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In the title mononuclear complex, [Cu(C14H9O3)2(CH4O)-

(H2O)]�2CH3OH, the CuII atom has an elongated octahedral

coordination environment, de®ned by two hydroxyl and two

carboxylate O atoms from two bidentate 9-hydroxy¯uorene-9-

carboxylate ligands, and one water and one methanol

molecule in cis positions. A supramolecular chain structure

is constructed via hydrogen-bonding interactions.

Comment

There has been considerable interest in �-hydroxylate deri-

vatives of ¯uorene-9-carboxylic acid in structural chemistry

and biochemistry (Feng & Liu, 2002; Liu & Wang, 1996;

Bkouche, 1994). 9-Hydroxy¯uorene-9-carboxylic acid, which

could bind to a metal centre through its carboxyl and/or

hydroxyl O atoms, is a potentially multidentate ligand. Liu and

co-workers have reported some CuII complexes prepared from

9-hydroxy¯uorene-9-carboxylic acid and N-heterocyclic

amine ligands, with mononuclear (Zheng et al., 1999; Feng &

Liu, 2002), binuclear (Liu & Yu, 1992; Yu et al., 1996) and two-

dimensional layer (Liu, 1992) structures. In this paper, we

report the crystal structure of the title compound, (I).

As shown in Fig. 1, the crystal structure of (I) consists of a

mononuclear CuII complex and two solvent methanol mol-

ecules. Atom Cu1 is bonded by hydroxyl atoms O3 and O6 and

carboxyl atoms O1 and O4 from two bidentate 9-hydroxy-

¯uorene-9-carboxylate ligands, and by water atom O1W and

methanol atom O7, displaying an elongated octahedral

con®guration. The equatorial plane is de®ned by atoms O1/

O1W/O4/O6, while the axial coordination sites are occupied

by atoms O3 and O7, the CuÐO7 bond length [2.519 (2) AÊ ]

being the longest of the CuÐO distances (Table 1).

The hydroxyl groups of the 9-hydroxy¯uorene-9-carboxyl-

ate ligands in (I) are not deprotonated, while in the previously

reported mononuclear CuII complex [Cu(C14H8O3)-

(C5H13NO)(H2O)]�0.5H2O, (II), the hydroxyl group of this
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ligand is deprotonated (Feng & Liu, 2002). In (II), the coor-

dination geometry around the CuII atom is distorted square

pyramidal. The basal plane consists of bidentate ligands, a

9-oxo¯uorene-9-carboxylate dianion and N,N-dimethyl-2-

propanolamine, while the axial coordination site is occupied

by a water molecule, the CuÐO(oxo) bond length being

1.906 (2) AÊ .

The C1ÐO1 [1.283 (4) AÊ ] and C15ÐO4 [1.284 (3) AÊ ]

distances in (I) are slightly longer than the C1ÐO2

[1.229 (3) AÊ ] and C15ÐO5 [1.233 (3) AÊ ] distances, in agree-

ment with the greater double-bond character of the latter

bonds. These indicate that the carboxyl groups of the

9-hydroxy¯uorene-9-carboxylate ligands adopt a mono-

dentate coordination mode to the CuII ion. Each of the ®ve-

membered chelate rings formed by the 9-hydroxy¯uorene-9-

carboxylate ligands is approximately planar. The dihedral

angle between the two ®ve-membered chelate rings is

88.9 (3)�, and that between the two ¯uorene planes is 40.7 (8)�.
The hydroxyl and carboxylate groups and the methanol and

water molecules form an extensive hydrogen-bonding

network (Table 2), consolidating the crystal structure of (I)

and leading to a hydrogen-bonded supramolecular chain

structure along the b axis (Fig. 2).

Experimental

The ligand 9-hydroxy¯uorene-9-carboxylic acid was prepared

following the literature method of Zheng et al. (1999). A solution of

copper(II) acetate monohydrate (0.20 g, 1 mmol) was prepared in a

methanol solution (20 ml) containing 9-hydroxy¯uorene-9-carboxylic

acid (0.44 g, 2 mmol) and the pH was adjusted to 6 with 0.2 M NaOH

solution. The resulting solution was stirred for 30 min at room

temperature and then ®ltered. Blue crystals of (I) were isolated from

the solution at room temperature over several days (yield 51%).

Elemental analysis, calculated: C 59.28, H 5.13%; found: C 59.48,

H 5.19%.

