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Recent Progress in Applications of Cinchona Alkaloids and Their
Derivatives in Asymmetric Catalysis

Xu, Shuanghua’  Chen, Jun  Chen, Jiarong*  Xiao, Wenjing*
(College of Chemistry, Central China Normal University, Wuhan 43007)

Abstract Cinchona alkaloids widely exist in nature, which have attracted extensive interest of researchers because of their
readily availability, biological activity, unique structural properties, and easy modification. With the development of asymmet-
ric synthetic chemistry, cinchona alkaloids and their derivatives have been used as a privileged class of chiral catalysts or lig-
ands in many catalytic asymmetric reactions. In particular, a variety of cinchona alkaloid-derived chiral catalysts and ligands
have been developed and applied by organic chemists in catalytic asymmetric synthesis in rencent years. The recent progress
made in this field over the past few years is summarized. Moreover, the related reaction mechanisms and future development
prospects are also discussed.

Keywords cinchona alkaloids; organic catalysts; chiral ligands; asymmetric synthesis; asymmetric catalysis
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W IR 75 5 P s HL T AT S BT TR R TR A A
T EWIEDA); (6) C9 i LR nlimid S s E HER
FHAANGIRY. R 2L, WX &84y
BEE R B, SR %2 BA BN SS90
FIAEYD, W1 CO-FEdk. MR/ARAR. Wi MmENG . J7 i
ik <5, Co-F23L DL K&k — R £ B w4 T A ) (Scheme
2). FFIXEATAEN) BAR S K, Skarzewski ZFPI7E H
2019 fERgER R O T JEF VRN R A5 A SO TR R
S XS YN S AT A WAE AN K FR B B 16 e B 4T 02,
o FLAE SR A TR LA 2 5 (1 AN 6 S B3R AT U9 4
BGE, RV T A B ALEE.

Structures and configurations
of cinchona alkaloids

>
1a R = OMe, Quinine (Q)
1b R = H, Cinchonidine (CD)

2a R = OMe, Quinidine (QD)
2b R = H, Cinchonine (CN)

E1: v WS LR YL PO Eoy (RS E ARt

Scheme 1 Structures and configurations of cinchona alkaloids

2 SBMEEETEMERBIELT

TEARI RS, BN AR T &8
AT (R A B B (8 5 LA AT R bE, — B DR
RN NATH 2 0. AU B AR 5 i 5 mT LLE 51
28] Knoevenagel 554k 2 4R IE 1A HLEL AL %
R B SR, AU T A BR A B T H g
B, AU B R, R XS a8l
F R TR DA K H AT A 9 e B AT AR 2 2R ML
M2 I, DT A 280Ke) e e — e SR Bl — i B % TP AL
P, M) EAFR IR AL . WAZHEAL. SOMO (singly
occupied molecular orbital)ffEft . FEEEL . ML
Je AR RS AR 000 i e RS g K AT AR R AL
NP EE S, JUHGEE 2000 A RLR CUEL
R IR . XT3N iz U I 4028 5
B 2 —, TES GG AL ST A T B R, A
IERER T 2020 4 “WF-RHE L | P2 HARE
PRI SRR IE I 2 B D R R 45 T A T, AR
HR R 2016 AF LSRR R (1) XS g S FLATAE ek
IAN IS TR G BT FE AT S 45
2.1 C-OTEMESEMNHEITEY

1R — PR+ 2 5P & SR BE, A A X R
Diels-Alder JSi#) iz BT S5 K Z e (TR

3494 http://sioc-journal.cn/

© 2020 Chinese Chemical Society & SIOC, CAS

Representative examples
e
OMe /hj
N
P ﬁ?
N~ _Ar
N~ ()0 H

C-9 primary amine

p—
OMe /23
N

NH PPh,
0

C-9-epi-(thio)urea

I\
N~

e
OMe /23
H N
P NH
N~ O:§
(@]
Ng\ /;

C-9-epi-amide C-9-epi-sulfonamide

dimeric cinchona alkaloid

B2 BN YAmAT AP A7) AR R A A1) 1
Scheme 2 Representative examples of cinchona alkaloid-de-
rived catalysts

TCIR B AR AW, 2017 4, FHRIREBH"HRIE T
TE S XS ANBRAT A I DU RE R - B IRAE AL 77 1 A1
T, I R AL SRR SLHL T 3-FR AR -2- MM 3 5T
PER 1,3- 7 4 FIASKEFR Diels-Alder f2 M, Mt T
—RINEH EANFHERORFAR NG S 5 (Scheme
3). fEZ N, BT R 3-$25E-2- it i [ A 1 G e
TP, CARER N A= DU A% 2 M Hh O Al — A iz
Uiy ZE B P 0 () — IR MR A, AR N AT — e Bk
PE. B35 I XU B Fi — Tk R A A4 7R e T X — e
H A8 DL R I (ISR . o i 6 1 DL R Bt i 8 14 15 34
SAEIFE). AEFUCHERIR G, RIS A1 2 A B4
5 = R RS AR 30 12 B RE IR 3R AT 1 G B R A
XA R BT DA (B A IR &9, 1XREEMITE
FRARF=WI A G b — 2 IS 7.
FHSBEAAEI 2T L2 KRR

Chin. J. Org. Chem. 2020, 40, 3493~3516



Chinese Journal of Organic Chemistry

REVIEW

2
RNA~° R3R4 catalyst 1 (5 mol%)
+
N CH,Cly, -20 °C
3 o]
4
"L
o} pPr NZH o
R N.__N,
R/ R* H 3 Ph
R? \ S Ph

HO Ie} /l

- NS
exo-5 N

o) i
up to 91% yield catalyst 1

up to 96% ee, dr > 20:1
R'=H, Et; R? = H, Cl, Me, Et; R® = Me, Et; R* = alkyl, aryl, alkenyl

Representative examples

o0 o o.® o
Me
M”’ M&Ph
\ \
HO 0 HO be)
5a 5b

85% yield, 94% ee 80% yield, 91% ee

oy o L Me 0l 0 .
/. ° /. Ph
HO 0 HO 0
5¢c 5d

64% yield, 93% ee 76% yield, 80% ee

B3 SXO9BAT A K- BR AL B A X PR Diels-Alder
\_\L

Scheme 3 Asymmetric Diels-Alder reaction catalyzed by cin-
chona alkaloid-derived amine-thiourea

