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In the title complex, [Cu(C7H5O3)2(C7H6N2)2], (I), the CuII

atom, located on an inversion center, is surrounded by two 4-

hydroxybenzoate anions and two benzimidazole molecules in

an elongated octahedral geometry, the longer CuÐO distance

being 2.618 (2) AÊ in the axial direction. The partially over-

lapped arrangement and the short face-to-face distance of

3.405 (6) AÊ suggest �±� stacking between benzimidazole

ligands of neighboring molecules.

Comment

�±� stacking is an important intermolecular non-covalent

interaction and is correlated with electron transfer in some

biological systems (Deisenhofer & Michel, 1989). As part of

an ongoing investigation into �±� stacking in metal complexes

(Pan & Xu, 2004; Liu et al., 2004), we have prepared the title

CuII complex, (I), and present its crystal structure here.

The molecular structure of (I) is illustrated in Fig. 1. The

CuII atom is located on an inversion center and assumes an

elongated octahedral coordination geometry. Two N atoms of

benzimidazole (bzim) ligands and two O atoms (O1) of 4-

hydroxybenzoate anions form the equatorial plane, with

normal bond distances (Table 1). The other carboxyl O atoms

(O2) coordinate axially, with a longer CuÐO2 distance,

2.618 (2) AÊ ; the bond distances in the axial direction are

usually longer than those in the equatorial plane by about 0.2±

0.6 AÊ . The difference of 0.656 (3) AÊ in CuÐO distances found

in (I) is greater than those found in most CuII complexes, but

the CuÐO1ÐC1 bond angle, 106.11 (15)�, which is much

smaller than the 120� expected for an O atom with normal sp2

hybridization, suggests the existence of a genuine bonding

interaction between atoms Cu and O2 (Li et al., 2005). Thus

the coordination geometry in (I) is best described as elongated

octahedral rather than as square planar.

A partially overlapped arrangement is observed between

parallel N13-bzim and N13iv-bzim rings [symmetry code: (iv)
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1 ÿ x, ÿy, 1 ÿ z; Fig. 2]. The face-to-face distance of

3.405 (6) AÊ suggests the existence of �±� stacking between

bzim ligands of neighboring complex molecules in (I). The

corresponding centroid-to-centroid distance between the

benzene rings of the neighboring benzimidazole ligands is

3.6629 (17) AÊ .

The 4-hydroxybenzoate anion is disordered in (I) (Fig. 1).

Both disordered hydroxy O atoms share the same H atom, H3.

Neighboring complex molecules are linked to one another via

O3AÐH3� � �O2i and O3BÐH3� � �O2i hydrogen bonds

[symmetry code: (i) 1
2 ÿ x, 1

2 + y, 3
2 ÿ z], to form a supramol-

ecular structure (Fig. 3). Intermolecular hydrogen bonding

also occurs between the disordered hydroxy groups and the

bzim ligands (Table 2).

Experimental

Each reagent was commercially available and of analytical grade.

CuCl2�2H2O (0.17 g, 1 mmol), 4-hydroxybenzoic acid (0.14 g,

1 mmol), bzim (0.24 g, 2 mmol) and NaOH (0.08 g, 2 mmol) were

dissolved in water (20 ml). The mixture was re¯uxed for 5 h, and then

cooled to room temperature and ®ltered. Blue single crystals were

obtained from the ®ltrate after 2 d.

Crystal data

[Cu(C7H5O3)2(C7H6N2)2]
Mr = 574.05
Monoclinic, P21/n
a = 11.2017 (10) AÊ

b = 9.7789 (6) AÊ

c = 13.2237 (14) AÊ

� = 115.035 (9)�

V = 1312.4 (2) AÊ 3

Z = 2

Dx = 1.453 Mg mÿ3

Mo K� radiation
Cell parameters from 8947

re¯ections
� = 2.8±24.0�

� = 0.88 mmÿ1

T = 295 (2) K
Platelet, blue
0.41 � 0.30 � 0.10 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer

! scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.739, Tmax = 0.917

9589 measured re¯ections

2370 independent re¯ections
2063 re¯ections with I > 2�(I)
Rint = 0.040
�max = 25.2�

h = ÿ13! 13
k = ÿ11! 11
l = ÿ15! 15

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.038
wR(F 2) = 0.106
S = 1.06
2370 re¯ections
175 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0539P)2

+ 0.9527P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.45 e AÊ ÿ3

��min = ÿ0.31 e AÊ ÿ3
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Figure 2
The �±� stacking between bzim rings of neighboring complex molecules;
one disordered component has been omitted for clarity. [Symmetry code:
(iv) 1 ÿ x, ÿy, 1 ÿ z.]

Figure 3
A packing diagram showing intermolecular hydrogen bonding; one of the
disordered components has been omitted for clarity. [Symmetry codes: (i)
1
2 ÿ x, 1

2 + y, 3
2 ÿ z; (ii) ÿx, 1 ÿ y, 1 ÿ z.]

Figure 1
The molecular structure of (I), with 30% probability displacement
ellipsoids. Dashed lines show the minor disordered component.
[Symmetry code: (iii) 1 ÿ x, 1 ÿ y, 1 ÿ z.]



Table 1
Selected geometric parameters (AÊ , �).

CuÐO1 1.9619 (17)
CuÐO2 2.618 (2)

CuÐN13 1.989 (2)

O1ÐCuÐO2 55.43 (7)
O1ÐCuÐN13 89.09 (8)

O2ÐCuÐN13 86.63 (7)
C1ÐO1ÐCu 106.11 (15)

Table 2
Hydrogen-bond geometry (AÊ , �) .

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O3AÐH3� � �O2i 0.90 1.77 2.639 (4) 160
O3BÐH3� � �O2i 0.87 1.77 2.589 (5) 154
N11ÐH11� � �O3Aii 0.86 2.03 2.767 (5) 144
N11ÐH11� � �O3Bii 0.86 2.09 2.910 (5) 160

Symmetry codes: (i) ÿx� 1
2; y � 1

2;ÿz� 3
2; (ii) ÿx;ÿy� 1;ÿz� 1.

Two 4-hydroxyphenyl rings with different spatial orientations and

the same coordinates for atoms C6 and C7 were found in a difference

Fourier map. These were re®ned isotropically and the occupancies

converged to 0.488 (4) and 0.512 (4), respectively. They were each

®xed at 0.5 in the ®nal cycles of re®nement. The common H atom of

the disordered hydroxy groups was located in a difference Fourier

map and included in the structure factor calculations with ®xed

positional parameters and isotropic displacement parameter Uiso(H)

= 0.05 AÊ 2 . H atoms on the aromatic rings were placed in calculated

positions, with CÐH = 0.93 AÊ and NÐH = 0.86 AÊ and were included

in the ®nal cycles of re®nement in riding mode, with Uiso(H) values of

1.2Ueq of the carrier atoms.

Data collection: PROCESS-AUTO (Rigaku Corporation, 1998);

cell re®nement: PROCESS-AUTO; data reduction: CrystalStructure

(Rigaku/MSC & Rigaku Corporation, 2002); program(s) used to

solve structure: SIR92 (Altomare et al., 1993); program(s) used to

re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEP-3 for Windows (Farrugia, 1997); software used to prepare

material for publication: WinGX (Farrugia, 1999).

The project was supported by the National Natural Science

Foundation of China (grant No. 20443003).
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