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Annual Research Highlights

(1) An Insoluble Chiral Copper(l11) Complex for
Asymmetric Silyl Conjugate Addition

Needle-shaped purplish crystals were obtained from
Cu(acac), and a chiral bipyridine ligand. Although the
crystals were not soluble, they nevertheless catalyzed
asymmetric silyl conjugate addition of lipophilic
substrates in water to achieve high vyields and
enantioselectivities. Indeed, the reactions proceeded
efficiently only in water; they did not proceed well
either in organic solvents or in mixed water/organic
solvents in which the catalyst/substrates were soluble.
This is in pronounced contrast to conventional organic
reactions wherein the catalyst/substrates tend to be in
solution.
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Scheme 1 Insoluble Chiral Copper(1l)-catalyzed

Enantioselective Silyl Conjugate-Addition Reactions in Water

1.(1)-25) J. Am. Chem. Soc., 137, 15422 (2015).

(2) Chiral Rhodium/Silver Nanoparticle Systems as
Heterogeneous  Catalysts  for  Asymmetric
1,4-Addition of Arylboronic Acids

Chiral rhodium/silver nanoparticle systems were
developed as novel heterogeneous chiral catalysts for
the asymmetric 1,4-addition of arylboronic acids to
o,B-unsaturated carbonyl compounds. The reactions
proceeded smoothly to afford the corresponding
B-arylated products in high to excellent yields and
outstanding enantioselectivities with wide substrate
scope. Remarkably, the nanoparticle catalysts showed
performance in terms of yield, enantioselectivity, and
catalytic turnover that was superior to that of the
corresponding homogeneous metal complexes.
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Scheme 2 Chiral Rh/Ag Nanoparticle Systems for Asymmetric
1,4-Addition Reactions of Arylboronic Acids

1.(1)-10) J. Am. Chem. Soc., 137, 6616-6623 (2015).

(3) Catalytic Asymmetric Direct-Type 1,4-Addition
Reactions of Simple Amides

The development of catalytic asymmetric
direct-type  reactions of less-acidic  carbonyl
compounds such as amides and esters is a challenging
theme in organic chemistry. =~ We reported the
asymmetric direct 1,4-addition reactions of simple
amides with a,B-unsaturated carbonyl compounds for

the first time by using a catalytic amount of a novel
chiral catalyst consisting of a potassium base and a
macrocyclic chiral crown ether. The desired
1,5-dicarbonyl compounds were obtained in high
yields with excellent diastereo- and

enantioselectivities.
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Scheme 3 Catalytic Asymmetric Direct-type 1,4-Addition of
Simple Amides
1.(1)-6) J. Am. Chem. Soc., 137, 4336 (2015).

(4) Visible-Light-Mediated Chan—-Lam Coupling
Reactions

The copper(ll)-catalyzed aerobic oxidative coupling
reaction between aryl boronic acids and aniline
derivatives (Chan-Lam coupling) was found to be
improved significantly under visible-light-mediated
photoredox catalysis. The substrate scope of this
reaction was expanded to include electron-deficient
aryl boronic acids as Viable starting materials.
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Scheme 5 Visible-Light-Mediated Chan-Lam Coupling
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1.(1)-7) Angew. Chem. Int. Ed., 54, 6587 (2015).

(5) Multistep Continuous Flow Synthesis of (R)- and
(S)-Rolipram Using Heterogeneous Catalysts

We reported the continuous-flow synthesis of
drugs using only columns packed with heterogeneous
catalysts. Commercially available starting materials
were successively passed through four columns
containing achiral and chiral heterogeneous catalysts to
produce (R)-rolipram, an anti-inflammatory drug and
one of the family of y-aminobutyric acid (GABA)
derivatives without the isolation of any intermediates
and without the separation of any catalysts,
co-products, by-products, and excess reagents.
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Scheme 6 Multistep Continuous Flow Synthesis of Rolipram
1.(1)-5) Nature, 520, 329-332 (2015).
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