AEEYE S, W D E AT RO B AR 2
N FAGFRA B B . Fik, FHSEAE
1A B — B2 2R AR B3 TIGE. 2019 4F, F2iE
G R A IR FH S AT A P e R X T RE AR AL
2, DL 3H-M|Wk 6 FIAHEEIUARI IR )E 7 R IR, fEIRAN
264t R SEEL T RS FR Aza-Henry S B, PLARZEE] R 4F
AR WAL 3 A e 3 % 1 1 T st s B T AR SE AL ) T eI T
BN FPE S BRI 8 M H(Scheme 4). TEIL M H,
MR LR, ATRETERL T IR =R Ak, RN ARERS K
AL R RPZIE T HER, @ kK MR ], AERS DL
S1%HISCEEFN 80% HXS I B EAS B B AR =4, —07
T, Mk -G SRR, 2R R R
FISEARGE R B BB, PRS2 BRI 3-47 1 K KL ]
IR A 1L DA RSN 37 W e L i (o NS A
13 2 HETIHE S M AR 7T R T, AR
BRI AN IR SR A, e B Syt Ak, Bl S o0
fEALF 2 i S B F R VAL 3H-M5 Mk 6 FELIE 2%
MR, X, Aza-Henry JNEIE B AE Y 3H-
W5k 6 [ Si THIEAT, MIAERK R F4 BY )= 4.

[F4E, Pan AR A FREROAHEAL T 2 SEIL T —

Chin. J. Org. Chem. 2020, 40, 3493~3516

© 2020 Chinese Chemical Society & SIOC, CAS

R? R2
RIT X + RECH.NO catalyst 2 (20 mol%)
LA~V 272 EtOAc, 25 °C
7
6
R' = H, halogen, alkyl; R3 = H or CH3CHy;
R2 = alkyl
R? R2 CF,
R3
R T >
NN CFs
8
up to 91% yield catalyst 2
up to 94% ee
Representative examples
Me nBu s, Me e
ol g
""" \ Ej\)Ng \NO ©\)l\> \NO
Me ” NO; H 2 H 2
8a 8b 8c
91% vyield, 94% ee 51% yield, 80% ee no reaction

Proposed catalytic model

B4 SXSmRAT A A B R A AL I A X PR Aza-Henry S
I

Scheme 4 Asymmetric aza-Henry reaction catalyzed by amine-
thiourea from cinchona alkaloid

A-3-BEEIRIE-2- B VAR 9 5 Boc fRF AL A% 10 fOARKT
FX Mannich /<N (Scheme 5). 7EiZ M H, W 2R
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S5 B R AR RN BRIk 4 1, DA AR S AR ik
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2-MEETH AL AW 10, ST & XS N AT AR 1 fie - B DR A
WHIIREERE, TEE N, B 2 Z T3 A B
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(¥R, TR IR S e A SR AR TS LR %, AT
WP AE R Si TR AR AL N B A (S, S) R AL
TN,

1E & RS GRBRATAE XU REHEAL IR, BR €9 s
B HIR 5 TC4b, CO AL TR A AN DU J T e 45 40 5 e th
4340 B BSR4, 2018 4F, Funahashi #8540 H
SRS UNRRAT A ORI AL 7] 3, SKEL T 2H-B AL NG
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catalyst 2 (10 mol%)
toluene, r.t., 48 h

R2
CO,R! NBoc
X
DG QR
A N0 R3”“H
H
9

10
BocHN R
N 4 upto 76% yield
@ECO?R up to 86% ee
ZSN" S0 dr = 2:1
H
1

R' = alkyl; RZ = H, Cl, CF5; R® = aryl

Representative examples

BocHN

11b, 75% yield

o)
11a, 76% yield 82% ee, dr = 2:1

86% ee, dr = 2:1

BocHN CF3

11c, 70% yield
82% ee, dr = 2:1

cl
CO,Me

- H Boél\]w

i
MeOzC 4

—

BIK 5 SOSNIATE K- TR IRHE AL A PR Mannich S M
Scheme 5 Asymmetric Mannich reaction catalyzed by cinchona
alkaloid-derived amine-thiourea

WL FEER & T — RAVER TR RIS 14, FH
VP MLE AR5 5 o 9 58 1) 2 R T DL A A R
WA, oo T G I i L 2 B 0 ) T PEAL 4 4 (Scheme
6). TEZRIh, WA 5 B R I RIE 12 753 —
R e Hp s A B R S A B 2R T . B AE
AL 3 BIEAL R, TR ME SR AR A0 HEHEAT S50
B AR U2 S 5 e A o B T 4525
T4 RS AN B AT A 0 B e A 700 (0 U T RV AL 3 40,
PR TR) 3 v 10 2 7% SR T T 35 1 394 98 I I8 1 e i 3 o
e AR

2016 4E, Itsuno BRI i T — S LA 4 XS g AT
A N BT T I T RS, R R R
T (AN R 22 X A B2 H (Scheme 7). LA DY 0k e 14
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(1) CH.Cl, (2) R?SH (13)

/x 150°C N] catalyst 3 (1 mol%)
1 1 : S ———
R 02C in sealed tube |R'OL CH,Cl,, - 78 °C
40 min
R = alkyl
R'0,C.__NH m H
I A
RZS>*<I N_ _
H "Sen N
14 O/ 0
o/ vi =
up to 99% yield |
up to 96% ee \N
R?= (het)aryl, benzy! catalyst 3

Representative transformations

p-NO,C4H,COCI

(2.0 equiv.) p-NO,CgHy

p-BrCeHsS, NH  EtaN (22 equiv.) =0
. .
BnO,C THF,-78°C,2h  PBrCeMiS,, N
BnOZC
(R)-14a
ee 94% 14a-l
Lawesson's CeHap-NO,
reagent (2.0 equiv.) o\
THF, 8 h, -78 ~ 30 °C BnO,C=3
78% yield p-BrCeH,S
14a-l
ee 94%
,O-BFCGH4S///<'I‘H m-CPBA (2.5 equiv.)  p- BrC6H4OQS//<I
BnO,C CH,Cl,, rt., 24 h HNOC

2, 1
14a, (ee 94%) 94% yield 14a-ll, (ee 94%)

NHj3 (excess)

MeOH, r.t., 24 h
84% yield

p-BrCgH,S

Etozc’<‘

14b, (ee 94%)

Proposed transition state

R'0,C ,/\S/Rz

<%

BIZK 6 <B XS UABAT A ARG I A A FOAS XS PR SR AZ I A
Scheme 6 Asymmetric nucleophilic addition catalyzed by cin-
chona alkaloid-derived sulfonamide

