CHEMICAL KINETICS

Annual Research Highlights

(1) “Chiral Self-Dimerization of V-Schiff-base
Complexes on a SiO, Surface for Asymmetric
Oxidative Coupling of 2-Naphthol”

We discovered a novel phenomemon of chiral
self-dimerization of V Schiff-base complexes on a SiO,
surface, which produced a highly enantioselective chiral
reaction space on the surface for asymmetric oxidative
coupling of 2-naphthol (Fig. 1). The structure of
surface-attached V dimer was characterized by means of
FT-IR, ESR, XAFS, DR-UV/VIS, and DFT calculations.
The surface chiral self-dimerization produced
unsaturated active V center and chirality on the metal site,
which exhibited the highest enantioselectivity (90%ee)
for R-BINOL. This is the first heterogencous catalyst
for the asymmetric oxidative coupling of 2-naphthol.

: QL
N z
el 120

IV\O 00— HO

(2
Y

—O.

\
/
§| g
Fig. 1 "The structure of chiral self-dimerized V
Schiff-base complex on SiO, for asymmetric oxidative
coupling of 2-naphthol.
1.(1)-6) J. Phys. Chem. B, 109, 9905-9916 (2005).
1.(1)-9) Annu. Rev. Mater. Res., 35, 397-426 (2005).

(2) “Enantioselectivity Promotion by Achiral Surface
Functionalization on Cu-BOX Catalyst on SiO, for
Asymmetric Diels-Alder Reaction”

Novel SiO,-supported chiral Cu-BOX catalysts were
prepared by combining metal-complex attachment and
surface functionalization with achiral silane-coupling
reagents (Fig. 2). We found that the surface
functionalization with achiral molecules tremendously
promoted enantioselectivity of asymmetric Diels-Alder
reactions. The degree of enhancement of the

CIO4 CIO4
Bu Cu t-Bu

e

Fig. 2 A surface-functionalized Cu-BOX catalyst for
asymmetric Diels-Alder reaction.

enantioselectivity highly depended on the nature of
surface-functionalizing reagents, indicating that there are
positive glue effects of the reagents on the supported
metal complex to make a new chiral ensemble structure .
1.(1)-10) Chem Lett., 34, 1362-1363 (2005).

(3) “Metal-Containing Ionic Liquids and Their
Immobilization for Heterogeneous Catalysts”

New metal-containing ionic liquids (ILs) were
successfully synthesized, whose structures were
determined by X-ray diffraction (Fig. 3). VTF plots of
the conductivity of synthesized ILs evidenced
characteristics of IL. [Bmin],NiCl,; was functionalized
with the Bmin moiety and attached to SiO, surface. The
attached IL showed a high activity of 96% yield for
Suzuki cross-coupling reaction.
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Fig. 3 Structures of metal-containing ionic liquids: (a)
[Bmin],CuCly, (b) [Bmin],NiCly, (¢) [Bmin],PtCl,, (d)
[Bmin],ZrClg, (¢) [Bmin],SnCly.

1.(1)-7) Chem.Commun., 2506-2508 (2005).

(4) “Oxygen Vacancy Promoting Catalytic
Dehydration of Formic Acid on TiO, (110) by In Situ
Scanning Tunneling Microscopic Observation”

We succeeded in imaging elementary steps for
catalytic formic acid decomposition on TiO,(110) surface
by in situ STM (Fig. 4).
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Fig. 4 Mechanism and STM images for catalytic
formic acid decomposition on TiO,(110).
1.(1)-14) J. Phys. Chem. B 109, 18831-18838 (2005).
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