PHYSICAL ORGANIC CHEMISTRY

Annual Research Highlights

(1) "Synthesis of Chiral o-Fluoroketones via
Catalytic Enantioselective Decarboxylation"

Optically active o-fluoroketones are important
non-racemizable surrogates of o-chiral ketones in
pharmaceuticals and have previously been synthesized
by enantioselective fluorination of the corresponding
ketones. But the scope of the known fluorination
methods is still limited. We have developed a
conceptually new approach to synthesize these
compounds in high yields and with up to 99% ee from
racemic a-fluoro-pB-ketoesters possessing an
carboallyloxy group by a palladium-catalyzed
enantioselective decarboxylation/allylation reaction in
the presence of a chiral phosphinooxazolines ligand
(eq.l).1 The reaction likely forms first a palladium
enolate on which new chirality is built under the
influence of a chiral ligands, as summarized on the basis
of the original Tsuji reaction mechanism.

The decarboxylative allylic substitution reaction is

very effective for enantioselctive synthesis of open-chain,

cyclic, and aromatic a-fluoroketotones. The reaction also
provides a method for the construction of an all-carbon
quaternary center with high enantioselectivity.
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(2) "Nickel-catalyzed Cross-coupling
Fluorides and Grignard Reagents
Bimetallic Cooperation"

of Aryl
via Ni/Mg

It has been generally accepted that the Group 10
metal-catalyzed cross-coupling reaction of an aryl or a
vinyl halide with a main group organometallic reagent
takes place via three-centered activation of the C(sp®)-X
bond by the d'’ metal atom, where the main group metal
atom does not play any significant role. Our recent study
on a much related reaction of the Group 11 d'° species,
lithium diorganocuprate(I) suggested, however, the
formation of an energetically preferred open transition
state, where the lithium(I) atom activates the leaving
group X to assist the C—X bond cleavage. Given the
similarity of the Group 10 and 11 chemistry, we
conjectured on such a synergistic scenario in the Group
10 catalysis.

Thus, we designed a new phosphine ligand 1 capable
of holding nickel and magnesium atoms together so that
the complex accelerates the nickel-catalyzed -cross
coupling reaction of Grignard reagents. With this ligand,
we achieved the cross-coupling reaction with aryl

chlorides, aryl fluorides, and polychloro and polyfluoro
aromatics that have been known as poor electrophiles in
such reactions (eq. 2).! Beside the high reactivity, this
catalysis shows intriguing chemoselectivity; that is, aryl
fluorides react faster than triflates or sulfides.
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(3) "Regioselective Oxygenative Tetraamination of
[60]Fullerene"

Functionalization of fullerenes and carbon nanotubes
is fundamental and important subject for the application
of these carbon clusters. We have developed a reaction
of [60]fullerene with a variety of a secondary aliphatic
amines in 20% v/v dimethylsulfoxide in chlorobenzene
under an atmospheric pressure of molecular oxygen
which allows regioselective introduction of four amino
groups and one epoxide group around one pentagon of
the fullerene molecule in good to high yield (eq. 3).'?
This new synthesis of tetraaminofullerene expoxide can
be carried out with a simple procedure on a multi-gram
scale at room temperature and affords a variety of
functionalized fullerene derivatives.

Near infrared analysis of the reaction indicated
equilibrium formation of [60]fullerene radical anion
(Cgo™) that persists at least for two weeks in the absence
of molecular oxygen, but reacts immediately with
oxygen to give the tetraaminofullerene expoxide. The
Benesi-Hildebrand analysis of the concentration
dependency of the near infrared absorption indicated that
a [Cq~ piperidine™] radical ion pair is formed with an
equivalent constant of K =0.62 +0.02 M™" at 25 °C. This
and other lines of evidence suggest that the oxygenative
amination reaction involves Cg-mediated reduction of
molecular oxygen by the amine. The electron transfer to
Cy was therefore accelerated by the presence of Lewis
basic DMSO. The favorable effect of DMSO was also
applicable to other reactions.’
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