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Magical Power of Transition Metals: How to Synthesize Any Organic Compounds

Past, Present, and Future in High Yields, Efficiently, Selectively,
Economically, Safely

Ei-ichi Negishi, Purdue University

| YES ES) | —> [Green Chemistry]

1.C all usable (ca. 70).

Avoid (i) radioactive, (i) inert, and (iii) inherently toxic elements.

2. If desirable and necessary, consider their binary combinations (ca. 5,000).

(Two is Better than One!)®
3. Use metals for desirable reactivities.

4. Use transition metals mainly as catalysts.

# E. Negishi, CEJ 1999, 5, 411-420.

Anatomy of the Periodic Table r—i

He
e 2 LT ol A ~
Na | Mg Atll sl (LESLESL.CH Ar
kjcafse| ||y |er a:nl Fe | Ca | Ni|cCu | zul call cel| A5 || SEMLET] X
il LAY Xe
Rb | Srl Y Zr | Nb [ Mo | T Ru | Rh | Pd | Ag ca Is sn || 58] Te
]t E |

ach | Pl U | 5 A cif Es idl]

La| Ce || Pr|Nd Sm| En (‘;".I ﬁm’ Ho I'J'i'lw Yol Lu
Fi

D = Radisactive elanents (26) D] = Omasic dements D = Main group metaby (27 - 6=21)
(12-1=11)
I:l = latrmsically temic () (7) = d-Block tramstion metaly (24 - 1=23)
| 58 metals wsable
l:‘ = Inect gases (5) in Organic Syathests D = FBlock tramsiticn metls (15- 1= 14)

Effects of Product Yield and Number of Steps on Overall Yield

—— Overall Yield (%) ———
Mumber of Steps 90% Ave, Yield 80% Ave, Yield T0% Ave. Yield

5 58 33 17
10 35 11 3

15 bal 36 05
20 12 1 01
30 4 01

40 15

50 05

"Step-economy” is of utmost importance !

= 100 e 90% Ave Yisid
E o —— 80% Ave. Yisld
- i —— T0% Ave. Yield
E 40
&

o -

-

10 20 0 40 50
Nurmbar of Staps
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Scope and Limitations of Uncatalyzed Cross-Coupling with Grignard Reagents
and Organoalkali Metals

Ho Cat 1
R+ R o pepe s owex (MM Lisic)

-y | == J‘v"i“'\ |-W| Alkrt % | Heox

* Some werk but
they are of kmited
scope.

Limded Needs
scope  special

* Capricious and
often nonselective
+ Special procedures

are betler bui need
miusch improvement.

= Some work but they
are of limited
acope.

Note: Cu-promoted and Cu-catalyzed reactions have provided some satisfactory procedures.
Conventional Wisdom: Avoid Cross-Coupling! But, should we?

LEGO Game Approach to C—C Bond Formation
via Pd-Catalyzed Cross-Coupling Reacti

AW+ R —SPR: L Lipr o WEK (Themodynamic skl

R, R¥ = C group. Sea below. M = Mg. Zn, B, Al In. Si, Sn. Cu, Mn, Zr, ete. X = |, Br, €1, F. OTs, OTL et
M & X = Regio- & stereo-specifiers, which permit a genuine LEGD Game avoiding sddition-ELIMINATION 111

Cernmer
Alyid e
Ayl NG

Why Metals?

}-ﬂ [2+2] >5—« e s,

- ———— nofaoike reaction =

¥ ¥

C -~ short-ved, uncontrolied

—bﬂ amﬁ_ﬂ L a H
Ty TR

Bottom line: 5_H S_C

) G

Intermolecular Interaction in Donor-Acceptor Complexes
& 8 =) @
A + OB AC(B —— ACE>B
AE;, = AE + AE,, + AE, + AE, + AE, + AE,

Interaction = Electrostatic + Exchange Repulsion + Polarization
+ Charge Transfer + Correlation+ Geometry Distortion
150

R (A)
Mo, Y; Song, L; Wu, W; Zhang, Q. J Am. Chem. Soc. 2004, 126, 3974-3982. v

Why d-Block Transition Metals ?
Two Major Reasons (#1)

1. Simultaneous Availability of Empty and Filled Non-bonding Orbitals (LUMOs and HOMOs)
Note 1: Strong Affinity toward =-Bonds Explained and Expected.

Note 2 Highly Reactive and yet Stable,
Q @ =M J 5 Dewar J‘I’\' l -
= K Fukul
*R. Holfmann
Q 3B oot Mose: This has bean appied in 1 S-diens syntresis o detaled tater

Note 3. Non-bonding Orbitals can be substituted with o~Orbitals ("Elemento-metalation”)
(These are available 1o main g!wp retals a5 well, The enly key requirement — an empty orbital )

Hydrometalation

QPQ? T gegz m@fg@

C?

The signif (HOMO-LUMO & HOMO-LUMO) bending
cannot be wamphmsd

ARAY

4 3

X b
b
e >
Why d-Block Transition Metals ? S
Two Major Reasons (#2) \EI
Il. Ready and under One Set of Reaction Conditions | 1/

@ Essential to REDOX Catalysis e

@ Very difficult to devise REDOX Catalysis v L o

without using transition metals, ox kA

-2 P *

Four Basic Processes of C-C (and C-X) Bond Fermation with Transition Metals )b
(1) Reductive Blimination uncﬁ: BedElM. | oo, ik ecrate) j‘?
£ P or ot covas-couping = e \j
(LEGO Game Approach) =l | ﬁ >
{acarbmuuuum" wow/ sEl
S Dl s \oeme— _i-'i_ ) ~
m-ﬂlﬂ u 2

(3) Migratory Insertion** wly, U‘-%—‘ (Stoetismatic]
Ex Ding e pober cartonylaticn mackn R x

x
{4) Nucleophilic and Electrophilic Attack on Ligands *
Ex ik i
o Toup-Trost rasdtion
Nee: () Missing links must be provided for catalysis
b} Main group mtals also woek but not catalyscally.

BIATBOEARI P RIREE PERGIRROR > 5 —UST-CRCC) -
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i

Interactions between Two Coordinatively Unsaturated Metal Species

ate complexation

L i

Wi e

3~ permanent
polarization

M* — super acidic
M = suiper bissic

M — more electrophilic
M — mare nucleophilic

Boltom line: Two is belter than one

Genealogy of
Pd-Catalyzed Cross-Coupling

Several Independent Discoveries(1975-1979)

Mg: 5. 1. Murahashi, N. Ishikawa,
J. F. Fauvarque (1975 & 1976)
(Following Mg-Ni version of
Tamao, Kumada and Corriu, 1972)
Al, Zn, Zr: E. Negishi (1976-1977)
B: E. Megishi(1978) —=A. Suzuki (1979)
Sn: M. Kosugi (1977) —=J. K. Stille {1978
Other metals: Li, Na, K, Cu, In, 5i, Mn

RIXHRME — R
Mhashusbel1 5], Fauvarque15] [shbawal2]

RIX + RN

Sagabl7, 1%, 1115, 1730

Negishi group contributions:
1. Co-ditcavery of Pd-Catalyzed Cross-Coupling
2. Discovery of Al, B, Zn, Zr, etc. as Effective Metal Countercations
3. Discovery of Hydromemallation—Cross-Coupling & Carbometallation—Cross-Coupling
Tandem Reactions
4. Discovery of Double Metal Catalysis, especially with ZnX,

* Negishi, E.,.J Organomet. Chem. 2002, 653, 34.
* Negishi, E., Ed, Handbook of Orpanapalladium Chemistry for Organie Synthesis 2002, Wilsy, Part TIL, pp 285-1H9.

First Highly Selective and General Pd-catalyzed
Cross-Coupling Route to Conjugated Dienes (1976-1979)
Prle
% PPP g o1 By

Bu H 5% PAPPh) H d ’ - i
BuCacH 2B, = 5 e + Pdwas used, but no advantage over Ni
H 'Buy H)=(Fh Tev

850 d0%, 2HONE

+ First Al = Ni or Al = Pd reaction.
= First hydrometallation — cross-coupling
tandem process.

E Negishi and 5. Baba OC 1978, 356

* First highly (>98%0) selective and
general synthesis of conjugated
1,3-dienes.

* Some distinct advantages of Pd
over Ni in cross-coupling shown
for the first time.

W WREE)
M=Pd 55% 290N E X

M
S Baba and E Negals J4CS 1976 05,6709

THPOCH CBCH B Mo

“Wl «P-gau.

mpa.:n_;:.{-( et CLPAPPIL: BuAR .-_ e
W tpa W

E Neghli and 0B VanHers MCTIOTT 005148 T0% ZOTREE i
E. Negihi et al TZ 1978, /%, 1627,

* First Zr = Ni or Zr — Pd reaction

Bottom Line: (a) Superior selectivity associated with Pd over Ni reported for the first time.
(b) Discovery of the hydrometallation-cross-coupling tandem process.

First Systematic Screening of Metal Countercations

ol Eeaction Condt Sesidual
ety penttaci Temp (0 Tumae (W iekd i) A0 18]
iU = T ace ]
3 u 2 ) © »
: e refia Er n n
. g u 1 E £
s s ) L @ »
W el ] v W v ;
7 am a1 3 " 3 I_' Negishl Conpling
. et ] e 52
9 et et 5 e [
1w ) 1 10 7
it BRIl refl L L] 5 | — Suzuki Coupling
1 A n .1 g ]
B e retic ' . ]
W s 2 : @ =
15w reliun 1 uace s
bl e + ™ "
i B = 7 5 y I—- Stille Coupling
W s s 2 o

E. Negishi & A. 0. King (1978)

High Turnover Numbers Observed in the Pd-Catalyzed Cross-Coupling
with Pd(dppf)Cl, or Pd{DPEphos]Cl, as a Catalyst

2010 w0l P(depfiChy
70°%C 10h i e

105l PoidppliCls B0% (TON = 3 5x10%)
T BB o J0°C 10h Y
5"'9:'";"‘ Poideef RERTONEERI0Y
55 10h "
e DB B s BRI e e
P ——, 83% (TON = 1.3x10%
T T VL —  "Hex—==—pn
B0 mol PODPERhosiCl TR ORI
P ZABI{LEr) + ryygy et 215N =\
Mex
B2% [TON = 1.6x10%)
?‘-wn:
: L 2
dpgl (1) DPFEzhos (1

Bottom Line: Use of Zn and chelating igands can lead to very high TONs.
2. Huang, M. (fan, D, T. Babinski, and E. Negishi, Orpanomtallics 3008, 24, 475-478,

How to Synthesize any Alk * Effici
*Mostly acyclic alkenes considered.

ly and Selectively

R} HRZ
tmrﬂm o
(ER®  RiH}
R
=0
(R
Addion Elimination

_ RUHR.Z)
Hie- J;{-am
Yo

AR RY RE Cgroups MALB, Cu, 2n, 2r etc W, X, ¥, 2 heteroaloms

It takes Alkynes to make a world.

