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In the title two-dimensional coordination polymer,

[Cu(C9H6O5)(C7H6N2)]n, each CuII atom exists in a distorted

square-pyramidal coordination environment, de®ned by one

N atom from the terminal benzimidazole molecule and four

carboxyl O atoms derived from three different 3-carboxylato-

phenoxyacetate (3-CPOA) dianions. The tetradentate

3-CPOA ligand forms three bonds to adjacent Cu atoms to

form chains that are linked to neighboring chains, via a fourth

CuÐO bond, so as to form a layer structure that is further

stabilized by hydrogen bonds.

Comment

A rational synthetic strategy to manipulate the assembly of

bridging ligands and metal centers to generate desired topol-

ogies is still one of the great challenges facing chemists

working in crystal engineering. These polymeric architectures

can be in¯uenced by the degree of deprotonation, the coor-

dination modes and capabilities of the ligands, and the coor-

dination sphere of the metal centers (Kawata et al., 1997;

Castillo et al., 2000). In this sense, carboxyphenoxyacetic acids

(i.e. n-HO2CCH2OC6H4CO2H for n = 2, 3 and 4) could be

regarded as a family of excellent bridging ligands, with both

rigid and ¯exible parts, that could be exploited for the

construction of coordination polymers because of their

versatile coordination modes and high structural stability.

Previously, we have reported the structures of a mononuclear

CoII complex (Li et al., 2004) and two one-dimensional NiII

and MnII polymers (Gu, Gao, Huo et al., 2004; Gu, Gao, Zhao

et al., 2004) based on 3- or 4-CPOAH2 ligands, in which the

carboxylate groups act variously as monodentate, tridentate

and tetradentate ligands. However, there is limited structural

information on high-dimensional polymers derived from these

ligands. The hydrothermal reaction technique offers a

powerful synthetic route for the preparation of polymeric

solids with multi-dimensional structure and thereby comple-

ments traditional solution techniques such as evaporation,

diffusion and cooling. On the basis of the above, the two-

dimensional title complex, [Cu(1H-benzimidazole)(3-

CPOA)]n, (I), has been synthesized, employing hydrothermal

methods.

As shown in Fig. 1, the fundamental building unit of

complex (I) comprises a ®ve-coordinate CuII center, one

benzimidazole molecule and one 3-CPOA2ÿ ligand. The

copper(II) ion is in a square-pyramidal coordination envir-

onment. The basal plane is formed by the N1 atom from the

benzimidazole molecule and three carboxyl O atoms [O1, O4ii

and O5ii] of two different 3-CPOA2ÿ ligands [symmetry code:

(ii) x ÿ 1
4, ÿy + 1

4, z + 3
4]. The coordination sphere of the CuII

atom is completed by an apical O atom from another
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carboxylate group, and the axial CuÐO1i [symmetry code: (i)

x, y, z + 1] bond distance of 2.289 (3) AÊ is longer, as expected,

than those of the basal CuÐO bonds [1.938 (3)±2.040 (3) AÊ ]

as a result of the Jahn±Teller effect. The basal plane is not

perfectly planar, with an r.m.s. deviation of 0.11 (3) AÊ , and the

Cu atom is displaced by 0.06 (3) AÊ from the mean basal plane

towards the apical site. The dihedral angle between the

benzimidazole molecule and aromatic ring of the 3-CPOA2ÿ

ligand is 77.2 (3)�. The dihedral angles between the two

carboxyl groups and the aromatic ring are 78.5 (4) (O1ÐC8Ð

02) and 16.9 (4)� (O4ÐC16Ð04), respectively, and the oxy-

acetate group is twisted out of the aromatic ring plane, the

C10ÐO3ÐC9ÐC8 torsion angle being 85.0 (4)�].

The carboxylate groups in the 3-CPOA2ÿ ligand display two

different coordination modes. One acts in a bidentate bridging

coordination mode through atoms O1 and O2, whilst the other

binds to the CuII atom in a chelating mode through atoms O4

and O5, forming a four-membered ring. As described, the 3-

CPOA2ÿ ligand simultaneously adopts a monodentate mode

through atom O1 and a bidentate mode through atoms O4 and

O5 to bridge two copper(II) centers, forming a one-dimen-

sional chain structure running along the a axis and adopting a

corrugated arrangement (Fig. 2). In the polymeric chain, the

Cu1� � �Cu1iv distance is 10.862 (3) AÊ [symmetry code: (iv)

x + 1
4, ÿy + 1

4, z ÿ 3
4]. The benzimidazole molecules reside

alternately on opposite sides of the polymeric chain. The

polymeric chains are cross-linked by CuÐO2 bonds to form a

two-dimensional open layer with a square grid-like structure

parallel to the crystallographic ac plane (Fig. 3). The

Cu1� � �Cu1iii and Cu1iii� � �Cu1iv separations are 4.784 (3) and

7.605 (3) AÊ , respectively [symmetry code: (iii) x, y, z ÿ 1]. The

coordinated benzimidazole molecule engages in hydrogen

bonding with the adjacent carboxyl O atoms (Table 2 and

Fig. 4), contributing to the stabilization of the crystal structure.
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Figure 2
The one-dimensional chain structure of the title complex, with the
carbon-bound H atoms omitted; hydrogen bonding is shown as dashed
lines.

