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Two new isostructural complexes based on 2-(1H-imidazolyl-1-methyl)-1H-benzimidazole (imb)
and di-anionic 1,4-benzenedicarboxylate (bdic), namely, {[Co(bdic)(imb)2(H2O)2]·2H2O}n (1) and
{[Ni(bdic)(imb)2(H2O)2]·2H2O}n (2), have been synthesized and characterized by single-crystal X-
ray diffraction. Both complexes possess a chain structure with the di-anionic bdic groups bridging
the metal ions. The imb ligands coordinate the metal ions in a monodentate mode at two sides of the
main chain. These chains are further packed into 3D networks through five kinds of hydrogen bonds.
The in vitro effect of 1 and 2 on cultured cardiac fibroblasts (CF) proliferation in the presence or
absence of excessive angiotensin II (AngII) have been investigated by a flow cytometric assay. The
results have indicated that both complexes have no obvious effect on the cell cycle distribution of CF,
but they can suppress the CF proliferation induced by AngII.
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Introduction

Transition metal complexes with intriguing struc-
tures have received great attention due to their inter-
esting properties and potential applications in ion ex-
change, molecular recognition and separation, hetero-
geneous catalysis, gas sorption and storage, drug deliv-
ery and medical imaging, and magnetic and porous ma-
terials [1 – 11]. However the exploration of synthetic
strategies and routines is still a long-term challenge
since the structure of the resultant complexes is influ-
enced by various factors such as the metal ions and
their coordinating possibilities, the coordination be-
havior and the multifunctionality of the ligands, the
metal-to-ligand ratio, the nature of the counteranions,
the reaction temperature, the pH values, and the sol-
vent of recrystallization [12 – 15]. Among those fac-
tors mentioned above, the selection of the organic lig-
and plays an important role in the construction of
complexes because these are the organic units that

serve to coordinate to the metal centers and pass on
the structural information expressed in metal coor-
dination preferences throughout the extended struc-
ture. N-Heterocyclic compounds like imidazole, tri-
azole, tetrazole, benzimidazole, benzotriazole, pyri-
dine, pyrazine, and piperazine and their derivatives are
extensively used as ligands to construct complexes due
to their strong coordination ability and diversities of
the coordination modes [16 – 23]. Furthermore, imid-
azole derivatives such as AICAR (AICAR = amino-
imidazole-4-carboxamide-1-β -ribofuranoside) can ac-
tivate AMPK (AMPK = AMP-activated kinase) in
rat cardiac fibroblasts and increase AngII-induced
(AngII = angiotensin II) extracellular signal-regulated
kinase 1/2 phosphorylation and activity. AICAR can
also increase AngII-induced c-fos mRNA expres-
sion in the cells [24]. Benzimidazole derivatives such
as 4,5-dihydro-6-[2-(4-hydroxyphenyl)-1H-benzimid-
azole-5-yl]-5-methyl-3(2H)-pyridazinone, an active
metabolite of pimobendan, has a positive inotropic ef-
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fect partly due to an increase in myofibrillar Ca2+ sen-
sitivity that is exerted via cross talk with a signal trans-
duction pathway that involves cAMP in Canine Ven-
tricular Myocardium [25].

The aforementioned ideas prompted us to em-
ploy an imidazole derivative, 2-(1H-imidazolyl-1-
methyl)-1H-benzimidazole (imb), as ligand to self-
assemble with Co(II) or Ni(II) salts in the pres-
ence of 1,4-benzenedicarboxylic acid (H2bdc). In
this work, we present two new isostructural 1D
complexes, {[Co(bdic)(imb)2(H2O)2]·2H2O}n (1) and
{[Ni(bdic)(imb)2(H2O)2]·2H2O}n (2), and evaluate
their effects on cultured cardiac fibroblasts (CF) prolif-
eration in vitro by a flow cytometric assay in the pres-
ence or absence of excessive AngII.

