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Figure 1 The early developed metal-catalyzed homogeneous asymmetric reactions
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Figure 2 Catalytic asymmetric hydrogenations and their applications
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X FR A AL AR R AR BRpl i T 1 25 9 L-DOPA
B Tl AR 7=, DO B TR X FRAE AR s R Tk g
(4T, 1980 4F, NoyorilfiiZl PR E 7 HABEZE
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T BINAPPEC AR B 7 fE AL, 5 5y 52 BT a7 5 e 00 7l
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PR, SREE BB TR i T BICPAE T 1 Uik
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XoF IR B AN X kA AL Ak BT A AR S e R
PSR T ) R B R R B T I — R
SiocPhos 55 75 42 i Ak I P9 FE BUA 85 A8 5 7k s iy
RO AL F5 e HE k.

0 8 T A B A AR R0 )t Bk — 2 AR i T
AXFFRAEA S N R R, BB FF 2 2 m
B R RRE R BRAE AL AT RO 12 RN E
ZAETFYELGY) AR AR S IR AE ol 2 7 15 )
TR, H v e R 5] 7 S 3 B (Novartis) 23 7] 21
T % 0 TF- 18 SR e A4 Xy 1Phos 1Y 4K 25 & W) Ak 10 STV i
ANKEFR E AL A BT P B R 4 3R OFF S 9
Metolachlor) )& W T2 (Fl4). 761z A X B fb S 4k
BT, AR 5 AR 3R 20007, A A 3
(R B ) AR A 35 AR B0 AR 18005 h™'e 19964F1%
BT AR ™G, BAEA LI 48R, (HF 52
K2, &R LITHBEMR M LIk, BAELI2TT 20

@—K/> Ph

N X
MeO PAr, e HO
MeO PAr, —=Q O
Et2N O O

P-Phos SiocPhos

(Dai and Hou, 2001)

Figure 3 Representative chiral ligands developed by Chinese chemists before 2001
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Figure 4 Catalytic asymmetric hydrogenation synthesis of Metolachlor
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TETF YRR IR = YA X FR G B h 38 7T
L H.
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Figure S Sharpless asymmetric epoxidation and their applications
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A N oy B R T R 3R S B T 4 T ) A AN X A
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Wiechert (1971) and Hajos (1974)

0o o gt o
% 3~47 mol% H COH J/ijé
o MeCN or DMF o
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BzHN O
List (2000) Ph : o
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CO,H
(0] (0] 30 mol% N 2 O OH
)J\ + H
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Q Me
MacMillan (2000 N
acMillan ( ) );Me
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phH Me
K::7 + 07 >F"Ph A Lpn + A LcHo
MeOH/H,O CHO Ph
endo exo 93% ee
1:1.3
B 6 AHHUNFFHALKIAXTFR Aldol W Fl Diels-Alder i
Figure 6 Organocatalytic asymmetric Aldol reaction and Diels-Alder reaction
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R R 05 o) R4
7< R1 Z R2
Chiral ketones: R3
X Oxone
e s i
(@] (0] 6] R1
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(0] O\‘ 3 (] (@) o) R
0 ;&o
X 0 (:) o
Yang (1996) Shi (1996) 7<
up to 95% ee up to 95% ee
Shi asymmetric epoxidation

B 7 AN TR R PRI AR

Figure 7 Organocatalytic asymmetric epoxidations

4, Evans¥ A2 GUREBEATT Az A W e ok I 1
FESLBLT ANREARERREAR G SF ROV R R T T
LY T7 125 R R AR TR IR B9 07 VR 5 T T e
Aty T 2 B i TR, EAEVF 2 s DA AT
PEAEAL R B AR, AT 32 0, 455
SETETHER IR W) A P Y T .

