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In the title compound, [Cu(C14H9NO3)(H2O)2], pairs of

complexes are linked into dimers by three OÐH� � �O
hydrogen bonds. Strong OÐH� � �O hydrogen bonds link the

dimers into one-dimensional chains that further assemble into

tubes through �±� and CÐH� � �� interactions.

Comment

(E)-2-(2-Hydroxybenzylideneamino)benzoic acid is a triden-

tate ligand, many of whose metal complexes have been studied

(Clague et al., 1993; Asgedom et al., 1997; Dey et al., 1999;

Redshaw & Elsegood, 2001; Rosair et al., 2002; Shan et al.,

2003). As a result of our interest in Schiff base metal

complexes as model compounds for the study of the active

sites of metalloenzymes, we have investigated the title

compound, (I), and we report its structure here.

Compound (I) (Fig. 1) has two independent Cu(C14H9NO3)

complex molecules in the asymmetric unit. In each complex,

the Cu atom is coordinated by one N and four O atoms from

two water molecules and one (E)-2-(2-hydroxybenzylidene-

amino)benzoic acid molecule, adopting a square-pyramidal

geometry similar to that in [Cu(C14H9NO3)(C5H5N)2]�H2O

(Li et al., 1995), but there the Cu atom is four-coordinate with

a square geometry (Gao et al., 2000). Although the two

complex molecules in (I) have the same coordination envir-

onments, the corresponding bonds around atoms Cu1 and Cu2

are signi®cantly different (Table 1), especially the CuÐO

distances between the Cu atom and the apical water ligands.

The two aryl rings in each complex make dihedral angles of

58.7 (2) and 58.4 (2)�. The two complexes are connected to

each other by three strong OÐH� � �O hydrogen bonds to form

a dimer in which the Cu� � �Cu distance is 4.674 (1) AÊ .

The supramolecular interactions (Table 2) are illustrated in

Figs. 2 and 3. Four intermolecular OÐH� � �O hydrogen bonds,

with two coordinated water molecules as hydrogen-bond
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Figure 2
The one-dimensional chain along the c axis, constructed from OÐH� � �O
hydrogen bonding.

Figure 1
The structure of (I), with displacement ellipsoids drawn at the 30%
probability level for non-H atoms. Dotted lines indicate hydrogen bonds.



donors and two carboxyl O atoms of the organic ligand as

acceptors, link the dimers into one-dimensional chains along

the c axis (Fig. 2). Because of the relatively strong inter-

molecular hydrogen bonding, neighbouring dimers are

connected closely, the Cu1� � �Cu2(x, y, z + 1) separation being

5.304 (1) AÊ , leaving atoms Cu1 and Cu2 arranged in a zigzag

shape in the chains. Six such chains, related to one another by

a rotation of 60� in the (001) plane, are connected through �±�
stacking interactions between the C1±C6 and C15±C20 aryl

rings, with Cg1� � �Cg2(y, ÿx + y, ÿz + 1) (Cg1 is the centroid

of the C1±C6 ring and Cg2 is the centroid of the C15±C20

ring), Cg1� � �Cg2(y, ÿx + y, ÿz + 2), Cg2� � �Cg1(x ÿ y, x,

ÿz + 1) and Cg2� � �Cg1(xÿ y, x,ÿz + 2) distances of 3.677 (3),

3.548 (3), 3.677 (4) and 3.548 (4) AÊ , and interplanar spacings

of 3.250, 3.263, 3.279 and 3.302 AÊ , respectively, assembling the

six chains into a tube (Fig. 3). Additionally, a CÐH� � ��
interaction (Fig. 3a) between the C23ÐH23 group and the

C8±C13 aryl ring (centroid Cg3) in a neighbouring chain, with

a C23� � �Cg3(x ÿ y, x, ÿz + 2) separation of 3.618 (9) AÊ , also

takes part in the stabilization of the tubes.

Large voids in the structure were examined using PLATON

(Spek, 2003). In the three-dimensional structure of (I), there

are three channels along the c axis (Fig. 3), accounting in total

for 1518.3 AÊ 3 per unit cell, i.e. some 11.4% of the total volume.

The channels lie along a threefold inversion centre with an

average cross-sectional area of ca 70.6 AÊ 2 and an average

diameter of ca 9.5 AÊ . The channels in (I) appear to be occu-

pied by water molecules; their behaviour is intractable,

possibly due to dynamic disorder.

Experimental

Compound (I) was synthesized by adding an ethanol solution (15 ml)

of (E)-2-(2-hydroxybenzylideneamino)benzoic acid (0.120 g) to an

aqueous solution (5 ml) of Cu(C2H3O2)2�H2O (0.102 g). The mixed

solution was re¯uxed at 333 K for 2 h; the pH was then adjusted to 7

with 0.1 mol dmÿ3 NaOH and the solution was ®ltered while it cooled

to room temperature. Dark-blue needle-shaped crystals of (I) were

obtained from the ®ltrate at room temperature after two weeks.