Experimental Section

The ligand 2-(1H-imidazolyl-1-methyl)-1H-benzimid-
azole (imb) was synthesized according to the literature
method [26, 27]. All chemicals were commercially avail-
able and used without purification. IR data were recorded
on a Bruker Tensor 27 spectrophotometer with KBr pellets
from 400 – 4000 cm−1. Elemental analyses were carried out
on a Flash EA 1112 elemental analyzer. PXRD patterns were
recorded using CuKα1 radiation on a PANalytical X’Pert
PRO diffractometer. Gel permeation chromatography (GPC)
analyses were carried out with Agilent 1100 series equipped
with a RI-G1362A RI detector and a PL gel Mixed-C col-
umn using DMSO as the mobile phase at a flow rate of
1.0 mL min−1. Molecular weights and molecular weight dis-
tributions were estimated on the basis of the calibration curve
obtained by polystyrene standards.

Synthesis of {[Co(bdic)(imb)2(H2O)2]·2H2O}n (1)

A mixture of CoCl2·6H2O (0.05 mmol), imb (0.1 mmol),
H2bdic (0.05 mmol), water (8 mL), and DMF (1 mL) was
placed in a 25 mL Teflon-lined stainless-steel vessel and
heated at 353 K for 3 d. After the mixture had been cooled
to room temperature at a rate of 10 ◦C·h−1, red crystals of
1 suitable for X-ray diffraction were obtained. Yield: 51%
based on Co. – Anal. for C30H32CoN8O8 (691.57): calcd. C
52.10, H 4.66, N 16.20; found C 52.43, H 4.39, N 15.96. –
FT-IR (KBr, cm−1): ν = 3460 (s), 3124 (s), 1665 (m), 1574
(s), 1539 (m), 1520 (s), 1444 (s), 1377 (s), 1333 (s), 1275 (s),
1109 (m), 1089 (s), 832 (s), 759 (s), 744 (s), 658 (s).

Synthesis of {[Ni(bdic)(imb)2(H2O)2]·2H2O}n (2)

The preparation of 2 was similar to that of 1 except that
NiCl2·6H2O (0.05 mmol) was used instead of CoCl2·6H2O.
Green crystals of 2 were obtained. Yield: 43% based on Ni.

– Anal. for C30H32N8NiO8 (691.35): calcd. C 52.12, H 4.67,
N 16.21; found C 52.39, H 4.43, N 16.01. – FT-IR (KBr,
cm−1): ν = 3464 (s), 3125 (s), 1665 (m), 1576 (s), 1539 (m),
1521 (s), 1444 (s), 1378 (s), 1333 (s), 1275 (s), 1109 (m),
1090 (s), 832 (s), 760 (s), 743 (s), 660 (s).

Crystal structure determinations

Single crystals of complexes 1 and 2 were attached to
a thin glass fiber. Crystal structure determination by X-ray
diffraction was performed on a Rigaku Saturn 724 CCD
area detector with a graphite monochromator for the X-ray
source (MoKα radiation, λ = 0.71073 Å) operating at 50 kV
and 40 mA. The data were collected by an ω scan mode at
a temperature of 293(2) K, the crystal-to-detector distance
was 45 mm. An empirical absorption correction was applied.
The data were corrected for Lorentz and polarization effects.
The structures were solved by Direct Methods, completed
by difference Fourier syntheses and refined by full-matrix
least-squares techniques based on F2, using the programs
SHELXS/L-97, respectively [28]. All non-hydrogen atoms
were refined anisotropically. The hydrogen atoms of the lig-
ands were positioned geometrically and refined using a rid-
ing model. The hydrogen atoms of the water molecules were
found at reasonable positions in difference Fourier maps and
located there. All the hydrogen atoms were included in the
final refinement. Crystal data and numbers pertinent to data
collection and structure refinement parameters for both com-
plexes are summarized in detail in Table 1. Selected bond
lengths and bond angles are listed in Table 2. Hydrogen
bonds are given in Table 3.

CCDC 900679(1) and 900680(2) contain the supplemen-
tary crystallographic data for this paper. These data can
be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data request/
cif.

