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In the title one-dimensional coordination polymer {systematic

name: catena-poly[[[aqua(1,10-phenanthroline-�2N,N0)cop-

per(II)]-�-phenylenebis(oxyacetato)-�2O:O0] dihydrate]},

{[Cu(C10H8O6)(C12H8N2)(H2O)]�2H2O}n, the CuII atom has

a distorted square-pyramidal coordination geometry, de®ned

by two carboxyl O-atom donors from two benzene-1,3-

dioxyacetate groups, two N-atom donors from the 1,10-

phenanthroline ligand and one water molecule. The CuII ions

are bridged by benzene-1,3-dioxyacetate dianions (1,3-

BDOA2ÿ), resulting in a one-dimensional chain structure.

The intrachain Cu� � �Cu separation is 9.769 (4) AÊ . The chains

are linked into a three-dimensional supramolecular network

via hydrogen bonds and �±� stacking interactions.

Comment

Molecular self-assembly of supramolecular architectures has

received much attention during recent decades (Kim et al.,

2003; Iglesias et al., 2003; Moulton & Zaworotko, 2001). The

structures and properties of such systems depend on the

coordination and geometric preferences of both the central

metals ions and bridging building blocks as well as the in¯u-

ence of weaker non-covalent interactions, such as hydrogen

bonds and �±� stacking interactions. As a building block,

phenylenedioxydiacetic acids (BDOAH2) have multiple

coordination modes and the capability of forming regular

hydrogen bonds by functioning as both hydrogen-bond donors

and acceptors. Hence, BDOAH2 are excellent candidates for

the construction of supramolecular complexes. Recently, we

have reported a series of copper(II) (Gao, Liu, Huo, Zhao &

Zhao, 2004a,c; Liu et al., 2004), zinc(II) (Gao, Li, Liu & Huo,

2004; Gao, Liu, Huo, Zhao & Ng, 2004a,b), cobalt(II) (Gao,

Liu, Huo, Zhao & Zhao, 2004b) and cadmium(II) (Gao, Liu,

Huo, Zhao & Zhao, 2004d; Gao, Liu & Ng, 2004) complexes,

which are based on 1,3- or 1,4-BDOA2ÿ dianions and form

polymeric chain structures. However, the coordination

chemistry of benzene-1,3-dioxyacetic acid has been little

documented to date. In the case of the reported polymer

{[Cu(1,4-BDOA)(phen)(H2O)]�H2O}n, (II) (Gao, Liu, Huo,

Zhao & Zhao, 2004a), the CuII atom shows an octahedral

geometry. In the present work, we used 1,3-BDOAH2 instead

of 1,4-BDOAH2 in the reaction and isolated a new CuII

complex, {[Cu(1,3-BDOA)(phen)(H2O)]�2H2O}n, (I); its

crystal structure is reported here.

As illustrated in Fig. 1, the asymmetric unit of complex (I)

consists of a mononuclear CuII complex, [Cu(1,3-BDOA)-

(phen)(H2O)], and two water molecules of crystallization.

Each CuII atom is covalently bonded to two O-atom donors

from different monodentate carboxyl groups, two N-atom

Received 9 September 2004

Accepted 29 October 2004

Online 6 November 2004



donors from a phen ligand [mean CuÐN = 2.018 (2) AÊ ] and

one water molecule, and displays a distorted square-pyramidal

con®guration. Atoms N1, N2, O1 and O5i [symmetry code: (i)

x ÿ 1
2, ÿy + 3

2, z + 1
2] de®ne the basal plane [r.m.s. deviation =

0.11 (3) AÊ ]; the Cu atom is displaced from the mean basal

plane by 0.15 (4) AÊ . Atom O1w occupies the apical site, with a

CuÐO1w bond distance of 2.323 (2) AÊ . The CuÐO(carboxyl)

bond distances are somewhat different, with values of

1.955 (2) and 1.935 (2) AÊ . The dihedral angle between the

planes of the benzene ring and the phen ligand is 71.0 (3)�.
Both oxyacetate groups are obviously twisted out of the

benzene ring plane, with torsion angles of 75.5 (3) (C19Ð

O4ÐC21ÐC22) and ÿ71.6 (3)� (C15ÐO3ÐC14ÐC13).

These demonstrate that the two oxyacetate groups have more

conformational ¯exibility than terephthalic acid.

