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Annual Research Highlights

(1) Chiral Zinc-Catalyzed Asymmetric a-Alkyl- and
a-Chloroallylation of Aldehydes

Asymmetric allylation of aldehydes provides
optically active homoallylic alcohols. Recently,
allylboron reagents have received attention as reactive
and less toxic allylating reagents in asymmetric catalysis.
However, while allylboron reagents have been
successfully used for allylation of less reactive ketones
because of their high reactivity, catalytic asymmetric
reactions of aldehydes with allylboron reagents normally
have to be carried out at —78 °C in most cases because the
reactions with aldehydes proceeded instantaneously
without catalysts. Moreover, examples of catalytic
asymmetric a-alkylallylation and o-chloroallylation of
aldehydes with allylboron reagents are also very rare.
This time, we developed chiral zinc-catalyzed asymmetric
a-alkylallylation and a-chloroallylation of aldehydes. The
reactions proceeded at 0 °C, relatively high temperature,
in an o-addition fashion exclusively with high
stereoselectivities in aqueous solution. It is noteworthy
from a practical point of view that a low temperature such

as —78 °C and anhydrous conditions are not necessary.
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Scheme 1 Chiral Zinc-Catalyzed Asymmetric a-Alkylallylation
and a-Chloroallylation of Aldehydes
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(2) Chiral Silver = Amide-Catalyzed
Cycloaddition of a-Amino Esters to Olefins
The synthesis of highly substituted pyrrolidine
derivatives is very important in bioorganic and medicinal
chemistry.  The asymmetric [3+2] cycloaddition of
a-amino ester Schiff bases with substituted olefins is one
of the most efficient methods for pyrrolidine preparation
in an optically pure form, thus making it possible to
introduce various substituents on the pyrrolidine skeleton
stereoselectively. We demonstrated the successful
asymmetric [3+2] cycloaddition of a-amino ester Schiff
bases with several activated olefins using a chiral silver
amide catalyst prepared from AgHMDS and
(R)-DTBM-SEGPHOS. The chiral silver amide catalyst
showed high catalyst activity in the reactions, and those
Schiff bases derived from not only aromatic but also
aliphatic aldehydes successfully reacted with several
olefins to afford the corresponding pyrrolidine derivatives
in high yields with high exo- and enantioselectivities.
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Scheme 2 Chiral Silver Amide-Catalyzed [3+2] Cycloaddition
of a-Amino Esters to Olefins
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(3) Catalytic Silicon-Mediated Carbon-Carbon
Bond-Forming Reactions of Unactivated Amides

Silicon enolates are among the most useful enolates
as convenient carbonyl equivalent donors through
nucleophilic  additions to  aldehydes, imines,
o,B-unsaturated carbonyl compounds, etc. in the presence
of a catalytic amount of a Lewis acid catalyst (i.e.,
Mukaiyama-type reactions) in modern organic chemistry.
Despite their versatile utility, there are some drawbacks in
silicon enolate chemistry, mainly from the viewpoint of
atom economy, especially use of a stoichiometric amount
of reagents for their preparation. If catalytic generation of
silicon enolates could be attained, this drawback would be
overcome, however, the catalytic reaction has long been
thought to be unlikely because silicon species might be
incorporated into products through the formation of a
covalent bond between silicon and a heteroatom of the
products. This time we have developed a catalytic
silicon system that enables catalytic direct-type addition
of unactivated amides to imines. This is the first example
of the catalytic use of the silicon species, to the best of
our knowledge. In addition, this is also the first successful
use of unactivated simple amides in catalytic direct-type
addition reactions.
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Scheme 3 Catalytic Silicon-Mediated Carbon-Carbon
Bond-Forming Reaction of Unactivated Amides
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“) Polymer-Incarcerated Gold—Palladium
Nanocluster Catalysts for the Sequential Aerobic
Oxidation—Michael Addition