B, JRPIIAET 15a 5 HIRE. “REE. METARE 16a YRELL
¢£ﬁ§ﬁ%%$ﬂﬁ%ﬁ?ﬁﬁﬁfﬁ%%mﬁ%
17a. [t5, Z BB\ G R 7 5T 2 0T Je ng i il 1k e —

R NELBITCHFERSY, sl T p-iH
fi 15b FAH LK 2475 16b FIAXTFR Michael JH s B 5.
REMEFHEREMAE T H AR, BEIER
FH S 26 At T i 2 30 HE P £ e 3 12 R 6 X5 490 2 0 B AT
Ae DB I Jl S A A TR E 350 A 2% F TR B3R B ) v AR

p-BrCgH,S,,

HzNoc’<l

14b-1, (ee 94%)
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4. JFH, REVMEAT) 4 w7 DL g S BE
EYR R K. R R R S R TR 8%
JS2, AN R A TG VR = R i BV 48 K

(a)

7 'ﬁ
: catalyst 4a (10 mol%) —CO,R!
0 + R'OH
: THF, rt., 24 h +—COH
H 16a v
H O H
15a 17a
1 up to 99% vyield
R" = CHjs, benzyl, allyl up to 95% ee
/
N
MeQO
N\H
= =
\ 0
N
n
catalyst 4a
(b)
CO,R? R3
catalyst 4b (10 mol%)
(0] + =
NO, CHuCly, r.t,24h
15b 16b
R? = Me, Et R®=H, F, Me
O
----- CO,R?
\ up to 99% yield
SH NO, upto 99% ee
@ dr > 10:1
3
R 17b
N
, N
0L
S\
NH My
N
catalyst 4b n

B 7 SYABRAT A ) 2 TR BRI A A PR AS 0 RS AZ N A
S

Scheme 7 Asymmetric nucleophilic addition catalyzed by cin-
chona alkaloid-derived sulfonamide polymers

2 AR DY SR W B I ) 32 A7 AE T R AR = 4 A
. SR, BT AEERCK RN, R EY)
(R 0 Bk 38 5 R B TS AR R B Bk . 2016 4R,
Ghorai VA HRIE T 7E S XS G BN AT AE 0 I T 19 e 1
IS ERTR, SEBL 7 XA B R 2R T 18 8 A0 B 55 14
/A FRE) Oxa-Michael JIEGER 6 B (Scheme  8). 7E
PhI(OAc), AEMFIRIKAET, &Y 18 B o5 s3] 4-
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FEEEI O A 19, BlR ML 5 BRI T, 19 KB
X O REPER 47 Oxa-Michael HIEGR B, ) FH X Fif
A — B [ S BR % v R A B — 2R 41 DY Sk e A Y
SIS S 20. 2N EA OO B REE, R
YIREE AT, EM T af- AN T 2R . 23R LA
LG .

OH

PhI(OAc),
LN MeCN/H,0 (V:V = 9:1)
R'—/ B
O o 0°C, 10 min
X
n R2
18 19
R"=H, X, alkyl n=1,R? = CgH,CH,CH;
R? = (het)aryl, alkyl n=2R%=CyH,
0
1
R
catalyst 5 (5 mol%) \
ol o O
oluene
et "”')LR2
20
up to 85% yield
up to 99% ee
o}
oﬁ N
R3.
N NH
H| N N
N~ R3 = alkyl, aryl
OMe
catalyst 5

Bl 8 RO GNmRATT AR 10 )7 T i (AL IO R X AR AL i 55 /Oxa-
Michael IR B

Scheme 8 Asymmetric oxidative dearomatization/Oxa-Michael
addition catalyzed by squaramide from cinchona alkaloid

2018 4, Pan WAL VR F S XS 9B AT A= 10 5 Pk e
TEALTT] 6, SEHL T y/o-FREEAEAIEN 22 5 o~ 21
PIAXTFR Michael N0/ Bk 57 7% £ 1 B (Scheme 9).
TEERAAMT, DML RISCR R Og B f & 7 B
k. ERANES SR At &9 23, fEE N, XUIhRE
AL 6 2 T3R0S R 21 BEAT G4k, RIS, DY 7
JEER sy im i SRR Y 22 #HATSE A, Bk, 'Y
22 PRI S TEAEAL BT RES, SLH0hnak A Ak ik
PEHITE Re THIHEAT, PecEvhIAIfR 24, 8685, PIAlfAk 24 38
B0 IR GE R P AR FRR R R A 25, BE, it —
1 Henry J MNALREAE B B &4 23.

2- THE g i 48 )2 M A AR T RAR PR A 2 v
2019 £, Hou M1 Tsai @21 PR IE T W IhAEMEALTR) 7 1
PRI B4 2-F2FE 0L E 26 AN 27 (1% ik 356 R 24
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BT iR 5t R
j\/ 0 catalyst 6 (10 mol%) Q ez
NO, + ZWOH . JK/[Mocow
R R n toluene, r.t. R? A
21 22 23

R = (het)aryl, alkyl; R?= (het)aryl, alkyl; n =1, 2

up to 93% vyield; up to 98% ee

 Proposed mechanism
O Ar,
o N ON
FsC HH catalyst 6
N / \\ o
catalyst % H""O\ 0 \Michael
O.N FsC \ " %Ph s NO,
:ivi — o, oo o
Ph.__O._~ 21 :
o 24
A
Retro Henry O \.;\ NO, Hemiketalization
\ O
25 Ph
B 9 XS gmsdiT A ) DY 75 M AL B AN R R 22 K U Michael/ P FEH # f

Scheme 9 Domino Michael/acyl transfer reaction catalyzed by cinchona alkaloid-derived squaramide

Michael BIAGR S, AR S U0 5 T B 4536 1 753 3 4
HUAR BT 2-t e B 2R 46547 28 (Scheme 10). @it 1%
J5ikA R Michael JNr=4, Git UG s
Tt e SN S5 B 2R P00 B . 2018 4R, i
TR A A PR F 4% 9N AT AE AR AP i (R A5 LA e i B
AR R T 1-RSEE-2- R 2 0n 5 2-FHEN
FIAXIFR Michael NGRS, FHHI % 12 B0 7120 IR
NHLERREAT T BS T SRRTFE. B o, T i T g
A3 5 SR I A R OB PRI P i 25 1w R0, B JS 8 3o
B BT 5 RE FK il = AN it F2 BRI AT 15 2 H bR =9
PRAF FE R, NI PR A5 DA R ST AR g B PR A 1) 3 7
JRFEAE I B ). VAN LER T 5T A A3 AT 2-F 3
PRS2 5 AR Michael AN AT 1 5 IR 1 FEL A

