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In the oxo-centered title compound, [CuFe2O(O2CCF3)6-

(C4H8O)2(H2O)], the central O atom is linked to three metal

atoms, which are themselves each linked to four tri¯uoro-

acetate anions and are in a triangular con®guration. Two of the

metal atoms are each coordinated by a tetrahydrofuran

molecule, whereas the third is coordinated by a water

molecule. Two [CuFe2O(O2CCF3)6(C4H8O)2(H2O)] units are

linked by a pair of hydrogen bonds across a center of inversion

to afford a hydrogen-bonded dimer.

Comment

The mixed-metal and mixed-valence carboxylates represented

by the formula MIIMIII
2O(O2CR)6L3, where L is a donor

ligand, feature a central O atom that is covalently bonded to

the three metal (M) atoms. The metal atoms themselves are

each coordinated by four bridging carboxylate groups, and the

octahedral geometry is completed by the donor ligand. The

compound has no net charge if it has one MII atom and two

MIII atoms, but if the three M atoms are of the +3 type, the +1

charge is balanced by a counter-ion. The range of metal ions,

carboxylate anions and donor ligands is enormous, and more

than 250 such complexes have been crystallographically

documented according to the November 2002 Version of the

Cambridge Structural Database (Allen, 2002). Our interest in

this class of triangular-shaped compounds arises from the

report of the structure of the mixed-metal compound,

[MnFe2O(O2CCCl3)6(C4H8O)3], which belongs to the trigonal

space group R3m (Wang & Yu, 1990). The tetrahydrofuran-

free compound separates from water when the Mn2+, Fe3+ and

Cl3CCO2
ÿ reagents are mixed and the tetrahydrofuran is

incorporated when the compound is recrystallized from a

pentane±tetrahydrofuran solvent system. In the compound,

the central O atom occupies a special position of 3m site

symmetry. However, the symmetry appears to be too high,

because the three-coordinate O atom would have a perfectly

planar environment, which in the absence of disorder is unli-

kely, as three-coordinate O is generally pyramidal. In another

oxo-centered salt, [MnCr2O(O2CC6H5)6(C5H5N)3][CrO3Cl]

(both Mn and Cr in the +3 oxidation state in the oxocluster),

the O atom has reported 6 site symmetry (Li et al., 2002; Xu et

al., 1997), which again is too high. The correct space group of

this compound is a lower one, P63 (Ng & Xie, 2003).

The title compound, (I), is the unexpected product that was

obtained in the attempted synthesis of

[CuFe2O(O2CCF3)6(C4H8O)3], with tri¯uoroacetic acid as the

carboxylic acid reagent in place of trichloroacetic acid. As

noted in a large number of other tri¯uoroacetates (Gleghorn

& Small, 1995), some of the tri¯uoromethyl groups in the

present oxocluster compound are disordered. The structure
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represents another example of an oxocluster tri¯uroacetate,

for which only a few have been structurally characterized.

These include [VIIVIII
2O(O2CCF3)6(C4H8O)3] (Cotton et

al., 1982), [VIIVIII
2O(O2CCF3)6(C4H8O)3]�23C4H8O�13CH2Cl2

(Cotton et al., 1986), [FeIIFeIII
2O(O2CCF3)6(H2O)3]�H2O

(Ponomarev et al., 1982) and [FeIIFeIII
2O(O2CCF3)6(C18H15-

PO)3] (Ponomarev et al., 1986). The compound is also the ®rst

example of a mixed Cu/Fe triangular system.

The title compound contains a central O atom that is linked

to three metal atoms arranged in a triangular con®guration;

each of the six carboxylate groups bridges two metal atoms.

Two of the metal atoms are each coordinated by a tetra-

hydrofuran molecule whereas the third is coordinated by a

water molecule (Fig. 1). Two [CuFe2O(O2CCF3)6-

(C4H8O)2(H2O)] molecules are linked by a pair of hydrogen

bonds across a center of inversion to afford a hydrogen-

bonded dimer (Fig. 2). The crystalline compound turns opaque

when left in the open, probably owing to the loss of either

tetrahydrofuran or water, or both. It is not evident why the

compound would include water in its coordinaton rather than

a third tetrahydrofuran molecule; the incorporation of the

tetrahydrofuran donor would probably lead to more ef®cient

packing, as the hypothetical compound could possibly crys-

tallize in a much higher-symmetry space group.