B2, A AR R IR XS FR A AL S Bl i TPk

2684

YiBiRIRl e 2 11)E, XD T2 30 4RRYmEE], 47
FRE) T R B AR TR R X — 3T T PR Rl
R Z TR PR, NZEXT PR B R 2 T
BRAY, T 98 REAE $ 20 FRATT 0 T4 i P 22 A
WATIRAY. FAT AT AW & R Ak, =R T
PERCUR S AR, A e B 3 T W) J5T (958 52 N2 M
JIEA e R N 20 FAE D) B B K B oK.



iE R

3 akEk{n.
4

A 21 Ok, AZSArmim R . AR,
PRBE | B IR AT ) A Pk ROk MR, bR AR A
i b 2 T R i e X B ), O N 2R R R S
WIREAE SO BT ok, &0 T 140 ZAEM LR, BARE
T E fil 38 i A X FR A AL 5 vk B3 T o, (H )2
X 865 vk HOOE A 2 S B A e e i R AR R A R Y.
WIE R, H iV 2 F Y s 2 R A G075
()5 15 B DN R SR G TR AL A 3. O H M DA
R X TFEY BT H 25 K 0wk, s R s
VoYL R DR, 21 T2 B T B 3 BT R A
THRREEE . mR. ATRRSE R SRR BB B, 21 2L
e, I ERLEF T Y A0 AT P d i T
A NHE B B 5Tk,

SRR R A5 TR eV B T 4 R AL AR SR
S TR TN 0 5 A A AT R TR, 7R T
XU e A 2 21 56 1 9 TR IE, T 2 Ok il G A 1 7
2000 4EJ515 54 24, AkPflatzif B2 % JR T R -
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XF FR A 2% -Micheal /il B B I D K 42 % 6 W) 4 Ak 1 s
Wie X AN 10 i1 o- T R 16 11%) AS X FR Friedel-Crafts 2 v 13
BT 10000 19 G AREL. SXAEAS KRR AR - 2% IR
DL K R -t S 18 I A = A R LAY . e Ak, T2
U4 TR 2] 354 %z Ji (1) - B8 i /& DpenPhos LA K F-
P A J - T Ak AR 4K SpinPHOX ;b ] i 24 A3 2 1)
K T U e A B A A O 1 i R O g
R R ) = 1A WA AR T AR (1] 8) S TE 1 2 AN X R4k

SDP SIPHOX
(Zhou, 2003)

\\"\ Oj
E'/,, \N R

(Zhou, 2006)

o
R
PAr, ArpP
DpenPhos SpinPHOX SKP
(Ding, 2005) (Ding, 2009) (Ding, 2012)
O
Ar
b I
2 N’;\/\/IN ): P N™"ip,
o= o0 0 o : ipr” N /\)O
N~ h-N A N
/ \ A
R R ' 2
N.N-Bioxides (Lin and Xu, 2007) 'Pr

(Feng, 2005)

B8 EMEHKIE 2001 4 /5 &R A AR T HERL i

TOX
(Tang, 2002)

Figure 8 Representative chiral ligands developed by Chinese chemists since 2001
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Zhou (2011)

Ir-(R)-SpiroPAP

H
2 KO'Bu, EtOH, rt

a .02~0. mol%
(10-100 atm)  (9,02~0.00002 mol%

(R = Me, Et, "Bu) TON up to 4550000

Feng (2010) Sm(OTh
m 3

X N,N-Bioxide (R = 'Pr)

0
A\
\ + R/\ACOZMe

H R = aryl

|
s
= CH,Cl,, —20°C
(0.5~0.01 mol%)

TON up to 10000

Feng (2010)

0 La(OTf)3
N,N-Bioxide (R = Me)
RlMRZ + HS” >Co,Me o
CICH,CH,CI, 0°C
(0.5~0.01 mol%)
TON up to 10000

R! = Me, aryl
R? = Me, 'Bu, aryl

B9 ARRER S AEOAR X FRfR AL S R

7N R
XT/

95%~99% yield
96%~99.9% ee

Ir-(R)-SpiroPAP

R

*
CO,Me
A
yaik \y O
Z N

" &
5 JrN.\/\/lNJr
72%~98% ee o= 0 -0 o}

85%6~99% yield :
X N—H H-N O X

H
O -

N,N-Bioxides (R = Me, 'Pr)

0 s co,Me

85%-~99% yield
72%-98% ee

Figure 9 Representative examples of asymmetric catalytic reactions with high turnover numbers
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8 FAE TR 0 A T R A R KRR A AR I
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(& 12). 2010 4F, JE H AL O T 2 A XU
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Ding (2004)

(0] 40 atm H, (0]

Self-support catalysts
R EE . R/\.)j\owle
Toluene, rt N HA
NHAC (SIC = 100) C
R =H, Me, Ph Recycled 7 times 94%-~98% ee
Fan (2007)
RL N 45 atm H, RY
m Ir-(S)-GnDenBINAP m
N" R 2mol% I, THF, it N"R

R = alkyl (S/C = 100)

Rl =H, Me, F, etc. Recycled 6 times

Q

(o]
Q (o) O o HN
S RIN
do n-1 Ph2P Pphz n 1

(S)-GnDenBINAP
Toste (2007)

R?2 R2 5 mol% Ag-(R)-TRIP g1
RWOH 2.5 mol% dppm(AuCl),
nRa R3 Benzene, 23°C
Rl
n=12

R =H, Me, Et, -(CHy),-,

.0 R®
R! R®
(m

81-96% yield

(Jinker)

el

mdm

Self-support catalysts

76%~93% ee
TON up to 43000
TOF up to 3450 h'!

