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Annual Research Highlights

(1) “Construction of metallo-DNA supermolecules”

Metal-mediated structural rearrangement between
DNA duplexes and three-way junctions (3WlJs) was
demonstrated by utilizing artificial DNA strands modified
with a bipyridine (bpy) ligand. The transformation
resulted from the formation of a Ni'(bpy); complex,
which served as a template for the 3WJ assembly (Fig.
la). In addition, the enzymatic oligomerization of a
ligand-type artificial nucleotide (H) was demonstrated by
using a template-independent DNA polymerase (TdT).
The resulting H oligomer formed a metallo-DNA duplex
through the formation of metal-mediated artificial base
pairs (H-Cu'-H) (Fig. 1b). Metal-dependent DNA
assembly shown here will be applied for the development
of metal-responsive DNA-based supramolecular systems.
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Fig. 1 (a) Metal-mediated structural conversion between DNA
duplexes and three-way junctions. (b) Enzymatic synthesis of
metallo-DNA structures.
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?2) “Functionalization of  metallomacrocycle
-assembled porous crystals, MMFs”

We have previously reported that a porous crystal,
Metal-Macrocycle Framework-1 (MMF-1), is formed by
the self-assembly of Pdj-metallomacrocycles. Here we
found that MMF-1 could stably immobilize
p-toluenesulfonic acid monohydrate in the nano-channel
by simple soaking and washing techniques to use the
acid-immobilized MMF-1 crystals as a heterogeneous
acid catalyst. In addition, the MMF nano-channel
functioned as a size-specific catalyst by discriminating
the molecular size of substrates.

We also revealed that another porous crystal MMF-2,
whose pore structure was completely different from
MMEF-1’s structure, was obtained by changing its
crystallization solvent. Furthermore, it was found that the

addition of homochiral additives for this crystallization
led to the selective formation of homochiral porous
crystals, (P)- and (M)-MMF-2. Now we aim to use the
MMF crystals for asymmetric catalytic reactions and
chiral separation.
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Fig. 2 (a) Size-specific acid catalyzed reactions using MMF-1
crystals stably immobilizing p-toluenesulfonic acid in the

channel. (b) Homochiral porous crystals (P)-MMF-2 and
(M)-MME-2.
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(3) “A circularly arranged molecular gear based on a
dirhodium complex”

Metal complexes are attractive platforms to develop
functional molecular architectures due to their structural
diversity and dynamic properties. In this work, we
focused on a rhodium(Il) dimer, where two rhodium ions
are bridged by four carboxylates.
2,2°.2” 3.3’ 3”-hexamethyltriptycene carboxylate
(hmTpc) was designed as a gear-shaped rotator, and we
developed a molecular rotor where four hmTpcs are
circularly arranged around the rhodium dimer with
mechanical meshing (Fig. 3). To this complex, two
additional ligands can be introduced at the axial positions
of the rhodium dimer. The axial ligands regulated the
rotation rates of the rotators reflecting their steric
hindrance. This molecular rotor realized regulation of
multiple molecular motion meshing with each other. This
result would give important insight to develop
highly-functionalized molecular machines.
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Fig. 3 A circularly arranged molecular gear based on a
dirhodium complex (hmTpc),L,Rh, (hmTpc =
2,2°,2”.3,3°,3”-hexamethyltriptycene carboxylate). Left:
molecular structure of (hmTpc),L,Rh,. Right: design concept of
the molecular gear (hmTpc),L,Rh,. Rotational motions of the
rotators are regulated by exchanging the two axial ligands at the
axial positions of the rhodium dimer.
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