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Abstract: Two cobalt(ll) complexes, Co,(MBimB),Cl,-2H,0 -EDA (1) (MBimB=1,3-bis(2-benzimidazolyl)benzene,
EDA =ethylenediamine) and [Co(MBimB)Cl,], (2), have been synthesized based on the rigid ligand MBimB and
characterized by single crystal X-ray diffraction. In complex 1, two MBimB molecules adopt “cis” conformation
and bridge two cobalt(Il) ions to form a binuclear metallaycyclic framework. In complex 2, MBimB ligand adopts
“trans” conformation and bridges two adjacent cobalt(Il) ions into 1D zigzag chain. Magnetic susceptibility of 1
and 2 showed ferromagnetic coupling firstly and then antiferromagnetic coupling as the temperature decreases.
Compared to complex 2, stronger ferromagnetic interaction and/or spin-orbital coupling between the cobalt(Il) ions

in 1 can be ascribed to the shorter distance of Co---Co and enhanced intervening aromatic 7-system between the

metal centers. CCDC: 993989, 1; 993990, 2.
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0 Introduction

In recent years, metal complexes based on bis(2-
benzimidazole) ligands have received much attention.
They exhibited diverse biological properties, including

02 and liver disease

excellent antibacterial activities
control™, which are of interest in the application fields
of proton sponges, ion exchange membrane®®,
catalysts for polymerization, and agents for electron
transfer system"”. As a result of extensive research of
properties  of

molecule-based magnets, magnetic

complexes based on bis(2-benzimidazolyl) have been

11-13]

reported! Owning to their capacity of mediating

sufficiently strong magnetic interactions between metal

s!*18 his(2-benzimidazole) compounds can be used

ion
as bridging ligand to construct the complexes with
bulk magnetic ordering.

The bis(2-benzimidazole) ligand can be flexible
or rigid. A literature survey showed that lots of coordi-
nation complexes have been synthesized using flexible
bis(2-benzimdazolyl)alkanes as ligands. As a result of
the long flexible alkane chain, diverse structures
which included mononuclear!™. binuclear™?*' and
multinuclear!™ complexes have been reported. Com-
pared to flexible bis(2-benzimidazole) ligands, studies
on complexes based on the rigid ligands are limited"**2,
In our previous studies, we have prepared some
complexes based on the rigid ligand OBimB (OBimB
=1,2-bis(2-benzimidazolyl)benzene) #*!.  Herein, we
report the synthesis, structure characterization, thermal
and magnetic properties of two cobalt(Il) complexes
Co,(MBimB),Cl, -2H,0 -EDA (1) and [Co(MBimB)CL,],
(2) using rigid MBimB as ligand (MBimB=1,3-bis(2-
benzimidazolyl)benzene, EDA=ethylenediamine).

1 Experimental

1.1 Materials and instruments

All the chemicals were purchased commercially
and used without further purification. Elemental
analyses (C, H and N) were carried out on a Perkin-
Elmer 1400C analyzer. IR spectra were obtained on a
Nicolet 170SX spectrometer. TG curves are obtained

on a TGA/DSC 2 thermogravimetric analyzer (Mettler-

Toledo AG) in nitrogen up to 900 °C . Magnetic
susceptibility data were obtained from 2 to 300 K at a
magnetic field of 1 000 Oe on a Quantum Design
MPMS-7 SQUID magnetometer. 'H NMR spectrum of
MBimB was obtained on a Bruker DOX 300 instrument.
1.2 Preparation of the complexes 1 and 2
1.2.1 Synthesis of MBimB

MBimB was synthesized by the condensation
between m-phthalic acid and o-diaminobenzene using
a method reported before™ (Scheme 1). Typically,
about 4.7 g o-diaminobenzene (44 mmol) and 3.3 g m-
phthalic acid (20 mmol) were mixed and thoroughly
ground in a mortar. Then, the uniform mixed powder
was transferred to a flask. About 40 mL polyphosphoric
acid was added to the flask and the resulting mixture
was heated to 230 °C for 4 h with continuous stirring.
After that, the reaction solution was poured into
copious amounts of ice water with strong stirring.
Finally, the resulting raw solid was stirred in a
saturated NaHCOj; solution for 12 h (Yield: 3.3 g, 39%).
Yellow single crystals suitable for X-ray diffraction
were obtained by recrystallization from methanol.
Anal. Caled. (%) for CyxHUN: C 77.40, H 4.55, N
18.05; Found(%): C 77.68, H 4.35, N 17.97. IR(KBr,
em™): 3 058 (w, vyp), 1 534 (w), 1439 (s, Ve en)s
1 278 (w), 1 008(w), 742(s). 'H NMR (DMSO-dy): &
12.95 (2H, s, NH), 7.3~7.8(12H, m, Ar).

