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The title compound, (C16H20N)2[Fe2Br6O], crystallizes with

one dibenzyldimethylammonium cation and one half of a �-

oxo-bis[tribromoferrate(III)] anion in the asymmetric unit.

The bridging oxo group is situated on an inversion centre,

resulting in a linear conformation for the FeÐOÐFe unit. The

iron(III) cations have tetrahedral geometry, with bond angles

in the range 106.8 (1)±112.2 (1)�. The ion pairs are held

together by Coulombic forces and CÐH� � �Br hydrogen

bonds. Each Brÿ anion forms one hydrogen bond. No CÐ

H� � �O hydrogen bonds are found between the O atom in the

FeÐOÐFe unit and surrounding counter-cations, consistent

with the linear con®guration of the FeÐOÐFe unit.

Comment

The FeÐOÐFe unit has been of interest in inorganic chem-

istry because of its magnetic properties, its stability (diferric

form) and its occurrence at the active sites of proteins (Kurtz,

1990; Gorun & Lippard, 1991; Davydov et al., 1997; Scarrow et

al., 1986; Stenkamp et al., 1984; Klotz & Kurtz, 1984; Nordlund

et al., 1990; Reichard & Ehrenberg, 1983; Lynch et al., 1989;

Gatteschi et al., 2000). The synthesis, crystal structure and

magnetic properties of (Hpy)2[Fe2Cl6O] (Hpy is pyridinium)

were reported by Drew et al. (1978). Since then, dozens of

similar complexes incorporating the [Fe2Cl6O]2ÿ unit have

been synthesized and characterized by various analytical

methods and by X-ray crystallography (Petridis & Terzis, 1986;

Healy et al., 1983; Vasilevsky et al., 1988; Solbrig et al., 1982;

Bullen et al., 1986; Armstrong & Lippard, 1985; Do et al., 1983;

Adler et al., 1988; Molins et al., 1998; Senda et al., 2000; LledoÂ s

et al., 2003; Wei et al., 2004). In some cases, crystallographic

problems have been associated with crystallographically

imposed site symmetry Cs, Ci or C2, which masks an orienta-

tional disorder of the anion (Haselhorst et al., 1993).

At present, approximately 50 structures containing the

dinuclear [Fe2Cl6O]2ÿ unit have been published. About one-

third of them have nearly linear FeÐOÐFe cores, but the real

number is dif®cult to estimate due to the orientational

disorder. The FeÐOÐFe angle in the solid state varies from

180� to about 140�, depending on the counter-cation. The

structure has been considered as bent if the FeÐOÐFe angle

is between 146 and 171� (LledoÂ s et al., 2003, and references

therein); these workers analyzed the diversity of FeÐOÐFe

angles varying from 140 to 180� in the X-ray crystal structures

of the [Fe2Cl6O]2ÿ dianion. Only the linear isomer was found

as a minimum on the potential energy surface by theoretical

calculations. Detailed studies of the crystal packing showed

that the angular form occurs when attractive intermolecular

interactions (CÐH� � �O contacts) are involved. If the inter-

actions are strong and co-operative, the O atom is displaced

from its central position and the bent form is present. If no

interactions are found or if they are opposed, the con®gura-

tion remains linear at the potential minimum.

In the only report to date of a structure with the dinuclear

[Fe2Br6O]2ÿ entity, Evans et al. (1992) described the crystal

structure of (Fc+)2[(FeBr3)2O]2ÿ, which was prepared from

FeBr3 and ferrocene (Fc). The anion consists of two corner-

sharing FeBr3O tetrahedra, and the cations are ferroceniums

with eclipsed cyclopentadienyl rings. A bent FeÐOÐFe angle

of 159.8 (4)� was observed.

Our aim has been to synthesize different types of tetra-

halometallate complexes and to investigate the structural

properties of the [MX4]2ÿ anions in the solid state by varying

the ®rst-row transition metal cations (MII) and the halides

(X = Brÿ and/or Clÿ) in these anions. The same counter-

cation, dibenzyldimethylammonium (Busi et al., 2004;

Ropponen et al., 2004), was used in all experiments. A new and

interesting compound, viz. the title complex, (I), was crystal-

lized as part of these studies.

