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Cobalt(I) and Nickel(l Complexes Based on 2-Aminomethyl-1H-benzimidazole:
Synthesis, Crystal structure and Antibacterial Activity
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Abstract: The reaction of M(NOs),-6H,0 with KSCN in presence of the bidentate ligand 2-aminomethyl-1H-
benzimidazole (AMBI) afforded the six-coordinate mononuclear dithiocyanato-M(Il) complexes trans-[M (AMBI),
(NCS),] (1: M=Co**, 2: M=Ni**). The compounds were characterized by elemental analysis, IR and UV-Vis
spectroscopy and their molecular structures were determined by single-crystal X-ray crystallography. In the two
complexes, six-coordinate geometry was achieved by the six N-donors of two AMBI and two thiocyanato ligands.
Crystal packing of each complex revealed that 3D framework is formed by two hydrogen bonds of type N-H---S
and both benzimizazole ring head to tail 77-7r stacking interactions and face to face -7 stacking interactions.
The thermal stability of the complexes was investigated in the solid state. The preliminary antibacterial activities

of AMBI and its complexes were investigated as well. CCDC: 936030, 1; 936031, 2.
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The bidentate ligand 2-aminomethylbenzimidazole pendant aminomethyl group and the imidazole ring.
(AMBI) has strong coordination ability and can The amino group and imidazole ring of AMBI are

coordinate to metal ions via two nitrogen atoms of the capable of acting as hydrogen bonds donors and the
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large aromatic system can provide potential
supramolecular recognition sites for -7 stacking
interactions that can be used to govern the process of
self-assembly!"™. On the other hand, since Roderick!®
and his coworkers firstly reported that bisbenzimi-
dazoles were potent inhibitors of rhinoviruses in 1972,
the study of the bisbenzimidazolyl complexes has
increasingly caught researchers’eyes!™. Attributed to
their special physiological activities, some bisbenzi-
midazolyl complexes have been investigated and
even applied in medicine to prevent or cure some

diseases!!™!,

SCN~ is a linear ligand with two donor
atoms and may coordinate through terminal modes or
bridging modes or both, with great potential in
building a coordination network!>". The Cu(Il)-AMBI/
SCN~ has been synthesized; it is the only example of a
structurally characterized AMBI/SCN ~-transition metal
complex™.  Accordingly, AMBI was used as the main
ligand and SCN~ as auxiliary ligand for the synthesis
of Co(Il) and Ni(Il) complexes in this work. Herein, we
report the syntheses and structural characterization of

[Co(AMBI),(NCS),] (1) and [Ni(AMBI),(NCS),] (2),

whose preliminary biological tests have been explored.
1 Experimental

1.1 Materials and physical measurements

The ligand AMBI was prepared following a
published procedure®'™. All solvents and reagents
were of commercially analytical grade and used
without further purification. Elemental analyses for C,
H and N were taken by using a Model 240 Perkin-
Elmer elemental analyzer. The infrared spectrum was
obtained on a ThermoFisher Nicolet 6700 spectrometer
with KBr pellets in the 4 000~400 cm ™ region. A
Shimadzu UV-2550 spectrophotometer was used to
record the electronic

spectra.  Thermogravimetric

analysis was obtained using a SDT Q600 V20.9 Build
20 TG-DTA/DSC instrument at a heating rate of 5 C-
min~ under an air atmosphere.
1.2 Synthesis of coumpouds
1.2.1 Synthesis of [Co(AMBI),(NCS),] (1)

A methanol solution (5 mL) of Co(NOs),+6H,0
(0.1 mmol, 29.1 mg) was mixed with AMBI (0.2 mmol,

29.4 mg) dissolved in 10 mL methanol solution. To
the resulting solution was added 5 mL methanol

solution of KSCN

The pink solution was allowed to slowly evaporate into

(0.2 mmol, 19.4 mg) with stirring.

a beaker covered with plastic paper. Pink crystals
suitable for X-ray studies were formed in several days
Anal. Caled. for CisHsCoNgS, (%): C, 46.05; H, 3.86;
N, 23.87. Found (%): C, 46.08; H, 3.92, N, 23.81. IR
(em™, KBr), 3 345m, 3 251m, 3 230m, 2 100s, 1 625w,
1 452m, 1 023m.

