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We have synthesized and isolated a bimetallic compound that is 

unique in that it contains a conjugated bridge between metals in two 

macrocycles. In the binucleating ligand, I, each fourteen-membered macro 

I I I I 
I. c: N'=\__FN :J NJ'=N 

I I I I 

cycle contains B-imine nitrogens with a double bond between 

corresponding bridgehead carbons. This structure has been established by 

an X-ray crystallographic determination2 of a di-iron (II) complex 

[Fe2(C2oH3sNa)(CH3CN)4](CI04)4 · 2Cj13CN, II, which is shown in Figure 1. 

(CAUTION: Perchlorate salts are known to be explosive.) 

The binucleating ligand provides a delocalized 1t system to promote 

interaction between the two metal atoms. At the same time, the 

macrocyclic metal binding sites _impart thermodynamic stability and 

inhibit metal dissociation. · By virtue of its structure, the di-iron 

compound exhibits several unusual properties, among which is an intense 

absorption band in the near-infrared with e = 14,000 M_-1 cm-1 at 874 nm 

in acetonitrile. (Figure 2) In fact, it was because of this band, which we 

found during the preparation of a related monomeric macrocyclic 

compound3, that we became interested in isolating and investigating II. 

A schematic representation of the molecule is shown (Figure 3), 

\) which gives bond lengths and angles. There is a center of symmetry . 
midway in the bond linking the two macrocycles. The iron atoms and the 

tetraiminoethylene moiety fusing the two macrocycles are coplanar 

(average deviation per atom ± .02 A). The C-C' bond linking the 
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macrocycles is 1.41 A, which corresponds to only about 40% double-bond 

character4, indicating conjugation in the tetraiminoethylene moiety. To 

be consistent with this degree of conjugation, the other C-C bond should 

have 30% double-bond character and a 1.43 A bond-length· while the C-N 

2 

bond should have a 70% double-bond character with a bond-length of 1.29 C 
A, both in quite good agreement with the bond lengths found. (Figure 3) 

There is one report in the literature of a crystal structure of a 

related double-bond bridged dimer5, a di-nickel bis 13-member macro-
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cycle. An important distinction between the nickel dimer and II is that 

the methyl groups of the nickel compound interact, causing· a displacement 

of the bridging carbons from the planar array of the nickel and the C, N of 

the imine bonds. This prevents conjugation in the 1t electron system and 

leads to a normal C=C double bond length of 1.34 A. The nickel dimer has 

spectral properties similar to monomeric nickel complexes while our 

di-iron complex has the intense absorption band at low energy mentioned 

above. 

There are three prominent bands at 240, 340, and 874 nm in the 

unusual electronic spectrum of II in acetonitrile. The high intensities of 

the bands rule out metal-centered d-d transitions. The transitions are 

then either ligand-centered or involve some type of charge transfer 

between metal and ligand. It is well known that complexes containing an 
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imine bonded to iron (II) exhibit an intense absorption band in the visible 

region. 6 This band has been assigned to an Fe to ligand charge transfer 

( M LC T). 7 Busch and co-workers in their thorough work on monomeric 

complexes of iron (II) with unsaturated tetraaza macrocycles observed 

such MLCT bands with maxima in the 300 to 550 nm range.8 •9 None of 

their di, tri, or tetra imine macrocyclic complexes has an intense 

electronic band anywhere near the low energy band for II. In fact, we are 

not aware of any iron (II) complex that has a similar spectral feature.1 o 

Therefore, it seems reasonable to assign the near-infrared band to an 

MLCT that involves transfer of an electron from filled dxz, dyz orbitals of 

Fe to a particularly low-lying delocalized 7t* orbital of the 

tetraiminoethylene moiety. 

Resonance Raman measurements may prove very helpful in 

confirming and elucidating the electronic transitions and are planned. 

Calculations of the energies of the HOMO and LUMO orbitals of II as well 

as IN 00/S 1 2 calculations of the spectrum are also under way. .The 

energies of the two long wavelength transitions are extremely sensitive 

to solvent or to the addition of coordinating ligands such as cyanide. It is 

likely that the axial CH3CN ligands of II can be replaced; this chemistry is 

also being explored. 

The di-iron compound exhibits other very interesting properties. The 

dark green Fell/Fell complex can be oxidized electrochemically to a yellow 

species, which can then be reduced quantitatively to the original 

chromophore. lsosbestic points are observed during the electrochemical 

oxidation as the 874 nm band of the Fell/Fell compound is replaced by a 

slightly more intense band at 940 nm. The yellow oxidized form is 

probably an Fe 11/Fe 111 mixed-valence species and we are actively pursuing 
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its characterization. It appears to have the type of ESR spectrum 

characteristic of interacting magnetic dipoles 13 but we have not yet 

completed the analysis. 

Ligand 1 is the only example to . date of a fused, conjugated, bis 

4 

macrocycle. It ·is obtained as a di-iron complex.3 However, the structure L1 

may prove to be more general. We· have spectroscopic evidence that 

similar di-iron species are generated using 13 and 15 membered 

macrocycles. Other variations may also be possible. We are especially 

interested in replacing the iron atoms with other metals, such as copper 

and nickel, and are working to isolate the free ligand.9 

Acknowledgment: HSM and LOS wish to thank the Associated Western 

Universities for student and faculty sabbatical research support 
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Figure Captions 

Figure 1. Ortep of [Fe2 (C 20 H 36 Na)(CH3CN)4]4+ II. The counter­
anions are perchlorates and there are two CH3 CN of 
crystal! izatio n. 

Figure 2. Absorption spectrum of II in CH3CN solution. 

Figure 3. Bond lengths and bond angles in complex II. There is a 
center of inversion midway in the bond linking the 
macrocycles. Axial CH3CN molecules are omitted. 
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