Experimental

The procedure for preparing the compound was adapted from that

reported for the synthesis of MFe2O(O2CCCl3)(THF)3, where M is

Mn, Co or Ni (Wang & Yu, 1990). To a solution (45 ml) of sodium

bicarbonate (4.12 g, 49 mmol) was added tri¯uoroacetic acid (5.5 g,

48 mmol) followed by an aqueous (15 ml) solution of ferric nitrate

nonahydrate (6.46 g, 16 mmol) and an aqueous (5 ml) solution of

copper nitrate hexahydrate (2.36 g, 8 mmol). The mixture was stirred

for 24 h and then warmed to 333 K for 3 h. The water was removed

under reduced pressure and the residue dissolved in a THF±hexane

mixture. After the solvent was removed, the oily residue obtained

was washed several times with hexane to remove the oil. The solid

that remained was recrystallized from hexane (20 ml) to which a few

drops of THF were added. The crystals were of a deep orange, almost

red, color; m.p. 432±434 K.

Crystal data

[CuFe2O(C2F3O2)6(C4H8O)2(H2O)]
Mr = 1031.58
Triclinic, P1
a = 9.1773 (6) AÊ

b = 12.8141 (8) AÊ

c = 16.377 (1) AÊ

� = 96.216 (1)�

� = 105.780 (1)�

 = 99.425 (1)�

V = 1804.5 (2) AÊ 3

Z = 2
Dx = 1.899 Mg mÿ3

Mo K� radiation
Cell parameters from 6402

re¯ections
� = 2.5±26.4�

� = 1.54 mmÿ1

T = 163 (2) K
Prism, orange
0.40 � 0.30 � 0.10 mm

Data collection

Bruker P4/CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.684, Tmax = 0.862

22 910 measured re¯ections

7279 independent re¯ections
5780 re¯ections with I > 2�(I)
Rint = 0.029
�max = 26.6�

h = ÿ7! 11
k = ÿ16! 16
l = ÿ20! 20
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Figure 1
ORTEPII (Johnson, 1976) plot of (I); displacement ellipsoids are drawn
at the 30% probability level. H atoms are drawn as spheres of arbitrary
radii. Only one of the disordered components is shown for each CF3

group. The metal sites are labeled according to their preponderant
occupancy. Cu1 shares the same site with Fe1 (not shown), Fe2 with Cu2
(not shown) and Fe3 with Cu3 (not shown).

Figure 2
ORTEPII (Johnson, 1976) plot of the hydrogen-bonded (I) dimer.
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Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.109
S = 1.00
7279 re¯ections
581 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0557P)2

+ 2.3114P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.66 e AÊ ÿ3

��min = ÿ0.71 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

Cu1ÐO1 2.059 (2)
Cu1ÐO3 2.183 (3)
Cu1ÐO5 2.276 (3)
Cu1ÐO7 2.017 (3)
Cu1ÐO15 1.936 (2)
Cu1ÐO1w 1.996 (2)
Fe2ÐO6 2.033 (3)
Fe2ÐO8 2.013 (3)
Fe2ÐO9 2.032 (2)

Fe2ÐO11 2.062 (3)
Fe2ÐO13 2.091 (2)
Fe2ÐO15 1.888 (2)
Fe3ÐO2 2.044 (3)
Fe3ÐO4 2.002 (3)
Fe3ÐO10 2.042 (2)
Fe3ÐO12 2.040 (2)
Fe3ÐO14 2.096 (2)
Fe3ÐO15 1.889 (2)