1.2.2  Synthesis of [Ni(AMBI)(NCS),] (2)

The analogous reaction of Ni(NO;),-6H,0 with
AMBI produced blue-purple prism crystals of 2. Anal.
Caled. for CiHNINgS, (%): C, 46.08; H, 3.87, N,
23.87. Found (%): C, 46.12; H, 3.85, N, 23.84. IR
(em™, KBr), 3 344m, 3 253m, 3 223m, 2 100s, 1 609
w, 1 453m, 1 023m.

1.3 Crystal structure determination

The diffraction data for complexes 1 and 2 were
collected on a Bruker Smart APEX II CCD diffracto-
meter equipped with graphite-monochromated Mo Ko
radiation (A=0.071 073 nm). The structures were solved
by direct methods and refined by full-matrix least-
squares on F? using the SHELXTL program package!.
All nonhydrogen atoms were refined anisotropically.
Hydrogen atoms were generated geometrically and
refined as riding models. Table 1 lists the crystal data
and structure refinement parameters for complexes 1
and 2. Table 2 summarized selected bond lengths and
angles for complexes 1 and 2.

CCDC: 936030, 1; 936031, 2.

1.4 Biological activity tests

Complex 1 and 2 were tested in vitro to assess
its growth inhibitory activity against one Gram positive
bacteria, viz. Staphylococcus aureus one Gram negative
bacteria viz. Escherichia coli by the disk diffusion
method™. The antibacterial activities of AMBI were
also evaluated during the same experiment. The
bacterial strains grown on nutrient agar at 37 °C for
18 h were suspended in a saline solution (0.85%
NaCl) and adjusted to a turbidity of 0.5 MacFarland
standards (10° CFU -mL™). The suspension was used

to inoculate sterile Petri plates of 9.0 cm diameter in
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Table 1 Crystallographic data and refinement summary for the complexes 1 and 2
Complex 1 2
Formula CigHisCoNgS, CigH sNiNgS,
Formula weight 469.47 469.23
Crystal system Monoclinic Monoclinic
Space group C2Je C2e
a/ nm 1.553 95(19) 1.542 25(10)
b/ nm 0.827 38(11) 0.829 22(6)
¢/ nm 1.65 14(2) 1.652 28(8)
B/(°) 108.465(2) 108.997(2)
V/ nm? 2 014.0(4) 1 998.0(2)
Z 4 4
D. ! (g-cm™) 1.548 1.560
Crystal size / mm 0.30x0.30x0.20 0.40x0.32x0.30
F(000) 964 968
Reflections collected 4 873 3 561
Reflections unique (R;,) 1777 (0.023 6) 1 762 (0.027 6)
Observed reflections (I=20(1)) 1672 1 449
R., wR, (I=20(I)) 0.031 2, 0.084 4 0.033 3, 0.066 6
R\, wR; (all data) 0.032 8, 0.085 3 0.046 5, 0.073 2
Goodness-of-fit on F? 1.093 1.042
Max. res peak and hole / (e-nm™) 641, -354 231, -281
Table 2 Selected bond distances (nm) and angles (°) for complex 1 and 2
Complex 1
Col-N1 0.209 55(15) Col-NIA 0.209 55(15) Col-N2 0.221 45(14)
Col-N2A 0.221 45(14) Col-N4 0.214 20(13) Col-N4A 0.214 20(13)
S1-Cl 0.164 6(2) N1-C1 0.115 2(3)
N1-Col-N1A 93.91(9) N1-Col-N4A 95.39(5) NI1-Col-N2A 172.20(6)
N1-Col-N4 89.88(6) N1-Col-N2 87.24(6) N4A-Col-N4 172.27(7)
N2A-Col-N2 92.67(8) N4-Col-N2A 97.69(5) N1-C1-S1 179.18(19)
N4-Col-N2 76.89(5) C1-N1-Col 170.77(17)
Complex 2
Nil-N1 0.209 4(2) Nil-N1A 0.209 4(2) Ni-N3 0.214 8(2)
Nil-N3A 0.214 8(2) Nil-N4 0.206 9(2) Nil-N4A 0.206 9(2)
C9-S1 0.164 4(3) C9-N3 0.115 3(3)
NI-Nil-N1A 173.21(12) N4-Nil-N1 89.59(8) NI-Nil-N3 79.04(8)
N4-Nil-N3 87.65(9) NI-Nil-N3A 96.23(8) N4-Nil-N3A 174.17(9)
N3-Nil-N3A 93.06(12) N4A-Nil-N4 92.24(13) N4-Nil-N1A 95.13(8)
C9-N4-Nil 171.4(2) N4-C9-S1 179.3(3)
Symmetry code: complex 1: A: —x, y, —z+1.5; complex 2: A: —x+1, y, —z+0.5.
which the test organisms were grown. After dissolved in dimethylsulfoxide (DMSO) to prepare

three different concentrations (125, 250 and 500 pg-

solidification, a hole of diameter of 0.6 c¢m was

pierced by a sterile cork borer. 1, 2 and AMBI were mL™) for evaluation of dose response. The discs were
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placed on the holes of previously seeded plates and
incubated at 310 K for 24 h. Antibacterial activities
of the compounds were evaluated by measuring the