R2 R?

A 3 90-99% ee
R4 =H, Me; R®° = H, Me, Ph ) B X
(@) Bu = Bu
) Bu § (_:JBUt
Ding (2010) \
. : B
o] Di-Salen-Ti OSiMey ° O\T;’/o -
M+ Megsicn S = =
R” "H DCM, —40°C~rt H N N
- 9 \
R = alkyl, alkenyl, aryl (0.05~0.0005 mol%) 87%~99% yield O
TON up to 172000 64%~98% ee

B 10 A FRAE AT FIHT SR

Di-Salen-Ti

Figure 10 Representative examples of new concepts and strategies for asymmetric catalysis

T B AR A T S B0 T R b B 9 O AS K BR B AL
B, R T HE 99% eef X Mk Bk, IV 551k
BOREE AL A3 F3K 5] 6060 F1 147 s7'. 2014 4F, &
SRR R T B T R B R M A A
WAL, IEAERR AT RR S AL 3R T 99% ee
(A X BRE B AN 1000 955 ALK

7 N T A BB B AT LN AR )
S B S X R 2 S 2 1 40 T 1 ) s AR 5 4
N —TE R KR, WA ATIA, 200045 il 2 iR 1 1k 1Y

O3 T AN X FR Aldol Sz I LA K AN S B AT AE B - PE K
W8 Wbk ] 4 £ 1) AS X6 FR Diels- Alder W B 51 T A
A% A HIL/N A B AN X R s I A A R DG i,
K E Z e AMELIAER . HETA LN T
A AR AN X FR A AL 4 o A A R A A 2 ) 5 3 A
B FHEY A R AE. BRTIEEIERR . TrEpkmk
WA S TP AL R A, 3 B T AR TR b TN
FHEwERR . FrEmIR . FrEEE %‘@‘fk%%ﬂ%fii .
T PEAR % B0 45 T M LN o AR 2] Gx st
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Zhou (2003)

1
Ir-(R)-MeO-Biphep

R
N
_ + Hy
N R

15 (10 mol%), toluene, rt

MeO PPh,
N VR MeO PPh,

(48 atm) (S/C = 100)
R = alkyl
R!=H, Me, F, etc. 72%~96% ee
Zhou (2007)
N, 5 mol% CuCl NHAr
2 6 mol% (S,,S,S)-SpiroBOX 2
AI’)J\H/OR + ArNH, Ar OR
6 mol% NaBArg
o DCM, 25°C o
R!=H, alkyl 51%~96% yield

R2 = Me, Et, Bn, 'Bu

Feng (2010) (Roskamp-Feng reaction)

fo) 0.05 mol% Sc(OTf)3

60%~98% ee

)H‘/ . ¢} 0.06 mol% N,N-Bioxides
R
RO + )J\

Ar H DCM, -20°C

P

R = Me, Et, Pr, Bu, Bn
R! = Me, Et, allyl, propargyl, etc.

You (2012)

4 mol% Ir-(R,R)-MonoPhos
Cs,CO3 (2.0 equiv.)

DCM, reflux

NPG

N

H %\
0CO,Me

B 11 AURPERA R FRAALHT S0

Figure 11 Representative examples of new asymmetric catalytic reactions

BT AR R ) B — 2 R T T AL
FIRITE AR, LA L A S PR AL S iy, v T
B B RCRAE B, EIRATIA T 2 0 F Bk A
TR, REAERBEITTMERT Z/MIEE
FHEA VUL, FAEVF 2N FRAE AL SR 2 B
DL 75 AL I PR AU e B PR an20034F, ZEHAIR
FIUZH PN T B 2 I e A R O A T RN A A 3 T
AXFFRAIdOIR W 45 H T KT 99% eel) X MLk,
AH AT L 2 R A AR 1 [R) 2 s 1 (1 13). H Rl 3
Tk e AT SR A A AR R 422 Aldol 5 I Fie - B A8 Bl
I FAREAR Z —. B = s AU A - R
e 7 T R 149 7 %o R AL ol S i FP 25t T syn-1E k.
% = A NSV T R B TR 0 28 4 A e e A 551
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90%~99% yield
87%~98% ee