Crystal data

[Cu(C14H9O3)2(CH4O)(H2O)]�-
2CH4O

Mr = 628.12
Monoclinic, P21=n
a = 13.592 (3) AÊ

b = 7.5178 (15) AÊ

c = 29.233 (6) AÊ

� = 90.69 (3)�

V = 2986.9 (11) AÊ 3

Z = 4

Dx = 1.397 Mg mÿ3

Mo K� radiation
Cell parameters from 19 670

re¯ections
� = 3.1±27.5�

� = 0.79 mmÿ1

T = 293 (2) K
Prism, blue
0.39 � 0.25 � 0.18 mm

Data collection

Rigaku R-AXIS RAPID area-
detector diffractometer

! scans
Absorption correction: multi-scan

(ABSCOR; Higashi, 1995)
Tmin = 0.749, Tmax = 0.871

26 886 measured re¯ections

6772 independent re¯ections
5332 re¯ections with I > 2�(I)
Rint = 0.042
�max = 27.5�

h = ÿ17! 17
k = ÿ9! 9
l = ÿ37! 37

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.057
wR(F 2) = 0.154
S = 1.05
6772 re¯ections
397 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0755P)2

+ 2.4818P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.86 e AÊ ÿ3

��min = ÿ0.38 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐO1 1.950 (2)
Cu1ÐO3 2.355 (2)
Cu1ÐO4 1.943 (2)
Cu1ÐO6 1.982 (2)
Cu1ÐO7 2.519 (2)

Cu1ÐO1W 1.943 (2)
O1ÐC1 1.283 (4)
O2ÐC1 1.229 (3)
O4ÐC15 1.284 (3)
O5ÐC15 1.233 (3)

O1ÐCu1ÐO3 73.65 (8)
O1ÐCu1ÐO6 95.20 (8)
O1ÐCu1ÐO7 79.20 (8)
O3ÐCu1ÐO7 151.78 (9)
O4ÐCu1ÐO1 175.43 (8)
O4ÐCu1ÐO3 109.39 (8)
O4ÐCu1ÐO6 81.51 (8)
O4ÐCu1ÐO7 97.31 (9)

O4ÐCu1ÐO1W 90.84 (8)
O6ÐCu1ÐO3 89.99 (9)
O6ÐCu1ÐO7 84.97 (9)
O1WÐCu1ÐO1 92.41 (9)
O1WÐCu1ÐO3 92.93 (10)
O1WÐCu1ÐO6 172.34 (8)
O1WÐCu1ÐO7 95.68 (10)

O1ÐC1ÐC2ÐO3 7.7 (4) O4ÐC15ÐC16ÐO6 4.2 (3)

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

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

O3ÐH32� � �O8i 0.85 (3) 1.83 (3) 2.671 (4) 176 (4)
O6ÐH33� � �O9ii 0.84 (3) 1.73 (3) 2.567 (3) 176 (4)
O7ÐH34� � �O5ii 0.82 2.41 3.175 (4) 156
O8ÐH35� � �O2 0.82 1.97 2.693 (4) 147
O9ÐH36� � �O5 0.82 2.02 2.797 (4) 157
O1WÐH1W2� � �O1iii 0.84 (3) 1.91 (3) 2.737 (3) 169 (4)
O1WÐH1W1� � �O4iv 0.84 (3) 1.87 (3) 2.699 (3) 170 (4)

Symmetry codes: (i) x; yÿ 1; z; (ii) x; 1 � y; z; (iii) 1
2ÿ x; yÿ 1

2;
1
2ÿ z; (iv)

1
2ÿ x; 1

2� y; 1
2ÿ z.
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Figure 1
The molecular structure of (I), showing 30% probability displacement
ellipsoids. Dashed lines indicate hydrogen bonds.



The H atoms of the hydroxy groups and water molecule were

located in a difference Fourier map and re®ned with the OÐH

distance restrained to 0.85 (1) AÊ and with Uiso(H) = 1.5Ueq(O).

Methanol H atoms bonded to atoms O7, O8 and O9 were placed in

idealized positions consistent with a difference synthesis and treated

as riding, with OÐH = 0.82 AÊ and Uiso(H) = 1.5Ueq(O). The

remaining H atoms were placed in calculated positions and were

allowed to ride on their parent C atoms, with CÐH = 0.93 AÊ and

Uiso(H) = 1.2Ueq(C) for the aromatic H atoms, and with CÐH =

0.96 AÊ and Uiso(H) = 1.5Ueq(C) for the methyl H atoms.

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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Figure 2
A packing diagram for (I). Dashed lines indicate hydrogen bonds. H
atoms have been omitted.
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