Immobilization of metal catalysts in self-assembled
microstructures with the dual purpose of facilitating
recovery and reuse and serving as a reactive environment
for efficient catalysis is an interesting research topic. We
have reported the synthesis and use of styrene-based
polymer-incarcerated (PI) transition metals and Lewis
acids as robust and highly active heterogeneous catalysts.
This time, we designed and developed a novel sequential
aerobic  oxidation—Michael addition reaction of
1,3-dicarbonyl compounds to allylic alcohols using a
Au—Pd bimetallic nanocluster with boron immobilized on
a polymer—CB composite material. The PI/CB-Au/Pd/B
was proved to be an excellent catalyst that delivered the
desired Michael adducts in good to excellent yields under
mild conditions. We have uncovered the dual role that
NaBH, plays as both the reducing agent required for the

generation of the bimetallic nanoclusters and as a catalyst

precursor for the Michael reaction.
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Scheme 4 Sequential Aerobic Oxidation-Michael Addition
1. (1)-5) J. Am. Chem. Soc., 133, 3095 (2011)

THF, O, (1 atm), 30 or 60 °C



A AL FEE

WFENA ZA b

MFSILERMEERANSET7ILTE FORF -7
IWEILTUNES LV -2 087 Y ILIERE

TNT e RORET VALK T FEIEE O R €
TINALTNa—LVEMETEHEHRTIETHD, 0
FTYH, EET VAR T AT EEIIEOSTED
& < THEMENT U LAl E LTAREFE T U AL
THEASNTWD, LOLARRS, T UK TERT A
TIATE DB S | RISHEDIERN T R loxtd
LN T U UEAIE LTHWSND — T, Tb
T B FIZxT A R06 Tlk, BUSHERET X 5 7212 filt
BEIEIFIE T CH RGBT LT L E W, Al AR E K
i % RNE S D T2 1R, —T8CAE DARMKIE O S5
HERMETH Tz, Elo, MBEHIRE a-T XL E
SWa-7va7 UV UbIGIE, ZNETITEA EK
IR 720, AL AFZER Tk, & 7 VHighfitit 2
WBHZ EIZE Y RS EESARRROICE TS 85
TR LT, AROGE, BIRRESLE ST, F
7KL LE TRV L EZEHIRRETH
HEWZ D,

cat. Zn(OH), OH 7\

Q cat. Ligand b =N \N Y
RCHO + B — R
p N R™ ™ Bu "Bu
20 H50/MeCN (3/7) Y OH  HO
R' 0°C,1h i i
) g syn/anti = up to 99/1 Ligand
R'=Me, Cl up to 98% ee ¢

K1 FTNVFEMRAELEFANDT LT B RORE =T /L F
AT IV UbB X WRa-27 va 7 U AL
1. (1)-21) Angew. Chem. Int. Ed., 50, 12262 (2011)

QDFFIIET7I FMMEZRAVNSTI/ IRTILES
L7« 2 EDFRF[B2] MR &It
EELREAEEEZETLIE ) D UBEROEK
ITANFERCERNFICB W CIEFICEE 2 H LR T
Hb, TOHTYH 0—7 2/ AT /)LD Schiff Hik &
BEHA LT 4 2L QBRI LR T ER Y
VY UVBREZEWEFMEZ > TAEKT D& DR
BHRFEO—D2THD, JWFIEETIX, AgHMDS
EARFEARAKRRAT 4 VBT THD
(R)-DTBM-SEGPHOS O SN DX T VERT I K
RS, AREOSMZ B W TIEFICANERET H 2 L %
RWE Lz, 2O 7T I RiEEEHER O RABER 2
RTEWKSESER L, FHEET VT & REEOD
Schiff DS D A7 BT ISR IEE T
T B REED S ODOKIE S RRENTHEIT S H, ESIL
OE exo, BT rTFAERMEE R TRISTHE
) AbEWE G 2D 2 ERbnoT,