Figure 3
The two-dimensional layer structure of the title complex; benzimidazole
molecules and H atoms have been omitted for clarity.

Figure 4
The packing of the title complex; H-bonding is shown as dashed lines and
carbon-bound H atoms are omitted for clarity.

Figure 1
An ORTEP (Johnson, 1976) plot of the title complex, with displacement
ellipsoids drawn at the 30% probability level. [Symmetry codes: (i) x, y,
z + 1; (ii) x ÿ 1

4, ÿy + 1
4, z + 3

4; (iii) x, y, z ÿ 1; (iv) x + 1
4, ÿy + 1

4, z ÿ 3
4].



Experimental

The title complex was prepared by the addition of a stoichiometric

amount of Cu(OAc)2�H2O (2.00 g, 10 mmol) and benzimidazole

(1.17 g, 10 mmol) to an aqueous solution of 3-CPOAH2 (1.96 g,

10 mmol); the pH was then adjusted to 7 with 0.1 M NaOH. The

mixture was sealed in a 25 ml Te¯on-lined stainless steel bomb and

held at 423 K for 5 d. The bomb was cooled naturally to room

temperature, and blue prismatic crystals were obtained over several

days. Analysis calculated for C16H12CuN2O5: C 51.13, H 3.22, N

7.45%; found: C 51.30, H 3.27, N 7.41%.

Crystal data

[Cu(C9H6O5)(C7H6N2)]
Mr = 375.83
Orthorhombic, Fdd2
a = 29.0545 (14) AÊ

b = 42.7251 (15) AÊ

c = 4.784 (1) AÊ

V = 5938.7 (13) AÊ 3

Z = 16
Dx = 1.681 Mg mÿ3

Mo K� radiation
Cell parameters from 11 649

re¯ections
� = 3.4±27.5�

� = 1.50 mmÿ1

T = 293 (2) K
Prism, blue
0.37 � 0.25 � 0.18 mm

Data collection

Rigaku R-AXIS RAPID
diffractometer

! scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.644, Tmax = 0.764

12 860 measured re¯ections

3313 independent re¯ections
2841 re¯ections with I > 2�(I)
Rint = 0.053
�max = 27.6�

h = ÿ37! 37
k = ÿ51! 54
l = ÿ6! 5

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.041
wR(F 2) = 0.102
S = 1.03
3313 re¯ections
217 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0602P)2

+ 8.324P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.49 e AÊ ÿ3

��min = ÿ0.69 e AÊ ÿ3

Absolute structure: Flack (1983),
1386 Friedel pairs

Flack parameter = 0.013 (18)

Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐN1 1.964 (3)
Cu1ÐO1 2.289 (3)
Cu1ÐO2i 1.938 (3)
Cu1ÐO4ii 2.040 (3)
Cu1ÐO5ii 1.982 (3)

O1ÐC8 1.226 (4)
O2ÐC8 1.267 (4)
O4ÐC16 1.255 (4)
O5ÐC16 1.263 (4)

N1ÐCu1ÐO1 88.66 (13)
N1ÐCu1ÐO4ii 165.18 (12)
N1ÐCu1ÐO5ii 100.99 (12)
O2iÐCu1ÐN1 93.14 (12)
O2iÐCu1ÐO1 95.38 (11)

O2iÐCu1ÐO4ii 101.58 (11)
O2iÐCu1ÐO5ii 162.63 (12)
O4iiÐCu1ÐO1 88.25 (11)
O5iiÐCu1ÐO1 95.00 (12)
O5iiÐCu1ÐO4ii 64.87 (11)

Symmetry codes: (i) x; y; 1� z; (ii) xÿ 1
4;

1
4ÿ y; 3

4� z.

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

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

N2ÐH17� � �O1v 0.86 2.09 2.911 (4) 159
N2ÐH17� � �O4 0.86 2.64 3.088 (5) 114

Symmetry codes: (v) 1
4� x; 1

4ÿ y; 1
4� z.

H atoms on C and N atoms were placed in calculated positions,

with CÐH = 0.93±0.97 AÊ , NÐH = 0.86 AÊ and Uiso(H) = 1.2Ueq(C,N),

and were re®ned in the riding-model approximation.

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

re®nement: RAPID-AUTO; data reduction: CrystalStructure

(Rigaku/MSC, 2002); program(s) used to solve structure: SHELXS97

(Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97

(Sheldrick, 1997); molecular graphics: ORTEPII (Johnson, 1976);

software used to prepare material for publication: SHELXL97.
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