ACS barer

=

AT

BUAARIZEAIREME hESSHRsIR Y5 —(ST-CRCO)
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= “Last” Synthesis of Amphotericin B C21-C37 Fragment

(i) BuzAlH
(1) Bzt )€tz pis ZMF'B‘JW“
#) 2oy i) =t-2n [N

smm Il tﬁ\% pgmm u mnm;

B
i) 1;
_.

‘C% Ly

(1) P83, py.

Mﬂ 2) PIOE, iy

et | S~~~

(296% EEE) (> 88% E, E. E)

40% In 5 stops
from propargyl alochel

Guangwel Wang, and Ei-ichi Negishi, manuscript in preparation L]

= “Last” Synthesis of Amphotericin B C21-C37 Fragment

111} LD, THE
1) Mal. HIMPA 0 (2-2ousene, KO'BU, Bl _oTES TES
Mo W) TESCL n, OTES () [+}lpc;BO0Ms. BF, OEt: RO, |
() Bughi o, () NBC#, HD HOL Ay, 2 8-hisdine
76% i 2 stugs i % 0%
dr= 085 = 68% puro
commercialy = 08% pare
avniable “West” CI2-CIT fragment
s 7% d shegn
- TES
0y
PaOAC], (10mai%)  TBSO, (1) A -
AGOAE (1.2 oguiv) 1) M0y TESD, A,
L 0 Bt % i 2 stops - W
2 80% pure
POIDE; e ES
E1
e Y o
m “ EL
% puro
amphotericin B C21-C37 fragmant
Guangwei Wang, and Ei-ichi Negishi manuscript in preparation )

Total syntheses of mycolactones Aand B
=>Synthesis of Triprotected Side-Chain of Mycolactone B

s t2e
-
i} msu 12 EMOMG 3 T [
(11TBSCI (1 20g) i @1%010, o
J5, ma.,.mum: H, (89 MaHCD My B (1) talta (16 0w
o T TS T du Ates ~ Ehawrdmepr wcmﬁ
3 6ie =954 T(338% purv)
(1) Beln =SS5ty
<o CLPHDPEphea) N IMMEL
B4 sg) ‘?Immﬁ i 1?:1590
80 (2 3) B e
2 Etane (25 o) QUM @m0y weoH ; iz
s T TR
BT L . ? AL T T Ti%n 3 weeal o
8% omencaty pre) (25E% isomerscaty pure) somaticaty pise |
24% owr 13 stepe
10 DNBAL-H
R ot 1 e, €210y
ok
20 BaZn RJI-I E'e?ﬂ n:ll« Aldey, Cp2rCly
) =20 ] (= Rt
o 3 - “ Wc' =
W Sy L P e E% 2 g S5% mqmericaby g
% 245 over & staps

G Wang, N Y, and E Negishi, Chem. Ewr: J. 2011, 17, 4118 - 4130.
N Yin, G Wang, and E Negishi, Angew. Chem. Int. Ed 2006, 45, 2016-2920.

Total syntheses of mycolactones Aand B
=>Synthesis of Triprotected Side-Chain of Mycolactone B

i} MBuli (2 equiv ) .
i [ =

va 5% C1LPYDPERhos) NOE 1% 4% 6%
I {*08% isomencally pure)
Tesh dres
e {1) Dess-Mantin o gres
THE0'C _ (ZINaCIO; H
ey TR T A 1855 oTEs
(B6% isomenicaily pure)

15% overall yieid in the longest linsar sequence (17 steps)
from echyl (S} 3-hydroxybutyrate

G Wang, N Y, and E Negishi, Chem. Ewr J. 2011, 17, 4118 - 4130.
N Yin, G Wang, and E Negishi, Angew. Chem. Int. Ed 2006, 43, 2016-2920.

Total syntheses of mycolactones Aand B
=>Synthesis of Triprotected Side-Chain of Mycolactone A

) "Buli, TS (1) Swwm g B,
- M = sue, 17 EBR PP T cIPerFEnmJ
o T O 5% e twe sagt rus T
e 298% I}
”,m./-’ |uE||,le,.M|c>,
& CLPSDPEsher) k3 \

) T S —f ) TBSCI imsdazoie =

Tttt HO— B et two wtegn rasof "

(85% ookt over 6 stept) EONE D CEMNELE

0% cvr B aheg oem propart akshel

Altemative route fo €

@83y (110 O,y
h
mnn-muz .l l-wwwmwl

Iy o
w2 1h 1%PEPS THE B THEHD |
[T L

EL LT3 I.‘“ Ed
i Etdn
N Wity :
PoiBu Py, 5% () TBSCT imidaznle f3=\
el £5% qvar o step rm;‘ il
ME%E ) :

40% vee 5 staps from progyne

G Wang, N Yin, and E Negishi, Chem. Ewr: J. 2011, 17, 4118 - 4130,
N Yin, G Wang, and E Negishi, Angew. Chem. Int. Ed 2006, 45, 2016-2920.

Total syntheses of mycolactones Aand B
=>Synthesis of Triprotected Side-Chain of Mycolactone A

(1) Bl {2 equiv. |
m_r>->-\ i) iy ZnBry
TE:

{NOE 6%)
NOE(E%S)

-~

TS

yleid in aneps]

trom sty {5)- Sydrosyburyrate rm——

G Wang, N Y, and E Negishi, Chem. Ew: J. 2011, 17, 4118 - 4130. .
N Yin, G Wang, and E Negishi, Angew. Chem Int. Ed. 2006, 43, 2016-2020. o
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Total syntheses of mycolactones Aand B
=>S8ynthesis of the Core of Mycolactones A and B

1) TBSCL tm 1) By Hay
2) Swem ond ) Swern ood
3) Canylboration T ConeyFuchs | TBSD,
HOq O ALTBSE I 4Bl
T “iman
6% over 4 steps THE  A¥N et d ma

ety > 36%

LA,
B NESHE, s OHPFETS 0
ot % Ind B3N =

purty > 3%
11TBSCL 2) B A 1) Oy, NMO, Hiaily
) Crstyeration 2 Prearaon (Caray)
. 41TESCL i 31 abil, B PPy
W Toran = P
BY% cver & 1enp 0 07 EtNew Iunps L %
ety = 3% oy > 98%

ET siscsity > 8%

l)ﬂJ-drka
X (W (1) Buli 1) MgBiry
ze ) 2) Srarpless AL
2o b 2o 3) L, BF, OEs,
Pdzidbaly TR ) MaCI 15005 aoH ) .
z i &h, 1% g oz Foth-

Tith
3% ower & soaps Ll

puriy > 88% * 8% somencally pure

2oTBS; Sharpiess AE = BaOOH, (-} OET, TAOPTIL Petwrsan (Corey) = Buli CHCHELSICH=NCy, TFA H0
Cratyibeestan = (21-3-butens, KO'Bu, "Beli, (+]4pe;B0Me BFy DE1y Hely, NaOH

G Wang, N Yin, and E Negishi, Chem, Exr J 2011, 17, 4118 - 4130,

Total syntheses of mycolactones Aand B
=>Synthesis of the Core of Mycolactones A and B

{1} Mg, 2rCprlty. b0
[Ch-
)

0,
s
i

0%
1) TBAF
=0 3%
IO, M Yamaguchi
| NaC 1Dy —_— .4 0% == Present Work
T h BN O, h 7% | O, < ERTI=61%)

<o Kb maute
5% ovwr 3 steps L v gt
isbutyl-skanyt
7 =766, TEMPO =225 whamainyt 1 powsd i b i T

oy
& 15 longest linear siops.
Yamaguchi = 2.4 &anchicecenznyl chiande, OMAP. £t 0 BRRL

G Wang, N Yin, and E Negishi, Chem, Eur J 2011, 17, 4118 - 4130,

Total syntheses of mycolactones Aand B
= Final Assembly of Mycolactones A and B

"'"6"' Sic Chan 4
cegoc [ o e
TS 02 0 DU Pagra
o
e Snan Ly uay proseesas myceiacioes 1)
i =R o

9% BOmWICHY Dere

O
9% memancaly pery

TOAF, 4 1h Tg

AETHHOTHE
TBAF.ML 1N 71N @ iz ks "
= 5 pariaty omenaed . G o,
s ™ o
Urstkaw‘v\z o - ”WAW
o GTS L [ WG oW
L) Eycolacane i
'13'::«.. e REEERRAE] ALAE= 1R

G Wang, N Yin, and E Negishi, Chem, Eur. J. 2011, 17, 4118 - 4130,

Alkyne El Pd-Catalyzed Negishi Coupling Tandem Processes.
= Highly (=98%) Selective Synthesis of All Stere of 2,4-Dienvic Esters

Hox—= B coen (1)
Cond, ,
|Busmzcpcn ' Mok Pcog Ea )
il 7 (90%, 298% 2E 4E)
[ “‘wf“zmp?cil Br, _ FO:E 45, o
13 .
| Cond.!  _ "Hex (Eq.2)

B (B5%, =BB8% 22 4E)

H—=—H ;s B~ o (1) =
]r_g} Hex;Culi Cond. | el N
02 6y 1Byt 2 eq) 0:E! f
e 9 (90%, >08% 2E.42)
-y I
14 (85%, >96% Z) = QaFt
P, (Eq. 4)
P p=) P 10 (85%, >08% 27 47)

V= te <\
PEPPSI (15} Ci=Pd=Ci
QA

G Wang, S Moban, and E Negishi. Proc. Natl, dcad. Sei. US4, 2011, 108 11344-11349.

Cond, |: 1% PEPPSI, THF, 23°C, 12 h

Alkyne El Pd-Catalyzed Negishi Coupling Tandem Processes.
= Highly (=98%) Selective Synthesis of All Stere of 2,4,6-Trienoic Esters
THox i} HErCpsCI
"w_"' ) B (1)
o Cond |
ey ek o Ea )
2 23 (B9%, =B8% 2E AE GE)
Hex“é\% (1) HErCp, Gt
(] Br\=PDzEI (12) CO.E
31 (8%, »
(88%, 98% E) Cond | ex o Ea2)
24 (B5%, =98% 2Z AE BE)
e H"'\l {iy HZrCp;C1
W ) Bsgeo.gr 1) =
Brzn—= Cond. | Mo =S
Cond. 1l (Eq. 3)
OLEL
R (i) HZICpaCl 25 (B7%, 208% 2EAE 62)
i) o, Ei g2
32 (73%, 268% Z) el

Cond. | M,/=\=\=ICO;E| i

26 (85%, =08% 22 AE 62)
Cond. I: 1% PEPPSLTHF, 23°C, 12 h
Cond. i 5% Pd(DPEphos|Cly, THF, 23 °C, 12 h

G Wang, S Moban, and E Negishi. Proc. Natl, dcad. Sei. US4, 2011, 108: 11344-11349.