EWG,

(o} cat. AgHMDS R2
RL_N (R)-DTBM-SEGPHOS . g
A %OMB X EWG —o> R™ SN “COOMe
R2 Et,0,0°C H
up to 98%

exo/endo = up to >99/<1
up to 98% ee (exo)

X2 FTNVET I MEEZHNLT I ) AT v EF L7
4 2 & DARF B2 INBRACE S
1. (1)-6) Angew. Chem. Int. Ed., 50, 4893 (2011)

Q) MEEDTAEZEZAVIFEIET I FORE-R
EREERRE

TAFET ) T— ME, A ABRMBEFEET 7 LT b
ReA 22, a, B-REEFIA VR = AbA S ~K
BEAOES (MIIRES) 3 2 B0 AHEA b TIC
BWCTHEMZRT ) 77— REFITHD, LNLERND,
ZORWERMEDO—FT, r4%x /) 7— Mt £
ORBIALFERBEORIESr A BILAEVMNBLE T
Y. BT ROBEPLRERDD, 22T, 74
#Fx )T — bR RA S, KISV ER
TENFEENTH DR, BIEE TIZ, N ERY E
DO~TBJRA LT A ZBRA L OREGNRNTZDIZ T
A RDOEM D DFHENRHEL <, ZRETr A HFx
J 7 — OB A RRITERL L B SN TE R, L
L. YAF9EE Clrdd s, NEMET T RO EH2H) Mannich
R % il e D 7 A BILAEW TIT2 5 2 L &2 RN
72 UTme ABNL, Fox OEDIRY & 7 A Fvs
WEROTEOMLERETH D, -, RFHIRTE
PET 2 R & WD ESERI AR AN S O D4l T
H5,

9 cat. ffﬁuszi?” T

cat. NEt,
JI\ . ’)J\N,Me RWJ\/U\N'Me
R H R2 RS toluene, rt B2 Ro

up to quant. yield
antilsyn = up to 27/1

X3 MEED A FBEHWDRIEET I FOREB-IRFEHE
BAERRBE
1. (1)-4) 3. Am. Chem. Soc., 133, 708 (2011)

DBRFANES D RBEE-INSPODLF /I VSR
2 — AR IC K B EHREERIE-Michael {FI0KIG
&JE o B CERBR ~ A 7 nEE~OEE I,
fiiE D [EIY « P D= 70 RO DG S OB
NG, FEFEICHEREWIISE T —~Th D, ZILETI
WHFEE T, RY AF LU EARE 2T HRET
B AR ST vE T RS g oL 1 A
el 2% L C& TW\Wb, SFl, BAIIFRUVHRZE
BT 2 PL L/ RT O AT T ) 7T AKX — il
ELTHWAZ EIZEY, TUAT La—E 13-V
B VR = AL A & OFLE 22 K B2 {b—Michael
MBS ERANIHEI TS5 2 & 2 RS L, ARG
TliE, BB LT3 1,5-C IR = LB W% SR
ThHz2 %, ZOfBEOFHClX NaBH, 73, 48 DIt
FIToH 2D ELRIRFIZNA ARA U RRTOMGH & L
TENWNTE Y, EiEMEfh o T CHRE 2% E 4 -
TWaHZ EZHLNZ LT,

cat. PI/CB-Au/Pd/B o

o
o o OH @ @ 1w 4
Rlﬂ\)LR2 * \)\ aerobic  Michael R R
R4 oxidation addition R3 C(O)R?
14 examples

83-98% yield

THF, O (1 atm), 30 or 60 °C

K4 LR 7e S MR (b—Michael (HIEUE
1. (1)-5) J. Am. Chem. Soc., 133, 3095 (2011)



1. JREZEFR

(1) Refereed Journals

1) Alkaline Earth Metal Catalysts for Asymmetric Reactions, S. Kobayashi, Y. Yamashita, Acc. Chem. Res., 44, 58-71
(2011).