Cardiac fibroblast culture and identification

Primary cultures of cardiac fibroblasts were prepared from
hearts of neonatal Sprague-Dawley rats (1 – 2 days old) as
previously described with minor modifications [29]. After
dissociation from the heart tissue by trypsin and collagenase,
cells were pre-plated into culture flacons at 37 ◦C for 30 min
to remove the suspended cells. The majority of the adherent
cells are fibroblasts. Cardiac fibroblasts were routinely grown
in Dulbecco’s modified Eagle medium (DMEM) supple-
mented with 10% newborn calf serum (NCS), 100 U mL−1

penicillin and 100 µg mL−1 streptomycin. The cell culture
was grown in a humidified 5% CO2 and 95% air incu-
bator at 37 ◦C with media replenishment every 3 d. When
cells became confluent they were harvested with 0.25%
trypsin/ethylenediaminetetraacetic acid and replated (pas-
saged) with a split of 1 : 3. The medium was changed every
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1 2
Empirical formula C30H32CoN8O8 C30H32N8NiO8
Formula weight 691.57 691.35
Temperature, K 293(2) 293(2)
Crystal size, mm3 0.21× 0.12× 0.11 0.23× 0.20× 0.16
Crystal system triclinic triclinic
Space group P1̄ P1̄
a, Å 7.8608(16) 7.8700(16)
b, Å 9.0242(18) 9.0304(18)
c, Å 11.394(2) 11.323(2)
α , deg 86.82(3) 87.46(3)
β , deg 83.63(3) 83.84(3)
γ , deg 84.87(3) 84.71(3)
Volume, Å3 799.2(3) 891.8(3)
Z 1 1
Calculated density, g cm−3 1.44 1.44
Absorption coefficient, mm−1 0.6 0.7
F(000), e 359 360
2θ range data collection, deg 1.80 – 51.00 2.61 – 55.68
hkl range ±9, ±10, ±13 ±10, −11→ 10, ±14
Refl. collected/unique/Rint 5535/2836/0.0266 9915/3754/0.0299
Data/ref. parameters 2836/214 3754/214
Final R1/wR2 [I > 2 σ(I)] 0.0474/0.1163 0.0465/0.0970
FinalR1/wR2 (all data) 0.0578/0.1324 0.0522/0.1002
Goodness-of-fit on (F2) 1.191 1.076
∆ρfin (max/min), e Å−3 0.29/−0.44 0.25/−0.33

Table 1. Crystal data and structure
refinement data of complexes 1 and
2.

Table 2. Selected bond lengths (Å) and angles (deg) for com-
plexes 1 and 2a.

Complex 1 Complex 2
Co1–O1 2.104(2) Ni1–O1 2.0612(14)
Co1–O3 2.105(2) Ni1–O3 2.0864(16)
Co1–N1 2.120(3) Ni1–N1 2.0773(18)
O1–Co1–O1#1 180.0 O1–Ni1–O1#1 180.0
O1–Co1–O3#1 93.64(9) O1–Ni1–O3#1 93.87(7)
O1–Co1–O3 86.36(9) O1–Ni1–O3 86.13(7)
O3#1–Co1–O3 180.0 O3#1–Ni1–O3 180.0
O1–Co1–N1#1 90.67(10) O1–Ni1–N1#1 90.41(7)
O3–Co1–N1#1 91.71(10) O3–Ni1–N1#1 92.20(7)
O1–Co1–N1 89.33(10) O1–Ni1–N1 89.59(7)
O3–Co1–N1 88.29(10) O3–Ni1–N1 87.80(7)
N1#1–Co1–N1 180.0 N1#1–Ni1–N1 180.0

a Symmetry transformations used to generate equivalent atoms:
1: #1 −x+2, −y+1, −z; 2: #1 −x+1, −y+2, −z+1.

2 d. Cells in passage three and four were used in all exper-
iments. Cardiac fibroblasts purity was assessed by morpho-
logical observation under an inverted-phase contrast micro-
scope and immunocytochemistry by using the antibody for
vimentin. The culture contained more than 95% fibroblasts.

