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Annual Research Highlights

(1) Chiral Scandium-catalyzed Enantioselective
Hydroxymethylation of Ketones in Water
Hydroxymethylation reactions provide one of the
most useful one-carbon extension methods. In the course
of our investigations to develop catalytic asymmetric
reactions in water, we have recently found that
scandium—chiral N-oxide complex catalyzed highly
efficient asymmetric hydroxymethylation of silicon
enolates in water. In this reaction, readily available and
inexpensive aqueous formaldehyde (formalin) could be
successfully employed. Although this asymmetric
hydroxymethylation is simple and shows high
enantioselectivities for a variety of silicon enolates, direct
use of ketones instead of silicon enolates seems to be
attractive from an atom economy point of view. This
time, we have developed scandium-catalyzed
enantioselective hydroxymethylation of ketones using
aqueous formaldehyde in water. The addition of a
catalytic amount of pyridine enabled us to use ketones
directly in asymmetric hydroxymethylation reactions.
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(2) Indium(l)-Catalyzed Asymmetric Allylation,
Crotylation, and o-Chloroallylation of Hydrazones
with Rare Constitutional and High Configurational
Selectivities

The main group metal indium is appealing for use in
catalysis, as indium-based compounds have low toxicity,
and are inexpensive, selective, and tolerant toward
functional groups. In earlier reports, we uncovered
indium(I)-catalyzed racemic C-C bond formations with
allyl boronates. However, chiral In' complexes and their
catalytic use for asymmetric C-C bond formation are
unknown. This time, we have reported the development
of an unprecedented chiral In' complex for asymmetric
C-C bond formations between hydrazones and allyl
boronates, which display rare regioselectivity and high
configurational selectivities. To the best of our
knowledge, the reactions described in this report
represent the first example of asymmetric In' catalysis,
which are of fundamental importance.
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(3) Catalytic Carbon-carbon Bond-forming Reactions
of Aminoalkane Derivatives with Imines

Aminoalkanes (RR'CHNH,) are readily available,
simple, and attractive starting materials for the synthesis
of nitrogen-containing compounds. As for C-C bond
formation employing aminoalkanes as nucleophiles,
carbanions are generally difficult to form directly since
acidity of the NH hydrogen is greater than that of the CH
hydrogen. We focused on 9-fluorenylidene (Flu) as a
protecting and activating group of aminoalkanes, and
investigated catalytic C-C bond-forming reactions of
aminoalkanes with imines. The desired products were
obtained in high yields with high diastereoselectivities using
KO'Bu/18-crown-6 or potassium 2,6-dimethylphenoxide as a
catalyst. For the products obtained, selective deprotection
was possible under acidic conditions to give the desired
monoamine and diamine derivatives in high yields with
quantitative recovery of 9-fluorenone.
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(4) Selective Aerobic Oxidation of Alcohols Using
Polymer-incarcerated Gold-based Bimetallic
Nanocluster Catalysts

Selective oxidation of alcohols is one of the most
important transformations in organic synthesis, because
the resulting carbonyl compounds possess higher energy
and reactivity to allow many kinds of carbon—carbon
bond-forming and other transforming reactions. While
several metal-based oxidizing reagents have been
developed, these protocols usually require stoichiometric
amounts of metal oxidants, and thus a large amount of
waste is formed in many cases. In this context, alcohol
oxidation using molecular oxygen catalyzed by reusable
heterogeneous catalysts under mild conditions is desired
from the viewpoints of atom economy and energy
efficiency. We have developed novel carbon-stabilized
polymer-incarcerated gold-based bimetallic nanocluster
catalysts (PI-CB/Au—Pt, PI-CB/Au—Pd). The catalysts
can be applied for the aerobic oxidation of alcohols and
direct oxidative ester formation under very mild
conditions, such as atmospheric oxygen and ambient
temperatures. While PI-CB/Au—Pt catalysts provided
aldehydes/carboxylic acids, PI-CB/Au—Pd catalysts gave

esters with high selectivities.
H OH

R \)4 MeOH
K€,

urm,.__

MO oM o Mo

. \)L \)LUMe

Scheme 4  Selective Aerobic Oxidation of Alcohols
1.(1)-22) J. Am. Chem. Soc. 132, 15096 (2010)