2) Rate-Acceleration in Gold-Nanocluster-Catalyzed Aerobic Oxidative Esterification Using 1,2- and 1,3-Diols and
Their Derivatives, T. Yasukawa, H. Miyamura, S. Kobayashi, Chem. Asian. J., 6, 621-627 (2011).

3) Indium(I)-Catalyzed Alkyl-Allyl Coupling Between Ethers and an Allylborane, T.-H. Dao, U. Schneider, S.
Kobayashi, Chem. Commun., 47, 692-694 (2011).

4) Catalytic Silicon-Mediated Carbon-Carbon Bond-Forming Reactions of Unactivated Amides, S. Kobayashi, H.
Kiyohara, M. Yamaguchi, J. Am. Chem. Soc., 133, 708-711 (2011).

5) Polymer-Incarcerated Gold-Palladium Nanoclusters with Boron on Carbon: A Mild and Efficient Catalyst for the
Sequential Aerobic Oxidation-Michael Addition of 1,3-Dicarbonyl Compounds to Allylic Alcohols, W.-J. Yoo, H.
Miyamura, S. Kobayashi, J. Am. Chem. Soc., 133, 3095-3103 (2011).

6) Chiral Silver-Amide Catalyst for the [3 + 2] Cycloaddition of a-Amino Esters to Olefins, Y. Yamashita, T. Imaizumi,
S. Kobayashi, Angew. Chem. Int. Ed., 50, 4893-4896 (2011).

7) Chiral Sc-Catalyzed Asymmetric Michael Reactions of Thiols with Enones in Water, M. Ueno, T. Kitanosono, M.
Sakai, S. Kobayashi, Org. Biomol. Chem., 9, 3619-3621 (2011).

8) Aerobic Oxidation of Amines Catalyzed by Polymer-Incarcerated Au Nanoclusters: Effect of Cluster Size and
Cooperative Functional Groups in the Polymer, H. Miyamura, M. Morita, T. Inasaki, S. Kobayashi, Bull. Chem. Soc.
Jpn., 84, 588-599 (2011).

9) Chiral Lewis Acid Catalysis in Water, C. Ogawa, S. Kobayashi, Curr. Org. Synth., 8, 345-355 (2011).

10) Continuous Flow Hydrogenation Using Polysilane-Supported Palladium/Alumina Hybrid Catalysts, H. Oyamada, T.
Naito, S. Kobayashi, Beilstein J. Org. Chem., 7, 735-739 (2011).

11) “Design” of Boron-Based Compounds as Pro-Nucleophiles and Co-Catalysts for Indium(I)-Catalyzed Allyl Transfer
to Various Csp’-Type Electrophiles, T.-H. Dao, U. Schneider, S. Kobayashi, Chem. Asian J., 6, 2522-2529 (2011).

12) Catalytic Enantioselective Formation of C-C Bonds by Addition to Imines and Hydrazones: A Ten-Year Update, S.
Kobayashi, Y. Mori, J. S. Fossey, M. M. Salter, Chem. Rev., 111, 2626-2704 (2011).

13) Chiral Silver Amides as Effective Catalysts for Enantioselective [3+2] Cycloaddition Reactions, Y. Yamashita, T.
Imaizumi, X.-X. Guo, S. Kobayashi, Chem. Asian J., 6, 2550-2559 (2011).

14) Kinetics Studies of the Enantioselective Hydroxymethylation of Silicon Enolates Using Aqueous Formaldehyde in
the Presence of Sc(OTf); and a Chiral 2,2’-Bipyridine Ligand, C. Mukherjee, T. Kitanosono, S. Kobayashi, Chem.
Asian J., 6,2308-2311 (2011).

15) Lewis Acid-Mediated Acetal Substitution Reactions: Mechanism and Application to Asymmetric Catalysis, S.
Kobayashi, K. Arai, T. Yamakawa, Y.-J. Chen, M. M. Salter, Y. Yamashita, Adv. Synth. Catal., 353, 1927-1932 (2011).