Preparation of stock solutions of complexes 1 and 2

Complex 1 (172.89 mg) or 2 (172.84 mg) was weighed
accurately and dissolved in 10 mL DMSO. Then 50 mL
DMEM was added. The resulting solution was transferred

Table 3. Hydrogen bonds of complexes 1 and 2a.

D–H···A d(D–H) d(H···A) d(D···A) (D–H···A)
(Å) (Å) (Å) (deg)

Complex 1
O3–H2W···O4 0.85 1.87 2.703(4) 167.9
O3–H1W···O2#1 0.85 1.98 2.720(3) 145.3
N4–H4C···O2#3 0.86 1.92 2.737(4) 158.9
O4–H3W···O2#4 0.85 1.95 2.787(4) 167.9
O4–H4W···N3#4 0.85 1.98 2.814(4) 167.2

Complex 2
O3–H2W···O4 0.85 1.88 2.721(2) 169.1
O3–H1W···O2#1 0.85 1.96 2.698(2) 143.8
N4–H4C···O2#3 0.86 1.92 2.739(3) 158.7
O4–H3W···O2#4 0.85 1.95 2.795(2) 170.3
O4–H4W···N3#4 0.85 1.99 2.820(3) 167.2

a Symmetry transformations used to generate equivalent atoms:
1: #1 −x + 2, −y + 1, −z; #3 x, y + 1, z; #4 x−1, y, z; 2: #1 −x + 1,
−y+2, −z+1; #3 x, y−1, z; #4 x+1, y, z.

to a 250 mL volumetric flask and diluted with DMEM.
The concentration of the prepared stock solution was
1.0× 10−3 mol·L−1 (in terms of structural unit). The dilution
series were prepared by serial dilution of the stock solution
with DMEM in 50 mL volumetric flasks.

Cell viability assay

Cell viability was determined using the MTT assay
(MTT = 3-(4,5)-dimethylthiazo(-2-y1)-3,5-di-phenyltetraz-
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oliumbromide). Briefly, the cells were collected and resus-
pended in DMEM at 4× 104 cells per mL, and 100 µL
aliquots were added to each well of 96-well flat-bottomed
microtiter plates, followed by addition of 100 µL of the so-
lution of the complex 1 or 2. Three replicate wells were used
for each data point in the experiments. After incubation for
the indicated intervals, 20 µL of MTT (5 mg mL−1 in PBS,
PBS = phosphate buffer saline) solution was added to each
well, and plates were then incubated for 4 h at 37 ◦C. The
medium with MTT was removed from the wells. Intracellu-
lar formazan crystals were dissolved by adding 150 µL of
DMSO to each well, and the plates were shaken for 10 min.
The absorbance was read at 490 nm with a microplate reader
(Thermo). From this MTT assay, we found an appropriate
concentration (for complex 1 or 2) which has no toxic effect
on cardiac fibroblasts.

Cell cycle assay

The cells were collected and resuspended in DMEM with
10% serum at 4× 104 cells per mL, and 2 mL were added
to each well of 6-well flat-bottomed microtiter plates. The
cell culture was grown in a humidified 5% CO2 and 95%
air incubator at 37 ◦C for 24 h. After the cells became con-
fluent, DMEM with serum was removed from the wells, and
serum-free DMEM was added. Then cardiac fibroblasts in
the wells were treated with complexes 1 and 2 in the pres-
ence or absence of excessive AngII (groups were listed in
detail in Tables 4 and 5) for 24 h, harvested, washed in cold
PBS (pH = 7.4), and fixed with 70% (v/v) ethanol at −20 ◦C
for 30 min. After the ethanol was removed, the cells were in-
cubated with PBS containing RNase (172 mU L−1) at 37 ◦C
for 30 min, then stained for 30 min with 0.005% propidium
iodide. Fluorescence was measured with a flow cytometer
(Coulter Epics-XL-MCL, USA). Results represented a min-
imum of 3000 cells assayed for each determination. The ex-
periment was performed five times.

Statistical analysis

All results were expressed as mean and standard deviation
(mean ± s. d.). The difference was analyzed for significance
by one-way repeated-measures analysis of variance. A value
of P < 0.05 was considered statistically significant.

