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Annual Research Highlights

(1) “Development of metallo-DNA supramolecules”

We found that 5-carboxyuracil (caU) nucleobases form
not only hydrogen-bonded base pairs with A, but also dif-
ferent types of metal-mediated base pairs with the other
nucleobases such as caU-Cu'-caU, caU-Hg"-T, caU-
Ag'-C, and caU-Cu"-G (Fig. 1a). In addition, a variety of
Cu'-responsive allosteric DNAzymes were developed by
incorporating metal-mediated artificial base pairs such as
H-Cu'-H (Fig. 1b). The formation of a H-Cu!-H base
pair triggers intrastrand transformation from the inactive to
the active structure, enabling Cu'-dependent allosteric reg-
ulation of the DNAzyme activity.
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Fig. 1 (a) Metal-mediated base pairing of 5-carboxyuracil (caU)
nucleobases. (b) Cu'-dependent allosteric regulation of single-
stranded DNAzymes based on H-Cu'~H base pairing.
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(2) “Porous crystal MMFs with unique molecular ar-
rangement capability”

Porous crystals such as coordination polymers are prom-
ising materials with various functions. We have developed
metal-macrocycle frameworks (MMFs), novel porous
crystals with unique molecular arrangement capability and
catalytic activity, by utilizing the self-assembly of helical
Pd™;-macrocycles. We summarized the previous results as
a review and newly constructed a core-shell MMF by a
stepwise crystallization method (Fig. 2).
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(3) “Highly stable tetrahedral chiral-at-zinc complex”

Chiral metal complexes show promise as asymmetric
catalysts and optical materials. Common synthetic meth-
ods use enantiopure chiral ligands or counterions as com-
ponents. An alternative is to coordinate ligands to a metal
atom in a chiral configuration, which is known as chiral-
at-metal complexes. Chiral-at-metal complexes composed
of achiral ligands have expanded the versatility and ap-
plicability of chiral metal complexes, especially for octa-
hedral and half-sandwich complexes. However, Werner-
type tetrahedral complexes with a stereogenic metal center
are rarely used as chiral-at-metal complexes because they
are too labile to ensure the absolute configuration of the
metal center. In this study, we achieved the asymmetric
construction of a tetrahedral chiral-at-zinc complex with
high configurational stability, using an unsymmetric tri-
dentate ligand (Fig. 3). Coordination/substitution of a chi-
ral auxiliary ligand on zinc followed by crystallization
yielded an enantiopure chiral-only-at-zinc complex (>
99% ee). The enantiomer excess remained very high at
99% ee even after heating at 70 °C in benzene for one week.
With this configurationally stable zinc complex of the tri-
dentate ligand, the remaining one labile site on the zinc can
be used for a highly selective asymmetric oxa-Diels-Alder
reaction (98% yield, 87% ee) without substantial racemi-
zation.

These findings expand the design concept for simple but
versatile chiral metal complexes, and are also of great aca-
demic significance in overriding the common knowledge
that tetrahedral zinc complexes are labile.
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Fig. 3 A chemical structure and an X-ray single crystal structure
of tetrahedral chiral-at-zinc complex with an unsymmetrical tri-
dentate ligand, and its enantioselective catalysis for Oxa-Diels-
Alder reaction of Danishefsky’s diene with 1-naphthaldehyde.
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