Alkyne El Pd-Catalyzed Negishi Coupling Tandem Processes.
= Highly (=98%) Selective Synthesis of All Stere of 2,4,6-Trienoic Esters

(1) "Bui (1 eq).
THF, -T&*C (i) CyzBH {1.05 eq) i
Hex s (i) s "mx\‘;\\ (i) AcOH —_
T — —— - |
: -

n 39 (89%, >98% E) 40 (75%, >88% 22 4E)

Bep,
E1 (11}
Flaf 2 "Hex COEL
i) 'BuLi (2 eq) e
“Hex\_\=/| (i) ZnBir, (0.7 eq) 27 (83%, =98% 2E 47.6E)

B/:\DD_;EI 02 "He:

40 Cond. | - i =

0,E
28 (B3%, >98% 22 42.6E)
Cond. I: 1% PEPPSI, THF, 23°C, 12h

G Wang, S Moban, and E Negishi. Proc. Natl, dcad. Sei. US4, 2011, 108 11344-11349.
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Alkyne Els ! Pd-Catalyzed Negishi Coupling Tandem Processes.
= Highly (298%) Selective Synthesis of All Ster of 2,4,6-Trienvic Esters

=-cot (E10),POCH,CO,EL
lm Nal, HOAC LIHMDS I/_\=\:o
(2) 'BusAlH 41 LEl
(83%, 2E 42122 AZ =973
" tHo ] G _ 8%, >08% 2E 4Z after purification)
78%, 296% Z B % OLEL
KNMDS, 18-crown-6 .r—‘\=,° E

42 (B5%, >96% 22 42Z)

41, PEPPSI (1 mol®) oy,

LY —
R THF. 23°C. 12 h =
()Bulifzeq) [~ JEL

THex - | (i) ZnBr, (0.7 &q) 29 (80%, =98% 2E 42 6Z)

N CO;EL

30 (83%, >88% 22 42 BZ)

42, PEPPSI (1 mol%)

" THF, 23°C, 12h He:
e e .

G Wamg, S Mohan, and E Negishi. Proc. Narl. Acad. Sei. US4, 2011, 108: 11344-11349. 11

LEGO Game Route to 1,5-Diene-Containing Terpenoids

Avoid Allyl-Allyl Coupling ! RS ¥ ES XN o
EEEE el e
i om ==y =
’_/-ma%gm:lm 'H% = .
|mnmmm|]?§ei§n ;“jm, ':_‘ . b
Mé] ‘;.::::: dz_} fh|ztiemmen = =

oy 132 Bl ithen TrBry
\_<_\ "'3\/\. "
i _;gum_ (N BT

0%, m 1'!

1)2 ML, then Znbe;
2”,( .‘suT::,.am,

M . 0%
i < <_t' W% WIE Mg < <_/'<

AsCeB

1 TEE __:‘f_ﬁ"_f_i_‘ A+CeB+D
21Ma CiZrCny T H H
3]:;&'“""-‘"-5\‘-' H
4 (EHDl .
TI%, 39% 2€ 62 108 L \\;\ZHA sm!mrm.m\w 62184
[RESZI0E) greanylgeesniol e T Do C K 8 s O Latt 262 £ 261
:I’!mrww - 3

ALkYNE ZMA-Pd-CaTaLYZED ALKYL-ALKENYL COUPLING:
LEGO Game Route 1o CoQyy

Cedl o PRt 33T

Q
oo 20 CostB IBullt Beamy
ﬂ!??n [T \*/\1 PPN PO e
o

) 5 c w22 ALl s wavene

b
S i

c.-c:l

_'M e s

A

w1 2N, LT

e

b g I A A AN

E ik, e, i
1 “"‘l TITUATen CNER I« FPa, TP T3°C

COQy SA-E-Cab)

w CL 2 41
o P FprsadesLatas 5.5 o 8 Lowe B Ustast & Sien J Ao Chws S 1990, 100L

i
5

CAN WE POSSIBLY SYNTHESIZE THESE NATURAL
POLYOLEFINS BY THE ZIEGLER-NATTA POLYMERIZATION?

‘:wini Z !95! \.-(’l\lisa

cmH:: » Hay reagents: Meuw 1% Josiphos- CulBr

* For a recent synihesis of phthioceranic acid (1), see
ter Horst, B Fesinga, B L Minnaard, A J OL, 2007, § 3013

;!H:u"

phthioceranic acid (1)
Wﬁl a virubence factor
in Mycobaclariurm luberculass

Nature does it, but......

Zr-Catalyzed Asymmetric Carboalumination of Alkenes

(ZACA Discovery)
1) R%AL
" cat, (=)-(NMIpZrCly ii, 2)0 2

1 2 | ——

R ZACA R' AlIR%, R OH
R = Me, 68-927% yield, 70-90% ee
(-NMI)ZrCla= R = B, 56-90% yield, 85-95% ee
o R = Higher primary alkyl groups, 74-85%
e g_}imh yield, 90-95% ce
Early Contributions Contributions by Others

* Kondakov, D. Y.; Negishi, E., 1998 JACS 10771, 1996 J4C5 1577, » Erker, G. ef al. 1993 J4CS 4390
= Huo, §.:Negishi, E., 2001 OL 3253, = Wip, P; Ribe, 5. 2000 OL 1713
*Huo, 5.:Shil L; Negishi, E., 2002 ACIE 2141.

Zr-Catalyzed Asymmetric Carboalumination of Alkenes
(Solvent Effect)

L2 O o] ot "
/_._- \CNEI — \GH

3 (65%.33% ee)
n-Oct ==
. EbALZ. oa . B noa
’ H
Me CHuCl F?? oS H}i\o
! ¢ 1
7 (63% ,92% ee)

Q.
<8

Kondakov, D. ¥; Negishs, E. L Am. Chem. Soc. 1996, 115, 1577-1576.
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WHAT CAN HAPPEN IN THE FOLLOWING REACTIONS?

|n’*{- * AWK, e ClZiCpy —— 7 ]

Bottom Line [No. 1) Avoid (i) H-transfer hydrometallation
i)

ization
{iil) Cyelic carbozirconation

The Importance of Organometallic Functionality

R IS

,k,l ¢t ,'\/ml .LC“"

RE3AL cal. (=N M ZrCly
A

R TACA "O0H

R
AN
w (Pd] .
. y BrCH=CH, u
L R R NHR*
R H R"k/“\'\‘

= Catalytic asymmetric C—C bond formation
» One-point-binding without requiring any other functional groups
# Organometallic functionality with many potential transformations

THREE PROTOCOLS FOR ENANTIOSELECTIVE
SYNTHESIS OF METHYL-SUBSTITUTED 1-ALKANOLS

e, i,
LR ¢ [Melar, ——5 ,’t\/maz ‘%_ OH
Ylelds Good to excellent
I. R'—AR; +
Yields: Modest 1o good
tneed improvement)

ee: 70-80%
. R'—AIR; + s Z'L" %A‘D«
2 m=1.z.300 3etc o R‘ *

e o
2
)\/AIR; OH
H‘ . R‘ .
Ylelds Good to excellent

(b) Minimize methylalumination.

Y

Bottom Line (No. 2): (a) 3 discrete protocols are available.

SYNTHESIS OF 3-METHYL-1-ALKANOLS VIA
Zr-CATALYZED ASYMMETRIC CARBOALUMINATION OF

3-BuTEN-1-OL
1.EtAI (25 8a)
IBAG (1 &)
5% {=}{ NMI).ZrCl,
One Pot! Py \/L/\
"OH
1.°Pr,Al (25 eq) (R)-8. (92%. 90% ee)
IBAD (1 eg)
b 5% [-1-{NMI).ZrCL,
Hy!
oH —2d I\/'\/\OH
1. "Pr,Al (25
EAEas) (R)-9 (8%, 91% ee)
NG 5% RN C,
2 HO =
I\/\/\'OH
(519, (88%, 90% ee)

Negishi, E.; Tan, Z.; Liang. B.; Novak, T. Proc. Nail dcad. Sei. 2004, $T82-5787.

STATISTICAL ENANTIOMERIC AMPLIFICATION

Statistical Fnanti ic A

ic Amplication —— Kinetic Resolution
\_ |
Ex Dkeke= 9010 - I dorks) = 9016 Mass Action Law

: SO |
ot O

" ﬁ —
1% (51— Ermme
wwer

e ioie x10%(D —r.--
|

ldnetic revchation

Overallee trt- 1= 4+ 100 32 wio0 - [F10%]

Nate: f ascehe round I s added te averall 2 il be

Bottom Line (No. 3): (a) Cleverly exploit the statistical enantiomeric amplication principle.

It's mathematical (or statistical)

f sach step is B0%ee (90(10),
Enantiomers

—
(R +1S) (3R + 15) <BIRA)+ 18[RS SRJ[1SS |

+
Diastereomers

RR 81 Y NS 81-1 &0
T +« Enantiomeric Excess = B1e1 ~E =0.876 =s

(8R+18)" = [9"x R+ E(AN Cross Terms) +[17x 57
'

Diastereomers

e (%)

B0

98 (=976)
8|7

9997
99.997

[N RN EY
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SYNTHESIS OF 2,4-DIMETHYL-1-ALKANOLS VIA 13 2
Zr-CATALYZED ASYMMETRIC CARBOALUMINATION C NMR SPECTRUM OF =
(2R, 4R)-2 4-DIMETHYL-1-HEPTANOL %

LA o

L/L(\m any L,k_,L_,m 50% ovar 4 (34sciation) steps (dr 2401)
AR IR A
O (et mat | = 81
Pirlrorsreplhaien
% e LWL L on|  a0% over s (aisolation) steps ter s60rm)
(25 4511
15