2020 4F, AR R I AT A PR A AR A
(7 BT REMEAL TR 6 SZBL T X F- 1 A1 VY B %
31 A Hi(Scheme 11). 7EA& 48 AKX FK Mannich
Ji R R IV i A D o AR ) 5 S A% AR TR S A
B, MR N R, I M S SRS, IR MK S
IERER % 29 B4R REizid i, #E 55 —0 1k
30 KAEAKMFRAS X Mannich RN, 2 DRSS
o BRI M AN A X Bk BTS2 H AR =, 1% F A
FUIEAE NS BT 2 4%, 78 2940 B Bk i
MR A . BRERE 29 kR TR SRR
YiFh 29-A, 29-A Fifi J5 PRl 53R 29-B 1A R 8
XA SV I 07 3%, TT BE 0 R S35 AT DARR ) 1
G, H R MAREIREAT, B BRI N
{H.
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catalyst 7 (10 mol%)

CHCIla/H,0 (V:V = 1:1)
rt,48h

(0]
| N 2
X (> + R1J\/\H/R
N~ "OH o
26 27

X=halogen R'=aryl, OEt; R2 = aryl
(@] 0]
=

pa L S = (e
om0 N NH
ON R2 H| :S N

R1 Fgc

28 N

up to 98% yield

up to 99% ee
catalyst 7

Bl 10 X GNBAT A 10 DY 75 ok i 41 A4 1 S S R R 2% - M-
chael AN f 8
Scheme 10 Asymmetric aza-Michael addition catalyzed by
squaramide from cinchona alkaloid
22 EAAKBEIBNGTEY

B R YN R B FLAT AR R T A D X T e M A 7
AN, AT DR Ay A BRS04 Bl i B 20 el e A SR, T
— 71, AR T4 X A RS U AN PR R T B
SRR T, T SRR RO BN E 2R
(A7, B, 2018 4, Vilotijevie FRAIZLIF F 44
4148 117/ (¥)(DHQD),PHAL fiEAL.7) 8 F Jultk 5 Wik i
A N-FR e BE 0k g | | DR R IR M 2R3 S A% A7) 33, JEid
IR EERACY) 32 HIARRRRAZ IS, P s x ik
IEFRPESEIL T LRI IR N-A% I 34K S S (Scheme  12).
BT, WIS N1, C2, C3 A EA—E
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CF3 Boc,
N
N o N catalyst 6 (10 mol%)
. RO
R'—; = o) A N\ DCM, -20 °C
=
N\ R4
RZ
29 30

R'=R3=H, OMe, F, Cl, Br; R? = R* = alkyl, aryl

Representative examples

31a

up to 98% vyield; up to 99% ee o

dr >20:1 catalyst 6

31b 31c
93% vyield, 95% ee 96% yield, 88% ee 90% yield, 97% ee
dr > 20:1 dr > 201 dr > 20:1
FG R2 e
4
FG 3R RQH\N
Ny P8 JN\ NH K o
M P ep VR TR2 [ R
FG 29-A R'” "R? RS R Fe
k -H* 30 undesired undesired
—_—
|N Umpolung Mannich reaction FG FG G
R'OR? N ( N
L GP-NH \ NH {
29 N N N N
R4 R2 R1%\'4 2
| 298 R‘J@RQ_ ROR! RE i
desired undesired

B 11 S XSGR AE R DU 7 B A A B AN S PR A S 58 S Mannich S 3

Scheme 11 Asymmetric umpolung cross-Mannich reaction catalyzed by cinchona alkaloid-derived squaramide

[

ozt SR

F A R & [ |‘>\ )
T 5= T\ catalyst 8 (10 mol% N W
A)\H/cone e /[!}\ P yst8 ( ) QP
r e - \
\

_______

PhCF3, r.t., N, H o\
Ar COzMe N—N
32 TBS MeO
33 34
R=H,CN up to 98% yield
up to 98% ee catalyst 8
(DHQD),PHAL

B 12 SX999047E I (DHQD),PHAL H A I ASK RS AZ N A
Scheme 12 Asymmetric nucleophilic addition catalyzed by (DHQD),PHAL

RN, SRR R MR AR SN2 5 SN2 R
R R, SR SRR IR R BAS N E . 75
M TR MR, 12N R LA 57 B SC 5 R e i
BYESER H bR 34, HLEEHT T 4L 77(DHQD),-
PHAL 2 1E A 5 i 4h 1% [ i

BEAN, X6 At ET 2 P 4 XS g B S AL 4 ) AR 5D,
WA EEIE. 2016 4F, Hiemstra P P5E % 257
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MR IR 45 015 2] T — R 5 S0 9N AT A= 1R Ak 5
9. 2019 4, Ttsuno WP T — 2K & XS YNRAT A
TEET 2 BRI 10, X PR ALFI AT LLE
Fl) Michael NN, AL 10 AR LT 9 ZUR
HUF. 2019 4E, Jindfich AP T — & g AT
AR o0 B-ERRITRE AL ) 10, FE4 L BTl R B AR R
IR AL N . I 85 70 & XS g B S A AT A=
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P FIAM T T T XSGR M, 155}
W TAE B R B AR A 75 24, RNk 2
FA R BN, AEEAARRE R ES ., 5
= A LA FI(Scheme 13).

3 EBMEEATEMERFHES

20 fHt20 80 4E4X, Sharpless i AHZH7E 0sO, E AL
KRG _E, R e g AT A 1)(DHQ),PHAL F1E1C
1, B RE T IR AN RRAGR S A I LA fi 2 J 4k
SN, X IR ) TARS T R TAE & AR K0 5 .
52 FA 2 RS e 7K S XS g A= Wik S H AT AE AR o —
A 0 T AR R B AT 2R B S i XS AE)
R B Z AN FrEdty, B2 R s i) NI 45 44 4
3% i B BB F 1 48, TS 1 2R 55
AEN, ZETHH BRI N EFLUK CO i BREA R T A
AAREX B -, W5 B PE R BiihL. 8
R4, SR EA 2N B AL S, E i
B B 25 R4S B AT IA 215 (A Hh O 1R 2 ) R E 2
EEAT A ) H . B A RS A S AT B RARH B 1 1)
TS & JE s, s IO i 15 48 T % &) Wniig
NGy, mEA 7 3 A AT AL . XA EC AR
—=WICAL, XS5 SR A VI OC. AHR 4 ¥ 4z I D
A7 BT, T3 R (R I e R AN FR L2 A
R AEA 2.