HN@
COOH =
NH, N
Polyphosphoric acid
- .
* 230°C
NH;

COOH N
Scheme 1 Schematic view of the synthesis of MBimB

1.2.2  Preparation of Co,(MBimB),Cl,-2H,O-EDA (1)

CoCl, -6H,0 (0.048 g, 0.2 mmol) and MBimB
(0.03 g, 0.1 mmol) were added to the mixed solution
of ethanol (10 mL) and acetonitrile (10 mL). Then, two
drops of ethylenediamine was added to improve the

solubility. The resulting solution was refluxed for 30
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min with continuous stirring. Finally, the blue filtrate
was kept at room temperature for about 2 days to give
blue crystals (45% yield based on Co). Anal. Caled.(%)
for C4,H,0ClLCoN0,: € 51.7, H 4.1, N 14.3; Found(%):
C 52.1, H 4.1, N 14.1. IR(KBr, em™): 3 423(br, vyy),
1 631(w, Ve, c=y), 1 572(w), 1 442(m, Ve ), 1 394
(s), 1 285(m), 1 227(w), 891(w), 745(m), 677 (w).

1.2.3  Preparation of [Co(MBimB)Cl,], (2)

A mixture of MBimB (0.03 g, 0.1 mmol), CoCl,*
6H,0 (0.048 g, 0.2 mmol), NaOH (0.004 g, 0.1 mmol),
ethanol (6 mL), and benzene (10 mL) was heated in a
20 mL Teflon autoclave at 110 °C for 3 days and then
cooled to ambient temperature at a rate of 5 °C-h™".
The dark blue block crystals were separated by
filtration. Anal. Caled.(%) for C,H ,C,CoNy: C 54.6, H
3.2, N 12.7; Found (%): C 54.2, H 3.4, N 12.9. IR
(KBr, ecm™): 3 431(br, vny), 1 626(w, Ve c=y)> 1 590(w),

1 437(m, Ve ), 1 289(m), 1 027(w), 768(m), 647(w).
1.3 X-ray crystallographic study

Diffraction measurements were made with a
Bruker SMART 1000 CCD area detector X-ray single
crystal diffractometer. The structure was solved via
the SHELXS 97 program™ and refined with SHELXL
975" by full-matrix least squares on F H atoms bonded
to the C and N atoms were positioned geometrically
(C-H 0.095 or 0.099 nm, and N-H 0.088 nm) and
allowed to ride on their parent atoms. H atoms
attached to O atoms were located in a difference map
and were refined with bonds restraints (O-H 0.085(3)
nm, H--H 0.137(2) nm) and with U, (H)=0.1.
Additional details of the data collection and refinement
for 1 and 2 are given in Table 1. Selected bond
lengths and bond angles are listed in Table 2.

CCDC: 993989, 1; 993990, 2.

Table 1 Crystals and structures refinement data for 1 and 2

Complex 1 2

Empirical formula CpHyCLCOoN 40, CayH1CLCoN,
Formula weigh 976.50 440.18

Crystal size / mm 0.20x0.18%0.20 0.24x0.24x0.22
Crystal system Triclinic Monoclinic
Space group Pl P2/c

a/nm 0.800 01(3) 1.661 07(5)

b / nm 0.948 64(4) 0.717 16(2)

¢/ nm 1.354 79(7) 1.742 33(6)
al(°) 93.045 0(10) 90

B/ 91.522(2) 117.015 0(10)
v /(% 104.587 0(10) 90

V [/ nm? 0.992 78(8) 1.849 09(10)

A 1 4

D./ (g-em™) 1.633 1.581

F(000) 500 892

(Mo Ket) / mm™ 1.158 1.229

Index ranges (h, k, [) -9~9, —-11~11, -16~16 -20~20, -8~8, -21~21
0 range for data collection / (°) 3.014~24.993 3.13~25.50

Independent reflections (R;,)
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Ry, wR, (I520(1))

Ry, wR; (all data)

Largest diff. peak and hole / (e*nm™)

3 487 (0.033 0)

Full-matrix least-squares on F?