The molecular structure of (I) consists of an [Fe2Br6O]2ÿ

anion with a linear FeÐOÐFe core and two dibenzyl-

dimethylammonium cations. The asymmetric unit contains

one cation and one half of the �-oxo-bis[tribromoferrate(III)]

anion, which sits on an inversion centre. The structure and

labelling scheme of (I) are presented in Fig. 1. Selected bond

lengths and angles are presented in Table 1, which gives the

geometries around the FeIII cation and N atom. The linearity

of the Fe1ÐO1ÐFe1i fragment is required by the centre of

symmetry [symmetry code: (i) 1 ÿ x, ÿy, 1 ÿ z]. The FeIII

cation is four-coordinated by three Brÿ ions and the bridging

oxo group. The bond angles around FeIII vary between

106.82 (4) and 112.21 (4)�, which are typical values for

[Fe2X6O]2ÿ anions (X = Br or Cl). The con®guration around

the N atoms in the cation is also tetrahedral, with angles in the

range 107.4 (4)±111.5 (4)�, typical for N atoms in quaternary

ammonium cations (Busi et al., 2004, 2005, 2006).

As already mentioned, the linear shape of the FeÐOÐFe

unit is obliged by the crystallographic centre of symmetry. The

displacement ellipsoid of the O atom has a slightly elongated
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shape, which could indicate a dynamic or static disorder

between two rotational conformers. However, we note that

distortions away from tetrahedral geometry are unusual for

the FeIII ions in [Fe2X6O]2ÿ anions with bent FeÐOÐFe units.

During the re®nement of a bent model for (I), the coordina-

tion sphere around the FeIII cations is distorted away from

tetrahedral geometry, giving bond angles in the range

104.3 (7)±119.5 (7)�. In addition, the work of LledoÂ s et al.

(2003) points out that the linear con®guration of the

[Fe2Br6O]2ÿ dianion is at the potential minimum and that,

generally, the bent FeÐOÐFe unit demands CÐH� � �O
hydrogen bonds from cations to bridging O atoms, which are

not found in this case. Thus, two angular conformers are very

unlikely. This is then the ®rst compound including the

[Fe2Br6O]2ÿ anion with a linear FeÐOÐFe unit to have been

crystallized.

In the extended structure of (I), the [Fe2Br6O]2ÿ anions are

located at the corners of the cell and in the middle of each cell

face. Each anion is surrounded by six cations. The cations are

not in the `W' conformation, as was the case for dibenzyl-

dimethylammonium bromide (Busi et al., 2004). In (I), the

cations have a somewhat twisted conformation. In addition to

Coulombic forces between the cations and anions, the packing

in (I) is in¯uenced by CÐH� � �Br hydrogen bonds (Table 2)

[H� � �Br < 3.0 AÊ ; a mean value for H� � �Br of 2.96 (1) AÊ was

given by Desiraju & Steiner (1999)], which are shown in Fig. 2.

One [Fe2Br6O]2ÿ anion acts as acceptor for six hydrogen

bonds (<3.0 AÊ ) from the dibenzyldimethylammonium cations,

related in pairs by the centre of symmetry in the middle of the

anion.

Experimental

Single crystals of the title compound were obtained from an aceto-

nitrile solution containing stoichiometric amounts (2:1) of the

dibenzyldimethylammonium halide salt (Busi et al., 2004) and

anhydrous FeBr2 salt. The crystals were obtained at room tempera-

ture by slow evaporation of the solvent.

Crystal data

(C16H20N)2[Fe2Br6O]
Mr = 1059.82
Orthorhombic, Pbca
a = 13.800 (3) AÊ

b = 14.984 (3) AÊ

c = 18.283 (4) AÊ

V = 3780.5 (13) AÊ 3

Z = 4
Dx = 1.862 Mg mÿ3

Mo K� radiation
� = 7.14 mmÿ1

T = 173 (2) K
Block, orange
0.25 � 0.15 � 0.05 mm

Data collection

Bruker±Nonius Kappa-APEX-II
CCD area-detector
diffractometer

! and ' scans
Absorption correction: multi-scan

(DENZO±SMN; Otwinowski &
Minor, 1997)
Tmin = 0.269, Tmax = 0.717

8735 measured re¯ections
4618 independent re¯ections
3215 re¯ections with I > 2�(I)
Rint = 0.056
�max = 28.1�

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.049
wR(F 2) = 0.110
S = 1.06
4618 re¯ections
199 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0304P)2

+ 14.2938P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.96 e AÊ ÿ3

��min = ÿ0.73 e AÊ ÿ3

Extinction correction: SHELXL97
Extinction coef®cient: 0.00036 (8)
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Figure 2
The packing in (I), showing CÐH� � �Br hydrogen bonding around the
[Fe2Br6O]2ÿ anion. [Symmetry code: (i) 1 ÿ x, ÿy, 1 ÿ z.]