(IZD). Each of the above

experiments was repeated thrice along with a control

inhibition zone diameters

set using DMSO and the mean value was taken for

comparison.
2 Results and discussion

2.1 Characterization

The IR spectra of the two complexes were
analyzed in comparison with that of the free molecule,
AMBI, in the region 4 000~400 cm™. The TR spectrum
of the free ligand shows one medium and broad
absorption band in the region 3 411~3 280 c¢m™, which
are stretching vibrations of the -NH- and -NH, groups.

Both complexes show one medium and broad

absorption band in the region 3 344~3 223 ¢m™. The
red shift in the absorption bands of the complexes are
positive signs for complexation of the metals to the
amino group of the ligand™.

Another region of the IR spectra with charac-
teristic changes due to complexation is the 1 700 ~
1 400 ¢cm™. The free ligand shows one medium absor-
ption band at 1 624 c¢m™ that is due to the stretching
vibration of the C=N group of the imidazole ring.
Complex 1 shows one weak absorption band at 1 625
cm ™ and complex 2 at 1 609 cm™. Also, the free
ligand shows one medium absorption at 1 442 c¢m™
that is due to the stretching vibration of C=N-C=C of
the benzimidazole. In comparison, absorptions of C=
N-C =C of the benzimidazole in complex 1 and
complex 2 are at 1 452 and 1 453 cm™, respectively.
Those absorption bands are positive indications for
complexation of metals with the benzimidazole group™.

The appearance of a single v(CN) band at 2 100
em™ in the TR spectra of the two complexes indicates
that the isothiocyanate groups are probably cis
coordinated in both complexes excluding the possib-
ility of geometrical isomerism™. It has been noted
that the »(CS) frequency of 780~860 cm™ is indicative
of N-bonding, while a frequency of 690 ~720 cm ™

indicates S-bonded of thiocyanate group. The medium

peaks due to »(CS) at 854 cm™ and §(NCS) at 479

"in the IR spectra of the two complexes, occur in

cm
the range observed for N-bonded NCS~ moieties in
other isothiocyanatochromium() ~complexes™. Its
identity was finally confirmed by X-ray crystallography.

The UV-Vis absorption spectra of AMBI, complex
1 and 2 were determined in MeOH solution. Their
absorption bands in the region of 218~280 nm can be
assigned to 7-7* transitions of the conjugated system.
The electronic spectra of [Co(AMBI),(NCS),] show two
strong bands with maximum at approximately 470 and
520 nm, as well as a very weak band at approximately
630 nm. The band at 470 and 520 nm are assigned to
the *T'(F)—*T(P) (v3) and *T,(F)—*4 ,(v,) transitions,
respectively. The very weak band over 630 nm is
likely to be the spinforbidden *T',(F)—A,,(G) transi-
tion™.  The electronic spectra of [Ni(AMBI),(NCS),|
show two bands with maximum at approximately 390
and 610 nm. These bands are attributable to the
Ay, 3Ty, (P) and *A,,—’T,, transitions, respectively,
and indicate of octahedral Ni(ll) compounds.
2.2 Crystal structures of the complexes

Fig.1 gives the crystal structure of complex 1

with atomic labeling scheme.

Symmetry code: A —x, y, —z+1.5

Fig.1 Crystal structure of complex 1 with atomic labeling
scheme and 30% thermal llipsoids

Single-crystal X-ray diffraction studies revealed
that the new complexes 1 and 2 are isomorphous, so
only the structure of 1 is described in detail here. In
complex 1 the Co (II) coordination is distorted-
octahedral with the four N-atoms of two AMBI ligands
and two N-atoms of two isothiocyanate groups. The
Co-N (imidazole) and Co-N(amine) bond distances are
0.214 20(13) nm and 0.221 45(14) nm, respectively. It

is noteworthy that the Co-N (imidazole) bond
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distancese are shorter than the Co-N (amine) bond
distances. This difference can be explained by
availability of a favorable back-bonding of electron
density from the Co center into the imidazole N=C 7*
orbital®. Two thiocyanate groups coordinate to the
metal ion as terminal ligands in trans positions. The
Co-N (thiocyanate) distance is 0.209 55(15) nm. The
thiocyanate groups almost linear with the N-C-S bond
angle of 179.18(19)°. The Ni-N-C bond angles are
170.77(17)°, deviating from 180° expected for the sp
hybrid orbital of the N atom. The C-N distance of
0.115 2(3) nm and C-S of 0.164 6(2) nm in the SCN-
moiety show the normal structure of the thiocyanate in
the complex.