SRS

B rmact et | = AT
240, T recomry

Negii, . Tan, 2; Limag. B Novak, T, Proc. Natl deod Sef, 2008, $762-5787
For e of MAD, see Wyl P; Rie, 5. O Lesr 2000, 2, 1713 N J
Bottom Line (No.4): /IZI00H] Can be readity purifiable by a single round of 7 " " “ Ta B o T
- gy
graphy (Silica gel, E1OA o
OPTIMALIZATION OF THE ONE-POT ZACA A AL
CARBOALUMINATION—CROSS-COUPLING CA REACTION OF ALLYL COHOL
TANDEM PROCESS AND ITS SI-PROTECTED DERIVATIVES AS
WELL AS 1,4-PENTADIENE
(i) MesAl (1.5 (i) Additive
= HNM"?Z“:': ':3 mol%h) Me Solvent (3 mL) Me (i) [+}-ZACA
B CHeCl 16,28 ey Me; = gem.wgrame,‘.?h - A Qene = Pacat -
i) Catalyst HO R TBSEL DM, i !
2 mmol generated in THF bt |ml :;‘%T_— msolm !‘I
Br = (3eq) £a.Siiaal il alcat
16h,23°%C
Transmetallation Conditions ‘Cross. Conpling Conditions
Additive(eq)  Sobvent  Temp.,"C Cataiyst Yicid, % B Z ? ....}A) _L, wo L~ @
ZuBra(1) THF 60 PA(PPR:): (5%) 14 BO% (0% 0e)
ZuBra(1) DMF 120 CLPADPEphos) ($95) + DIBAL-H (10%) 36
ZuBry(3) DMA 120 CLPADPEPos) ($9) + DIBAL-H (10%) 12 (1) Mo, Al (5 aquiv.)
ZaBr (3) NP 120 CLPADPERhos) (5°%) + DIBAL-H (10%) 36 e
ZaBr (3) DMSO 120 CLPA(DPEphos) (5%) + DIBAL-H (10%) 30 0y, CH;Clp 0°C 0 \/:\JQH @
Zubry (3) DMEF 120 | ClLPA(DPEphos)(5%) + DIBAL-H (10%) 6 @10, z Yw () s
ZnOTH: (1) DMF 70 CLPADPEphos) (3%) + DIBAL-H (6%) £ W oe oo
T.Novak, 7, Tan, B. Liang, E. Negishi, J Am. Chem. Soc. 2008, 127, 2835.
Bottom Line (No. 5): One-pot homologation by one propylene unit. & B. Liang. T. Novak, Z. Tan, E. Negishi, /. Am. Chem. Soc. , 2006. 128, 2770-2771.
ARAY
3
X b
5
' Synthesis of (2R,4R,6R,8R)-2,4,6,8-Tetramethyldecanoic Acid, /
Pd-Catalyzed Cross-Coupling Reaction of TBO_A_1 The Acid Component of Preen-Gland Wax of Graylag Goose, él
Anser Anser -
— 1 &
= Duwerber o g:;wn B =1 —— Mmu._ o |
2 A E 7 (6% from 9, dr 2 50'1) I
mm 87% Tm TPAR NMO, MSIA | = T e =5 0
{i) zincation (i} zincation i et 7; /‘\
Me 0)ICH=CH' s ) 1= ThS Me S \J\/L@ | 1o ; B
w*‘e""" 7 % Me Z“\/'\/ '\/!\/""95 . ] | e X )b
il zincation zo hwmbon M O o Panpcaion. s V)
Me (-: EIHC-CEH luj BrcHzPh Me i Hmcuﬁm (o | b
s = on | =
1% BN 2)()(+}ZACA réi Veicu . |meeetiddlL L o
mmlan 0 zlncaunn @ '_'.'mc"i'mﬁm TR 3
oy e P e | K >
. o H % . i 2
ms Sk tron 3 dr= s e
R-co,ue Ma 20°% after purfication, uﬂﬁﬂm
“A: 5% Pd{DPEphos|Cly, 10% DIBAL-H, THF-gther, 23 °C, 12 h; B: 5% Pd(PPhy)s, THF-gther, ’HY"“"' TDAF = "a“ﬁ""“ :
23°C, 12 h: C: 5% Pd(DPEphas)Cls, DMF-THF-ether, 23 °C, 12 h; D: 5% Pd(DPEphos)Cla, D = 4 meimyearphoing g l 1l Ml | |
THF, 23 °C, 12 h. "Zincation: 'Bui (2.1 equiv), and then dry ZnBr; (0.6 equiv) ME4h = micdocularsleves AN Tl = ookl | e AR
B. Liang, T. Novak, Z. Tan, E. Negishi, J. m. Chem. Soc. , 2006. 128, 2770-2771. o B. Lisng, T. Novak, Z. Tan, E. Negishi, J. Am. Chem. Soc. 2006, /28,2770 - 2771 “
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Total Synthesis of Fluvirucinine A,

et

1:m(R = H, fuvrucining Aq)

htR—RZ] Buvinacin Aq)
H;
o’

Total Synthesis of Fluvirucinine A,
Part1l

1. TBSOTI,
1.TBSCI 2,64utidine
2 050¢ Nalb, wmwun 2. 050, NalQy
H B7% (2 staps) - TBSO TBSO’ <O a3 2 stepe)
98% oo dr 288%

(SH- H-Citronaliol

1. NaCIO,
LJOTES 2 ANHD
mtzam:

1. Dess-Martin

WOTBS 2 phP=CH,
H B T e
Part1 B87% (2 stops)
Route I 1. Swem
1.785C 2 PhyP=CHz
HOA mwaso\/\)\,ou JIBAF | ua\/\)v
2% (2 steps) (RyE 76% (3 staps) )
" I 38% n B stops
BNEE g e, 75% eevny 2 tiotty ™, from &-poton- -0l Part 11
after Ipase-cat. acatyl. 3. LitdHy Eﬂcl PhCH=Ru(PCy; )T
1. Mgt JOR CH,Cly, raflux
Ken 304 -—--
Route [T 1. Swem 32 LiAHy
1. T85C1 2 PhyPeCHy
2 (}2ACA ,\)\,ou 3.TBAF
He Bt 2seps) TBS07 2 N Tank (3 atops) O
b 508% a6, B0% recovery ) . 200% pure, 34% yield over
PR Liang, B.; Negishi, E. Org. Lett. 2008, 10, 193-198, 13 slops from (~-(5)-citronotiol
LEGO Game Route to Yellow Scale Pheromone = Lipase-Catalyzed Kinetic Resolution of Enanti ic Mixtures
Me Me Me
#0he | lipase H o
H
SRR RJ\’°H RO~ + R
111k, PPV, e racemic mainly § mainly R
TN fTACAY §) Oy {21 1BULE2.08 nguiv), 111 mal % PPPIaly
j Lipasa-z3t. acotaton® oaw Zrifle 1 3 @TBAF e
e e —-——-J'--mbn(‘r\ﬂ g o : nydrolyai B o
2= P By (3% on) RTE~
(= S8% inomarioally pues |
Preparation of (5)-2-Methyl-1-alcohols (208% ee) from Enantiomeric Mixtures
P.C: o Indiad om, (%) g Max. yiokd (% Intial e, (%) g0l M
LA = AcyO, Py | 97% ————
| w0 [}
>_=£_=_&[ IL] x o 4 » ]
B =0 -20 L] o
L] o
; o w o
Sumke A st ok TL 1968, 70, 1811 = & - )
1 .m..m = 0 - lad @
BN momarically pute |

*JHZACA = MiyAl{3 0 exuiv), £ sl % (- HNMELZIC, HO(0.5 aquiv), CHCly, 73 °C, 55
¥ S0 squv]. Amana PS5 kpase {30 mg mmol]

Z. Xu and E. Negishi, Org. Lett. 2008, 10, 43114314

i

0 -25
ol a

{mdopled Irem C. J. Sivs paper: JACS, 1982, 104, 7254)

Huang, Z.; Tan, Z.; Novak, T.; Zhu, G.; Negishi, E., Adv. Synth. Catal. 2007, 349, 539-545,

=E Factors

E Factors:

proximal hetereoatoms
(halogen, oxygen, etc.)

proximal T-bonds
{aromatic groups, double bonds, etc.)

alkyl groups
{1ncraaslng the difference of R and Me)

AR Valki

 ponartiomens o £ =

. 2N -
R [ g :

e = o8 of o Unrsacied akochal
(ackopted from C. . Sit paper, JACS. 1982, 104. TiM)

Huang, Z.; Tan, Z.; Novak, T.; Zhu, G.; Negishi, E., Adv. Synth. Catal. 2007, 349, 539-545,

= Lipase-Catalyzed Kinetic Resolution of ZACA Products

Te
X e
R AMey catuNmZCl | J on | Enzyme, viny scetate J\,OH ;.
Inttial Yield Initial ee Solvent, Temp. Rt | R
Initial Intisl Conversion  Recovery Final
R Yield (%  o0(% Enzyme Solvent Temp.(°C) (%) %) o0 (%
Ph &5 AmanaPS  THFM0 23 z2 L] 0
AmanaPS  THFH0 23 50 43 o
[P THEM;O 23 3 a2 99|
PhCH; 85 AL THFH0 23 4 51 i
[Amanops  THEMO 23 40 58 ol
Bh{CHala & | PPL THFH0 23 0 B 99|
Amano PS  THFH;O 23 38 56 L]
Hex ki lAmnm PS  CH:iCh [ 44 52 ge|
CHy=CHCH; A |AmanaPS  CHiCl, 0 19 8 %8|

Huang, Z.; Tan, Z.; Novak, T.; Zhu, G.; Negishi, E., Adv. Synth. Catal. 2007, 349, 539-545,
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= Enantiomeric Purification of (R) and (S) Isomers of 2-Methyl-1-alkanols

PRL
1. (-FZACA oH CH=CHOA: o~ H
2.0y Ry THFH,0, 23°C.65h,

BS%, B%% ee  14% conversion | 789, recovery, 98% ee
(B8% yield from styrane |
PPL

5 CH,=CHOA: ;
1. [0 zﬂc—h [E7)
THF-H,0. 23 °C, 4,

85%, 89% ee  B0% conversion  gou

(m%mmw}
LI S o A
1. (FZACA CH;=CHOAC %
— e - |
21 (25 8a) ‘ﬁ‘a\’ THF-H;D, 23°C. 4.5 G
B%ee  gou conversion  B8%recovary, 98% ee
{54% yledd rom allyl sicohol )
M‘ . _ Rifoi il ol "
N (2 _ CH,=CHOAC oL
2h(25e) (g THF-H0, 22°C, 85N )
B0% . 82%ee  24% corversion Ta% recovery, 38% ee
( 59% yleld from allyl aicohol )
Huarsg, Z-; Tas, Z.; Novak, T.; Zhu, ©.; Negishi, E., Adv. Synith. Catal 2007, 349, 539-545, 5

=>How to Prepare Feebly Chiral Compounds of 299% ee

HO.

n n

R and R? are structrually very similar

Two very similar groups

OH HO. of low chirality
n
Isotopomers:
: HO. Ultimately feeble chirality!
: - ol = 0°

General Strategy for Synthesis of Feebly Chiral
2-Alkyl-1-Alkanols of 299% ee

L?I(I’}m " H;C=CHOAC = Pd-or C lyzad T
2 s cross-coupling y
S ST S S R N
Enantomedic o
(5H1, 80-00%ad MO lrery 009, ae 1 >00% ee