ARG AL SR

WFENA ZA b

MFSNRADD)LEEZRWNSKETDT L
@E%MT%EFD#>%?»&&E

bR A F AT, 1 IREBEH RGN E LT
FEEICAERRKIETH D, ZIVE TITYIFEE Tl
KH T O K FEAMER R E A RS DO BFE 21T > TE
D, FOFRTAH LT 5-F T )L N-FF > FENLT
PERD, KB CTOrAFExT ) 77— FOfENARFE K
1% A T AR & @ N LRERIRICEIT S D 2
LEREL TS, ZOKISTIEZIM CATES 2K
DRV LT AT R (i<l y) AL L
MNTEDL, —FHT, JTFEROBENBIX, 7 A FExT
)7 — b DREREITHDLI NS AFE ) T— D
RbVICEFEA NS Z E N TEITEF IS T
b5, I T, Bamgtzitol A, VUV UE
HEHREE L THWDZ EIZkY, KpTor hro
HEMAFTE R Xy 2 FALRIGE D B4 72 ST 0%
REEZ > TEITTHZEERWE LT,

Sc[03S(CHy)10CH3l3 o o
OWVP
X

chiral N-oxide ligand OH O
R! R2 RHN"SO O "NHR

4 surfactant, pyridine
agq. HCHO + Rj)\RS;’
upto 88% ee  chiral N-oxide ligands

Re H,0

K1 XFTNVARB VU LR NS KPP TOr FOE
BHAFE R e % 2 F ARG

1.(1)-3) Chem. Asian J. 5, 490 (2010)

Q) 1{fiA ooV LMEERNSE RS YV DAET
Juie, 2aF)Lie, a-o 007 !) UL

WG RTH LA VU LI, %@ﬁ%ﬁ%ﬁ%%\

BLOGIZEIT 2@ RESCERALFHE BT
@uiwa %ﬁﬁm wTEﬁ%T%éo_h
WICHMFIEETIL, 1liA > VU L& fit e LCH
wéTUW$W@IX?W®%@ﬁ$ﬁ%$%QEﬁ
SIREBRR LTS, LLaRns, 1fifryus
fibiE 2 AN D R IR B IRBAE B ERSIZZ I ET
WESIHTWRhotz, 2T FT7V1MMiA VD
MO, BIOEOXRX A e RIV 2T
VLR BT AT )V & DR GE~D5 A OB 21T,
IV L HORFENTEZHNDZ EICL ST, &
VLB R KON REIRME 2 & > CTRUNDEIT 5 =
LERRWE LTz, ZUEIFI 0 14liA v P o Al A
FAW D @ENLRRIR AR EF B RS ORI OFITH 5,

OYPh nl OYPh
NH . chiral semicorrin _NH
N + /\(B(Pln)—_ HN
o " Tﬂr i
R2
|
Ph Q/N HNQ‘ up to 96% ee

Ph
chlral semicorrin

X2 FINUMMA TPy LA HNER Y AL RS
U DARFT VMU
1.(1)-7) Angew. Chem. Int. Ed. 49, 1838 (2010)

BT/ TLAVEERDA IV EDHEMREZ-
REEEERRE

73 7 H (RRCHNH) XA G I AFTRETH
D, BEFEME IO TIEF I 72 H 3R
BChd, TIITNAH WD RE-REROE
FRBOSZ BN T, EDRHE LICEET =4 U ZRAE S
5D LE, RS FOKERT OO S )
O—MRINIZIEF ICH LV, & 2 THUMIEETIE, 9-
INA VL= F Uik ET I HEOMRE TR LR L L
TBIRL, AT T v & OB R -
IRFAE ARSI DORF 21T -T2, TORER T NVA L
= VT UHITHENCHERE U, B RO A )3 i Sl gt
TFE T EIER, BARBIRICE LD Z &2 R
L7z, B BRIt St Xk - ORI
BT DZENTE, T/ T IR0V T 2 U EFRN
WA ZEMTE R, £, 7L =07 U EIF9-

TINF VLl LTEENICEINT S Z &N TE T,
R2 RE
N s Base catalyst NH
R1J\H + R3_NFlu R R3
R3 = Ar, Me, H NFlu

Flu = 9-fluorenylidene
K3 TNAVL=VF U EEzMNLT I )TV DA I
~DEAERAINES
1.(1)-9) J. Am. Chem. Soc. 132, 3244 (2010)

