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Annual Research Highlights

(1) Chiral Copper(II)-Catalyzed Enantioselective
Boron 1,4-Addition Reactions in Water
Enantioselective 1,4-additions of diboron to a,pB-
unsaturated carbonyl compounds catalyzed by Cu(OH),
and a chiral bipyridine ligand in water have been
developed for the first time. The reaction provides an
efficient method to synthesize chiral boron compounds,
and the desired products were obtained in high yields with
high enantioselectivities. Several synthetic advantages
have been demonstrated in this reaction: 1) The reactions
proceeded smoothly using inexpensive and readily
available Cu(OH), in water; no dry solvents or anhydrous
conditions are needed. 2) The experimental procedure is
very simple; the substrates, Cu(OH),, and the chiral
bipyridine ligand (and sometimes AcOH) are mixed in

water. 3) A high TOF value was attained.
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Scheme 1 Chiral Copper(Il)-Catalyzed Asymmetric Boron 1,4-
Addition to a,fB-Unsaturated Carbonyl Compounds in Water
1.(1)-23) Angew. Chem. Int. Ed. 51, 12763 (2012)

(2) Chiral Metal Amide-Catalyzed Asymmetric [3+2]
Cycloaddition Reactions using Terminal Alkynes

Based on the concept of cooperative activation of
terminal alkynes using the Lewis acidity and Brensted
basicity of metal amides, a 1,3-dipolar cycloaddition
reaction of azomethine imines with terminal alkynes
catalyzed by group 11 metal amides to provide N,N-
bicyclic pyrazolidinone derivatives has been successfully
developed. This reaction afforded the cycloadducts in a
unique 5,7-disubstituted manner. It was also found that
asymmetric reactions were possible, and the desired
heterocycles were obtained in high yields with exclusive
regioselectivity and high enantioselectivity. Mechanistic
studies elucidated a stepwise reaction pathway and critical
features that determine the regioselectivity.
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Scheme 2 Chiral Copper(I) Amide-Catalyzed [3+2]
Cycloaddition of Azomethine Imines with Terminal Alkynes
1.(1)-25) J. Am. Chem. Soc. 134, 20049 (2012)

(3) Catalytic Aerobic Oxidation of Amines by
Metaloenzyme-like Cooperative Catalytic System
Cooperative catalysis is one of the most efficient
strategies to realize high reactivity and selectivity in
chemical transformations. We have discovered a new
class of cooperative catalytic system, consisting of
heterogeneous polymer-immobilized bimetallic Pt/Ir

alloyed nanoclusters (NCs) and 4-tert-butylcatechol, for
the aerobic oxidation of amines to imines under ambient
conditions. After optimization, the desired imines were
obtained in good to excellent yields with broad substrate
scope. Control studies revealed that both the
heterogeneous NC catalyst and 4-tert-butylcatechol were
essential and acted cooperatively to facilitate the aerobic
oxidation under mild conditions.
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Scheme 3 Catalytic Aerobic Oxidation of Amines by Polymer-
supported Pt/Ir Catalyst
1.(1)-13) J. Am. Chem. Soc. 134, 13970 (2012)

(4) Polymer-Incarcerated Chiral Rh/Ag Nanoparticles
for Asymmetric 1,4-Addition Reactions

Heterogeneous metal nanoparticle (NP) catalysis has
been of great interest in both academia and industry.
Robust and highly active bimetallic Rh nanoparticle (NP)
catalysts, PI/CB-Rh/Ag, have been developed and applied
to the asymmetric 1,4-addition of arylboronic acids to
enones without leaching of the metals. The PI/CB-Rh/Ag
catalyst could be recycled several times by simple
operations with keeping high yields and excellent
enantioselectivities. To show the versatility of the PI/CB-
Rh/Ag catalyst, a one-pot, oxidation-asymmetric 1,4-
addition reaction of an allyl alcohol and an arylboronic
acid was demonstrated by combining the PI/CB-Rh/Ag
catalyst with PI/CB Au as an aerobic oxidation catalyst.
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Scheme 4 Sequential Aerobic Oxidation-Michael Addition
1.(1)-21) J. Am. Chem. Soc. 134, 16963 (2012)

(5) Chiral Calcium Catalyst System for Asymmetric
1,4-Addition Reactions in Flow System

Asymmetric 1,4-addition ~ of  1,3-dicarbonyl
compounds to nitroalkenes affording the synthetically
useful y-nitro carbonyl compounds in high yields with high
enantioselectivities by using a chiral Ca catalyst based on
CaCl, with a chiral ligand has been developed.  The
catalyst was tolerant to moisture and was successfully
applied to continuous flow system to solve the issue of
product inhibition for the low catalyst activity. It has been
demonstrated that development of robust catalysts and
continuous flow with chiral heterogeneous catalysts is
effective in increasing TONSs of the catalyst.
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Scheme 5 Chiral Calcium Catalysis in Flow System
1.(1)-16) Chem. Eur. J. 18, 13624 (2012)
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