The O1ÐC13 [1.269 (3) AÊ ] and O5ÐC22 [1.264 (3) AÊ ]

distances are longer than the O2ÐC13 [1.229 (3) AÊ ] and O6Ð

C22 [1.231 (3) AÊ ] distances, suggesting greater double-bond

character of the latter bonds. These re¯ect the fact that each

benzene-1,3-dioxyacetate ligand serves as a bis-monodentate

bridging group to link two CuII ions, giving rise to a one-

dimensional chain structure (see Fig. 2). The antiparallel phen

ligands lie on alternate sides of the chain. The polymeric

chains run along the c axis of the unit cell and show a corru-

gated arrangement. In the chain, the shortest adjacent

Cu� � �Cu distance is 9.769 (4) AÊ . The shortest intrachain

Cu� � �Cu distance in (I) is signi®cantly shorter than that

reported in (II) [11.325 (2) AÊ ], in which copper centres are

joined by 1,4-BDOA2ÿ ligands in monodentate and bidentate

chelating modes, to generate a one-dimensional chain struc-

ture.

The polymeric chains in (I) are connected through an

extensive network of hydrogen bonds among the carboxylate

O atoms, the ether O atom and the water molecules, with the

O� � �O distances ranging from 2.726 (3) to 3.249 (2) AÊ , and the

OÐH� � �O angles ranging from 141 (3) to 175 (3)� (Table 2),

leading to a two-dimensional hydrogen-bonding layer archi-

tecture parallel to the crystallographic bc plane. Individual

layers are stacked in an offset manner along the a direction,

through �±� stacking interactions between phen ligands at

3.593 (3) AÊ . With the help of the hydrogen-bonding and �±�
stacking interactions, a three-dimensional supramolecular

network structure is constructed, as shown in Fig. 3.

Experimental

1,3-BDOAH2 was prepared following the method described for the

synthesis of 1,2-BDOAH2 by Mirci (1990). The title complex was

prepared by the addition of a stoichiometric amount of

Cu(OAc)2�H2O (4.00 g, 20 mmol), NaOH (1.60 g, 40 mmol) and 1,10-

phenanthroline (3.98 g, 20 mmol) to a hot aqueous solution of 1,3-

BDOAH2 (4.52 g, 20 mmol), with subsequent ®ltration. Blue crystals

were obtained from the ®ltered solution at room temperature over a

period of ®ve days. Analysis calculated for C22H22CuN2O9: C 50.62, H

4.25, N 5.37%; found: C 50.82, H 4.18, N 5.41%.

Crystal data

[Cu(C10H8O6)(C12H8N2)-
(H2O)]�2H2O

Mr = 521.97
Monoclinic, P21=n
a = 9.0034 (10) AÊ

b = 19.4609 (19) AÊ

c = 12.7448 (13) AÊ

� = 93.005 (5)�

V = 2230.0 (4) AÊ 3

Z = 4

Dx = 1.555 Mg mÿ3

Mo K� radiation
Cell parameters from 20 290

re¯ections
� = 3.4±27.5�

� = 1.04 mmÿ1

T = 293 (2) K
Prism, blue
0.38 � 0.24 � 0.18 mm
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Figure 2
One-dimensional chain structure of the title complex. H atoms have been
omitted.

Figure 1
ORTEPII (Johnson, 1976) plot of the title complex, showing displace-
ment ellipsoids at the 30% probability level. Intermolecular hydrogen
bonds are shown as dashed lines.



Data collection

Rigaku R-AXIS RAPID
diffractometer

! scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.694, Tmax = 0.835

21 197 measured re¯ections

5070 independent re¯ections
4250 re¯ections with I > 2�(I)
Rint = 0.030
�max = 27.4�

h = ÿ11! 11
k = ÿ23! 25
l = ÿ16! 16

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.040
wR(F 2) = 0.105
S = 1.04
5070 re¯ections
325 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0597P)2

+ 0.6427P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 0.48 e AÊ ÿ3

��min = ÿ0.35 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐN1 2.014 (2)
Cu1ÐN2 2.021 (2)
Cu1ÐO1 1.955 (2)
Cu1ÐO5i 1.935 (2)
Cu1ÐO1w 2.323 (2)

O1ÐC13 1.269 (3)
O2ÐC13 1.229 (3)
O5ÐC22 1.264 (3)
O6ÐC22 1.231 (3)

N1ÐCu1ÐN2 81.67 (7)
N1ÐCu1ÐO1w 94.47 (6)
N2ÐCu1ÐO1w 100.24 (6)
O1ÐCu1ÐN1 172.78 (7)
O1ÐCu1ÐN2 91.22 (7)

O1ÐCu1ÐO1w 88.02 (6)
O5iÐCu1ÐN1 90.23 (7)
O5iÐCu1ÐN2 162.71 (7)
O5iÐCu1ÐO1 96.28 (7)
O5iÐCu1ÐO1w 95.58 (7)

Symmetry code: (i) xÿ 1
2;

3
2ÿ y; 1

2� z.