Table 1
Selected geometric parameters (AÊ , �).

C11ÐN1 1.528 (6)
C21ÐN1 1.535 (6)
C31ÐN1 1.492 (6)
C41ÐN1 1.506 (6)

Fe1ÐO1 1.7523 (7)
Fe1ÐBr2 2.3601 (10)
Fe1ÐBr1 2.3622 (10)
Fe1ÐBr3 2.3808 (11)

C31ÐN1ÐC41 107.9 (4)
C31ÐN1ÐC11 111.5 (4)
C41ÐN1ÐC11 110.0 (4)
C31ÐN1ÐC21 111.0 (4)
C41ÐN1ÐC21 107.4 (4)
C11ÐN1ÐC21 109.0 (4)

O1ÐFe1ÐBr2 108.16 (4)
O1ÐFe1ÐBr1 110.98 (4)
Br2ÐFe1ÐBr1 108.73 (4)
O1ÐFe1ÐBr3 112.21 (4)
Br2ÐFe1ÐBr3 109.91 (4)
Br1ÐFe1ÐBr3 106.82 (4)

Figure 1
The molecular structure of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms are shown as small spheres of arbitrary radii. Two of six hydrogen
bonds (Br� � �HÐC < 3.0 AÊ ) around the anion are shown as dashed lines.
[Symmetry code: (i) 1 ÿ x, ÿy, 1 ÿ z.]



H atoms were positioned geometrically and treated as riding, with

CÐH = 0.95±0.99 AÊ and with Uiso(H) = 1.2Ueq(C) for methylene and

aromatic H atoms, or 1.5Ueq(C) for methyl H atoms.

Data collection: COLLECT (Nonius, 1998); cell re®nement:

COLLECT; data reduction: DENZO±SMN (Otwinowski & Minor,

1997); program(s) used to solve structure: SIR97 (Altomare et al.,

1999); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); molecular graphics: DIAMOND (Brandenburg, 2001); soft-

ware used to prepare material for publication: WinGX (Farrugia,

1999).

KR gratefully acknowledges the ®nancial support of the

National Technology Agency (TEKES, project No. 40004-01).

SB gratefully acknowledges ®nancial support from the

Academy of Finland, the Foundation of Magnus Ehrnrooth,

the Association of Finnish Chemical Societies, the Foundation

of Ellen and Artturi NyyssoÈ nen and the Foundation of Oskar

OÈ ¯und.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: FA3029). Services for accessing these data are
described at the back of the journal.

References

Adler, J., Ensling, J., Guetlich, P., Bominaar, E. L., Guillin, J. & Trautwein,
A. X. (1988). Hyper®ne Interact. 42, 869±872.

Altomare, A., Burla, M. C., Camalli, M., Cascarano, G. L., Giacovazzo, C.,
Guagliardi, A., Moliterni, A. G. G., Polidori, G. & Spagna, R. (1999). J.
Appl. Cryst. 32, 115±119.

Armstrong, W. H. & Lippard, S. J. (1985). Inorg. Chem. 24, 981±982.
Brandenburg, K. (2001). DIAMOND. Release 2.1e. Crystal Impact GbR,

Bonn, Germany.
Bullen, G. J., Howlin, B. J., Silver, J., Fitzsimmons, B. W., Sayer, I. &

Larkworthy, L. F. (1986). J. Chem. Soc. Dalton Trans. pp. 1937±1940.

Busi, S., Lahtinen, M., KaÈrnaÈ , M., Valkonen, J., Kolehmainen, E. & Rissanen,
K. (2006). J. Mol. Struct. 787, 18±30.

Busi, S., Lahtinen, M., Mansikkamaki, H., Valkonen, J. & Rissanen, K. (2005).
J. Solid State Chem. 178, 1722±1737.

Busi, S., Lahtinen, M., Ropponen, J., Valkonen, J. & Rissanen, K. (2004). J.
Solid State Chem. 177, 3757±3767.

Davydov, R. M., Menage, S., Fontecave, M., Graslund, A. & Ehrenberg, A.
(1997). J. Biol. Inorg. Chem. 2, 242±255.

