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Annual Research Highlights

(1) “An NHC-supported carbon-centered gold clus-
ter”

Gold(I) compounds have shown promise as catalysts
and luminescent materials due to their carbophilic n-acid
character, redox activity, and aurophilicity. In 1989, a
formally hexacoordinate, carbon-centered Auls cluster
from a Ci source and six phosphine-Au' complexes were
reported. Since then, several excellent examples of ele-
ment-centered Au' clusters have been reported.

The unique nature of gold(I) compounds varies with the
type of ligand. As an alternative to phosphine ligands,
N-heterocyclic carbenes (NHCs) with strong c-donating
ability have been widely used as stable metal ligands with
high designability.

We report herein a carbon-centered CAu's cluster sup-
ported by six N,N'-diisopropyl-imidazolidene (IiPr) lig-
ands (Fig. 1). The resulting CAu's cluster was found to be
chemically stable under ambient conditions and to show
emission with longer wavelength compared to phos-
phine-supported one which would come from the strong
o-donation character of NHC ligands.
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Fig. 1 (a) Chemical structure (left) and ORTEP diagram (right,
50% probability) of a gold(I) cluster [(IiPrAu)sC]-(BF4),. In the
ORTEP diagram, hydrogen atoms and counter anions are omit-
ted for clarity.
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(2) “Rational synthesis of benzimidazole[3]arenes”

A new series of calix[n]arene analogues, benzimidaz-
ole[3]arenes, was rationally synthesized by Cu'-catalyzed
transformation reaction of a tris(o-phenylenediamine)
macrocycle, and the structures were fully characterized
by NMR, Mass, and single-crystal X-ray diffraction
analyses (Fig. 2). The resulting syn- and an-
ti-benzimidazole[3]arenes have a bowl-shaped and a
warped structure, respectively, in their crystalline states,
and both isomers display a dynamic inversion behavior in
solution. The three benzimidazole moieties also led to
strong fluorescence and allowed chemical modification at
the macrocyclic periphery. Moreover, the mechanistic
study of the Cu'-catalyzed reaction demonstrated that the
formation of both benzimidazole[3]arenes was catalyzed

by Cu ions in air via triimine intermediates. Therefore
the new macrocyclic compounds obtained here would
have great potential in the fields of host-guest chemistry
and supramolecular chemistry.
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Fig. 2  Cu'-catalyzed transformation reaction  of

tris(o-phenylenediamine) into new calix[z]arene analogues, syn-
and anti-benzimidazole[3Jarenes.
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(3) “Preferential photoreaction in a porous crystal,
MMEF”

A confined nano-space with well-defined functional
surfaces has great potential to control the efficiency and
selectivity of catalytic reactions. In this paper, we report-
ed that a 1,6-diene, which normally forms an intramolec-
ular [24+2] cycloadduct under photoirradiation, preferen-
tially underwent a photoinduced olefin migration in a
porous crystal, metal-macrocycle framework (MMF), and
alternatively [2+2] cycloaddition was completely inhibit-
ed in the confined space (Fig. 3). A plausible reaction
mechanism for olefin migration triggered by the pho-
to-induced dissociation of the Pd-Cl bond was suggested
based on UV-vis diffuse reflectance spectroscopy, sin-
gle-crystal XRD, and theoretical calculation. The sub-
strate scope of the photo-induced olefin migration in
MMF was also examined using substituted allylbenzene
derivatives. The activation-inhibition strategy in a con-
fined space demonstrated here is therefore expected to
open new opportunities for finding a hidden photoreac-
tion pathway as well as for developing precisely con-

trolled catalytic photoreactions.
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Fig. 3 Schematic representation of the preferential photoreaction

of a 1,6-diene substrate in MMF based on the inhibition of
[2+2] cycloaddition and the activation of olefin migration.

1.(1)-3) J. Am. Chem. Soc., 140, 16610-16614 (2018).
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