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(1) Development of palladium catalyzed asymmetric
C-H bond functionalization of indoles in water

We found that a chiral palladium (Il) complex
composed of a 2,2"-bipyridine ligand L1 catalyzed the
C-H bond functionalization reaction of indoles in water

with high enantioselectivity using an anionic surfactant.

Both the noble metal catalyst and the micelle catalyst
are indispensable in this system, and new reactivity in
water due to a synergistic effect can be realized.
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Scheme 1 Chiral Pd(II) catalyzed asymmetric C-H bond
functionalization of indoles in water

1.(1)-10) ACS Sustainable Chem. Eng. 4, 6101 (2016).

(2) Development of asymmetric 1,4-addition
reaction by cooperative catalytic system of chiral
Rh/Ag nanoparticles and Lewis acid catalyst

Asymmetric 1,4-addition reactions of aryl boron
compounds to unsaturated amides were difficult
reactions, since the reactivity of electrophiles was
relatively low. We found that a cooperative catalyst
system composed of a chiral Rh/Ag nanoparticle
catalyst and Sc(OTf); as a Lewis acid -catalyst
effectively functioned for these reactions. This system
gave the desired B-aryl adducts in high yields and high
enantioselectivities and was applicable to a wide
variety of substrates. The nanoparticle catalyst was
also recoverable and reusable.
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Scheme 2 Asymmetric 1,4-addition to a,B-unsaturated amides
by chiral Rh/Ag nanoparticles and Lewis acids
1.(1)-4) Angew. Chem. Int. Ed. 55, 8058 (2016).

(3) Aldol type reaction of 2-picolylamine with Schiff
base by zinc amide hybrid catalyst
Zn(N(SiMe3)2)OTH, which is a Lewis acid / metal
amide hybrid catalyst using zinc, effectively
functioned in aldol type reactions of 2-picolylamine
Schiff base with aldehydes. In these reactions,
Zn(OTf), having stronger Lewis acidity or
Zn(N(SiMes)2)2 having stronger basicity did not work
at all and only the hybrid catalyst system in which the
Lewis acidity of the catalyst was controlled was

effective. We have found that trans-N,O-acetal adducts,

which is equivalent to syn-aldol adducts, were obtained

as products with high selectivities.
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Scheme 3 Aldol type reactions by zinc amide hybrid catalyst
1.(1)-9) Chem. Asian J. 11, 2372 (2016).

(4) Hydrosilylation reactions with
bidentate NHC ligand-Rh complex

The N-heterocyclic carbene (NHC)-Rh complex was
used as a catalyst for the hydrosilylation reaction, but
its application range was limited to highly reactive
substrates. We developed a Rh complex -catalyst
prepared from a chelating bidentate NHC ligand. We
have found that by using this catalyst, various reactions
such as reductive methylation of amine using carbon
dioxide, reduction of amide and carboxylic acid,
carboxylic acid reductive alkylation of amines, etc.,
proceeded under mild conditions.
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Scheme 4 Hydrosilylation reactions with chelating bidentate
NHC ligand-Rh complex
1.(1)-1) Adv. Synth. Catal. 358, 452 (2016).

(5) Synthesis of nitro compounds by multistep
continuous flow with heterogeneous catalyst

By wusing a column packed with amino
group-modified silica and CaCl, as a catalyst, a
continuous flow synthesis of nitrostyrene derivatives
from aromatic aldehydes and nitromethane was
developed. Following this flow synthesis, flow
synthesis of seven kinds of organic nitro compounds in
two steps was performed by connecting columns
packed with heterogeneous acid, base, organic
molecular catalyst, etc. and supplying new raw
materials. Furthermore, it was revealed that three-step
continuous flow reaction also proceeded by connecting
another column packed with a catalyst.

Ja

—t compounds
CHaNO, *p
PhCHO
in toluene
0.05 mL/min
7 reactants
0.05 mL/min

Scheme 5 Synthesis of nitro compounds by multistep
continuous flow

1.(1)-2) Org. Lett., 18, 1346 (2016).
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