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Abstract
CuC20H24ClN5O12, monoclinic, P1 (no. 4), a = 7.4467(4) Å,
b = 17.3823(9) Å, c = 9.6974(5) Å, α = 90°, β = 103.373(2)°, γ = 90°,
V = 1221.20(11) Å3, Z = 2, Rgt(F ) = 0.0642, wRref (F 2) = 0.1757,
T = 100(2) K.

CCDC No.: 2289194

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.

1 Source of materials

Bis(benzimidazol-2-yl-methyl)amine (IDB) was prepared
according to an earlier described method [7]. IDB (0.277 g,

1.0 mmol) and L-malic acid (0.134 g, 1.0 mmol) were firstly
dissolved in hot methanol (30.0 mL) and then a solution of
Cu(ClO4)2(H2O)6 (0.371 g, 1.0 mmol) in 20.0 mL methanol was
added drop by drop. Themixed solutionwas stirred for 1 h at
60 °C. Then, the reactionmixture was filtered and the filtrate
solution was evaporated at room temperature for two
weeks. Some blue crystals were obtained at the bottomof the
glass vessel (0.40 g, yield: 64 %).

2 Experimental details

Hydrogen atoms bonded to carbon atoms were placed in
their geometrically idealized positions and restrained to ride
on their parent atoms with C–H = 0.95 Å (aromatic), 0.99 Å
(methylene), 1.00 Å (methine) and Uiso(H) = 1.2Ueq (aromatic,
methylene and methine). Hydrogen atoms bonded to nitro-
gen and oxygen atoms were initially found from the differ-
ence maps and restrained to be at their indicative positions
using command ’AFIX′. The thermal factors of these
hydrogen atoms were set 1.2 times (for N) or 1.5 times (for O)
of their parent atoms. During the refinement, the perchlo-
rate anion was found to be disordered over two positions
with the final occupancies being 0.87(1):0.13(1) for the major
and minor components. Commands DFIX, DANG and EADP
were used to constrain the Cl–O,O···O distances and thermal
factors.

Table : Data collection and handling.

Crystal: Blue block
Size: . × . × .mm
Wavelength: Ga Kα radiation (. Å)
μ: .mm−

Diffractometer, scan mode: Bruker Photon III, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX [, , ], Diamond [],
Olex []
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3 Comment

Cu(II)-containing complexes are of great interest in relation
of the active site of natural superoxidase dismutase (SOD),
hemerythrin and nuclease [8–10]. These model compounds
can be used as mimics aiming to provide further insight into
the mechanism of metal sites in complex biological systems.
Some of the important considerations in the preparation of
model compounds include donor atoms and the resulting
geometry around the metal center. Although there is each
one copper(II) and one zinc(II) ions in the active site of the
natural SOD, research indicates the two back-to-back single-
electron redox reactions occur only around the Cu(II) ion
which plays a decisive role in the whole catalytic process,
and the metal zinc ion only stabilize the skeleton of the
enzymatic protein. Therefore, much synthesis of superoxide
dismutase model compounds have mainly focused on the
micking of copper metal complexes containing imidazole or
benzimidazole ligands due to their structurally similarity.

The crystal of the title compund (I) crystallized in the
chiral space group P21 because of the use of the chiral ligand
L-malic acid. Its asymmetric unit was composed of each one
[Cu(IDB)(L-mal)]+ cation, one counter perchlorate anion and
two water molecules. In (I), IDB acts as a tridentate ligand
coordinating through one tertiary N atom (N1) and two
benzimidazole (bzim) N atoms (N2 and N4) to copper. And
the L-malate anion coordinates to the central copper ion in a
way of bidentated ligand via the O1 and O3 atoms. Thus, a
distorted five-coordinated environment was formed around
the copper center with a τ parameter of 0.35 showing a
moderately distortion of the square-pyramidal poly-
hedron [11]. The donor sets of N1/N2/N4/O1 constitute the
basic plane and O3 atom resides at the apical position. The
Cu1–N1 (2.049(7) Å) bond distance is slightly longer that

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å)

Atom x y z Uiso*/Ueq

C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
HB . . . .*
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
Cu . () . () . () . ()
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
N . () . () . () . ()
H . . . .*
N . () . () . () . ()
N . () . () . () . ()
HA . . . .*
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
HA . () . () . () .*
O . () . () . () . ()
H . . . .*
O . () . () . () . ()
O . () . () . () . ()
HA . . . .*
Cla . () . () . () . ()
Oa . () . () . () . ()
Oa . () . () . () . ()

Table : (continued)

Atom x y z Uiso*/Ueq

Oa . () . () . () . ()
Oa . () . () . () . ()
ClAb . () . () . () . ()
OAb . () . () . () . ()
OAb . () . () . () . ()
OAb . () . () . () . ()
OAb −. () . () . () . ()
OW . () . () . () . ()
HWA . . . .*
HWB −. . . .*
OW . () . () . () . ()
HWA . . . .*
HWB . . . .*

aOccupancy: . (), boccupancy: . ().
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the other two Cu–N2 (1.957(7) Å) and Cu1–N4 (1.954(7) Å),
which should be ascribed to the steric hindrance origi-
nating from the IDB ligand. The Cu1–O1 of 1.960(5) Å is
apparently shorter than the Cu1–O3 (2.256(5) Å) which also
meets the requirement of the copper center. The bond
angles around Cu1 atom from 76.0(2) to 178.8(2)° are
comparable to some analogs [12–14].

Analysis by Platon [15] indicates that in this component
[Cu(IDB)(L-mal)]+, the ClO−

4 ions and two water solvent
molecules are linked into a complex three-dimensional
hydrogen-bonded network by the extensive N–H···O and
O–H···O hydrogen bonds. Also there are two intermolecular
π···π interactions observed between the benzene ring
(C3–C8) and the adjacent imidazole ring [N4/N5/C10–C12,
(1 − x, 1/2 + y, 1 − z)] and the benzene ring [C11–C16, (2 − x,
1/2 + y, 1 − z)]. Their centroid-to-centroid distances are of
3.538(4) and 3.664(4) Å, respectively, showing moderate non-
covalent interactions, which further consolidate the crystal
structure.
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