O1ÐCu1ÐO3 88.9 (1)
O1ÐCu1ÐO5 83.6 (1)
O1ÐCu1ÐO7 167.6 (1)
O1ÐCu1ÐO15 95.8 (1)
O1ÐCu1ÐO1w 84.8 (1)
O3ÐCu1ÐO5 168.5 (1)
O3ÐCu1ÐO7 93.8 (1)
O3ÐCu1ÐO15 95.4 (1)
O3ÐCu1ÐO1w 84.7 (1)
O5ÐCu1ÐO15 94.1 (1)
O5ÐCu1ÐO7 91.7 (1)
O5ÐCu1ÐO1w 85.9 (1)
O7ÐCu1ÐO15 96.0 (1)
O7ÐCu1ÐO1w 83.4 (1)
O15ÐCu1ÐO1w 179.4 (1)
O6ÐFe2ÐO8 91.0 (1)
O6ÐFe2ÐO9 88.9 (1)
O6ÐFe2ÐO11 166.5 (1)
O6ÐFe2ÐO13 83.3 (1)
O6ÐFe2ÐO15 98.3 (1)
O8ÐFe2ÐO9 168.2 (1)
O8ÐFe2ÐO11 87.1 (1)
O8ÐFe2ÐO13 84.1 (1)

O8ÐFe2ÐO15 96.2 (1)
O9ÐFe2ÐO15 95.5 (1)
O9ÐFe2ÐO11 90.2 (1)
O9ÐFe2ÐO13 84.2 (1)
O11ÐFe2ÐO13 83.3 (1)
O11ÐFe2ÐO15 95.2 (1)
O13ÐFe2ÐO15 178.4 (1)
O2ÐFe3ÐO4 89.0 (1)
O2ÐFe3ÐO10 90.5 (1)
O2ÐFe3ÐO12 166.9 (1)
O2ÐFe3ÐO14 83.3 (1)
O2ÐFe3ÐO15 97.2 (1)
O4ÐFe3ÐO10 166.9 (1)
O4ÐFe3ÐO12 86.4 (1)
O4ÐFe3ÐO14 84.8 (1)
O4ÐFe3ÐO15 99.0 (1)
O10ÐFe3ÐO14 82.2 (1)
O10ÐFe3ÐO12 91.2 (1)
O10ÐFe3ÐO15 94.1 (1)
O12ÐFe3ÐO14 84.0 (1)
O12ÐFe3ÐO15 95.7 (1)
O14ÐFe3ÐO15 176.2 (1)

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

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

O1wÐH1w1� � �O1i 0.84 (1) 2.32 (4) 2.947 (3) 132 (5)
O1wÐH1w2� � �O5i 0.84 (1) 2.05 (2) 2.824 (4) 153 (4)

Symmetry code: (i) 1ÿ x; 1ÿ y; 1ÿ z.

The water H atoms were located in a difference map and re®ned

with an OÐH restraint of 0.85 (1) AÊ . The other H atoms were placed

in calculated positions (CÐH = 0.95 AÊ ), and they were included in

the re®nement in the riding-model approximation; Uiso(H) =

1.2Ueq(C). Two of the six tri¯uoromethyl groups are disordered; the

occupancies of the F atoms were re®ned. For the disordered groups,

the CÐF bonds were restrained to 1.32 (1) AÊ and the F� � �F distances

to 2.16 (2) AÊ . For each group, the six partial F atoms were restrained

to be approximately coplanar. All three metal atom sites were re®ned

with a mixed occupancy by Cu and Fe, with a restraint to give a total

of one Cu and two Fe atoms; on each site a single set of displacement

parameters was used. The re®ned occupancy factors for Cu and Fe on

sites 1, 2 and 3 were 0.730 (2):0.270 (2), 0.151 (9):0.849 (9), and

0.118 (9):0.882 (9), respectively, giving a majority occupancy of Cu on

site 1, which is coordinated by water.

Data collection: SMART (Bruker, 2001); cell re®nement: SMART;

data reduction: SAINT (Bruker, 2001); 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.

The authors thank Dr Jan Wikaira of the University of
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of the Vice-President's Of®ce for Research Affairs of Shahid

Beheshti University and the University of Malaya for
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