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(1) Mechanistic study of copper-catalyzed enantio-
selective boron conjugate addition

A mechanistic survey on the chiral Cu-catalyzed
enantioselective boron conjugate addition reaction
using DFT and AFIR calculation methods was carried
out. The theoretical calculation for the analogous chiral
bipyridine-Cu" catalyst indicated that only the
transition state (TS) leading to Cu"-O-enolate
contributed to the reaction. The TSs leading to
the R and S forms of Cu''-O-enolates were
energetically well separated, with the R form being of
lower energy, which is consistent with experimental

observations.
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Scheme 1 Calculated transition states of the chiral Cu-catalyzed
conjugate addition
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(2) Development of asymmetric 1,4-addition
reactions of arylboronic acids with nitroalkenes
using chiral Rh catalysts

Asymmetric 1,4-addition reactions of arylboronic
acids with nitroalkenes catalyzed by a rhodium complex
with a chiral diene bearing a tertiary butyl amide moiety
were developed. Just 0.1 mol% of the chiral rhodium
complex could catalyze the reactions and gave the desired
products in high yields with excellent enantioselectivities.
The homogeneous catalyst thus developed could be
converted to a reusable heterogeneous metal nanoparticle
system using the same chiral ligand as a chiral modifier,
which was immobilized using a polystyrene-derived
polymer with cross-linking moieties, maintaining the same
level of enantioselectivity.
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Scheme 2 Asymmetric l,4-addition_s_to nitroalkenes with
arylboronic acids
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(3) Catalytic direct-type 1,4-addition reactions of
alkylazaarenes

1,4-Addition reactions of alkylazaarenes catalyzed
by strong Bragnsted bases have been developed for the
first time. The desired reactions with a,B-unsaturated

amides proceeded under mild reaction conditions to
give the 1,4-adducts in high yields. An asymmetric
variant of this reaction was also found to be feasible.
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Scheme 3 Catalytic direct-type 1,4-addition reactions of
alkylazaarenes
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(4) Development of sequential aerobic oxidations and
intramolecular asymmetric aza-Friedel-Crafts
reactions

A new class of chiral bifunctional heterogeneous
materials composed of Au/Pd nanoparticles and chiral
phosphoric acids as active orthogonal catalysts was
prepared. It was found that this heterogeneous catalyst was
capable of facilitating the sequential aerobic
oxidation-asymmetric intramolecular aza-Friedel-Crafts
reaction between benzyl alcohols and N-aminoethyl-
pyrroles with high enantioselectivities.
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Scheme 4 Sequential aerobic oxidations and intramolecular
asymmetric aza-Friedel-Crafts reactions
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(5) Selective hydrogenation of nitriles catalyzed by
a polysilane/SiO.-supported palladium catalyst
under continuous-flow conditions

Hydrogenation of nitriles to primary amines with
heterogeneous catalysts under liquid-phase continuous-
flow conditions was investigated. Newly developed
polysilane/SiOz-supported Pd was found to be an
effective catalyst, and various nitriles were converted
into primary amine salts in almost quantitative yields
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Scheme 5 Selective hydrogenation of nitriles to primary amines
under continuous-flow conditions
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