diffraction analyses reveal that compound
1 crystallizes in the monoclinic space group P21/c, and features
a 3D framework which is formed by 1D Cd (II) chains bridged
by H2O molecules and carboxylic acid O atoms. As shown in
Figure 2a, 1 consists of two crystallographically independent
Cd2+ ions, one BCPBA3− ligand, two coordinated water in one
asymmetry unit. Cd1 is six-coordinated with six O atoms from
one coordinated water molecule and five carboxylic acid O
atoms from five different BCPBA3− ligands; Cd2 is also six-
connected with two coordinated water molecules and four
carboxylic acid O atoms from four different BCPBA3− ligands.
Each Cd2 is connected with its crystalline symmetry ones via
two bridged carboxylic acid O atoms, and further joined with
Cd1 by one bridged water molecule to form the 1D SBU chain
(Figure 2b). The three carboxylic acid groups on the
deprotonated BCPBA3− ligand show three different
coordination modes with monodentate, bidentate and tridentate
chelating coordination modes to bridge one, two and three Cd
ions, respectively. The distances of O and Cd bonds range from
2.250 (4) to 2.363 (4) Å. The deprotonated BCPBA3− ligands
join the 1D SBU chains to give rise to a 3D framework with a
small one-dimensional (1D) channel through such connection

Sun/Sha/Jiang

2153 Biomed Res- India 2017 Volume 28 Issue 5



mode and the void volume calculated by PLATON is 6.5%
(Figure 2c). A better insight into the nature of this intricate
framework can be achieved by the application of a topological
approach, reducing multidimensional structures to simple node
and connection nets. Cd1 can be regarded as a six-connected
node, Cd2 can be regarded as a five-connected node and the
BCPBA3− ligand acts as a six-connected node, so the whole
framework could be regarded as 3-nodal 5, 6, 6-connected net
(Figure 2d).

Figure 2. (a) The coordination surroundings of the Cd(II) ions. (b)
The 1D Cd(II)-chains. (c) The packing representation of the 3D
framework. (d) The simplified 3D network of 1.

Figure 3. (a) View of the coordination environments around Cu (II)
ions in 2; (b) the connection model for the HL2- ligand; (c) the 1D
channels running along the a axis. (d) the 3, 6-connected net for 2.

The single-crystal X-ray analysis reveals that compound 2
crystallizes in the monoclinic space group P21/c and generates
a 3D framework. There are two Cu (II) ions and two
HBCPBA2- ligands in one asymmetric unit. Cu1 ion is five-
coordinated by five carboxylic O atoms from five different
HBCPBA2- ligands, resulting in a tetragonal pyramid
conformation; Cu2 ion adopts the same coordinating model
with Cu1. Cu1, Cu2 and four carboxylic groups consist of the
paddle-wheel binuclear cluster along the ab plane, which is
further connected by the protonated carboxylic groups along
the c axis (Figure 3a). The average Cu-O distance is 1.964 (2)
Å, and the separation of Cu-Cu bond is 2.588 (2) Å. The

HBCPBA2- ligand acts as a three-connected linker to join three
Cu (II) paddle-wheel clusters using its five carboxylic O atoms
(Figure 3b), such a connection model leads to a 3D framework
with 1D small-sized channels running along the a axis (Figure
3c). From the topological point of view, each binuclear unit can
be regarded as a six-connected node, the HBCPBA2- ligand
can be simplified as a three-connected node, so the whole
framework could be considered as a 3, 6-connected with the
point symbol of (4.62) (42.610.83) (Figure 3d).

Anti-inflammatory activity
The anti-inflammatory activity of the title compounds 1, 2 and
organic ligand H3BCPBA was determined by the standard
carrageenan-induced paw oedema method in rats, at a dose of
50 mg/kg body weight, and compared with paracetamol as
reference drug. From the results obtained (Table 2), it appears
that 1 and 2 show slightly enhanced anti-inflammatory
activities (79.1 and 80.7 % inhibition of oedema) comparable
to that of the reference drug paracetamol (70.7%). On the
contrary, their corresponding organic ligand H3BCPBA possess
anti-inflammatory activities (53.4 %) lower than paracetamol.