3.1 BRI

2008 4E, JEEIAEEA PR T &R -A ML E 40
BT AR RN, Wi T —JOB AL 2 v JE e /R
WRZEMY 28 S AR T XL R A AL 7, I e D B FH 21 3IE
TR — g 35 AL B9 36 FIAKT R BEAL 2 5
(Scheme 14). 1E# I, B 425 A0 T X Wit B 1k 4%
LRI TS P PR AR KRR Bk T35 -y 37 M.
M3 337 AL BE I e, S AN T b e B RTIEAT
TR AR, 1EE NN B B T X ) RefE i
FI R ER SR LA N B iR, B S R 36 I
PEAFILIEAL. 1T 2 XS 9N AR A 22 7 PR R TR 9 g
o Wbk, I SBAE B O AL T B R I, AT Lk e
AL B A /N S TH A AE IROBE. ARG TR 25 40 25 2 [R] R AR
B RE, 5 e LA R USRI Bk AR B B A
BUEWEE S AWM AR o-FRIL R 38.

2009 £E, /)N B R AH POVR 4 0 i e/ Y S 7R 4
SRR /I Ay SR AL P A AT, R = 2 R E(TMS-
CN, 40a)5 3 2L R L ER(40b) o NFAEYR, DML R
R R Wi BEPE ST T B T e A R T g () AN
S FR I [ B (Scheme 15). {EERNZ, FIEHHR
LR STy N 1 SV R AR IV % R SR Strecker [
N, AR S SR A BUE BTS2 T — R -2
BEAY) 42a. TEULRPLH, FOARE 515, Bk wEE
I H R B ZEAE ol A, il % B 5 2N HAME R F

New type of Cinchona alkaloid analogues and derivatives

vy A
X ~IN ~ N B
| N : o)
N~ Z : d
! foeeee
OMe 07

------ o) ?H3
OMe -0 H
CHj OR Si \ !
Si
M dj H;C (|3H
I 3 i 3
N N S A\ N
o
NZ ; =/ 0
o}
OMe 0 0 o
\ HO OH
H
oH /CH3 \ ! OH OH
N N ) /SI\O/S\|/O\Si/CH3 ! S o]
N 0 CHy | - '
7 *o SLEN
OMe n=5o0r6
catalyst 9 catalyst 10 catalyst 11

2016, Henk Hiemstra

2018, Shinichi Itsuno

2019, Jindrich Jindrich

B 13 2T IMEMRIZE e T F B R T AL 77

Scheme 13 New catalysts of quinidine analogues with ring modifications in the quinuclidine scaffold
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Ligand 1 (2.5 mol%)
Ti(O'Pr),4 (2.5 mol%)

OH
O
I 37 (2.5 mol% OMe
H-P-oMe + _ L ( ) R/'\ o
| R™ "H -20 °C, m-xylene 4 > OMe
OMe 36 o
35 R = aryl, alkyl 38
up to 99% yield

up to 99% ee

Representative examples

OH oM OH oM
e e
PR Pl o Ph/\/'\f o
o] € o} e
38a 38b
99% yield, 99% ee 97% yield, 89% ee
OH OH
pMe pMe
Cy O’/P\OMe nOct dP\OMe
38c 38d

95% yield, 92% ee 97% yield, 94% ee

37 ligand 1

Proposed transition-state model

OMe
MeO. Si face

R ttacked
o R attacke
PN

<@ M O
N i
\ P@ﬁ.wo

BK 14 ERAV)Z B W AEALRE B SIS R
Scheme 14 Asymmetric hydrophosphonylation catalyzed by titanium complex

) Ts
N Ligand 2/Ti(O'Pr),/41  HN
Jl\ + TMSCN or CNCO,Et - 5 PN
R OR2 40a 40b PrOH, toluene, -20 °C R chN
39a  R'=(hetyaryl, alkyl, alkenyl 42a
R?=H, alkyl, aryl up to 99% yield
up to 99% ee R =H or OMe
Ligand 2
0 - . OH
Jj\ Ligand 2//Ti(O'Pr)4/41
R3">R4 * TMSCN or CNCOzEt - 3%
'PrOH, toluene, -20°C  R* 1 ,CN
39 40a 40b R
R3 = aryl 42b
R* = alkyl up to 99% vyield
up to 98% ee
Proposed catalytic model
a -
HO NSV r. OHHO  Ar
ks
N/ 41
41a: Ar = 2-naphthyl
:R= :R=H
L2 R < OMe 24 R < OMe 41b: Ar = 1-naphthyl

R* = Cinchonine

B 15 RAV)SE SIS BREAIE B

Scheme 15  Titanium(IV)/complex-catalyzed asymmetric cyanation

PEFREA o- R A FALIEME T — M Rhie e, i
| S I ALE SR B A, AR R IR 40 AL VIR R
Moy r R T AT PR B AN e SR AR AR AL, TR R AL
FIPRh. BRI BCAAR 3,347 b [ KA PHLIAEE XS fs2 By
X W PR S A G E . AR S 06 ML S0
IrHT, AR RIE T IR I E (AR AL TR p 20 R B
S HRL FAN, MEEUEN] T U NGRS I EE(CPrOH)ZEfiE AL
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FIRIVERT, Refg AR R A OB, 7= A BT IR Y Uk
R FVE R IR (HCN), 7EH I FE, 4099824 Yot i
et FRRBRM A S CE . A, HABIEAR
Ty Wik e S JUR.

