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Annual Research Highlights

(1) “Iron-Catalyzed Direct Arylation
Directed Aromatic C—H Bond Activation”

Through

In the context of resources depletion and environment
sustainable and atom-efficient synthetic
methodologies are the next challenge for the synthetic
chemist. Iron is one of the most abundant metals,
inexpensive and biocompatible, and therefore it is an
ideal metal for clean catalysis. We demonstrated for the
first time the use of iron as a catalyst for the direct
arylation of aromatic substrates possessing a
nitrogen-containing directing group (Fig. 1). Various in
situ-generated reagents reacted with
2-phenylpyridine congeners in the presence of an iron salt,
a diamine as a ligand, and an organic dihalide as an
oxidant, to give the mono- and diarylated products in
good yield and under remarkably mild conditions.
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Fig. 1 Iron-Catalyzed Direct Arylation of Aromatic C—H Bonds.
1.(1)-10) J. Am. Chem. Soc., 130, 5858 (2008).

(2) Mn-catalyzed novel approach to multi-substituted
benzene derivatives

Benzene synthesis has been main issue in organic
synthesis. We have recently developed novel synthetic
methodology for benzene synthesis. As shown in Fig. 2,
1,3-dicarbonyl compound and two molecules of alkyne
underwent [2 + 2 + 2] cycloaddition in the presence of
manganese catalyst and subsequent dehydration to afford
tetrasubstituted benzene. Unlike classical Reppe reaction,
this reaction achieved excellent regioselectivity: aromatic
alkyne afforded the expected p-terphenyl compound as a
single isomer. Various functional groups such as bromo
and boryl functionality tolerated under the present

reaction conditions. This protocol has several
synthetically attractive features: the use of non-toxic and
naturally abundant manganese as catalyst, high selectivity,
and good atom efficiency. This methodology will serve as
key step in construction of functional n-materials.
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Fig. 2 Mn-catalyzed [2 + 2 + 2] coupling reaction of
1,3-dicarbonyl compound and alkyne.

1.(1)-12) J. Am. Chem. Soc., 130, 7792 (2008).

(3) Imaging of conformational changes of single
molecules bonded to a carbon nanotube surface

A chain-like amide molecule bearing a biotin terminus
was bonded via an amide linkage to the surface of an
aminated carbon nanohorn, a horn-like form of carbon
nanotubes, and examined by a transmission electron
microscope (TEM). Single molecular images of the amide
molecules with 3-nm length were obtained (Fig. 3). An
iterative sequence of modeling and simulation allowed us
to assign one plausible conformation out of > 10°
possibilities. Furthermore, the movie images allowed us
to study not only the conformation of the molecule but
also its time evolution. These results suggest that there is
no limitation in molecular size to visualize at a molecular
level and this methodology would be applicable for
structural and motional analyses of larger molecules such
as proteins.

Fig. 3 A TEM image of triamide-NH conjugate (left) and its
molecular modeling structure (right). The scale bar represents 1
nm.

1.(1)-13) J. Am. Chem. Soc., 130, 7808 (2008).
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