3487/01/7275
1.058

0.040 0, 0.093 9
0.060 9, 0.107 6
489 and -523

3424 (0.030 8)

Full-matrix least-squares on F?
3424/2/253

0.979

0.038 7, 0.106 3

0.057 1, 0.138 6

415 and =500




557 1 RN HEAE BT 1,3 (2- A48 I R B ) 8 0 WU il B 8l T A2 5 45 W00 1% i AR 5 4 B i e 1405
Table 2 Selected bond lengths (nm) and bond angles (°) for 1 and 2
1
Col-N4 0.204 9(3) Col-C12 0.225 62(11) Col-CI3 0.225 99(11)
Col-N6 0.202 6(3)
N6-Col-N4i 102.03(11) N4-Col-C13 124.58(8) N6-Col-Cl3' 102.93(8)
N4-Col-CI2 103.52(8) N6-Col-Cl2! 114.87(8) C12-Co-CI3 109.27(5)
2
Co-N3" 0.203 7(3) Co-Cl1 0.223 01(10) Co-CI2 0.226 35(10)
Co-N1 0.205 1(3)
N3"-Co-N1 100.40(11) N1-Co-Cl1 103.86(8) N1-Co-CI2 120.62(8)
N3%Co-Cl1 114.18(8) N3i-Co-C12 105.81(8) Cl1-Co-CI2 111.81(4)

Peatl, =yl =z T —ak], y+1/2, —2+1/2

Symmetry codes:
2 Results and discussion

2.1 Synthesis

The ligand MBimB was synthesized by the
condensation of o-diaminobenzene and m-phthalic
acid. Polyphosphoric acid was used here as both
reaction solution and acid catalyst™*. Complex 1
with binuclear structure was obtained by the reaction
of CoCl,-6H,0 and MBimB with the molar ratio of 2:1
in a mixture of ethanol and acetonitrile. However,
coordination polymer structure in 2 was formed with
the same metal-ligand molar ratio under solvothermal
reaction condition with the presence of benzene. This
result indicates that the assemblies of metals and
ligands are influenced by the reaction condition and
the nature of solvate. Two reasons may explain the
structural difference. First, the polymer structure of 2
formed under high temperature and high pressure has
a lower energy compared to the binuclear structure of
1. Second, under the high temperature and pressure,
benzene may acts as a templating regent and prevents
the construction of binuclear complex sterically.
2.2 Description of the Structures

An ORTEP view of 1 with the atomic numbering
scheme is shown in Fig.1, showing 50% probability
displacement ellipsoids. Single-crystal X-ray analysis
reveals that 1 has a binuclear structure. Two distorted
tetrahedral Cobalt(Il), each bonded by two benzimid-
azole nitrogens and two chlorine anions, are bridged

by two MBimB ligands to form familiar centrosymm-

etric, metallaycyclic arrangement. The bidental MBimB
ligand adopts a “cis” conformation with two coordinated
nitrogens at the same direction. The Co-N distances
are almost equal (Col-N4 0.204 9(3) nm, Col-N6
0.202 6(3) nm), which are slightly longer than those of
complex [Co,(BTBI)Br,] -4DMF (BTBI=1,2.4,5-tetrakis
(benzimidazol-2-yl)benzene, Co-N 0.201 6(6)
0.200 4(7) nm)*. The angles at cobalt range from
102.0(11)° to 124.58(8)°. In the metallaycyclic frame-

work, the distance between two Cobalt (Il atoms is

and

0.727 5(6) nm and the parallel central benzene rings
are separated by 0.521 9(6) nm. The dihedral angles
of the benzimidazolyl ring planes with the central

phenyl ring plane are 40.85° and 14.52°, respectively.

1
c(s o
Vk C17 czz g’ J
c21
6'{ " c145 28 @ c2
—w C10,
N' " Cl6 ¢y Cl2 M4 /
i Col
r C25
/ t\@\‘( ‘_@

S

Solvent molecules and hydrogen atoms are omitted for clarity

N5 019\C\'/9 C26

Fig.1 Structure of complex 1, showing 50% probability
displacement ellipsoids and the atomic

numbering scheme

The structure of 2 is shown in Fig.2. Each
MBimB as bidental ligand links two Co(Il) atoms into
1D zigzag chain. The MBimB ligand affords two

coordination sites and adopts a “trans” conformation

with two coordinated nitrogens at the opposite
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direction, resulting in coordination polymer conforma-
tion. The stereochemistry at each cobalt center is
distorted tetrahedral, with angles at cobalt ranging
from 103.86(8)° to 120.62(8)° and are similar to those
of 1. The bond lengths of Co-N (Co-N3 0.203 7(3) nm,
Co-N1 0.205 1(3) nm) are much closed to those in 1.
The distance between two adjacent Cobalt atoms in
the 1D chain is 0.785 9 nm. Benzimidazole rings are
twisted by 49.01° and 29.83° relative to the central

benzene ring, which are bigger than those of 1.

cL el
cio co
\QNs

Cl6 Cl1 ‘\Q ~)\
, 5‘? 2 0s"

