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Annual Research Highlights

(1) Heterogeneous versus Homogeneous Copper(1I)
Catalysis in Enantioselective Conjugate-Addition
Reactions of Boron in Water

We have developed Cu“—catalyzed enantioselective
conjugate-addition reactions of  boron to
o,B-unsaturated carbonyl compounds and
o,P,y,0-unsaturated carbonyl compounds in water. In
contrast to our previously reported Cu' catalysis that
required organic solvents, chiral cu" catalysis was
found to proceed efficiently in only water. The catalyst
gave high yields and enantioselectivities with some
substrates and also gave the highest TOF (43200 h™").
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Scheme 1 Copper(1l)-catalyzed Enantioselective

Conjugate-Addition Reactions of Boron in Water
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(2) Preparation of polymer incarcerated gold
nanocluster catalysts (PI-Au) and their application
to aerobic oxidation reactions

Heterogeneous gold nanocluster catalysts
immobilized by the method known as polymer
incarceration were prepared. The catalysts prepared
could be applied to the aerobic oxidation of phenyl
boronic acids, alcohols, and silyl enol ethers. We found
that the choice of polymers, good and poor solvents for
the polymers, metal loadings, heating conditions for
cross-linking, and final activation were all crucial for
obtaining high—activit%/ catalysts.
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Scheme 2 PI-Au catalyzed aerobic oxidation reactions
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(3) A Lewis acid/metal amide hybrid as an efficient
catalyst for carbon—carbon bond formation

While Lewis acids and metal amides are among the
most frequently used metal species, they are believed
to be incompatible when combined. Here we describe a
Lewis acid/metal amide hybrid, which contains
electron-withdrawing groups and basic and bulky
nitrogen functional groups in the same metal complex,
as a novel catalyst. We have synthesized
In(N(SiMes),).Cl (In(HMDS),Cl) and In(HMDS),OTf
which showed excellent catalytic activity for the
reaction of nitrones with terminal alkynes.
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(4) Calcium-Catalyzed Bis-hydrothiolation of
Unactivated Alkynes Providing Dithioacetals
Bis-hydrothiolation of alkynes providing
anti-Markovnikov dithioacetals is reported.
Lewis-acidic =~ Ca(OSO,C4F9)  (Ca(ONf);)  was
synthesized for the first time and was shown to be an
excellent catalyst for the transformation. The reaction
is highly selective and has a wide substrate scope.
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Scheme 4 Ca-catalyzed Bis-hydrothiolation of Unactivated
Alkynes
1.(1)-12) Organometallics. 33, 5626 (2014)

(5) Three-Component Couplings of Arynes,
Terminal Alkynes, and CO, Catalyzed by an NHC-
Copper Complex

A copper-catalyzed multicomponent coupling
reaction between in situ generated ortho-arynes,
terminal alkynes, and CO, was developed to access
isocoumarins in moderate to good yields. The key to
this COj-incorporating reaction was the use of a
versatile N-heterocyclic carbene/copper complex that
was able to catalyze multiple transformations within
the three-component reaction.
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Scheme 5 NHC—Copper Complex catalyzed Three-Component
Couplings of Arynes, Terminal Alkynes, and Carbon Dioxide
1.(1)-11) Angew. Chem. Int. Ed. 53, 10213 (2014)
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(6) Catalytic Flow Hydrogenation of Aromatic
Nitro Compounds

Continuous-flow hydrogenation of aromatic nitro
compounds was successfully performed by using
polysilane-supported palladium catalysts to afford the
corresponding amino compounds in high yields.
Productivity was high, and a wide variety of nitro
compounds were applicable under the continuous-flow

conditions.
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Scheme 6 Catalytic Flow Hydrogenation of Aromatic Nitro
Compounds Using Polysilane-Supported Palladium
1.(1)-14) J. Flow Chem. 4, 160 (2014)
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