Desiraju, G. R. & Steiner, T. (1999). The Weak Hydrogen Bond in Structural
Chemistry and Biology. New York: Oxford University Press Inc.

Do, Y., Simhon, E. D. & Holm, R. H. (1983). Inorg. Chem. 22, 3809±3812.
Drew, M. G. B., McKee, V. & Nelson, S. M. (1978). J. Chem. Soc. Dalton Trans.

pp. 80±84.
Evans, P. J. M., Fitzsimmons, B. W., Marshall, W. G., Golder, A. J., Larkworthy,

L. F., Povey, D. C. & Smith, G. W. (1992). J. Chem. Soc. Dalton Trans. pp.
1065±1068.

Farrugia, L. J. (1999). J. Appl. Cryst. 32, 837±838.
Gatteschi, D., Sessoli, R. & Cornia, A. (2000). Chem. Commun. pp. 725±732.
Gorun, S. M. & Lippard, S. J. (1991). Inorg. Chem. 30, 1625±1630.
Haselhorst, G., Wieghardt, K., Keller, S. & Schrader, B. (1993). Inorg. Chem.

32, 520±525.
Healy, P. C., Skelton, B. W. & White, A. H. (1983). Aust. J. Chem. 36, 2057±

2064.
Klotz, I. M. & Kurtz, D. M. Jr (1984). Acc. Chem. Res. 17, 16±22.
Kurtz, D. M. Jr (1990). Chem. Rev. 90, 585±606.
LledoÂ s, A., Moreno-Manas, M., Sodupe, M., Vallribera, A., Mata, I., Martinez,

B. & Molins, E. (2003). Eur. J. Inorg. Chem. pp. 4187±4194.
Lynch, J. B., Juarez-Garcia, C., Munck, E. & Que, L. Jr (1989). J. Biol. Chem.

264, 8091±8096.
Molins, E., Roig, A., Miravitles, C., Moreno-Ma®as, M., Vallribera, A., Gilvez,

N. & Serra, N. (1998). Struct. Chem. 9, 203±208.
Nonius (1998). COLLECT. Nonius BV, Delft, The Netherlands.
Nordlund, P., Sjoberg, B. M. & Eklund, H. (1990). Nature (London), 345, 593±

598.
Otwinowski, Z. & Minor, W. (1997). Methods in Enzymology, Vol. 276,

Macromolecular Crystallography, Part A, edited by C. W. Carter Jr & R. M.
Sweet, pp. 307±326. New York: Academic Press.

Petridis, D. & Terzis, A. (1986). Inorg. Chim. Acta, 118, 129±134.
Reichard, P. & Ehrenberg, A. (1983). Science, 221, 514±519.
Ropponen, J., Lahtinen, M., Busi, S., Nissinen, M., Kolehmainen, E. &

Rissanen, K. (2004). New J. Chem. 28, 1426±1430.
Scarrow, R. C., Maroney, M. J., Palmer, S. M., Que, L. Jr, Salowe, S. P. &

Stubbe, J. (1986). J. Am. Chem. Soc. 108, 6832±6834.
Senda, H., Kitoh, S., Suganami, T. & Kunimoto, K. (2000). Anal. Sci. 16, 1003±

1004.
Sheldrick, G. M. (1997). SHELXL97. Release 97-2. University of GoÈ ttingen,

Germany.
Solbrig, R. M., Duff, L. L., Shriver, D. F. & Klotz, I. M. (1982). J. Inorg.

Biochem. 17, 69±74.
Stenkamp, R. E., Sieker, L. C. & Jensen, L. H. (1984). J. Am. Chem. Soc. 106,

618±622.
Vasilevsky, I., Stenkamp, R. E., Lingafelter, E. C. & Rose, N. J. (1988). J.

Coord. Chem. 19, 171±187.
Wei, J., Ju, G. & You, X. (2004). Chem. Phys. Lett. 391, 226±233.

metal-organic compounds

m460 Busi et al. � (C16H20N)2[Fe2Br6O] Acta Cryst. (2006). C62, m458±m460

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

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

C41ÐH41B� � �Br1 0.98 2.87 3.827 (6) 165
C24ÐH24A� � �Br2i 0.95 2.98 3.648 (6) 128
C41ÐH41C� � �Br3ii 0.98 2.96 3.895 (6) 159

Symmetry codes: (i) ÿx; yÿ 1
2;ÿz � 3

2; (ii) ÿx� 1
2;ÿy; z� 1

2.
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