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Annual Research Highlights

(1) “Supramolecular metal complexes based on a
Zn-porphyrin Ligand”

Metallo-porphyrins have metal- and/or ligand-centered
photochemical and redox properties, and a number of
excellent examples have been reported on the conduction
of functional self-assembled molecular systems. We
designed a C,-symmetrical Zn-porphyrin ligand (L)
possessing four bpy groups directly attached to the meso
positions of the central Zn-porphyrin ring. Three kinds of
metallo-supramolecular  cages  were  successfully
constructed from the ligand L and metal ions. Each
supramolecular metal complex has a unique guest
recognition ability depending on the shape, size and
environment of their inner space. These self-assembled
motifs would provide an important clue for constructing
other tetrakis(bipyridyl)-porphyrin ligands having an
alternative transition metal at the porphyrin center for
catalytic reactions in a confined space surrounded by
metallo-porphyrins.
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Fig. 1 Crystal structures of supramolecular metal complexes
composed of the Zn-porphyrin ligand (L).
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(2) “Stabilization of a DNA three-way junction
structure by metal-coordination”

We  previously reported the metal-mediated
stabilization of DNA duplexes and the self-assembly of
DNA triplexes utilizing ligand-modified artificial DNA
strands. This study aimed at the metal-assisted
stabilization of a DNA three-way junction structure,
which is an essential motif of DNA nanoarchitectures. An
artificial DNA three-way junction possessing three
bipyridine (bpy)-modified uridines (Uypy) at the core was
subjected to melting analysis in the presence of transition
metal ions. The results showed that the addition of one
equivalent of Ni*" ions enhanced the thermal stability of

the three-way junction. The stabilization was attributed to
a crosslink among three DNA strands through the
formation of a Ni(bpy);*" complex at the junction point as
evidenced by the UV spectral changes. Furthermore, CD
spectroscopy indicated the predominant formation of the
A-isomer that could be a result of the chiral DNA
environment. The metallo-DNA junction will have future
applications to DNA nanotechnology.

Fig. 2 Stabilization of a DNA three-way junction structure by
metal-coordination.
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(3) “Formation of metallo-nanofibers formed by
self-assembly of macrocyclic metal complexes”

We have previously developed a diamond-shaped
macrocyclic ligand capable of binding two metal ions
selectively in the cavity. In order to give self-association
property to the macrocycle, here we newly synthesized a
macrocyclic ligand possessing six long alkyl chains at the
periphery. As expected, the new macrocycle formed
nanofibers with diameters of 5-6 nm and lengths of
several pm in cyclohexane as confirmed by atomic force
microscope and several spectroscopic measurements. In
addition, macrocyclic ~ dinuclear Pd"  complexes
synthesized by complexation with a Pd" salt also formed
similar nanofibers. Notably, energy dispersive X-ray
spectroscopic analyses on electron microscope suggest
that Pd" ions are accumulated in the nanofibers. Such a
self-assembly mode of metal macrocycles would provide
an excellent tool to metal arrangement-based properties
such as electric conductivity.
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Fig. 3 Formation of a metallo-nanofiber composed of dinuclear
Pd" complexes.
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