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The title compound, �-oxo-bis[bispicMe2enFeCl](ClO4)2�-
0.751H2O [bispicMe2en = N,N0-dimethyl-N,N0-bis(2-pyridyl-

methyl)ethane-1,2-diamine] or [Fe2Cl2O(C16H22N4)2]-

(ClO4)2�0.751H2O, contains a complex dinuclear cation in

which two Fe atoms are linked by a �-oxo bridge. Each Fe

atom is octahedrally coordinated by the bridging O atom, four

N atoms of the bispicMe2en ligand and a Cl atom. The Fe� � �Fe

distance is 3.623 (1) AÊ ; the FeÐO distances are 1.811 (1) and

1.814 (1) AÊ ; the FeÐNpyridine distances vary between 2.156 (2)

and 2.169 (2) AÊ (mean value 2.163 AÊ ) and are considerably

shorter than the FeÐNamine distances which fall into two

categories, viz. FeÐN = 2.284 (2) and 2.296 (2) AÊ for the N

atoms trans to the bridging O atom, and 2.219 (2) and

2.227 (2) AÊ for those trans to Cl. The FeÐCl distances are

2.324 (1) and 2.334 (1) AÊ . The geometry is compared to that in

related complexes.

Comment

The structure of the title complex dinuclear cation (Fig. 1)

shows that the two Fe atoms are linked by a �-oxo bridge;

each Fe atom is octahedrally coordinated by the bridging O

atom, four N atoms of the bispicMe2en ligand and a Cl atom.

The Fe� � �Fe distance is 3.623 (1) AÊ ; the FeÐO distances are

1.811 (1) and 1.814 (1) AÊ ; FeÐNpyridine distances vary between

2.156 (2) and 2.169 (2) AÊ (mean 2.163 AÊ ) and are considerably

shorter than the FeÐNamine distances which fall into two

categories, viz. FeÐN = 2.284 (2) and 2.296 (2) AÊ for the N

atoms trans to the bridging O atom, and 2.219 (2) and
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2.227 (2) AÊ for those trans to Cl. The FeÐCl distances are

2.324 (1) and 2.334 (1) AÊ . These distances are similar to those

found in the corresponding bispicen complex (2) (see Scheme

below; Arulsamy et al., 1993) and in the bispicMeen (3) and

the trispicMeen (4) complexes (Nivorozhkin et al., 1997). The

main differences in the geometries of these compounds are in

the angle at the bridging O atom and the orientation of the

ligands about the FeÐFe axis. The FeÐOÐFe angles are

176.43 (8)� in (1), 180� in (2) (the O atom is in a special

position on the inversion centre), 152.3 (3)� in (3) (the O atom

is on a twofold axis) and 177.4 (7)� in (4). The ClÐFe� � �FeÐ

Cl pseudo-torsion angles are 128.21 (2)� in (1), 180� in (2),

110.2� in (3) and 141.0� in (4).

The crystal packing shows the cations lying in the ab planes

at z' 0 or 1
2 which accounts for the crystals growing as needles

parallel to the c axis.

The near linearity of the FeÐOÐFe angle in (1) is in

agreement with the prediction based on the observed

�sym(FeÐOÐFe) in the resonance±Raman spectrum (Hazell

et al., 1995). However, this resonance Raman result was not

entirely corroborated by magnetic susceptibility measure-

ments (Hazell et al., 1995). Usually strong magnetic exchange

coupling is observed for oxo-bridged diiron(III) complexes.

The structural characterization now reported sheds some light

on this apparent inconsistency. The FeÐO distances in (1) are

signi®cantly longer than those found in most singly bridged �-

oxo-diiron(III) units; the mean FeÐO distance from the

Cambridge Structural Database (April 2001 release; Allen &

Kennard, 1993) is 1.775 AÊ with an s.u. of 0.001 AÊ , and the three

longest FeÐO distances, out of 162 entries, are between 1.811

and 1.815 AÊ , cf. 1.811 and 1.814 AÊ found for (1). Thus, a

markedly weaker exchange coupling for this particular group

is consistent with the observed geometry. The electronegative

chloride ions cis to the �-oxo group and the ClÐFe� � �FeÐCl

pseudo-torsion angle will in¯uence the FeÐO bond length

and consequent overlap integral of the magnetic orbitals.

Experimental

Red crystals of the title compound (1) were prepared by the method

described by Hazell et al. (1995).