2013 45, 1 /INB AN HE H A 2 PON R o AR
g, FERMAA R T FEFEREF 1 1% B (Scheme 16). 1M
TE1Z TAE R, 35 B Bz ok B (DFT) TR AL 73 )2
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TS (ONIOM) B AU B 3 — 21 b R 1 LB rp A7 15 1 il
LA R A U 1 S AL R R A 2R N P R A
T B8R — i B 2 S U 2 127 S I 3 R o ST A e s 20
B AEAXFRE SR AT, 5 e R P FE AR
FH, P < X N B A 0 5 0 2 3 O i Ak it AT
FIEFERS, X —HIBRGH 1T ) 58 B A N TRZRBA T
SR T i

L1/Ti(O'Pr),/45
e /T
N Ts (1:1:1,10 mol%) N
+ HCN —(— >
Ph)\H “ 'PrOH, toluene Ph CN
43

CL "
OH OH
- OH
OH ‘
45
Cinchonine
(Lewis base)

Re-attack

------ HCN
n
0-5'

Ti metal centre
(Lewis acid)

Cinchonine
(Lewis base)

Ti metal centre Si-attack

(Lewis acid)

X 16 Sk(V)% A1 T (AL T T
Scheme 16 Mechanism of titanium(I'V)-catalyzed cyanation

2009 4, SN 5 i R T i
RIS, 1R R =E 0] Je/8R/(S)-BRZE M 10 14 &
I T 47 5 EE OB L1 48 B FRI Aldol [,
133 — KB A iE M B 1) B TR E - TR 50
(Scheme 17a). 2010 4F, J5/INUJgERIZH B2 SR I 25400
TEALAR RSB T AL H R TR 40b 5 o f-AEFR IR R 51
(AR FR B IE AL S B (Scheme  17b). 7E TC VA 7 AR AN I
SSES6AT R, DAL S BRIt i B 3R A5 H AR =4
52, HiZ=¥ AR S b g A

AN, W/ NR A PE R R T — R R s -
Al(OPr); SEMMEMARR, SEIL TN 54 58 /REH
53 A FR Michael fil % W (Scheme 18). Jf Hr=4m]
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SR 5iHtR
@ Ligand 2/Ti(O'
0 igan i(O'Pr),/49
H O
JOJ\ HKOE (1:1:1, 5 mol%) Q
1 + 1
R l\‘lz H,0 (15 mol%) R 1 OEt
a 0°C, THF 2
48 50
up to 83% yield

up to 94% ee

49
(b) . -
Ligand 2/Ti(O'Pr)4/41c or 41d

. .
2/\(002& (1:1:1, 10 mol%)

R + CNCO,Et - -
CO,Et 40b PrOH (5.0 equiv.)
O
51 neat, 0 °C
CN Ar OHHO  Ar
CO,Et
4

52
up to 99% vyield; up to 94% ee

R2 = (het)aryl, alkyl

41c: Ar = 9-phenanthryl
41d: Ar = 2,6-(MeO),C¢H3

Elaboration of product 52a
CN Pd/C (10 mol%) H
H or Raney Ni
Ph CO,Et Yy 0
H, (2 MPa) S
CO,Et 2 Ph
EtOAc, AcOH, 55 °C
522 CO,Et
93% ee 52a-1
76% yield
H 93% ee
(1) KOH, MeOH, reflux N
- L):O 80% yield: 93% ee
(2) m-xylene, 140 °C ph (two steps)

52a-ll

B 17 SR ASTFR Aldol F1 Michael i1 8

Scheme 17 Asymmetric aldol, Michael reaction catalyzed by
titanium

LIk — 30 e R TE A W s A 24 2 v o A I D ke
R FTAEN. MEE N NZE T A% N PP T W
o — 7T, 2T R = AR A B R AL
VIR S, B, B TR S = R E
F. AE& Mg T FTRE M ALS AR K.

2012 4F, Glorius WAHPHRIE T 1E TR
1% 5 R AL IR R 56 A1 75 3R s TR 57 1
IR o-75 540 S (Scheme  19). 54 %t i fr 20 /1%
ZEEYEALIR RAN L, %N B FAFRISIARE R, H
ee {H IR TIEH] 93%. AN, MATHEH T =FATBERI1E
FAABAY, T TP e i /E 4 SEIA A B AL B EN
FAUT AR (RUR T 5 A EC AL ) 1 R B ol i 55 AH BAEH S5
RIS
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o Ligand 3/AI(O'Pr),
1:1, 10 mol%
A~ s neon ‘)
R Ar o,
0 °C, toluene
53 54
e
NG RO OMe
\K'\)J\Ar N
CN
55 i X~ "OH
up to 97% yield up to 93% ee N
R = (het)aryl alkyl, alkenyl Ligand 3 (Q)

Application of the Michael product

Ph

Ph
CN CNo piperidine CN - NEt CN
L)L | | th | =
Ph Ph ethanol PR 07 NH, ethano
PR~ "O” ~O
55a 55a-|
98% ee 55a-ll

51% yield, 95% ee

Proposed activation model

\:
Brgnsted base
Ar
N—H----N=C=,
H O-Al-.
Lewis acid

B 18 - TSI Michael TR
Scheme 18 Michael addition reaction catalyzed by quinine-Al-
(O'Pr); complex

@i%@

Ligand 3 (7.5 mol%)
Pd(dba), (1.4 mol%)

NaOBu (2.0 equiv.)
toluene, 100 °C

n= 0, 1 R= aIkyI, F,Cl
X=1,Br =
2 OMe /23
LN
n ‘ R "
= | A "OH
58 N~
up to 91% yield Ligand 3 (Q)

up to 93% ee

N OH

BRI 19 S/ RINERES S PRI AT FR 057 FEAL S B
Scheme 19 Asymmetric a-arylation of cycloketones catalyzed
by palladium/cinchona alkaloid
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3.2 WALl
3.2.1 N,N Btiz

F R RG22 AE T 2 R~ AN
YT, T TR SR R T
KGR E 2 —, RSB %K) 2 RiE.
eI E N, SRR T R B A
Bofk, @i 557, 5. k. 5. EESRNS Gk
HALE DI FRE AL B, 2003 4F, Arvidsson
SURGE T UL E R AR AT, HA T
TG TFYE e 4 RAMINECAR, S REVE R RIS,
SEPL T A OHR 59 BIESOER, Hoee MHB L 95%
(Scheme 20a). B, 5K4E 5RO LL[I(COD)CI), 1E
NE SRR, 9-RIEE XY EDIBAE A, A EEAE
RNEIR, WS T 0 FE AN IR R A RS A EE
ZHTHI AR, P2 ee fHA T EFF, (HF G N
(Scheme 20Db).