(Ar = 2,6-(Pr),-CgHg)

N,N-Bioxide
/TNPG OO
= =
N Awnd No—n
) e %
W — (o}
\ o9
up to 98% vyield

up to 97% ee, >99/1 dr

(R,R)-MonoPhos

T RIS 45 425 B AN X R Mlichael )2 b R 7] Z2 Yk E & fiff
FH. 45 /NI 2R T OB S B A e A f i A 70 S B T
T TR 22 ) £ v e R RN XS FR Aldol S . B R R
A UTVRNY SORS IR SIS 4 0 e J T I R AT A
i W A b 700, O 78 i 2 0 A X B R TR ) AN X R
Michae il 5oy He AR A AR i 09 B8 M. it B 2R At
VR - T G ELATIZE B AR 0 R IR L) R A
AR, X B PR ML S B T AR X FXMorita-Baylis-
Hillman %5 AN FRAE AL SR X IR A 2R OV Sk AN %o
PR il FG [ 3+ 21 M0 8052 07 158 35 s e 6 Jl A 1 511
PR TRV A REE. 201 14F, ZBI AR IR Y
A TP IR 25 0 TR R T M Ul R AR bR, SR B T
13- fHy AR A 5 e FL 05 058 1 — 2 0 AN 6T R B Ik Jse
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Beller (2008) and Morris (2013)

o Fe-(S,S)-Me-Duphos, (EtO),MeSiH
or PMHS, THF, rt; then ag. base
T X
Xar Fe-(S,S)-PNNP
_ or ,

iPrOH, KO'Bu, 28°C

Fe-(S,S)-Me-Duphos:

OH
up to 99% vyield, 99% ee
g X
X Fe-(S,S)-PNNP:
= up to 99% ee, TON up to 6060

TOF upto 147 s71

I
= Ph>_c wPh
< \
P P N/,,, | \‘\\N_
/ Fe _ H
. " | ~
S P
N Ph, H

(S,S)-Me-Duphos

Gao and Xiao (2014)

1) 50 atm H, OH

)J\ Fe-(R,R,R,R)-Mocrocyclic-L /'\

A R Ar
d MeOH, KOH, 45°C, 5~30 h

60%~99% yield
51%~99% ee
TON up to 1000

R = alkyl, alkenyl, CO,Et

Zhou (2010)

Fe-(S,S)-PNNP

Ph;

Ph
NH P HN/,'
: “/NH Ph HN" :
bpt;

(R,R,R,R)-Macrocyclic-L

N, 5 mol% FeCl, 4H,0
OMe 6 mol% (S,,S,S)-SpiroBOX
N = + ROH
L o 6 mol% NaBArg
(R = H, alkyl) CHCl3, 40°C

B 12 ACRER BRAE A X PR AL S R

Figure 12 Representative examples of iron-catalyzed asymmetric reactions

JO7. 75 /0N B A B TR 1 T SRR A A B T
E R M FHEARA T 4282 5 0 A FR R
N7, AT B SO BIL /N 43— A AR A A X B ik
AL R 5. BT, /NI B S T A AT
JHe 45 A4 1) B Ty fg T 1k DA Ak 500 AT DL AR Ak S X B
Michael il B v, Z&-Diels-Alder /s v 45,

Biti 25 5 2 T A AL /N 23— A A T %) AN T 9 R,
AH L R AN X FR A8 Ak S 7 i 75 31 1 P Ok R L i,
2007 4, JAH AR S R S R L T
151 05| Wit 5 45 iz () A Xt FR Friedel-Crafts 2 b, A P2
B ot B R SR AL 158 I i (1 14). BRI R FIAB 42 4R
TR STV 4 X BT A R4 AA e TT DA A o, B-
AR 2 5 B9 A X FRMichael il g e v Az 1,318 4%
FIMALR . 2009 4F, ki i LA ZH 5550 551 i F
A 8 T A A e A £ 700 52 B T AN R 2 ol e

R
X
¥z 0

66%~95% yield
88%~99% ee

(Sa,S,S)-SpiroBOX

HEBC R, o X ek 5 v 3R AR TS A B L R T
PSR IR AR IBOA T . B SO IR 4L O R
JI f £k AN X6F BR B 2% -Michael/Michael £ BE 35 4L 2 i
R A 2R T 0 B 2 BURR I Sk mifk 5
N X FR A LR AL T3 8 T .