Results and Discussion

IR spectroscopy of complexes 1 and 2

In the IR spectra the absorption bands at 3460 cm−1

for 1 and at 3464 cm−1 for 2 are associated with the
stretching vibrations of the hydroxyl groups, and ab-
sorption bands at 3124 cm−1 for 1 and at 3125 cm−1

for 2 attributed to Ar–H stretching vibrations [30].
Furthermore, the absorption bands at 1574, 1520, and
1444 cm−1 for 1 and at 1576, 1521 and 1444 cm−1

for 2 originate from C=C and C=N stretching vibra-
tions [31, 32]. The band at 1333 cm−1 for 1 and 2 is
the results of C–N stretching vibrations. The absorp-
tion bands at 744 cm−1 for 1 and at 743 cm−1 for 2
can be assigned to characteristic stretching vibrations
of o-phenylene [33]. The absorption band at 832 cm−1

for 1 and 2 corresponds to the stretching vibrations of
t-phenylene [34]. Separations (∆) between νa(COO)
and νs(COO) are different for the unidentate, chelat-
ing (bidentate) and bridging complexes. In 1, the sep-
aration ∆ is 288 cm−1 (1665 vs. 1377 cm−1), and the
carboxylate groups are thus coordinate to Co(II) ions
in a unidentate fashion. In 2, the carboxylate groups
exhibit νa(COO) and νs(COO) at 1665 and 1378 cm−1

(∆ = 287 cm−1), also comparable to those of monoden-
tate carboxylate groups. The above analyses are con-
firmed by the results of the structure determinations.

Description of the cyrstal and molecular structures

Single-crystal X-ray analysis has revealed that
structures 1 and 2 are triclinic and crystallize in the
space group P1̄ with Z = 1, i. e. the complexes ex-
hibit crystallographic inversion symmetry. Complexes
1 and 2 are isostructural with only slight differences
in bond lengths and angles (see Tables 1 and 2).
Therefore only the structure of 1 is discussed in de-
tail here (Fig. 1). The respective plots of complex
2 are given in the Supporting Information available
online (see note at the end of the paper for avail-
ability). There is one half Co(II) ion, one half 1,4-
benzenedicarboxylate anion, one imb ligand, one co-
ordinated water molecule and one uncoordinated wa-
ter molecule in the asymmetric unit of complex 1. As
shown in Fig. 1a, the Co(II) ion is hexacoordinated in
a slightly distorted octahedral geometry. Four O atoms
(O1, O1#1, O3, O3#1) from two symmetry-related
1,4-benzenedicarboxylate anions and two symmetry-
related water molecules, respectively, occupy the equa-
torial positions, and two nitrogen atoms (N1, N1#1)
from two symmetry-related imb ligands are located
in the apical positions (the N1–Co1–N1#1 bond an-
gle therefore is strictly 180.0). The Co–O distances
of 2.104(2) and 2.105(2) Å and the Co–N distance
of 2.120(3) Å are close to those in other Co(II) com-
pounds, e. g. {[Co(L)(phen)(H2O)]·MeOH} (L = 5-



Y. Wang et al. · Two Co(II) and Ni(II) Complexes 1229

Fig. 1. (a) Coordination environment of the Co(II) centers in complex 1 with the atom numbering scheme. Uncoordinated
water molecules and hydrogen atoms are omitted for clarity. (b) View of the chain structure of complex 1. (c) View of
hydrogen bonds in complex 1. (d) 3D structure of complex 1 in the solid state supported by hydrogen bonds.

ferrocenyl-1,3-benzenedicarboxylic acid, phen = 1,10-
phenanthroline) [35] and [Co(OOC(CH2)4Fc)2(4,4′-
bipy)(H2O)2]n (Fc = (η5-C5H5)Fe(η5-C5H4), bbbm
= 1,1′-(1,4-butanediyl)bis-1H-benzimidazole) [36].