(@)

Q [IrCI(COD)},/Ligand 4 JO\H
R1J\R2 ' - R "R?
IPrOH, 'ProK
59 60

R' = aryl; R? = alkyl up to 99% yield; up to 95% ee

A

NH,
Ligand 4a Ligand 4b
(b)
1JOL i [IrCI(COD)],/Ligand 5 /C'J\H
RT R 'PrOH, KOH R OR?
59 60

R' = aryl; R? = alkyl up to 90% vield; up to 97% ee

Ligand §

B 20 FRAEABRIEL SR A N PRI S AL SN
Scheme 20 Asymmetric transfer hydrogenation reaction of
carbonyl compounds catalyzed by iridium

T p-E AR L HATEY BT R M Ay
TEVE LA NECAR S 5 A TR AL, DRt ST AR e B
P& 2 B T 2RI & D). 2012 4F,
Nakamura B0 20075 F 4 XS 400847 A2 I i B 19 i
Betk 6, 1085 Wi — L BB (EnZn)fiEfh T, SEBL T4
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AL 61 5EBERRES 62 AT IR AL S B, 7=
V) B-HE FE BRI 5 1) 63a 225 a7 F 1) e e H ) 45
AR p-Z AR, JF Hon mas sk, 1
Ab, ABATIEE S ESI-MS 347 il 2K 3 1 5% g o () 44 A0 7
P a5 kg 8, g 7 e B AR AT RE B P S
(Scheme 21).

Pho - v

Et,Zn (10 mol%)
Ligand 6 (2 ~ 30 mol%)

Benzene, 4 AMS

rt,3~84h
R= Ik | 62
alky
RN e
~PG
., ,OPh 7Ny (N
8 ~OPh NN N
o)
63 = |
up to 91% yield; up to 99% ee \N
Ligand 6
Representative examples
H H H
N‘pG CbZ\N N\PG Me N\PG
POPh P/OPh I OPh
X /) M P
phg © & “oPh ¢ 4 oph
63a 63b 63c

64% yield, 97% ee

94% yield, 98% ee 90% yield, 99% ee

Proposed transition state
R ~

R
NH
"
P-O chiral
\W scaffold
ﬁ\ Oz )
N N

=z | = |
[e) \N (@) \N
MeONa/MeOH NH
NH reflux, 3 h
-+ _-OPh 83% yield -y .OMe
f~oph f~ome
0 (0]
(1R,2R)-63d, >99% ee 63d-1
NH,
(1) conc. HCI, reflux, 20 h
- "”’P/OH
(2) propylene oxide, EtOH O// ~OH

97% yield
63d-Il, >99% ee
B 21 B/ B BE A A P A S 2 3R TN e P S B B A S
\_\L

Scheme 21 Asymmetric hydrophosphorylation of aziridines
catalyzed by Zn(II)-cinchona alkaloid amide

2014 4F, Nakamura 1550 2H B8R FH 4 X8 906407 A 1
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M PR RO AR 7/Cu(OTE), FIMEALAR 2, TR M 53
THIVIZ 64 5 a-FEEREE 65 AKX Mannich [ M
(Scheme 22). 52 /T TAEAIRINIAZ, 4:XS9N0ATA4 rnt
g FR R e e A ey, IHE I 2R 447 389 i B A Q3 T AR S
SR B A XS B @Lﬁii}éﬁm, 4-P1ER =
RIS O e, HL dr i nlik 92 ¢ 8. 1% v PAH
GO BT WOE RN, AR MR A Rt A R T
o f- B IR E EATAFEK B &Y 66, KA
WIEVE R, & T & Fh o7 e B U B . (E 3
WA T AR AR, BEEZRBICNESZI T a-

Cu(OTf), (10 mol%)

N~ P (O)Ph: NC  Cs,CO3 (20 mol%) N7
A * THF, -20 °C REv~{,
R OR? CO,Me , A R "H

65 1.5~60h,5AMS CO,Me
1_
R2 = (het)aryl, aIkyI up to 78% yleld
R“ = Mel, Et \ up to 99% ee
\_M 28:72~92:8 dr
4
Lo W
FiC N
0 4
o
N
Ligand 7
Representative examples
N Phy(O)P<
Ph,(O)P: N 2(0) N
Ph )\(N M )\( N
we e e
i H it 4
Me  Co,Me Me  Co,Me
66a
62% yield 48% yield
99% ee, dr = 92:8 99% ee, dr = 88:12
Ph2

Ph,(O

O,Me COZMe
66c 66d
52% yield 51% yield
93% ee, dr =92:8 97% ee, dr = 86:14

Proposed transition state

B 22 AT/ E I 44 5 WAL AS X R Mannich f
Scheme 22 Asymmetric Mannich reaction catalyzed by Cu(Il)-
cinchona alkaloid amide
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AR S5 VR G -5 T IV Ji (1) L B2 AN X FR Manmich v, 1
IR TR AR R I RIS FH Y L

2013 4F, REEEALE T — 2K S8 g AT
AR BT YE B RCAR 8, R L Th N B — 23
BE(ELZn) 51 36 HIAXIFRIN AR N H (Scheme 23). i
o LA (R 07 3, AT R BT e G A R A e v R
C6 A7 A HE XS T AR R A SR IS B
HEMEW. EFRS A P RRAERT, bl
ik 99% MR ee (E 133 EA HIANME M F VA i
XAl RERIVE AR, TEE NN TF IR L8 fl— 23
BE(ELZn) N T L8-Zn E&Y). SE SR —Fh
ZIBEIIEAL T, HAAT NN-BA 4 8 oD e R
Dy ORIE IR S, R B BEBEIIE A P=0 #E
NILHE B S B, B Zn—N—P=0 2 [A]f\3LE
VEFS AL — 23 8 (EtyZn). TP i 1 e 1 4w s ik 2R
C6 K A FEFIE N AN 5 sk B P=0 #45>
T OB, DR AR, T RS B
SN, I I S AR B S NI, R LA B A )
of i 4

Ligand 8 (10 mol%)
)]\ Et,Zn (1.5 equiv.) OH
_— =

R™ H ™ 350c~rt,6h R
36 toluene/CH,Cl, 67

(VIV=21)  yp to 99% yield

R = aryl, alkyl up to 99% ee
Ligand 8
Trifunctional catalyst
Lewis acid \ —

: Et H
Conjugated | — o zn~ [/~
Lewis base ( [~/ ¢

PhoP—N AN
H
MeO =
Lewis base & N |
N
L-Zn complex
Bifunctional catalyst
Lewis acid -
Et ;
Conjugated —= 0 znl oM
Lewis base (i~ N
Ph,P—N ”
H
=z
|
N
L-Zn complex