BDEEDPLETEI_REET/ V7 A2—EFELH
WAEAWLDT7ILO—ILOERMZERERE RIS
73— )L OB SR, ARG RELFIZE
Wl b EEREBRIED—D>Th D, TDOERMT
HDLINE=ALEDITEWKSEEZ R L TEBD .,
Kk &2 72 IR FB-IRFBAER ARSI EIZHNONL D AR
{LFEFETH D, LLARNS, fERETITEE LY &E
MEOBLAIOFEHNRMLETHY . KEDOEEFETEY
DIENMEE 72> T D, ZIT, BeHlE LTZE
S ofFEHND Z ENnTENL, BARST R
N —NROBLENLIEFICHELETH D, & 2 THH
TETIE, B ICEELLINZE&EFLET D 5T
BT ) 7T A X — R (PI-CB/Au-M)Z BHF L. 7V
a— L OZESKBILICEA LS A, Au-Pt R TIET
=N ETIIVT B RRI VAR VRN, Au-Pd 52T
T AT ABRBBINNEOND Z L2 RWE LT,

HOH

o] o]
R\)'L \)LOMe
X4 T a— L ORI ZELIERC )G
1.(1)-22) J. Am. Chem. Soc. 132, 15096 (2010)



1. JREEFR T

(1) Refereed Journals

1))

2)

3)

4)

5)

6)

7)

8)

9)

Chiral Zinc(II) and Copper(II)-Catalyzed Asymmetric Ring-Opening Reactions of meso-Epoxides with Aniline and
Indole Derivatives, M. Kokubo, T. Naito, S. Kobayashi, Tetrahedron, 66, 1111-1118 (2010).

Enhanced Acyl Radical Formation in the Au Nanoparticle-Catalysed Aldehyde Oxidation, M. Conte, H. Miyamura,
S. Kobayashi, V. Chechik, Chem. Comm., 46, 145-147 (2010).

Chiral Scandium-Catalyzed Enantioselective Hydroxymethylation of Ketones in Water, S. Kobayashi, M. Kokubo,
K. Kawasumi, T. Nagano, Chem. Asian J., 5, 490-492 (2010).

Chiral Zirconium Complex as Brensted Base Catalyst in Asymmetric Direct-type Mannich Reactions, S. Kobayashi,
M. Salter, Y. Yamazaki, Y. Yamashita, Chem. Asian J., 5, 493-495 (2010).

Crystal Structures of the CERT START Domain with Inhibitors Provide Insights into the Mechanism of Ceramide
Transfer, N. Kudo, K. Kumagai, R. Matsubara, S. Kobayashi, K. Hanada, S. Wakatsuki, R. Kato, J. Mol. Biol., 396,
245-251 (2010).

Asymmetric Mannich Reaction of Malonates with Imines Catalyzed by a Chiral Calcium Complex, T. Poisson,
T. Tsubogo, Y. Yamashita, S. Kobayashi, J. Org. Chem., 75, 963-965 (2010).

Indium(I)-Catalyzed Asymmetric Allylation, Crotylation, and a-Chloroallylation of Hydrazones with Rare
Constitutional and High Configurational Selectivities, A. Chakrabarti, H. Konishi, M. Yamaguchi, U. Schneider, S.
Kobayashi, Angew. Chem. Int. Ed., 49, 1838-1841 (2010).

Aldehyde Allylation with Allylboronates Providing a-Addition Products, S. Kobayashi, T. Endo, U. Schneider, M.
Ueno, Chem. Commun., 46, 1260-1262 (2010).

Catalytic Carbon-Carbon Bond-Forming Reactions of Aminoalkane Derivatives with Imines, Y.-J. Chen, K. Seki, Y.

Yamashita, S. Kobayashi, J. Am. Chem. Soc., 132, 3244-3245 (2010).

10) Aerobic Oxidative Esterification of Alcohols Catalyzed by Polymer-Incarcerated Gold Nanoclusters Under Ambient

Conditions, H. Miyamura, T. Yasukawa, S. Kobayashi, Green Chem., 12, 776-778 (2010).

11)Catalytic Mannich-type Reaction of Phosphorylimidates, S. Kobayashi, J. Nakano, R. Matsubara, Tetrahedron, 66,

6457-6461 (2010).