I FF-HEA AL/ G 7 0 0 8 fb A 2 A 1
FHE F S0 AR N . AXTFR E 5
FR ] UL A T S X AR A S T B
JUAFE AR 4 B 330 S S o R AR A T 92 0 5 s
TP B A SR TR AR AR AL, 4 2004
4F, Jacobsen¥f 41" H Fl T Mk i IR 5 S B FIE AR
)T B S 2 5 W e AR I T ) T G 5 1 ) ANkt
FR AL Pictet-Spengler S v (] 15). 2005 4, 5/
AR A2 U2 2 A A 0 S BT % R A AS X R
FERUL N . 2006 4F, Listif g F) i T 5
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O NH,
Q—g . Ph (\N Bu O/
LS e T F
“11Ph N

HO H
(Gong and Wu, 2003)  (Lou and Cheng, 2006)  (Lou and Cheng, 2007) (Feng and Hu, 2008)

pr
PPh, 0
NHAc N _
N H pr
N W( />\N\H
H C

y
(Tang, 2006; Xiao, 2007) (Shi, 2005) (Zhao, 2010) (Feng, 2009)

Ph Ph Cﬂ ‘M
(e} - O ‘ O O O
N /‘1 /
\ / - (0]
N N o \O /O/ o

N Ny
\ \_ Oy
k& o H\N( P=0 R
Cy” “Cy HO OH
(Feng, 2010) (Gong, 2008)
B 13 AUREERA DN T
Figure 13 Representative examples of chiral organocatalysts
Zhou (2007)
\NHAC
)L 10 mol% (S)-CPA  y /7 [ AN Ar
NHAC ~ toluene,rt /N
N
H

94%~99% yield
73%~97% ee

Tu (2009) OO R
o._OH

N
Px

> on 10 mol% (S)-CPA

R— R£ O/ °
CCly, rt or 0°C
R
(n=0,1) 51%-~98% yield
77%~98% ee (S)-CPA

Chen and Deng (2007)

p—
(0] 20 mol% cat* OH
40 mol% TFA
RSN b N
THF, 0°C
R = anl, TPr 5196~98% yield O] N
2 n 0~ oyl
R< = Me, Et, "Pr 89%-99% ee N~
Xiao (2009)
Me.__NO,
3 mol% cat* ‘NOZ
+ RSH
o/\/COZEt CH2C|2, rt CO,Et

89%-~95% yield N'V'ez
89%~95% ee, dr > 95:5

B 14 ACERIERTAEA LN T HEAL A A X PR AE (R 1

Figure 14 Representative examples of new asymmetric reactions catalyzed by chiral organocatalysts
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Jacobsen (2004)

N 5-10 mol% cat. AN
NN\ 7 AcCl, 1,2-lutidine X |
X1 { - Z N< N Bu,
Z~N R Et,0,-7810-30°C N Ac N
H H R N ||\-/||
R = alkyl 65%-~81% yield U
86%~95% ee
Feng (2005)
30 mol% NH
)(J)\ amino acidsalt ~ TMSO, CN 2
+ TMSCN ——————> - N M = Na, K
Ar THF, —45°C Ar X COOM X =H, Cl
75%~97% yield Z
55%~97% ee
List (2006
(2006) A
Q H, H o o
MeO,C X CO,Me
| H 2 2 20 mol% cat. SO
+ | | - O/ N\ — +
Ar Py N ipr Dioxane, 50°C, 24 h NC
H H H
63%~90% yield Ar

MacMillan (2007)

20 mol% cat./TFA

96%-~99% ee (Ar = 2,4,6-(iPr)3-CeH2)

(6] 2
R
1
R\)J\H + )\/SiMe;;
R? = alkyl
R2 = H, Me, Ph, CO,Et

DME, -20°C

B 15 REEVERAHLNT T AT 2 R SR

CAN (2.0 equiv.), NaHCO3

Ao 3

72%~88% yield
87%~95% ee

Bu

Figure 15 Representative examples of new concepts and strategies for organocatalyzed asymmetric reactions

JHE T B A T 8 1 ST A I B AS X RR B AL
LN, 2007 4E, MacMillanffi 41 Y4 18 7 Fk
i A A O T 422 1 Pl 3R R TR R Tk 2 A R W R au- 7
W AL N . X S HE S . B IR B — 2
P2 HE T A3 HL/AN 5 F 4 Ak B0 S X6k A4 Ak s R A P sk
K.

