PHYSICAL ORGANIC CHEMISTRY

Annual Research Highlights

(1) “Development of New Synthetic Route to
Substituted Benzofurans and Indoles Based on
Intramolecular Cyclization Reaction”

Benzoheteroles are fundamental building block of
bioactive agent as well as organic electronic material, and
the exploration of versatile synthetic method has been
highly desired. We have developed a new synthetic route
to substituted benzofurans and indoles on the basis of
intramolecular cyclization reactions. Thus, heating of zinc
o-alkynylphenoxide and o-alkynylanilide undergo
intramolecular cyclization to quantitatively afford
3-zincio benzofuran and indole, respectively. The
resulting zincio intermediates are versatile reagents which
can be subjected to further derivatization with various
electrophiles to afford various substituted benzofurans
and indoles (Fig. 1).
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Fig. 1 Divergent synthesis based on 3-zincio benzoheteroles.
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(2) “Synthesis, Purification, Structure Determination,
and Cytotoxicity of Water-Soluble,
Transition-Metal-Free Carbon Nanotube”

Risk assessment of carbon materials, inter alia, carbon
nanotubes has surfaced as an important subject of
nanomaterials research, which has however been
hampered by the lack of characterization of sample
materials. In this study, we have prepared water-soluble
and metal-free carbon nanotube aggregate and evaluated
its cytotoxic effect.

We first prepared water-soluble carbon nanohorn
aggregates by the reaction with sodium amide (Eq. 1, Fig.
2a). After the structure determination of obtained amino
nanohorn aggregates, we evaluated the toxic effect on the
mammalian cells and found that the amino nanohorn
aggregates did not show significant cytotoxicity (Fig. 2b).
Taking advantage of good solubility, we could first
determine all the properties which are suspected to affect
living things. Our water-soluble carbon nanotube
aggregates may serve as standards for risk assessment of

carbon nanoparticles.
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Fig. 2 (a) Picture of intact (left) and chemically treated
water-soluble (right) carbon nanohorn aggregates in water. (b)
Viability of cells dosed with amino nanohorn aggregates (amino
NHA). Quartz particles and TiO, particles are used as control.
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(3) “Development of Novel Multidentate Ligand for
Copper-catalyzed Enantioselective Conjugate
Addition”

Copper-catalyzed conjugate addition of organometallic
reagent is among very useful methods for carbon-carbon
bond formation. Nevertheless, the development of the
enantioselective variant has been hampered by its
mechanistic complexity, and has generally required many
trials and errors. On the basis of our previous studies on
the mechanism of organocuprate conjugate addition, we
designed a novel chiral multidentate ligand and succeeded
in its application to highly enantioselective conjugate
addition.

A multidentate ligand L, which has a donor atom to
copper (P), one to zinc (N), and one bridging both metals
(O), was designed. The ligand L. was easily synthesized
from the corresponding amino acid, and applied to the
conjugate  addition. The alanine-derived ligand
immediately (R = Me) turned out to give an excellent
enantioselectivty in the conjugate addition to an acyclic
enone. Thus, conjugate addition to a variety of acyclic
substrates proceeded in high enantioselectivity (> 98%
ee). The ligand in fact provided best selectivities among
hundreds of previously reported ones. A modeling study
with density functional calculations suggested that a
copper/zinc bimetallic species formed on the ligand
allows facile face selection and activation of the substrate.
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Fig. 3 Copper-catalyzed enantioselective conjugate addition.
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