In complex 1, the H2bidc ligand is com-
pletely deprotonated, and the centroid of the 1,4-
benzenedicarboxylate anion is located on a center of
inversion. As shown in Fig. 1b, each di-anionic ligand
bdic bridges two Co(II) ions to form a chain via Co–O
bonds, and all of the carboxylate groups coordinate
to the Co(II) centers in the monodentate mode. The
distance of Co(II)···Co(II) bridged by the bdic ligand
is 11.394 Å. Imb ligands coordinate to the Co(II)
centers in monodentate mode at two sides of the main
chain. The dihedral angle between the imidazol and
benzimidazol planes is 86.2◦. All benzimidazole rings
on the same side are parallel, and the distance between
the neighboring benzimidazole rings is 8.753 Å. As
shown in Fig. 1c, there are five kinds of hydrogen
bonds in complex 1: (a) coordinated/uncoordinated

water molecules (O···O distance: 2.703(4) Å);
(b) coordinated water molecules/carboxyl O
atoms (O···O distance: 2.720(3) Å); (c) uncoordi-
nated water molecules/carboxyl O atoms (O···O
distance: 2.787(4) Å); (d) uncoordinated water
molecules/benzimidazole N atoms (O···N distance:
2.814(4) Å); (e) benzimidazole/carboxyl O atoms
(N···O distance: 2.737(4) Å). The chains are thus con-
nected by the above O–H···O, O–H···N and N–H···O
hydrogen bonds leading to a 3D structure (Fig. 1d).

XRD patterns

To confirm the phase purity of the two complexes,
PXRD patterns were recorded for 1 and 2, and they
were compared to the corresponding simulated ones as
calculated on the basis of the single-crystal diffraction
data (Fig. 2), indicating a pure phase of each bulk sam-
ple within the limits of the powder diffraction exper-
iment. In addition, by comparing the PXRD patterns
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Fig. 2. The PXRD patterns of complexes 1 and 2 at room temperature; simulated patterns are generated from single-crystal
diffraction data.

of complexes 1 and 2, we can also confirm that com-
plexes 1 and 2 are isostructural. This is consistent with
the results of the single-crystal X-ray diffraction.

The effects of complexes 1 and 2 on cultured cardiac
fibroblasts proliferation

Being a major pathogenic factor, AngII can in-
duce cardiac fibroblasts proliferation, increase colla-
gen synthesis, produce myocardial fibrosis, and play
a very important role in the activation and the de-
velopment of various cardiovascular diseases, such as
chronic heart failure, myocardial infarction, arrhyth-
mia and others [37]. Many studies have confirmed that
many drugs can protect myocardium through inhibi-
tion of the biological effect of AngII. According to
reports in the literature [24], the imidazole derivative
AICAR can inhibit the biological effect of AngII and
protect myocardium. Complexes 1 and 2 also contain
imidazole groups. So we investigated the effects of
both complexes on cultured cardiac fibroblasts prolif-
eration. Through the cell viability assay, we found that
there is no cytotoxicity when the concentration of com-
plex 1 or 2 is 1.0× 10−5 mol L−1. In order to eluci-
date the effects of complexes 1 and 2 on cultured car-
diac fibroblasts proliferation in vitro, the cell cycle dis-
tribution was analyzed by a flow cytometric assay in
the presence or absence of excessive AngII. First, we
investigated the effects of complexes 1 and 2 on the
cell cycle distribution of cultured cardiac fibroblasts in
the absence of exogenous stimulation. CF incubated