AN FAEAL AT AR s g H A E AL R
T 5220 RAR =1 53 F R0 245 0 0 S R B v
e BLR A 1) [ 1997 4EAE B R AR & i
&, FEAJETE 2003~2005 4 85 3 B AE AR WA AR R AR
Z EF MK, KR T 2E RS BRI &
YRR AL 2GR HE (Tamiflu) B9 712 5G24I, k968
A R AREE DA P R O 2 R R N T A
JFRREA . 4282 5 0R G B ik e i
PR A RSCR, (HREER R, AR R, R
Tl k. 2009 4, Hayashififf 5% 20 1 F i & e fin A 9 —
R I 2 I e e T %) S i 605 19 R X Bk Miichael

TR R N A TR, 22 34— I 3k 9 4, 1 IR AE
Eralifl, Lh57%0) SRS TR AER A . 2010
AF, KON T 5T 4L 1O D) ) R R 3 A g ) A R R
Michael il il Jz i b BB, HFF 3 BN, —#
UL 54% ) MRS B ST k. BEJE, B2
Zﬁﬂﬁﬁziﬁﬁﬁ%%ﬂiﬁﬁfﬁﬂAﬁ@
16). X & H AT G . sk, G n A s IEm
253

A LRI L, 21 22 DOk, FHY elE Rl s & R
TG, S SR G B ) A g e IR AT
W NPT R R R, HniasREeg @ . SR, &
VEPEME R L) 3R [ 1 R o L 2E A
FEABG TR B, M T4 A8 H ek, I
FEE R b A A

4 RS 2R XA B ar ik
i 100 ZAE LI, THEW BRI L7 I IEE]
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Et
Et CHO
_<g_/ one @HNkO EtO,C_P(O)(OEY), NS
OzN/\ 10 mol% cat* SN2 T EtO,C o
Et._O .
HN\A 30 mol% PhCO,H Y Cs,CO;, 0°C —INHAC
¢ 80% yield Et %o,

Asymmetric Michael addition

p-MeCgH,SH

(syn/anti = 5:1)

1) TMSCI, Zn, EtOH

-15°C

QL
S
mmTiTo
=" “NHAc
NO,

54% vyield for 3 steps (one-pot)
96% ee, 10 mmole scale

B 16 SKAERIRXIFR A AL A () IG5 R ER)

Figure 16 Asymmetric catalytic synthesis of Tamiflu (Ma’s route)

A, IFEHEA DB A RN, BAR, LR
B, R T, A& E . &
R TR R B8 B R T I AT R 2 T o A i
WFFE I R AR, (RO E, DS 22 B Sl
B D) RE T 1B R B R B ) 1 Yy o B i
PHEFT R SENRR (O, 5 2, il 2 100 Z4R6F
Y RGBT, A B A B K T
AT . AR e SRRl L HEREE . MR
Fhef SRR BE R, A e S IIORS i 9 TP BT B 3 5
EREOR, B 2R S RE TR 5, A B4t
TS TR AR FIERIEM R, T4
Wy ot ) 5 30 g DA T /N B OHE A 1 3 fi) Ry
T VLR REE B TR R AT A P 4 SR

205 T i AR RRAGESR, BRAAFRATREGE 1B
Bl —FE ARG AT P R FAHE B, EH AT F 2
AR BRAEAL S AT R AFAEHEALTH K (>1 mol%)
ROR M PR AR S R, ECIEREAS T ok A= 7 1Y
ANXEFRUEA S SAT SR SR A PTR. Fe AL B 1T, %
FRIE Bl O A SO S KB . R 2 T
Yols, H5o e T 25 My R 25 S5 AT 0% 2 AR SE i 5
EA R, HEET IR D R, XA
EIR PR HEUR, abig il 7 ER SIS, A, B A
AR L PR R TR RO A S AEAR R, ST
FOPRHE | e 8 B i KT 24 i 19 A J D5 1)