16) Catalytic Intermolecular Allyl-Allyl Cross-Couplings Between Alcohols and Boronates, A. Jimenez-Aquino, E. F.
Flegeau, U. Schneider, S. Kobayashi, Chem. Commun., 47, 9456-9458 (2011).



17) Facile Preparation of 2 - Substituted Benzoxazoles and Benzothiazoles via Aerobic Oxidation of Phenolic and
Thiophenolic Imines Catalyzed by Polymer-Incarcerated Platinum Nanoclusters, W.-J. Yoo, H. Yuan, H. Miyamura, S.
Kobayash, Adv. Synth. Catal., 353, 3085 — 3089( 2011).

18) Copper-Catalyzed, Aerobic Oxidative Cross-Coupling of Alkynes with Arylboronic Acids: Remarkable Selectivity
in 2,6-Lutidine Media, T. Yasukawa, H. Miyamura, S. Kobayashi, Org. Biomol. Chem., 9, 6208-6210 (2011).

19) A Catalytic Asymmetric Borono Variant of Hosomi-Sakurai Reactions with N,O-Aminals, Y. Huang, A. Chakrabarti,
N. Morita, U. Schneider, S. Kobayashi, Angew. Chem. Int. Ed., 50, 11121-11124 (2011)

20) Powerful Amide Synthesis from Alcohols and Amines under Aerobic Conditions Catalyzed by Gold or Gold-Iron,
-Nickel or -Cobalt Nanoparticles, J.-F. Soulé, H. Miyamura, S. Kobayashi, J. Am. Chem. Soc., 133, 18550-18553
(2011).

21) Chiral Zinc-Catalyzed Asymmetric a-Alkylallylation and a-Chloroallylation of Aldehydes, S. Kobayashi, T. Endo,
M. Ueno, Angew. Chem. Int. Ed., 50, 12262-12265 (2011).

22) Aerobic Oxidation of Alcohols and Direct Oxidative Ester Formation Catalyzed by Polymer-Immobilized Bimetallic
Nanocluster Catalysts, K. Kaizuka, H. Miyamura, S. Kobayashi, Kobunshi Ronbunshu, 68, 493-508 (2011).

(2) Dt

2. B - fERR

1) 70— RIS K TOA ARSI G-, IE, B 7Y —> 7 AR U =70 BEARR, A
PR, FEakf, 20114F.

2) RV T UHFHEE A VKB T B — U AT A K D EEL RO - BRERMEKEL T ok
ADFERUE NI TR, RGH— B MKME, 7 V7T AP v —F 1 39, (11)  pp. 58-61(2011).

3) A0S R =k (TEEE) . MClia> E11H &, = H(bFHRAst IR - IRERE. 170, pp.12-14 (2011)

4) Celebrating 150 Years of the Department of Chemistry, The University of Tokyo, DOI: 10.1002/chemv.201000153,
Author: Professor Shu Kobayashi, Published Date: 20, Dec. 2011, Copyright: Wiley-VCH Verlag GmbH & Co.
KGaA, Weinheim.

5) HURKFEAEI L 150 ARl & Chemistry ViewsdME X 5, TA U —+ FA AN T x|
20114-12H20H.

3. &

4. DA

1) Chemical & Engineering News, 2011, March 7. H/b3 %7 ADH LU AlENE

2) LT ERH 201146150 BT I AKX fKax ol - EHRGFEEGE 7 1+ 2

3) HFITZEHM 20114E7THI8H WKL HNX I ANV, EIEFEVEFERFD KEEUSR ] Fritlt TR R
<



4) BRI TEHR 20114-10A31H 7 NMeEW., fEHIE DT IEROEME, ficd - a0 N TR
ARk
5) {bF TR 20114E10A31H 73 NMedM., 7ba— L BEEHZ AR, R, 4« =390 MliEBER