Table 2. Anti-inflammatory activity of the tested compounds using
acute carrageenan-induced paw oedema in rats.

Compound Mean swelling volume "ml" %Inhibition of oedema

Control 0.701 ± 0.061b 0.00

Paracetamol 0.188 ± 0.022a 70.7

1 0.171 ± 0.110a 79.1

2 0.161 ± 0.081a 80.7

H3BCPBA 0.320 ± 0.078a 53.4

aSignificantly different from the control value at p<0.05; bSignificantly different
from the indomethacin value at p<0.05; results are means of six experiments ±
SE.

Conclusion
According to the above-mentioned data, it shall be concluded
that compared with organic ligand H3BCPBA, the anti-
inflammatory activity of compounds 1 and 2 has been
advanced greatly when H3BCPBA is in coordination with Cd
and Cu ion respectively. However, additional studies are
needed to define the mechanism underlying its anti-
inflammatory activity and evaluate the correlations of its drug
efficacy in vivo.

References
1. Albert DM, Diaz-Rohena R. A historical review of

sympathetic ophthalmia and its epidemiology. Surv
ophthalmol 1989; 34: 1-14.

2. Kaden R. Historic notices of Louis braille and the
development of dot-writing. Klin Monbl Augenheilkd
1977; 170: 154-158.

Two novel Cd (II) and Cu (II) complexes based on 3, 5-bi (4-carboxyphenoxy)-benzoic acid: anti-inflammatory
activity in sympathetic ophthalmia

Biomed Res- India 2017 Volume 28 Issue 5 2154



3. Gurdal C, Erdener UM, Orhan M. Incidence of sympathetic
ophthalmia after penetrating eye injury and choice of
treatment. Ocul Immunol Inflam 2002; 10: 223-227.

4. Migliori ME. Enucleation versus evisceration. Curr opin
ophthalm 2002; 13: 298-302.

5. Chan CC, Benezra D, Rodrigues MM.
Immunohistochemistry and electron microscopy of
choroidal infiltrates and Dalen-Fuchs nodules in
sympathetic ophthalmia. Ophthalmol 1985; 92: 580-590.

6. Wagner CC, Torre MH, Baran, EJ. Vibrational spectra of
copper (ii) complexes of l-proline. Lat Am J Pharm 2008;
27: 197-202.

7. Zeng Y, Xu T. Anti-oxidative and anti-inflammatory
activity of baicalin complexes with trivalent lanthanum,
yttrium and neodymium. Lat Am J Pharm 2016; 35:
1228-1233.

8. Ansari MJ. Preparation and evaluation of di-component and
tri-component molecular inclusion complexes of silymarin.
Lat Am J Pharm 2016; 35: 604-608.

9. Rao CNR, Natarajan S, Vaidhyanathan R. Metal
carboxylates with open architectures. Angew Chem Int Ed
2004; 43: 1466-1496.

10. Sheldrick GM. SHELXL-97, Program for solution crystal
structure and refinement. Univ Gottingen Germany 1997.

*Correspondence to
Jing Jiang

Department of Ophthalmology

The Second Hospital of Dalian Medical University

PR China
 

Sun/Sha/Jiang

2155 Biomed Res- India 2017 Volume 28 Issue 5


	Contents
	Two novel Cd (II) and Cu (II) complexes based on 3, 5-bi (4-carboxyphenoxy)-benzoic acid: anti-inflammatory activity in sympathetic ophthalmia.
	Abstract
	Keywords:
	Accepted on October 13, 2016
	Introduction
	Experimental
	Apparatus and materials
	Synthesis and characterization of compounds 1 and 2
	Crystal structure determination
	Anti-inflammatory activity

	Results and Discussion
	Molecular structure
	Anti-inflammatory activity

	Conclusion
	References
	*Correspondence to