TV R R 5 A e o PR RE A 2 A 2
FHaf & IR, K700 M A dn Bl MER R o
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2) K,CO3, EtOH
85% yield

EtOZC\©,O cat*
Np
—""'NHAC Qﬁ/’\'p

NH, H OTms
Tamiflu
42% vyield (5 steps)

TR B, A B Y b A 1 3 AT BT T
PEYIT. ATV RE KEE, B AEKts
PR TR 2 Z AR 0 T 7, 2 RRAT
FIRME I E LR, BAR, AT ae R
HIARBRIR W) 57 F, (Al TR W 50+ R EH
ST AR A B 224k, & B i T
AR ROUE, B 2 A e KRR Yoy TR 2
BOBIHBEM. I, SR HEIE SR 2 R or &
B A T, N E R TR M R X R A A R
LRI, IR e TE B s M dE ks, R
XFE, FRATTA RE B 4548 2 0 19 KK 7= 1 3 Rl
W, R IR 2 S ) o A

& B RLE AR R AAE 21 253 THRER K
&, (HEMTNRREATIY R L. BAR, T
Yo BTE A RE L A B A5 U 4 BT R AT N 2 £ /D
H TP W A RTE S 7 5 TED T R B A YRR AR M
A LU FRATAE Y B A RTENS SR AR R
GO KA E R, B RE a2k, W
I, B SR E DG RS B R L M
BB SRS T AR 3%, TR AR R ZE W 1) F
PEY) 5T AT 45 AR SR, RS R 3 B R i T
YR RRA L, W6 NS 2 0.

Bz, AR, XYY iR 2 R Tk
B . A ML A M K Ui Nicolaou F1 Montagnon™” 7E
Molecules That Changed the World( { BS54 43
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Creation of chiral materials: Yesterday, today and tomorrow

XIE JianHua'? & ZHOU QiLin'?

! State Key Laboratory and Institute of Elemento-organic Chemistry, Nankai University, Tianjin 300071, China;
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Chirality is a fundamental characteristic of nature and pervades the world. The chiral materials closely related to our life, especially
our health. The thalidomide tragedy, lessons for drug safety and regulation from the late 1950s and the early 1960s, indicated the
importance of creating chiral materials in optically pure form. Pasteur was the first to conduct chiral resolution for the preparation of
optically active molecules before 1860. Since then, scientists including chemists started to search methods for creating chiral materials
like enzyme. After more than one hundred years of efforts, chemists find that the synthetic chiral catalysts (also known as artificial
enzymes) catalyzed asymmetric reactions is the door to creating chiral materials. From 1970 to 2001, many efficient and selective
catalytic asymmetric reactions and methods have been developed for creating chiral materials. In particular, the successes of catalytic
asymmetric hydrogenations and catalytic asymmetric epoxidations and their applications in industrial preparation of chiral drugs
enable this research field to won the Nobel Prize for chemistry in 2001. To date, tremendous amount of chiral materials such as chiral
pharmaceuticals, chiral agrochemicals, chiral liquid crystals were created in a high selective and efficient manner. We now can create
chiral materials like enzymes by using asymmetric catalysis with artificial enzymes as catalysts. The Chinese chemists also made great
contributions for creating chiral materials, especially in the past two decades. They developed a series of highly efficient chiral ligands
and catalysts including the magical chiral spiro ligands and catalysts, the privileged chiral N,N'-dioxides, as well as many original
organocatalysts. These catalysts are highly efficient for a wide range of reactions involving asymmetric hydrogenation, asymmetric
carbon-carbon bond formations, and asymmetric carbon-heteroatom bond formations, providing chiral alcohols, chiral amines, chiral
acids, etc. Many new asymmetric catalytic reactions, new concepts, new strategies were also developed by Chinese chemists, which
afforded new methodologies for creating chiral materials. From this century, in order to meet the new demand of mankind on the chiral
materials, scientists begin to develop green and sustainable methods for the accurate, powerful and environment-friendly creation of
chiral materials. In addition, the creation of chiral materials has been in depth combined with life sciences, environmental sciences,
materials science and information sciences, etc. This review focus on the main line of the discovery and development of asymmetric
catalysis, in combination with the development in China, to give a brief overview for the journey of creation of chiral materials.

asymmetric catalysis, chiral catalysts, chiral materials, chiral ligands
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