The crystal structure of the complex 1 can be
described as a 3D network due to two types of
intermolecular hydrogen bonds and 77  stacking
interactions. Atom S1 of the terminal thiocyanate
ligand interacts with H2D of the pendant aminomethyl
group of the neighboring complex with H2D---S1" and
N2 --- S1' diastances of 0.264 9 and 0.352 7 nm,
respectively (symmetry code: ' —x+0.5, =0.5+y, —z+
1.5). Again atom S1 exhibits a hydrogen bonding
interaction with H3A attached to the benzimidazole N
atom of an adjacent complex with H2D---S1" and N3
-+ S1% diastances of 0.259 3 nm and 0.336 6 nm,
respectively (symmetry code: ' —x+0.5, —y+0.5, —z+2).
The two types of N—H ---S hydrogen bonds extend
complex 1 into a 2D layers parallel to the ac plane
(Fig.2). In addition to this an interesting feature in the
packing diagrams of complex 1 is that both types of
aromatic 77-7 stacking interactions are observed (Fig.
3). One type is the head to head 77 stacking
interacions from benzimidazole rings. The adjacent
benzimidazole rings (benzene ring is designated as
ring 1 with centroid Cgl and corresponding imidazole
ring as ring 2 with centroid Cg2) involved in the 7-7
sacking interactions. The perpendicular distance from
Cgl to the plane of symmetry-related ring 2, and from
Cg2 to the plane of symmetry-related ring 1 are
0.362 57 and 0.362 50 nm, respectively. The distance
(Cgl---Cg2) are 0.377 7
and 0.381 9 nm, respectively. The other type is the

between the ring centroids

head to tail -7 stacking interactions from benzi-
midazole rings. The distances of neighboring parallel
benzene rings are 0.342 85 nm, with a center-to-
center separation of 0.372 2 nm. These 7-7 stacking
interactions play vital roles in stabilizing the entire

3D supramolecular structure.

Il o

Symmetry codes: ' —x+0.5, —0.5+y, —z+1.5; " —x+0.5, =y+0.5, —z+2

Fig.2 2D network in complex 1 parallel to the ac plane

Symmetry codes: ' —x, =y, —z42; ' —x, —y+1, —z42
Fig.3 View of ---7 interactions between benzimidazole
rings
2.3 Thermogravimetric (TG) analyses
Thermogravimetric experiments were conducted
to study the thermal stability of complexes 1 and 2,
which is an important parameter of inorganic-organic
hybrid materials. The TG properties of complexes 1
and 2 were measured under air atmosphere from 18 to
800 °C. For 1, the first weight loss of 30.81% in the
range of 250~438 °C corresponds to the loss of one
CH, group (Calcd.
28.15%). After 438 °C, the residue starts to decompose.

benzimizazole ring and one
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For complex 2, the weight loss of 25.63% from 267 to
340 °C is attributed to the loss of one benzimizazole
ring (Caled. 25.17%). There is no further weight loss
from 340 to 419 °C. After that temperature, the
residue starts to decompose.
2.4 Antibacterial activity of the compounds

The antibacterial activities of all of the tested
compounds as 1ZD are presented in Table 5. The IZD
data show that 1 and 2 are active against S. aureus
and E. coli whereas AMBI is active against S. aureus
but is inactive against E. coli. From the in vitro
antibacterial assay, it is observed that the tested
compounds possess mild to moderate antibacterial
activities which increase with dose. The complexes
have stronger antibacterial activities against S. aureus
than the free AMBI ligand. It is obvious that 2 has

stronger activities against E. coli than 1.

Table 5 Antibacterial activities of 1, 2 and AMBI

Compounds Dose / Inhibition zone diameter in mm
(hg-mL™) S. aureus E. coli

AMBI 125 — —
250 16 —

500 19 -

1 125 18 —

250 18 11

500 21 15

2 125 - -

250 18 17

500 21 21

DMSO AR - -
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