}

!

a high E factor
(i} Pd- or Cu-catalyzed
i) (-FZACA 1 HC=CHOAS ‘ cross-coupling B
ik B can. lipase 8 {if) hydeolysis. B
A el A _oh [ —————— M
(R)-1, 80-90% ee P (R)-2. >99% o2 >09% ee

ZACA Reaction of Allyl Alcohol
Asymmetric synthesis of (R)- and (5)-3-iodo-2-alkyl-1- alkanols 1

) areaca R W Ko R
A ——— = o L _onr, | ——= ’\)_\/0“

1.8orR
Yield®  Purity of 1

Entry R Protocolt! Product

(%) (% eelh. “:\1/
1 Me | (S)1a 80 82 L
2 Me " (R}1a a1 84 L
3 Et " (S)1b 60 87 @ o
4 Et w (R)1b 62 88 (-HNMIICT
= = p (SKic . o) or [+}NMI):Z1Cl;
L] P w (Rp-1e 60 B0
1#1 Protocal | ik MeAl (2. 5 oy, MADH | ogh 5%+ HNMIRLZCL i) 1 (25
Protocol 11: 1) My A2 S eqh MAD (1 oq), 5%
Protocol 111 1) RyAl (30 eq), IBAD (] eg), §° M y
Protocal IV 0 R3ALCLD ag), EHAOT eyl 5% 'H\!l“‘/r(l LU
M lsotsned wiechd ¥ Enanthomenic exoess
Xu, §.;Lee, CT.; Wang, O.; Negishi, E., Chem. Asian J. ASAP o]

Lipase-Catalyzed Acetylation of (5)-3-lodo-2-Alkyl-1-Alkanols

R ] R
LA _OH +  Lipase + WL:- I AOAC
tral

(51 (40 mg! mmol) iSh : (Ry2
R = Me (1a), E1 (1b), "Pr{1c) Major Minor
Initial purity of Recoveryof  Purity of
Es Lj

iy SUbSIS (61 (5% oo) PSS TISKI %) (SH (ko)
1 (SH1a a2 Amano PS 63 290 —= 50% yield from allyl alcohol
2 (SK1b a7 Amana PS 72 96
3 (S)H1b ar Amana AK 74 %6
4 {5}-1b a7 Amano AK 60 =99 —= 38% ylokd from allyl alcohal
5 (SH1e 82 PPL 35 85
L} (SK1e a2 Amano AK 74 a4
7 (SK1e 82 Amano AK 58 299 —= 34% yield from allyl slcohol
8 (5H1e &2 Amano PS 74 @2

Lipase from
9 (SH1e 2 Rnizl::muco:' Mighed # W

ipase from

10 {SHie 82 Candida rugoss 58 83
Xu, §; Lee, CT.; Wang, O.; Negishi, E., Chem, sian J. ASAP e

Lipase-Catalyzed Acetylation of (R)-3-lodo-2-Alkyl-1-Alkanols

1\/?.\,% ¢ Upase + S Omc —THE o
R {40 mg/ mmo)
R = Me (1a), Et(1b), "Pr(1c)
Entry Subsirate ':'fﬁ‘fﬁ“g::: Lipase (‘_;:';(:J) . n:‘é"me;
1 (Ry1a B4 Amane PS 60 2009 —= 4% yhold fram allyl alcohol
2 (RM1b B8 Amano PS 52 >89
3 (Ry1b 88 Amana PS 64 98
4 (RM1b 88 Amana PS 81 96
5 {R}-1b 96 Amano PS [+ 209 —= 38% yield from allyl alcchol
[} (Ry1e B0 Amano AK 50 =89
T (Rir1e &0 Amano AK &0 a8
8 (R)-1e 80 Amano AK 79 94
a (R)-1e 94 Amano AK 6ol 299 —= 36% ylold from allyl alcohol

14| Crverall yieid in bwo rounds of ipase-catalyzed purification (enlry 4+5).

|

{eniry B+3)

Xu, §.;Lee, CT.; Wang, O.; Negishi, E., Chem. Asian J. ASAP @

i
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ynthesis of Feebly Chiral 2-Alkyl-1-alkanols

Me MahgBr (3 equiv), Mo
A oH |_LiCuCliimole) oy, JT oy (30% i over three
Sh1a, >99% T steps from allyl alcohol)
DE1S 280% 0% (RI3, >80% ee

(1) TBSCI, imidozale
(2)1) 'BuLi, i) ZnBr,

i} =" Br, Pd{DPEphos)Clz Me
(3) TRAF ~AOH  (43% yield over five
o steps from allyl alcohol)
85% over 3 sleps (R)-4, >00% e
il IAID4 (15 equi Me
InAOAc [HADA 1S equv) 2 {34% yiekd over three
lF——————
K 0% EnrAOH | sieps from ally atconal)
— (5115, 299% o0

(1) GuCly, PhC=CMe, EIMgCI

Synthesis of Feebly Chiral 2-Alkyl-1-alkanols

Et Cu-cal. cross-coupling £t
I\/'\_,OH o reduction R\A,DH
(S11b, 289% ee
= i) Cu-cal. pling Bt
= i) hydrolysis E
I A DA | R__A,_OH
(R)-2b, 209% o . .
Et Et Et
H\)\/DH /\)\10” \/’\/k/cﬂ
(513, 289% ge (R)6, 209% g (R)-T, 209% e
a0l BaslHl 6a%
Et Et
Hiy o OH A OH
(R)-3, 280% ee (557, >09% ee
szl 629kl

Me Et Et CHyCH,
(2) KOH = (34% yield over four A OH H
H OH
e -~ A0 i o, i el )\/'\)3 cmcn,’k’
(5)-5, =00% se ()-8, 299% oo (R}9, 289% e (16, 280% oo
F2%Mm 759 700!
. - 0] LA, (5] Gon, | GuCiy (3 mait), PHG=CMe {15 matt), RMGCI [c]1) Con. 1, i KOH
Xu, 5.;Lee, CT.; Wang, O.; Negishi, E., Chem. Asian J AS4P X, S.;Lee, CT.; Wang, G.; Negishi, E., Chemt, Asian J AS4P
Synthesis of Feebly Chiral 2-Alkyl-1-alkanols
\J\/D <& 5
H . i) Cu-cal l
N Cu-cat. or Pd-cal. L P
Racemic-3 LA Et " :r-::s:\;upli:; Py "Br o mj":{; g
. s -4 = or reduction
0% o A Ao RALOH | A0 R AOH
' (S)6 (8)-1c, 298% ool (R)-2c, 39% ool
TG | | e e e i e i e e R s
Py “Pr n P
— e A _oH o~ Ao e AOH
- " - (5)-6, >09% oo (R)-10, =88% ee (R)-11, 209% ee (R}-13, =09% ee
e R "t — ™ ) e~ $ 7 anegll 70% 76% 8%
- - : s oy pr e opr
FiC_OMa T Mo A _OH SO SO 5
\)\,m ) e A~ Ao (R)6. >89% oe (5)-10, >99% e (S}11, >09% e (5)-13, 209% ee
W I 6% 84% 0% 70%
L 95.6%
>99% ee 6% e “pp app
o OH /I\)\,OH MH
(R)-5, >89% e (R12, 00% ee (R}44, 208% oo
- T0ul 2%
e
= 3 — “ - - 1\
= A X, §.;Lee, CT.; Wang, O.; Negishi, E., Chem. sian [ ASAP
P 17 i’ n 2 35 geas
v - < Synthesis of (R)- and (5)-Arundic Acids
"Pr npp
g e~ Ao e~ _OH \i‘c
2
A _OH (R)-2 (R)}-9 Ricio
N 5
Fa B0% ee B0% oe 1 Ror §, 2 99%ee
(sp11 L # s RiijH
e i,¥
?0% it E’ ;’ Ror 5. 2 \.i‘c
3 1 e F
Ri~~cooH
- — LA UL Ror 5, 99%en
- - - 3 il - g wa
MNaCIO,, NaCaD (cat ),
i 2 g ’.v E S.r “Br TEMPGIcat ) "Pr i
o - < A ——
98%
(R0, 200% ee (Rianundic acid, >09% ea
“Pr {25% yield overall 5 steps from allyl alcohol)
H "Pr "Pr Anti-Alzheimer drug candidate
A \/\/\/'\/0“ e OH ;
o T, e o
99.6% oo (R)-8 (5)-9 e OH =
sk 05:5% ve (SHD, 269% oo
E (Sharundic acid. =59% oe
i o ‘@ {28% yiold overall 5 steps from allyl alcohol)
- w
- - e AT X, 5. Lee, CT.; Wang, O.; Negishi, E., Chem. sian J ASAP
] u i ) R 7
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General Strategy for the Synthesis of Remotely Chiral
(n+1)-alkyl-1-alkanols of 299% ee, wheren=2

(i) Tosylation or loclmalnl
U i . (i} Pd- or C'..m
i) (-FZACA 1 PE20-CHL
i) acetylation {iii} TBAF desilylation
i) O 20 Wikl zoﬁ‘j\,cm R TBAF destotety
h
80-95% ee =i *

'

?;‘S,W 4 :'xuqdﬂnﬂl' R' ﬂi’; mﬂﬂf or lodination R
20y O zoﬂ;\,mc — = |5 S
I E {iii} Pd- or Cu-catalyzed }K\/
80-95% ee >09% ee Mmmmr pling S o
ZACA: Zicon ic Carboalumination of Alkenes nz2

R' = alkyl group, Ri= = aliyl, alkenyl, alkynyl, or aryl group R anc CH;RT may be very similar

Synthesis of Feebly Chiral 3-Alkyl-1-alkanols

(1) TBECI, imidarole
(2)1) 1% (~HNMI);ZrCl
Ety, IBAD

HO R —"'HJO’ 1 e——
W
BO% over 2 steps.

