
Dinuclear metal complexes of phenylene-linked bis-β-di-
ketone ligands were prepared and the magnetic interactions
between the complex units along the π-conjugated linkers were
investigated.   Both ferro- and antiferromagnetic interactions were
observed for the m- and p-phenylene-linked dimers, respectively.

Recently, a wide variety of supramolecular structures have
been constructed by self-assembling technique of molecular
building blocks with hydrogen bonding and coordination bond-
ing.1 These kinds of structures are still more responsible for the
design of molecular magnetism, because the dimensionality and
the topology of the assembly structures delicately affect their
whole electronic structures.2 β-Diketone is one of the best versa-
tile building blocks to construct coordination-based assemblies as
multi-nuclear metal complexes with strong interaction through
the pseudo-aromatic six-membered ring consisting of the enolate
and the coordinated metal ion.  When plural β-diketones are
linked by an appropriate π-conjugated linker, inter-metal, π−π,
and metal-π interactions should be considered.   Here, the spin
exchange interaction between the paramagnetic metal ions was
investigated in a series of dinuclear metal complexes consisting
of m- and p-phenylene-linked bis-β-diketone ligands 1 and 2 as
the smallest models for the extended coordination polymers.3,4

Considerable red-shifts of the UV absorption bands of the
bis-β-diketone ligands 1 were observed at 356 nm and 2 at 375
nm, compared with 1,3-diphenyl-1,3-propanedione 3 at 343 nm.5

These spectra suggest an extended π-conjugation due to the
phenylene linkers connecting two β-diketones.  The metal com-
plexes were prepared by mixing the ligands with metal acetate or
perchlorate in the 1:1 mixed solution of methanol and
dichloromethane.  The divalent metal ions, Zn(II), Cu(II) and
Ni(II), afforded 1:1 complexes with 1 and 2, while trivalent metal
ions, Mn(III) and Fe(III), afforded 2:3 complexes, based on CHN
elemental analysis and ICP measurement.6 All the FT-IR spectra
indicated complete coordination of two enolate anions of the lig-
ands.7 The 1H-NMR spectra of 12·Zn2 suggested the rotation-
pinning of the m-phenylene linker and the formation of a large
cyclic structure, shown as a dotted circle in Figure 1(a).  The di-
nuclear metal complexes of 1 gave consistent parent peaks in the
FAB mass spectra.  A planar structure with a large ring and a tri-

angular prism structure8 with three twisted ligands can be con-
cluded as common structures of the divalent and trivalent metal
complexes, respectively (Figure 1).   The same metal-to-ligand
compositions with 1:1 and 2:3 for divalent and trivalent metal
ions, respectively, were found in case of the ligand 2, although
the possibility of polymeric structures was not excluded yet.

The magnetic susceptibilities of all the dinuclear complexes
in a high temperature range were consistent with the expected
spin multiplicities.  As lowering temperature, an increasing and a
decreasing χT values were observed for m- and p-phenylene-
linked Cu(II) complexes, respectively, whereas the mononuclear
3·Cu2 complex showed paramagnetic behavior in a wide temper-
ature range (Figure 2).  The temperature-dependent susceptibili-

ties (Figure 3) of several metal complexes of 1 were well fitted
by the dinuclear model (eq. (1), solid lines).9 The evaluated
intra- and intermolecular magnetic interactions, J and J’, are list-
ed in Table 1.  All the intramolecular J values of the complexes
of 1 were positive.  Direct through-space interaction should be
negligible because of too long intramolecular metal-to-metal dis-
tance (approximately 7 Å).  The consistent positive values of
the spin exchange interaction strongly suggests that the m-
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phenylene linker carries ferromagnetic through-bond interaction
between two metal ions, whereas the p-phenylene does antifer-
romagnetic interaction.  These results can be explained by the
spin polarization mechanism, well-established for the pheny-
lene-linked diradicals (Figure 4).10 The metal-dependence of
the observed J values is similar to a series of dinuclear metal
complexes consisting of 2,2'-bipyrimidine ligands,12 implying
that the d−π interaction13 at the coordination bonds also plays
an important role in the interaction path.14

In conclusion, the present dinuclear metal complexes based
on the phenylene-linked bis-β-diketone ligands should become
the potential prototype for the coordination-based molecular
architecture with the manipulation of the path-specific electron-
ic interactions such as the spin polarization.  
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