Crystal data

[Cu(C14H9NO3)(H2O)2]
Mr = 338.81
Trigonal, R3
a = 46.263 (2) AÊ

c = 7.2030 (7) AÊ

V = 13350.9 (15) AÊ 3

Z = 36

Dx = 1.517 Mg mÿ3

Mo K� radiation
� = 1.49 mmÿ1

T = 298 (2) K
Needles, dark-blue
0.24 � 0.09 � 0.01 mm

Data collection

Bruker SMART 1K CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 2000)
Tmin = 0.715, Tmax = 0.985

5220 measured re¯ections
5220 independent re¯ections
3659 re¯ections with I > 2�(I )
�max = 25.0�

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.072
wR(F 2) = 0.160
S = 1.04
5220 re¯ections
379 parameters
H-atom parameters constrained

w = 1/[�2(F 2
o) + (0.0697P)2

+ 7.9408P]
where P = (F 2

o + 2F 2
c )/3

(�/�)max = 0.001
��max = 0.63 e AÊ ÿ3

��min = ÿ0.61 e AÊ ÿ3

H atoms attached to C atoms were placed in geometrically idea-

lized positions, with CÐH = 0.93 AÊ , and re®ned with Uiso(H) values

of 1.2Ueq(C). H atoms attached to O atoms were located from

difference Fourier maps and re®ned as riding in their as-found

positions, with Uiso(H) values of 1.2Ueq(O). The OÐH distances are

in the range 0.82±0.91 AÊ . Examination of the re®ned structure using

PLATON (Spek, 2003) revealed the presence of voids, having a total

volume of 1518.3 AÊ 3 per unit cell, arranged into three channels along

the c axis with their centres at approximately (0, 0, 0), ( 1
3,

2
3,

4
5 ) and

( 2
3,

1
3,

1
2 ). No electron density greater than 0.63 e AÊ 3 could be found in
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Figure 3
(a) The six-membered ring built from �±� stacking and CÐH� � ��
interactions (dashed lines), with centroid (0, 0, 0). Dotted lines indicate
OÐH� � �O interactions. H atoms not involved in hydrogen bonding have
been omitted. [Symmetry code: (i) y, ÿx + y, ÿz + 2]. (b) An ab
projection of the crystal structure of (I), showing the [001] channels.



the area of the void and so no de®nitive solvent molecule could be

found. Since the electron count per void is 51 from SQUEEZE results

(PLATON; Spek, 2003) and, considering the symmetry of the voids,

six water molecules per void may be reasonable; these voids are

certainly large enough.

Data collection: SMART (Bruker, 2000); cell re®nement: SAINT

(Bruker, 2000); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

SHELXTL/PC (Sheldrick, 1999); software used to prepare material

for publication: SHELXTL/PC.
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Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐO1 1.919 (4)
Cu1ÐN1 1.952 (4)
Cu1ÐO2 1.957 (4)
Cu1ÐO4 1.967 (4)
Cu1ÐO5 2.290 (4)
Cu1ÐCu2 4.674 (1)

Cu2ÐO6 1.909 (4)
Cu2ÐN2 1.938 (5)
Cu2ÐO9 1.944 (4)
Cu2ÐO7 1.955 (4)
Cu2ÐO10 2.559 (5)

O1ÐCu1ÐN1 91.36 (18)
O1ÐCu1ÐO2 163.21 (18)
N1ÐCu1ÐO2 90.52 (18)
O1ÐCu1ÐO4 87.33 (18)
N1ÐCu1ÐO4 170.10 (19)
O2ÐCu1ÐO4 87.96 (17)
O1ÐCu1ÐO5 95.59 (17)
N1ÐCu1ÐO5 93.28 (18)
O2ÐCu1ÐO5 100.96 (16)
O4ÐCu1ÐO5 96.62 (17)

O6ÐCu2ÐN2 91.10 (19)
O6ÐCu2ÐO9 87.79 (17)
N2ÐCu2ÐO9 174.2 (2)
O6ÐCu2ÐO7 166.71 (19)
N2ÐCu2ÐO7 91.97 (18)
O9ÐCu2ÐO7 87.86 (17)
O6ÐCu2ÐO10 95.44 (17)
N2ÐCu2ÐO10 88.08 (18)
O9ÐCu2ÐO10 97.68 (17)
O7ÐCu2ÐO10 97.59 (16)

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

Cg3 is the centroid of the C8±C13 ring.

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

O10ÐH10B� � �O5 0.87 2.40 2.882 (7) 115
O10ÐH10A� � �O8ii 0.82 1.93 2.727 (6) 163
O9ÐH9B� � �O2iii 0.85 1.97 2.813 (5) 174
O9ÐH9A� � �O1 0.85 1.84 2.667 (6) 166
O5ÐH5A� � �O3iii 0.90 2.37 2.842 (6) 112
O4ÐH4B� � �O7ii 0.85 1.99 2.814 (6) 161
O4ÐH4A� � �O6 0.85 1.86 2.711 (6) 177
C23ÐH23� � �Cg3iv 0.93 2.87 3.618 (9) 139

Symmetry codes: (ii) x; y; z� 1; (iii) x; y; zÿ 1; (iv) xÿ y; x;ÿz � 2.