12)Chiral Silver Amide-Catalyzed Enantioselective [3 + 2] Cycloaddition of a-Aminophosphonates with Olefins,

Y. Yamashita, X.-X. Guo, R. Takashita, S. Kobayashi, J. Am. Chem. Soc., 132, 3262-3263 (2010).

13)Synthesis of Optically Active, Unnatural a-Substituted Glutamic Acid Derivatives by a Chiral Calcium-Catalyzed

1,4-Addition Reaction, T. Tsubogo, Y. Kano, K. Ikemoto, Y. Yamashita, S. Kobayashi, Tetrahedron Asym., 21,
1221-1225 (2010).



14)Catalytic Use of a Soluble Organoindium(III) Species for Allylation and Crotylation of Ketones with Boronates, M.
Yamaguchi, N. Morita, U. Schneider, S. Kobayashi, Adv. Synth. Catal., 352, 1461-1465 (2010).

15)Unusual Carbon-Carbon Bond Formations Between Allylboronates and Acetals or Ketals Catalyzed by a Peculiar
Indium(I) Lewis Acid, U. Schneider, T.-H. Dao, S. Kobayashi, Org. Lett., 12, 2488-2491 (2010).

16)Catalytic Asymmetric Protonation of Chiral Calcium Enolates via 1,4-Addition of Malonates, T. Poisson, Y.
Yamashita, S. Kobayashi, J. Am. Chem. Soc., 32, 7890-7892 (2010).

17)Silver Oxide as a Novel Catalyst for Carbon—Carbon Bond-Forming Reactions in Aqueous Media, M. Ueno, A.
Tanoue, S. Kobayashi, Chem. Lett., 39, 652-653 (2010).

18)Highly Enantioselective Friedel-Crafts-type Alkylation Reactions of Indoles with Chalcone Derivatives Using a
Chiral Barium Catalyst, T. Tsubogo, Y. Kano, Y. Yamashita, S. Kobayashi, Chem. Asian J., 5, 1974-1977
(2010).

19)Copper(Il) and Bismuth(IIT) Hydroxide Catalyzed Addition Reactions of Hydrazonoester with Allenylboronate in
Aqueous Media, S. Kobayashi, T. Kitanosono, M. Ueno, Synlett, 2010, 2033-2036.

20)In Situ Coupled Oxidation Cycle Catalyzed by Highly Active and Reusable Pt-Catalysts: Dehydrogenative
Oxidation Reactions in the Presence of a Catalytic Amount of 0-Chloranil Using Molecular Oxygen as the Terminal
Oxidant, H. Miyamura, K. Machata, S. Kobayashi, Chem. Commun., 46, 8052-8054 (2010).

21)Polymer-Incarcerated Metal(0) Cluster Catalysts, S. Kobayashi, H. Miyamura, Chem. Rec., 10, 271-290 (2010).

22)Remarkable Effect of Bimetallic Nanocluster Catalysts for Aerobic Oxidation of Alcohols: Combining Metals
Changes the Activities and the Reaction Pathways to Aldehydes/ Carboxylic Acids or Esters, K. Kaizuka, H.
Miyamura, S. Kobayashi, J. Am. Chem. Soc., 132, 15096-15098 (2010).

23)Direct Use of Allylic Alcohols in the Allylation of Sulfonylimidates, R. Matsubara, K. Masuda, J. Nakano, S.
Kobayashi, Chem. Commun., 46, 8662-8664 (2010).

2. WA - ERRL
1) Green Acid Catalysis in Water, C. Ogawa, S. Kobayashi, in Handbook of Green Chemistry, ed. by P. Anastas,
Wiley-VCH, pp. 31-56 (2010).
2) Catalytic Asymmetric Synthesis in Non-Conventional Media/Conditions, C. Ogawa, S. Kobayashi, in Catalytic
Asymmetric Synthesis, 3rd Ed., ed by 1. Ojima, Wiley-VCH, PP. 1-36 (2010).

4, O (FrTRES)
1) BERRPEZEHE 20104E11A 1R  AbZSh, BEFEWR K BB TAR. TANEM, AN - 8= i
2) BRITZEHBM 20104E10H7H MK, /7 7 RAX—OH -7 ilifrEfl %2 % 7



3) HEEHE—=—=—A 20104E10H6H K, T /9 A4 ADE& - A& - NI VT LI L DH LWiREER %
e
4) LT EAR2010EI0H4H K, 7Tt RETZATIVDOIEY SFTITEE), T a—inb BEI