Crystal data

[Fe2Cl2O(C16H22N4)2]-
(ClO4)2�0.751H2O

Mr = 951.83
Monoclinic, P21/c
a = 13.632 (3) AÊ

b = 17.956 (4) AÊ

c = 16.489 (3) AÊ

� = 94.938 (4)�

V = 4021 (1) AÊ 3

Z = 4

Dx = 1.572 Mg mÿ3

Mo K� radiation
Cell parameters from 8666

re¯ections
� = 2.3±30.5�

� = 1.05 mmÿ1

T = 120 K
Needle, red
0.50 � 0.13 � 0.12 mm

Data collection

Siemens SMART CCD
diffractometer

! rotation scans with narrow frames
Absorption correction: by integra-

tion (XPREP; Siemens, 1995)
Tmin = 0.647, Tmax = 0.899

45 381 measured re¯ections

12 123 independent re¯ections
8461 re¯ections with I > 3�(I)
Rint = 0.042
�max = 30.5�

h = ÿ19! 18
k = ÿ25! 24
l = ÿ22! 23

Re®nement

Re®nement on F
R = 0.032
wR = 0.034
S = 0.88
8461 re¯ections
521 parameters

H-atom parameters constrained
w = 1/{[�cs(F 2) + 0.1 + 1.03F 2]1/2

ÿ |F|}2

(�/�)max = 0.001
��max = 0.72 (8) e AÊ ÿ3

��min = ÿ0.51 (8) e AÊ ÿ3
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Figure 1
View of the title cation showing the labelling of the non-H atoms.
Displacement ellipsoids are shown at 50% probability levels; H atoms
have been omitted.



metal-organic papers

m12 R. K. Egdal et al. � [Fe2Cl2O(C16H22N4)2](ClO4)2�0.751H2O Acta Cryst. (2002). E58, m10±m12

Table 1
Selected geometric parameters (AÊ , �).

Fe1ÐFe2 3.623 (1)
Fe1ÐCl1 2.324 (1)
Fe1ÐO1 1.814 (1)
Fe1ÐN1 2.161 (2)
Fe1ÐN2 2.219 (2)
Fe1ÐN3 2.296 (2)
Fe1ÐN4 2.156 (2)

Fe2ÐCl2 2.334 (1)
Fe2ÐO1 1.811 (1)
Fe2ÐN5 2.169 (2)
Fe2ÐN6 2.227 (2)
Fe2ÐN7 2.284 (2)
Fe2ÐN8 2.164 (2)

O1ÐFe1ÐN1 96.59 (6)
O1ÐFe1ÐN2 92.93 (6)
O1ÐFe1ÐN3 166.23 (6)
O1ÐFe1ÐN4 96.91 (6)
O1ÐFe1ÐCl1 102.00 (4)
N1ÐFe1ÐN2 75.42 (6)
N1ÐFe1ÐN3 91.48 (6)
N1ÐFe1ÐN4 164.24 (6)
N1ÐFe1ÐCl1 93.19 (5)
N2ÐFe1ÐN3 78.29 (6)
N2ÐFe1ÐN4 95.80 (6)
N2ÐFe1ÐCl1 162.25 (4)
N3ÐFe1ÐN4 73.75 (6)
N3ÐFe1ÐCl1 88.62 (4)
N4ÐFe1ÐCl1 91.92 (5)
O1ÐFe2ÐN5 97.62 (6)

O1ÐFe2ÐN6 93.51 (6)
O1ÐFe2ÐN7 165.92 (6)
O1ÐFe2ÐN8 95.58 (6)
O1ÐFe2ÐCl2 101.56 (4)
N5ÐFe2ÐN6 74.92 (6)
N5ÐFe2ÐN7 91.71 (6)
N5ÐFe2ÐN8 164.83 (6)
N5ÐFe2ÐCl2 92.15 (5)
N6ÐFe2ÐN7 78.71 (6)
N6ÐFe2ÐN8 96.87 (6)
N6ÐFe2ÐCl2 161.39 (4)
N7ÐFe2ÐN8 73.99 (6)
N7ÐFe2ÐCl2 88.54 (4)
N8ÐFe2ÐCl2 92.50 (5)
Fe1ÐO1ÐFe2 176.43 (8)

Cl1ÐFe1ÐFe2ÐCl2 128.21 (2)

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

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

O10ÐHO10a� � �O6a 0.91 1.87 2.768 (3) 167
O10ÐHO10a� � �O6b 0.91 2.08 2.976 (4) 168
O10ÐHO10b� � �O3 0.91 2.02 2.935 (3) 176

The H atoms of the ligand were constrained to have CÐH = 0.95 AÊ

and Uiso = 1.2Ueq of the atom to which they are attached. The H

atoms of the water molecule O10 were obtained from a difference

map and kept ®xed. One of the perchlorate ions (with the central Cl4

atom) was disordered, appearing in the Fourier map as a very

anisotropic heavy atom surrounded by six light atoms, and was

modelled as two interpenetrating perchlorate ions which were

constrained to have regular tetrahedral geometry with all ClÐO

distances the same. Site-occupation factors for the two ions were set,

arbitrarily, to be 0.5. The site-occupation factor for the water mol-

ecule was re®ned and found to be 0.751 (5).

Data collection: SMART (Siemens, 1995); cell re®nement: SAINT

(Siemens, 1995); data reduction: SAINT; program(s) used to solve

structure: SIR97 (Altomare et al., 1997) and KRYSTAL (Hazell,

1995); program(s) used to re®ne structure: modi®ed ORFLS (Busing

et al., 1962) and KRYSTAL; molecular graphics: ORTEPIII (Burnett

& Johnson, 1996) and KRYSTAL; software used to prepare material

for publication: KRYSTAL.

AH is indebted to the Carlsberg Foundation for the

diffractometer and the cooling system.
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