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

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

O1wÐH1w1� � �O3w 0.85 (3) 1.93 (3) 2.775 (3) 175 (3)
O1wÐH1w2� � �O6i 0.85 (3) 1.97 (3) 2.781 (2) 158 (3)
O2wÐH2w1� � �O2 0.85 (3) 1.95 (3) 2.774 (3) 162 (3)
O2wÐH2w2� � �O6ii 0.85 (3) 2.04 (3) 2.856 (2) 161 (4)
O3wÐH3w1� � �O2wiii 0.85 (3) 1.89 (3) 2.726 (3) 170 (3)
O3wÐH3w2� � �O1 0.85 (3) 2.22 (2) 2.928 (2) 141 (3)
O3wÐH3w2� � �O3 0.85 (3) 2.49 (2) 3.249 (2) 148 (3)

Symmetry codes: (i) xÿ 1
2;

3
2ÿ y; 1

2� z; (ii) 1
2� x; 3

2ÿ y; 1
2� z; (iii) xÿ 1

2;
3
2ÿ y; zÿ 1

2.

C-bound H atoms were placed in calculated positions, with CÐH =

0.93 or 0.97 AÊ and Uiso(H) = 1.2Ueq(C), and were re®ned in the

riding-model approximation. The H atoms of water molecules were

located in a difference map and re®ned with OÐH and H� � �H
distance restraints of 0.85 (1) and 1.39 (1) AÊ , respectively, and

Uiso(H) = 1.5Ueq(O).

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;

molecular graphics: ORTEPII (Johnson, 1976); software used to

prepare material for publication: SHELXL97.

The authors thank the National Natural Science Foundation

of China (No. 20101003), Heilongjiang Province Natural

Science Foundation (No. B0007), the Educational Committee

Foundation of Heilongjiang Province and Heilongjiang

University for supporting this study.

References

Gao, S., Li, J.-R., Liu, J.-W. & Huo, L.-H. (2004). Acta Cryst. E60, m140±m141.
Gao, S., Liu, J.-W., Huo, L.-H., Zhao, H. & Ng, S. W. (2004a). Acta Cryst. E60,

m1329±m1330.
Gao, S., Liu, J.-W., Huo, L.-H., Zhao, H. & Ng, S. W. (2004b). Acta Cryst. E60,

m1370±m1371.
Gao, S., Liu, J. -W., Huo, L.-H., Zhao, H. & Zhao, J.-G. (2004a). Acta Cryst.

E60, m1231±m1233.
Gao, S., Liu, J.-W., Huo, L.-H., Zhao, H. & Zhao, J.-G. (2004b). Acta Cryst.

E60, m1242±m1244.
Gao, S., Liu, J.-W., Huo, L.-H., Zhao, H. & Zhao, J.-G. (2004c). Acta Cryst. E60,

m1267±m1269.
Gao, S., Liu, J.-W., Huo, L.-H., Zhao, H. & Zhao, J.-G. (2004d). Acta Cryst.

E60, m1308±m1310.
Gao, S., Liu, J.-W. & Ng, S. W. (2004). Appl. Organomet. Chem. 18, 413±414.
Higashi, T. (1995). ABSCOR. Rigaku Corporation, Tokyo, Japan.
Iglesias, S., Castillo, O., Luque, A. & RomaÂn, P. (2003). Inorg. Chim. Acta, 349,

273±278.
Johnson, C. K. (1976). ORTEPII. Report ORNL-5138, Oak Ridge National

Laboratory, Tennessee, USA.
Kim. J. C., Jo, H., Lough, A. J., Cho, J., Lee, U. & Pyun, S. Y. (2003). Inorg.

Chem. Commun. 6, 474±477.
Liu, J. W., Huo, L. H., Gao, S., Zhao, H., Zhu, Z. B. & Zhao, J. G. (2004). Wuji

Huaxue Xuebao (Chin. J. Inorg. Chem.), 20, 707±710.
Mirci, L. E. (1990). Rom. Patent No. 07 43 205.
Moulton, B. & Zaworotko, M. J. (2001). Chem. Rev. 101, 1629±1658.
Rigaku Corporation (1998). RAPID-AUTO. Rigaku Corporation, Tokyo,

Japan.
Rigaku/MSC (2002). CrystalStructure. Rigaku/MSC Inc., 9009 New Trails

Drive, The Woodlands, TX 77381-5209, USA.
Sheldrick, G. M. (1997). SHELXL97 and SHELXS97. University of

GoÈ ttingen, Germany.

metal-organic papers

Acta Cryst. (2004). E60, m1769±m1771 Gao et al. � [Cu(C10H8O6)(C12H8N2)(H2O)]�2H2O m1771

Figure 3
Packing diagram of the title complex. H atoms have been omitted.
Dashed lines indicate hydrogen bonds.
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