with serum-free DMEM served as control group. In
groups 1 and 2, CFs were incubated with serum-free
DMEM containing complex 1 and 2, respectively. The
cells were harvested 24 h later. After a series of treat-
ment, the cells cycle distribution was analyzed by flow
cytometry using the SPSS 170 software. As shown in
Table 4, the percentages of CFs in the G0/G1, G2/M
and S phases have no significant difference in groups
1 and 2 compared with the control group (P > 0.05,
G0 is dormancy stage, G1 is the first gap, G2 is the
second gap, M is mitosis phase, and S is synthesis
phase). The results show that both complexes do not
interfere with the cell cycle distribution of CF deter-
mined by flow cytometry compared with the control
group. Second, we investigated the effects of the two
complexes on the cell cycle distribution in the pres-
ence of AngII. CF incubated with serum-free DMEM
also served as control group. CF incubated with serum-
free DMEM containing AngII, AngII and complex 1,
AngII and complex 2 were defined as groups 1, 2 and
3, respectively. The cells were harvested 24 h later. As
depicted in Table 5, there were significantly decreased
G0/G1 and G2/M phase distributions, and an increased
S phase distribution in group 1 compared to the control
group (P < 0.05). That indicates that AngII can signif-
icantly increase cardiac fibroblasts proliferation, simi-
lar to that reported in the literature [38]. The addition
of complexes 1 or 2 to the cells stimulated with AngII
resulted in increased rates of cells at G0/G1 and G2/M
phase distributions and decreased rates of cells at S
phase compared to the group AngII alone (P < 0.05).
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Groups Components G0/G1 G2/M S
Control group DMEM (2 mL), CF (10 000 cells) 69.59±1.76 15.25±1.25 15.14±1.14

Group 1 DMEM (2 mL), CF (10 000 cells), 70.73±0.75 11.70±0.82 17.54±0.07
complex 1 (1.0× 10−5 mol L−1)

Group 2 DMEM (2 mL), CF (10 000 cells), 68.57±1.54 15.67±0.22 15.51±1.31
complex 2 (1.0× 10−5 mol L−1)

Table 4. The cell cycle analy-
sis of the CF induced by com-
plexes 1 and 2 for 24 h (x̄± s).

Groups Components G0/G1 G2/M S
Control group DMEM (2 mL), CF (10 000 cells) 69.59±1.76 15.25±1.25 15.14±1.14

Group 1 DMEM (2 mL), CF (10 000 cells), 57.98±2.13 9.44±3.16 32.57±4.66
Ang II (1.0× 10−6 mol L−1)

Group 2 DMEM (2 mL), CF (10 000 cells), 66.56±2.44 15.58±4.79 17.86±4.01
Ang II (1.0× 10−6 mol L−1),
complex 1 (1.0× 10−5 mol L−1)

Group 3 DMEM (2 mL), CF (10 000 cells), 68.83±0.11 14.77±0.49 16.42±0.38
Ang II (1.0× 10−6 mol L−1),
complex 2 (1.0× 10−5 mol L−1)

Table 5. The cell cycle analy-
sis of the CF induced by Ang
II and the complexes for 24 h
(x̄± s).

There are only slight differences in effect between the
two complexes (P > 0.05). These results suggest that
both complexes can inhibit CF proliferation induced by
AngII.

Furthermore, we determined the molecular weights
of complexes 1 and 2 in DMSO solution. The results
show that the average molecular weights (Mn) are 4828
for complex 1 and 4275 for complex 2. The polydisper-
sity indices (PDI) are 1.18 and 1.22 for complexes 1
and 2, respectively. Thus we confirm that the skeletons
of complexes 1 and 2 are intact in solution. So to some
extent the properties of complexes 1 and 2 in solution
can represent the properties of the crystals.

Conclusion

Through the assembly of the N-heterocyclic ligand
2-(1H-imidazolyl-1-methyl)-1H-benzimidazole (imb)
with Co(II) or Ni(II) salts in the presence of 1,4-
benzenedicarboxylic acid (H2bdic), two new isostruc-
tural 1D complexes {[Co(bdic)(imb)2(H2O)2]·2H2O}n

(1) and {[Ni(bdic)(imb)2(H2O)2]·2H2O}n (2) were ob-
tained. Their effects on cultured cardiac fibroblasts
(CF) proliferation were studied by cell cycle analysis,

and the results have shown that both complexes have
no obvious effect on the CF cell cycle, but they can
suppress the CF proliferation induced by AngII. We
will continue to synthesize more complexes based on
imb ligands and study their effects on cultured cardiac
fibroblasts proliferation systemically.

Supporting information

Plots of the molecular and crystal strcutures of the Ni(II)
complex 2 are given as Supporting Information available on-
line (DOI: 10.5560/ZNB.2013-3151).
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