'2@ a
cl
T 4
cig C19 C2 C3

Hydrogen atoms are omitted for clarity

Fig.2 Structure of complex 2, showing 50% probability
displacement ellipsoids and the atomic

numbering scheme

In complex 1, the strong classical hydrogen
bonds, constructed by NH groups of MBimB ligand,
water molecules and NH, groups of ethylenediamine,
link the Co, (MBimB),Cl, units into 2D layered
(Fig.3). There is also
weak 77--+7r stacking interactions among the imidazole

rings of the MBimB ligands

structure along the ac plane

(the distance of the

centroids of the two imidazole rings is ca. 0.388 5

Fig.3 3D layered structure formed by N-H---O and O-H
---O classical hydrogen bonds in 1

nm). For complex 2, the chlorine anion is hydrogen-
bonded to the amine NH groups attached to the
benzimdazole (N2'-CI2, 0.321 9(4) nm; Symmetry
1-x, =1/2+y, 1/2—z), which further stabilize the
1D chain structure (Fig.4).

code:!

Fig.4 N-H---Cl classical hydrogen bonds in complex 2

2.3 Thermal decomposition properties

The thermal decomposition curves of complexes
1 and 2 in nitrogen are shown in Fig.5. As shown in
Fig.5a, the first stage of weight loss of complex 1
corresponds to the release of water molecules and
EDA molecules in the crystal lattice (Found 9.72%,
Caled. 9.84%). The second stage of weight loss from
ca. 285 °C to ca. 650 °C is ascribed to the gradual

100
N\

l9~72% Complex 1

12.26%

1 1 1 1 1 1
300 400 500 600 700 800 900

Temperature / ‘C

1 1
100 200

Complex 2

14.01%
1
800 900

1 1 1 1 1 1 1
100 200 300 400 500 600 700
Temperature / ‘C

Fig.5 TG curves of title complexes 1 and 2
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loss of Cl atoms and the decomposition of MBimB
ligands (Found 78.02%, Calcd. 78.08%). The residue
is calculated to be Co (Found 12.26%, Caled. 12.07%).
The thermal decomposition curve of complex 2 is
shown in Fig.5b. Complex 2 is stable in nitrogen until
the temperature reaches up to ca. 275 “C. After that,
the gradual loss of Cl atoms and the decomposition of
MBimB ligands were observed, which is similar to
that of complex 1. The final residue is Co (Found
14.01%; Caled. 13.39%).
2.4 Magnetic properties

Magnetic  susceptibility —measurements  were
performed on crushed single crystals of 1 and 2 with
an applied field of 1 000 Oe from 5 to 300 K. Room-
temperature magnetic moments for complexes 1 and 2
(1: per=5.19ug; 2: pg=4.22u) are all in excess of the
spin-only value of the cobalt(Il) ion (3.87ug), which
indicated that spin-spin coupling in these systems is
likely to be weak or nonexistent. As T decreases, the
values of y,,I for 1 and 2 increase (Fig.6), suggesting
the existence of ferromagnetic coupling, which may be
associated with a compensation of ferromagnetism by
the combined effects of spin-orbit coupling of the
cobalt(Il) ions®*., Then, y,,T" begins to drop off, which
is a signal of antiferromagnetic coupling. In 1, the
dependence  of  the  reciprocal
susceptibility (x,") in the range of 110~300 K follows

the Curie-Weiss law with a Weiss constant 6 of 55.58

temperature

K, thus indicating a strong ferro-magnetic interaction
and/or spin-orbital coupling between the cobalt (II)
ions. Reciprocal susceptibility versus temperature plot

for 2 in the range of 50~300 K is also linear and the

X, T/ (cm®K-mol™)
w
(=}
1

0 50 100 150 200 250 300
T/K
Fig.6 Temperature dependence of magnetic susceptibility

of 1 and 2

Weiss constant 0 is 5.86 K, which is far less than that
of 1. The decrease can be ascribed to the longer
distance of Co---Co and weaker intervening aromatic

mr-system in 2 than those of 1.
3 Conclusions

Two cobalt(Il) complexes, Co, (MBimB),Cl, -
2H,0-EDA (1) and [Co(MBimB)CL,], (2), have been
synthesized under different reaction conditions and
structurally characterized by X-ray diffraction analysis.
Complex 1 exhibits a binuclear metallaycyclic frame-
work, while complex 2 adopts a coordination polymer
conformation. The magnetic studies reveal that both
complexes exhibit ferromagnetic coupling firstly and

then antiferromagnetic coupling as T decreases.
Compared to complex 2, complex 1 shows stronger
ferromagnetic interaction and/or spin-orbital coupling

between adjacent cobalt(Il) ions.
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