0% en
E (1) Curcat. cross-coupling
(s e oA on BT

2 %% 00 (RIAT. 2 00% oe

HD’\)\/H Hn/\i/\ HB/\LD,

{R}-18, 289% oo (5)-19, 250% oo {5120, 200% ee
ful? =75 kg™ =+ 18° [u)o™ s toa smal to be detormined
TSR/ 8o To%H

[a] LIAIH, (1.5 equivl, 2) TBAF  [b] 1) CuCly (5 mel%), PRC=CMe (15 malia), RMgX (2 equiv). 2) TRAF

Xu, S.;Oda, A, Kamada, H.; Negishi, E., submitted. &

Synthesis of Feebly Chiral 4-Alkyl-1-alkanols

(1) TRSC, imidazole
(211) 1% (=) (NMIZrCly
“Prydl, IBAD,

N L —

T0% aver 2 steps

Br
(1) Cu-cat. cress-coupling
wa 28R meso A A _om @iTesr
—————————— -

2 80% oo (RF22, = 05% on

MWWW

(RF2Y, 200% e (R)-24, *89% oo (5125, 290% oo

26,
ke 15" ok -0 kP NOM [Tlh"?;“”
B0% B0% sank T

[@] LiAIH, (1.5 oquiv) 7) TBAF  [b] 1) CuCl; {5 moi%). PRC™=Cha (15 mol%), RMgX {2 equiv); 2) TBAF
fel uje™ & too smaidl b be detarmined

Xu, S.; Oda, A, Kamada, H., Negishi, E., submitted, &

Synthesis of Feebly Chiral 4-Alkyl-1-alkanols

(1) TRSCI, imidazole
(201) 1% (o NN} 2l
"Pryfl, IBAD

mM il Oy >

B6% ower 2 sleps

(1) KOH
i?ll:l:l Py {1) Cu-cat, cross-coupling
{2) TRAF
skt '—-' mm\Mr" —_— HOL
=99% o0 i
(528, = 0% 0w 2023, 290% 00 )|
X=0Ts,or | - =

{a) 1) CuCly (5 mai), PHC=CMe (15 molte). RMgX (2 equiv); 2) TRAF
1] k™ in 100 sl to be

Xu, S.; Oda, A, Kamada, H.; Negishi, E., submitted, 0l

Synthesis of Feebly Chiral 5-Alkyl-1-alkanols

(1) TBSC!, wratazol
(211) "PeoAL IBAD, T |- HNMIL2ACL ey Amano PS

ii) Oy Tparsa-cat, acetylation
HO ey ———————————— m/\/\)\/’" —_—
B% recavery
B6% over 2 staps. ot
< "B (1) Cu-cat. cross-couping
so oA g o A @R
—
(R)-34, = 00% vo (F1-38, 2 9% o0
X=0Ts ol
[F1-36, = 9% o, TE% nura-monms" :m.:m-o,wl ‘M = 95% oo, TINM
fok®? = - 0.68° Juj™ = + 04T kPN ek DM

(14D, = Berie o, BE (R141, = 99% we, BEY
P =+12* fulg™ = + 0.57° Jujg™ = * 0.65°

[a] 1) CuCly (5 malts), PhOSCMe (15 mol'), RMgX (2 equiv); 2) TBAF
] frelp™ s b smiall b e chatermired

Xu, S.; Oda, A, Kamada, H., Negishi, E., submitted, n

et ]

Determination of ee by z-rmtimx\uz-.(i-qu.-nlut'lqr I)pmpiumc acld ester

J\ UM il

-)A.mu. Oc&nmy 1999, 11.70=-T4;b) N. Hundl.eﬂ. medum 2000, 11, 1249-1253.
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9. CHINESE ACAD SCI(sh B2 kz)
33. UNIV TOKYO(BE IR K%E)
58. KYOTO UNIV(FR#BK)
75. JST(RI 2 H i xR 4E)
83. OSAKA UNIV(KBRKZE)
120. SEOUL NATL UNIV(Yr7JLKZ)
127. TOHOKU UNIV(EILK%)
167. RIKEN(EHF)
176. PEKING UNIV(EERK%?)
179. NATLTAIWAN UNIV(E L & ZEKE)
188. NAGOYA UNIV(& T EXE)

205. AIST(EEX#EHEA)

210. UNIV HONGKONG(ZE # K 2F)

212. KYUSHU UNIV(RLIHKZ)

213. ZHEJIANG UNIV(#TiIKZ)

214. TSINGHUA UNIV(;EEX)

227. HOKKAIDO UNIV(JLiEEK%)

249. TKYO INST UNIV(R R T K%)

275. FUDAN UNIV({E B X%)

280. YONSEI UNIV(IEtH X %)

292. CHINESE UNIV HONGKONG(&F# 3L K%)
298. UNIV SCI&TECHNOL CHINA(h B} 2 il KEF)

General 2012
Rank University No.of papers Mo, of Citations  No.of Ctations pera paper
1 HARVARD UNIY 113,116 3,316,839 2932
7 MAX PLANCK SOCIETY 82,311 1,777,089 2159
3 PEINS LINE 64,108 1,586,905 2475
4 UNIV WASHINGTON 62,045 1,448,263 2334
5 STANFORD UNIV 56,612 1423721 2515
6 UNIV CALIF LOS ANGELES 64,295 1,420,114 22.09
— CHINESE ACAD SCI 165,613 1,377,329 832
B UNIV MICHIGAN 65,808 1,306,762 19.86
9 UNIV CALIF BERKELEY 54,869 1,248,825 276
10 UNIV PENN 53,852 1,225,216 275
1 UNIV QRFORD 57,159 1,208,524 2114
12 UUNIY CALIF SAN FRANCISCO 42,549 1,169,965 s
13 COLUMBIA UNIY 51,887 1,162,987 22.41
14 UNIV TORONTO 66,743 1,162,245 17.41
15 IV CALL I 48,476 1,137,849 23.47
—p A0 UNIV TORYD 71,157 1,136,238 14.73
17 ucL 54,319 1,108,130 204
18 i 41,615 1,105,345 2656
19 UNIY CAMBRIDGE 50,351 1,061,074 2107
20 YALE UNIV 42,999 1,044,817 243
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Physics 2012
Rank Uriversity No.ofpapers  No, of Gitations 42/ Ctaesperapaper PhySICS 2012
1 MAK PLANCK SOCIETY 18,960 301,710 1591
2 CHINESE ACAD SCI 34,954 260,484 7.45
3 LUNIV TOKYO 16,656 211,900 12.72
a MIT 9,059 189,493 20.92 i
T — = ez 34 Tokyo Institute of Technology
[ I1ST NAZL FIS NUCL 14,506 180,605 12.45 " . .
? UNIY CALIF BERKELEY 8,533 173,507 20.33 53 Institute of thsn:al and Chemical Research RIKEN
8 CEA 10,818 152,932 1414
9 STANFORD LINIV 5,662 135,244 24.06 * =
0 s S S 60 Univ. SCI & Technology, China
1 NIV CAMBRIDGE 7,617 134,323 17.63
12 TOHOKU UNIY 11,688 133,004 11.38 H
13 PRINCETON UNIV 5,950 132,137 2221 65 NaSOYa Univ.
14 LOS ALAMOS NATL LAB 7,601 130,360 17.15 -
15 5,248 124,787 1378 78 Univ. Luno
16 4,984 124,201 2512
17 UNIV CALIF SANTA BARBARA 5,364 122,164 nmn . .
o 86 Peking Univ.
18 ARGONNE NATL LAR 6,173 110,948 17.97 g
19 UNIV ILLINGIS 6,346 109,211 17.21
20 UNIV MARYLAND 6,439 109,086 16.94
21 CERN 5,975 109,029 1825
2 BRODKHAVEN NATLLAB 4,946 107,321 n7
23 PARIS SUD 11 8210 107,135 13,05
24 10,112 103,307 10.22
25 EYOTOLINIY 9,431 102,773 10.9

Chemistry 2014 i
46. TOKYO INST TECHNOL(B I T ¥ KX%7)
1. CHINESE ACAD SCI(H E f} ZBw) 48. TOHOKU UNIV(EILK%)

8. KYOTO UNIV(RERK) 50. FUDAN UNIV({EB X%)

11, JST(RHPRINT IR R ) 52. UNIV SCIZTECHNOL CHINA( E Rl S 5 fif K22
12. UNIVTOKYO(SRIRK=) 57. NANKAI UNIV(RIRIA2)

22. OSAKA UNIV(KBRK) 62. SEOUL UNIV(V™ LK)

25, AIST{E%%%H%FE) 67. JILIN UNIV(EFKZ)

30. ZHEJIANG UNIV(HITAF) 71. KYUSHU UNIV(FLIN K25)

32. NANJING UNIV(RIFRR) 87. NAGOYA UNIV(&H B KE)

e
2: :gmgiszﬁﬁ\t’;@?ﬁ 89. NATL TAIWAN UNIV(E L BB KE)
' RIS 94. HOKKAIDO UNIV(ILi8iE K=

Material Science 2012 Material Science 2012
. Mo of Gaarons e &
Rank Unhversity Mo of Papers Mo, ol citaticns. 142, of citations pera papor Rank University Wo.of Papers  No.of citations  paemr
1 HINE ADSCI 16,731 138,625 B29
2 MAX PLAREK SOCIETY 3 70911 1879 26 UNIVLONDON IMPERIAL COLL SCI TECHNDL & MED 1,852 25,137 1357
3 TOHOKL LRIV 6,201 48,269 r.78 27 RUSSIANACADSCI 7435 24,883 335
4 HNIMS 4,472 45,697 10.22 28  TOKYD INSTTECHNOL 2,800 24478 a7s
5 M 1,960 44,887 228
29 UNIVILLNOIS 1,717 23,12 13.81
Sodopne e sapes i 30 UNIVMANCHESTER 1,602 22,740 14.19
f e h 31  DAKRIDGE NATLLAB 1,894 22,661 1196
8 NATLUNIY SINGAPORE 2,755 41,079 1491 - e
o TSINGHUAUNIV 5,769 an,332 5.99 31 SHANGHAI IIAD [CING UNIY 3913 21,911 5.6
10 GELORG TECHNOL 1,928 35,225 18.27 33 ECOLE POWYTECH FED LAUSANNE 1,551 21,800 14,06
11 UNIVCAMBRIDGE 2,258 14972 15.49 34 THEIANG UNIV 3,263 21,666 6.64
12 GIC 3,599 33,773 938 35 KOREAADV INSTSCI & TECHNOL 2,402 21,607 ]
13 SEOULNATLUNIY 3,007 32,364 10.77 36 HARVARD UNIV 851 21,499 25.26
14 CNRS 3,417 31,471 a1 37 1,369 20,357 14.87
15 OSAKA UNIV 3,998 31,420 7.86 38 1"‘2 19,785 l].?l
16 UNIV CALIF SANTA BARBARA 1,050 31,054 2958 d 4 5
17 UNIV WASHINGTON 929 29,835 32.12 39 UNIY & MAR 1230 19,514 1587
18 PENN STATEUNIV 2,004 29,805 1423 40 UNIVSCIE TECHNOL 1,900 19,363 10,19
19 UNI 3319 29,775 897 4] JILINUNIV 2,354 19,050 809
20 INCHAN INSTTECHROL 5382 29492 548 42 UNIVCALIFLOS ANGELES 904 18,917 20,93
21 NORTHWESTERN UNIV 1,583 28,678 1824
2 ANG TECHNOL UNIV 2028 26,276 896 43 NATL TSING HUA UNIV 1,89 18,655 9.84
23 Ih]l[lllux 2,881 25,741 B93
24 51 1,723 25,592 1485
25 UNIVMICHIGAN 1,529 25,525 1669
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Engineering 2012 Engineering 2012 E\
Rk Mo, of o citati Ty s Rank University Mo of Papers Mo of citations Me. of citations per a peper *g
722 26,287 557
_ 1 chmesacapsa _ sm 21 UOMGROWGPONMECHUNY 4,
S Aot o a 22 URIVCALIESANDIEGO 3,021 26,006 561
3 oM 5,064 50532 998 23 HATLCHENG KUING UNIY 5,084 5,244 4.97
A 4850 25,254 £ 24 ETH ZURICH 3,234 25,065 7.5
\RUICALI BERKELEY , ECOLE POLYTECH FED LAUSANNE .
5 STANFORDUNIV 3761 AL667 b 2 NIV CAMBRIDGE ::: ::g *a2
NANYANG TECHNOL UNIV ; i
8 i1 floae Lk 27 UNIVWISCONSIN 3,477 28717 711
28 UNIVIEXASAUSTIN 3,509 24,643 7.02
—W—: gg A1,144 —;;; 29 NATLTAIWANUNIV 4517 24,412 54
. mmmm bR e sl = R DR Gy 4026 s o 3k
NIV MINNESOTA 2872 =
10 UNIVMICHIGAN 5052 38,175 756 32 UNVMARYAND T35 3338 aEs =
11 UNIVIONDON IMPERIAL COLL SC1 TECHNOL & MED 4175 32233 772 33 SHANGHALIIAD TONG UNIV 5,890 23,136 303 }%
34 A 3,452 22,953 %
e - 35 UNIVIDRONTO 3,286 22,790 694 ¥
S L e e 4% 36 SEQULNATLUNIY 4,507 22,512 499
31077 " 37 MAX PLANCK SOCIETY 2,579 22,406 869
14 PENN STATE UNIV 3,987 29,900 75 38 CALTECH 1,826 22,393 12.26
15 UNIVCALIFLOS ANGELES 2,821 29,009 1026 39 KOREAADV INSTSCI& TECHNOL 4,720 22,226 an
et . 40 UNIVELORIDA 307 22,078 719
—16 CIVUNIVHONGKDNG 4,034 R
17 PURDUE UNIY 4,389 28,572 651
18 NAsA 3,935 28,069 713
19 TEXASARM UNIY 4,888 27,061 5.54
20 UNIVIOKD 5,143 26,363 513
Biology and Biochemistry 2012 Biology and Biochemistry 2012
Rank Institution Papers  Citations. Citations Per Paper Rank Institution Papers Citations Citations Fer Paper
1 HARVARDUNIY 8,866 326053 36.78
20 DUKEUNIV 3,089 93,317 3021
2 MAXPLANCKSOCIETY 6032 156013 25.86 i
3 UNIVTOKYO 6718 134214 1598
4 UNIVCAUFSANDIEGD 4274 122438 B 21 WASHINGTON UNIV 3,181 92,095 2895
5 UNIVCALIF SAN FRANCISCO 3675 120846 3288
6 JOHNS HOPKINSUNIY 4,013 120057 25.92 22 UNIVWISCONSIN 3,806 90,573 23.80
T UNIVCALIFLOS ANGELES 4013 114,465 53
8 UNIVPENN 3,796 113,728 29.96 23 SORIPPSRES INST 2,375 B9,114 3752
9 STANFORDUNIV 3339 111,203 3330
10 UNIVWASHINGTON 3,733 107,108 28,69 24_KvaTOUNIY 4837 £9,007 18.40
11 UNIVCAMBRIDGE 3,862 104,806 714
12 UNIVOXFORD 4361 100,698 2420
D 5 Mo 3,085 88,563 2928

ARAY
S 2
X b
B
R
Biology and Biochemistry 2012 3
Immunology 1/
Rank  Insttution Papers Citations Ciations Per Paper Rank
35 UNIVMARYLAND 2,838 66,235 233 4 Osaka Univ. PSRA)
36 UNIVCALIF DAVIS 3,006 65,813 2189 . 1 3
= e e i 15 Japan Science Tech Agency %)l,
* | BLUROUMRNIUSTINN 28 645™4 I 21  Univ. of Tokyo Y
39 UNIVCOPENHAGEN 3m 63732 2049 257 Chinese ACAD SCI é
40 CHINESE ACADSCI 7257 63,300 872 >
2
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3 My experience of cooperation with

Chinese nuclear physicists 1982~1990 | gave many talks in many workshops

Ee— and conferences of nuclear physics in China.
1981 Jan My first visit Beijing

| gave an invited talk in winter workshop of nuclear physics.
March and April 1987~1989 Cooperation with Beijing University
| was invited by the Chinese Academy of Sciences.

| gave series of lectures in China Institute of Atomic Energy
(which those days belonged to Chinese Academy of Science) and
visited Institute of Modern Physics in Lanzhou.

| gave lectures in workshop of young nuclear physicists from

many parts of China organized by Suzhou University and visited
the Institute of nuclear physics in Shanghai.

1987 | attended the inauguration of new tandem
accelerator in CIAE and gave an invited talk on the
frontier of nuclear physics.

1987-1989
Research Collaboration between the department
of Physics of Peking University and that of the 1990~1998 | was a chairman of C12 of IUPAP
University of Tokyo and decided to bring the 19" International
Peking side Nuclear Physics Conference in Beijing.
Yang Li-Ming #5384
YangZe-Sen 1BiE# 1995 The 19* International Nuclear Physics
Tokyo side Conference was held in Beijing. The chairman of
Arima Akito HEBAA the organizing committees was Dr. Sun Zuxun.
Otsuka Takaharu KiF234 | gave a summary talk in this conference.
)

Isovector magnetic moments in relativistic However, it was discovered that
5 e gz collaboration spin-zero ground state dominance
theories (jtﬁ‘l 7(—7—) with Y.M. Zhao can be obtained with random

3 interactions [a big surprise]. We
(EB3mRE) worked very hard on the origin of

Recent calculations: this puzzle during 2000-2004.

(1) 1. Li, J.M. Yao, J. Meng, A. Arima: MU
One-pion exchange current corrections for nuclear e
magnetic moments in relativistic mean field theory,

Prog. Theor. Phys. 125 (2011) 1185; @ @ @ @

(2) J. Li, J. Meng, P. Ring, .M. Yao, A. Arima: @
Relativistic description of second-oder correction to @ @ @
nuclear magnetic moments with point-coupling 3

residual interaction ipﬂ:‘ -zaro mu:'.: state for
Science in China G54 (2011) 204.

PHYSICS REFORTS
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Let us strengthen
Friendship and Collaboration
Between China and Japan

Thank you very much
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University’s Role in Accelerating
Nation’s Innovation Development
in China

Chen Dongmin ([ 5 & )
Peking University
dongminchen@pku.edu.cn
3/19/ 2014

Copyright — Dongmin Chen

3+ /\KH MR B in

China’s Ambition set by the 18" Communist Party Congress

Fl2020%, B EREM SEME L BRAY
Y A tb20105 8] — 2.

By 2020 China’s GDP and Per Capita Income shall
double from 2010.

Cogympght — Dongmin Chen

2010 Top10 GDP World Wide

20105 £EGOPHI0TER
ERvieE 2010 (W7 =ft) USD
14,582 400,000,000 (14 587512 %
1 mmUs i Sl
7 a5 Gop,
- T Erge‘ in
5,878,629,246,677 (5.8875{Z0TT) 029
2 @ China 1?%%
-“JO.G:.QUSD
3 B% Japan @ 5467812568,086 (5.5075 (L MF)
4 [E Gemany 3300668874172 (3NGZRET) .
5 i&ME French 2 560,002,000,000 (25675 LMT) '
6 [ British = 2,246,079,006,740 (2. 24 5 {L3RTT)
7 B Brazil | 2,087,889553,822 (20875 Z87T) 7—8% Annual
8  WKF ltaly | 2,051412,153,370 (20555 {Z %) GDP Growth in
9 EE India 1,729,010,242,154 (1.73FZ85) 7 years

10 fogkCanada 1,574,052.204,913 (1575 (L B7)

Cogynght — Dongmin Chen

The Grand Challenge for China’s next Big
Milestone?

Achieve 7-8% GDP growth
AND
* Fix the Environmental Problems;
* Clean up the air pollution;
* Address the food safety issue;
* Improve the health care for 1.3b citizens;
* Reduce the disparity between urban & rural ;

Copynght — Dongmin Chen

The Challenge for China’s economic growth?

Increasing labor cost;
Tougher environmental policy;
Aging society from single child policy;

Copynght ~ Dongmin Chen

ERBROFRE
China National Sci. Tech Innovation Conference
Beijing, July 6-7, 2012

A national Strategy: Innovation Drives Growth

AR, F2020%F, EAWAEHEE Y

FHEFES. FAHESRORNPERER ﬁ
CISTER, FMAFRE T IRE, S/, =
MR AR D KRS, X R .

1B, QIFATE
& HEEma

By 2020, China shall become one of the leading nations in innovation.
20204, thE$FiH A ROIH R EROHF
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The Global Innovation Index 2013
The Local Dynamics of nnovation

2013 fit = TOP 10
1. (1-2012 g
2. Sweden (2)

3. United Kingdom (5)

4. Netherlands (6)

5. United States of America (10)
6. Finland (4)

7. Hong Kong (China) (8) |

8. Singapore (3) ]
9. Denmark (7}

10.ireland (9)

22. Japan g;l:la 200 '
35, China (34)

Copyright — Dorgmin Chen

Economic Scale of Medicine & Health Care

2011Health Care Related GDP

#E (usa) 14.1%

A (switzerland ) 10.8%

2 (Germany) 10.7%
n4E K (Canada) 9.7%
= (France) 9.3%

1 H(China)

Copyright — Dorgmin Chen

University’s Role in Nation’s Innovation

RFEERQFAIE

As the #1 Public University, PKU has the
obligation to lead the effort of building
Nation’s Innovation Infrastructure.

This is a Public Mandate
And
An Unique Opportunity

Copyright — Doegmin Chen

China Projected Annual R&D Expenditure by 2020
2020th EFERRD S Al

How to get there? Substantial increase in R&D funding

Nati I R&D

Global T China China Thina
TCurrent Cument Current 018 020
13,006 155 4001 LSS 150bUSS 2506bUSS
1% Growth Buying power 2.5% National
oqual to US GO
2012 reached 2%GDP >300b USD/year

30% from Federal Government;
T70% from Corporations;

In next 7 years, China will invest > 1Trillion
US$ into its innovation system!
FETEA, PERDEBANAZET

itk = Bl %7 £ 52 (who leads the Innovation) ?

£ Focus mainly on
Gowv. Labs Mational Strategic
—
/, , N\ Interest

Focus on Regicnal
human \ F \ Ecanamy
capital dev. | Market Centric.
Few spin— v Land, Tax, &
offs = Grant
incantive

Lack of advanced
RED Talents and
infrastructure

mEIRIH, ERAERE:

collaborative model

X REREREE™E
Revenue from PKU, Tsinghua and other Universities SPIN-OFFs

IR L20084F-201 26 (U4 T
Statistics on Revenue from Busi d by Domestic Uni i
iR Unit ¥100 mil

Rl FEEE bk o 5 LA e R

Year Migher Education PHL Hational % Cingrua National %

008 113337 466,64 EI8 L oy 0N

00 1412209 530,95 e o6 noas

o0 167183 6265 37.9!‘ 350,33 210%

i 1,28k 00 &m0 18.4% 17200 1

2 1.B06.00 0. b 437000 2a.%

Total revenue from Chinese University spin-offs is < 2% GDP;
PKU ~ 37%, Qinhua ~ 22%’
But major income is NOT technology related!

Copyright — Doegmin Chen
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PKU Enterprise —

HIERE

FOUNDER

« Based on the technology of digital
type-setting for Asia font invented by
a PKU professor,;

+ Grow into a 5 major business units -
IT, health, real estate, financial

1 19

32.48

)LD

e =

University Spin-offin China

PERFRRAEEARR

University’s Role in Nation’s Innovation

RFHEERGHFHAIE S

Past 30 Years #1304

HiZ T/ I  University Spin-off

HBiIRSAE

Cogyripht — Dongmin Chen

services, commodity trade; SA0K (1980 — 2000) .
+ 324 billion asset after 26 years; .8
+ 40,000 employees; S

Professor Spin-off ?

PKU Innovation Platform

Research & Education

Industrial-University
Open Innovation

- e
5 - : .0 . =
£ N =) nnovation parks
[ 2 [ 7=d \Engines L (s
I\?E) iz \al’) e rgﬁ e - fomrd S E Incubators ..
= £ 2l 35
E5
I gl | IP Licensing
g o hnology Transfer Impactiul
| o —————————————————— Technology

f
BRI TESS 2 —RBEAN AT, JUERANIEIL
Copyiprt - DGR i T ERHE B B R TS (T EEE. ERHEFR)

136

. Top 30 PCT application: Universities
Sci. & Tech Development at PKU
2 = e regz
R [ B ) ER —
= R appcrnons
= Annual patent = Annual Spin-off: = 5 Mk Appleesty Neme trige ———————————————  Cspempen
application: ~500 COMpanies B il bl il mam
= Annual patent ssuance; _—m!ﬂ}%ﬁ!'....__. i 7] T 1 B
e ,— S
* Annual IP licensing: ~ e mnm-a ; |
30, 1rmb/patent .., ] m“‘}?;&_hm o "':-
4 . il o [:
A vt = e
[ Y | 1 — L — m&-am
| ] - 1555 RROUTION LMTED
| \\‘F// | - _'!I?}M;ﬂ'! ’
\ i I —
\ Industeial 1, pators / fr—
\ Sponsored R&D Ctrs / e o et
\ Research " / : -—”'!m-"“—,“‘"“’:—;—-- -
» Annual contracts: G00; = Operate 7 incubators WA Y £ WORTH A — — i
e e =
. R ST CF P - -
RS ESliy S o = i
» Grow at 25% international partners. e
Cogyripht — Dongmin Chen Copyripht — Dongmin Ghen
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University-Government Partnership

Regional
IPcapture and Government
Protection Funded
Incubators &
R&D Centers

"
Commarcialization

%

Copyright — Dongmin Chen

ERKRBRBRESIEMHE

PKU off campus Innovation parks

* Partner with Gov.
seed funding;

* MNeed to become self-
sustainable in 3-5
year;

28 5 (Medical
health — Park)

“mr~ Shengzhen Incubator

Dongguan Photonic
Copynpne — Liongmn Lnen Ctr.

PKU Entrepreneurship Education

Introduction to Entrepreneurship

§ * Elective courses
* Open to BS, MS, PhD

| Hands on Entrepreneurship

* Open to students’ startup project teams
* Presented to Venture Capitals

Community Entrepreneurship

* Open to off campus entrepreneurs
* Partner with alumni business executive club

Government—University Partnership

$Research Commaercialization

R

Gowermment
Grant

BRI AR |

PEU
Globalized |
Technology
Transfer
Centers
Beijing/Suzho
u

PKU Alumni [P &
International

PKU Incubator
Guangdong

PKU
International

PKU Incubator
Qinhuangdao

Global Technology
Sourcing
Cogyright — Dongmin Chen

Global Distribution to
PKU incubators

PKU Globalized Technology Transfer Ctr.

Partners
» BERTEEASOTL
» R OEETALHPL
» REFHSEEALOFPO M eTPL
» FEREHKAETTC NOITAR
- EEET ASEEREAHPRO NANYANG
+ S0 Astar FRETPL %I‘-ﬁi:’-‘ﬂéﬁ’{r
« DREBTHE~ER
UFPPSALA
« $FI0igAstar - IPI UNIVERSITET
» EXRESRPEEERD — T
- BOBREHAR : F
- EBEIKE - AL
* BATERE : % Ll JJ
« R R N
« IWBRLKE o
» EKE

il i We need Partners from Japan Here!
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Role of PKU Incubators

Much more than plug-in & Play
* Seed Funding;
* |P Protection;

* Finding reliable Industrial/business partners
and strategic investors;

* Startup mentors/advisors

* University research collaborations;

* Competing local and federal R&D grand;
* Sourcing critical talents

Copyright — Dorgmin Chen

Thank you for your
attention!

Dongmin Chen
School of Innovation and Entrepreneurship
Peking University
dongminchen@pku.edu.cn

Copyripht — Dongmin Chen
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Kyoto University As of May 1, 2013

Founded in 1897 Yoshida-(Main | Eimpus
Faculties: 10 Graduate Schools: 18 i

Research Institutes: 14
Research and Education Centers; 27

Undergraduate: 13,421

Students  Graduate: 9,256
(24,000) International: 1,733
Academic: 3,406

Faculty Administrative: 2 655
International Academic: 24(

Relationship of industry and university in research and development

Innovation T et
R&D - _ -industry=—

~Univ.

dity, S
o 1000

A huge quantity and time are necessity for innovation.

BIATBOEARI P RIREE PERGIRROR > 5 —UST-CRCC) 139
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Ranking of Revenue from License on Patent Right
in Japan

200958 201058 AU 00258

[w o (w] T am |[R] o | M [[R] . | 8E |
& * | om je|** | pm ||| ** | pm e| ** | g

1| | 240 |

2000+a/year Collaboration researches with Industry

Three Strengths

1. Human Resources: Diverse and Creative

Chimistry

Physics
Infomancs Matremance
Agncuttural Science

Biciegy

Linguistics
Madicing

Pramacy

d ¥ of i
# Specilic technology i a target of tschnology tranuler, To realize 8
¥ innovation, R is a key mvus 10 combine the wpecific tec malogy
with other . o o iy

kialachrolony | system

nardware software

G612, 2013 Kyoto Unie, SACL Prof b Kolera

material

Collaboration between industry network
and university network to realize a DREAM.

I-U=U-| International Collaboration * Knowledge &Technology Transfer

Iapan Governmantal |
(ol \l
[l 1
Offiee
Collabomtion

WHULIBADD

I Collstorstion
i

Chamber of " Chamb
Local Government (apan) Lo
Commerce % ok Commerce

11

D e D)
g :
§.
—

SACI, Kyoto Univ Jan11,

Collaboration Research Facility

Uji Innovation

e p—

Medical Devices Innovation Center

m IATBOEARIPIRITREE RERERR > 5 — (UST-CRCC)
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International Innovation Center
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RS —: hEM @ % 4 A LTI D F - RADEH | |

hER&D;EEIBAE(2000), 3 5T R&D £ 4 8% 37 (2005)
e CECNCON @ WSS
- FSub 74— L(PEIFIE/DC, SFIL, BIEHE)
- Ua—La(hER A% ER)
O #He2(UI50H
- hEERESEH, RT—FTUE, BR#EKE
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HEXHESRERE: Green ICT Lab.

DB 2 TOMAA AR VMR

AL B E - RS R, AT T REOEEER

WEX-ASREBE (2001-)

2 B e e e
HRERBRO-EL T RIER

B4 WFIER 88 (HVIPSER)

A U TED bARE NUER GNEO NRDN VRSA R
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Case study in the mutual collaboratlon ‘ .
between \
both Faculty of Sci. and Technols. in
Xian Jiaotong University and Keio
= during these 30 years -

T. Makabe
Vice—president
Keio University

Historical development of mutual interactions b/
Xian Jiaotong Univ, and Keio Univ, during 30 years

Mutual Human Interaction

Prof. Kunimatsu,
Prof. Nakanishi
rof. Tomita

Prof. Honda

+ Many Chinesa students in graduate school

Under the case study of our experience

during 25 ye
@ Mutual Interaction of rch staff®was performed
mainly in the campus of Xian Jiaotong Univ.
@®Dominant study-campus was in Keio Uniw.

-ch” was continued

peration will be
ganization,

m IATBOEARIPIRITREE RERERR > 5 — (UST-CRCC)

[ |
General drift of Research & Education in
Japanese Research Univ, in +h__i_s _deca_c{e

®First decade in 215! century
of an innovative higher éc
collabor
of the essential sc
in each of Aca

pport of MEXT
2 for 21%- & 7 fo program, a number of
Int. research collaboratio re ca out in/outside Japan.

Graduate S

ety unde pport of ME*T

Bilateral Workshop
b/n Keio and Xian Jiaotong University
in the field of EE&I

e & Info. Communication Techno
11.6
: Informati
2008.3.13~14

shop on Vision, Communications and Circuits
ptong Univ. 2008.11. I"‘-\

otong Unwerm 3
’tuu u 17 w mfyﬂ s

® 15t Intemnational Sym

| Keio)

Direction

. Based on platforms established between Universities,
we will be in the 3™ stage. It means our collaboration
& cooperation, in fields of,

® applied & not—yet—applied research and

® game-changing research,
will be vital for the sustainability of our activity in the
space—ship Earth.

. Higher Education system, Leading Graduate School
program, has been organized in universities, in order
to ngthen the
It will be a specific subject in collaboration with.

or super—mature society.

We expect that R arch Universities 11 in Japan will
support similar directions.
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Triangle of Olin College of
Engineering

SUPERB ENGINEERING
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