R 23 BB -FR(DE S WAL — SR S5 A Fon

JR N
Scheme 23 Asymmetric additions of diethylzinc to aldehydes
catalyzed phosphoramide-Zn(II) complexes
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[F4E, LM ARSI/ T TS 745430
FH 0TI FPERC AR — 5EnS, M B 515 10 J50kHH
K, Rifa—4, #aess DX B E W R i & 153 38— &
FIHT 04 XS AN BAT A BRI e FR AR 9, R B 214
AL EIE 36 AKX AR Henry [N H(Scheme 24). 1%
R R AT LLEH T 2005 & 4407 B FNENImE, PLmik
FR N T I R VRS B B A IR e B SR S .
Ah, AAI12EF "H NMR. DFT iF5AF7T, 4l T rTRER)
AR Cu-L9 E-AYITE1H A YA s B A7 A,
FETT A P 55 G AL i, F- PR AR et ne F Beh g A
BUR T SR RL P BRACAL S N T B KRR AR
W, BRI R 7 EE TP S8ER, M
JRI AL T S5 AR B 5 B R AR B Az, AT A
fo. B C6 Ar b A L 2 () 67 FELARSE, SR v 1)

Ligand 9 (6 mol%)

? CuCly~2H,0 (5 mol%) OH
R)LH + CH3NO, R NO,
0
26 ; EtOH (0.5 mL), 0 °C, 24 h 68
R = alkyl, (het)aryl up to 89% yield

up to 92% ee

N7 NZ
| O N |
MeO % | Pz
o
N

Ligand 9

Re unfavored

B 24 /5 GRS GNBRIBE L IE 25 S P AL A X PR Henry J

Wi
Scheme 24 Asymmetric Henry reaction catalyzed by copper/
cinchona alkaloid-derived bipyridine
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KAE BHL 6 [t g R AR, FR s . [RIEE, HRC A1
T i A0 T 32 PR o 40, TR, 3t Y e AATRES 1 S TR L,
BEM3 2] R /TR P24,

2018 4, Xy W ZH R A B T ) 4 0 gl
BATAE B F YRR Ak &4 10 A AERAE, LL Togni’s ik
A 70 SR = H I R, ST A
Hf5 69 HIARKTFR H A =T IR, DIAR S
SCR AT LI 8 1 B B3RS A - DUHUARH O 7 CFs
) S EE e bR 2= 4] (Scheme 25). 2% P= W) 28 1ok ] B h 5% Hhie
B e & R B INE R 1,3-R R A, Ak, i
ATV X R SEE | FTIR Y6 i S A v 2 HE 5 0 or br, AR
HINA L10 T 253 BRI BUEREBEH & T1E N
N,N-RUATRCAAR, 5 HECALTE B e A L&, HAE
UL EER T RTRE SOSHLEE: H A L0 3 i AR AE
e, JEAL AR BCE IE RS AL FICE A Cu(DE S
10-A, R4 70 A B o7 4E Cu(IDZ 54 10-B
1 CF; H 3. CF5 H HERIEXT Y 69 H 1 1e itk T
TRk, PEAEE BIEHEME 69-A, 69-A 5 Cu(IZEW)
10-B H i FCAARSE e B AR 69-B. B R AE T
R EALIER R S S AR Y Cu(IIDPFH 69-C, T2t if J5 il
FR1S BB A=) 1. AH AR A REFEBR I i L1

Ligand 10 (15 mol%)

F3C—I—0
Cu(OAc), 10 mol%)
)\)J\ 4 AMS, CHCI3
-10°C, 72 h

R'= (het)aryl R2 = (het)aryl, alkenyl

Proposed mechanism

AN AcOH
/"0
Ar
N-O

BUH B A B lL A, L10 TP 23R _E B RUEAE s
RS I — I AR,
AR, H AT 30 R i I 1 R AN PR SR Ak
Iifﬁlﬁ?l.ﬁﬁ’ﬁi@ H2E, X T HEENFRAER
i Jis J2 (R AN O PR AU i (4144 s 82 (7 A 9 A AH 218 0 S A4
)R B PR . 2020 4, X0 oG IR PR %
A S PR — 4 XS 4R BT A ) TP R e e A 11 48
UDAE BRI B B IR JE AR, SEEL T By- AL RN 5
72 SEEMES 73 KRR B R 2 SRR AL S B (Scheme
26). %I E RN AR, & T — RS i b 5L
vl 1) By-AWIFNER 5, DL A (F%) 77 3 B 8 HUAR 1)
I, DAL RBCR . X B B A JE X e B 115
B A T A S RE IR S =) 74.
T ALEESEIG A DFT B, /EE IR TR
1 NALEE(Scheme 27): JEAL A IS Cu(D%
W) 11-A BAEMIEJERE )1, B MIRmES 73 &
AR R P AE AR Cu(IDZ8 B9 11-B R 5
H . B2, 11-B i@ i 2K 72 F B 5 B i1
SRS, HlAEE 72-A. G, R E B Ex R
()44 72-A HR AR AT I, e R R PR mT s ), e
A H B 3 (E] 4k 72-B A 72-B'. 7E Curtin-Hammett

N0

LN N
" R? AN
§=O N
71 0
up to 99% yield, up to 92% ee Ligand 10
I o°

B 25 /<0 90 BB P P 2 5 £ A e R S = 9 PP A e 2

Scheme 25 Asymmetric oxytrifluoromethylation of alkenyl oximes catalyzed by copper/cinchona alkaloid-based sulfonamide
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Ligand 11a (15 mol%), Cu(OAc), (10 mol%)

N-OH Ag,CO3 (2.0 equiv.) N-© /NBJ
| + RSOLCI MSOZR
R R2 proton sponge (0.5 equiv.) =Y AN NH
722 73 4 AMS, CHCI3, -10°C, 96 h 74a Nl _ O:é
1 R = (het)aryl, alky! up to 95% yield o
R' = (het)aryl up to 92% ee
R? = (het)aryl Ligand 11a
3 Ligand 11b (15 mol%), Cu(OAc), (10 mol%) R3
N-OH R Ag,CO3 (2.0 equiv.) N-O F
)'\)I + RSO,CI : 2 SOz
R! R2 proton sponge (0.5 equiv.) R
72b 73 4 AMS, CHCI3,-10°C, 96 h

R" = (het)aryl
R2 = (het)aryl
R® = alkyl

R = (het)aryl, alkyl

Representative examples

N-O

! Wy 1S
J ] Ph
S

74a 74b
73% yield, 90% ee 63% yield, 90% ee

up to > 20:1 dr

74b H
up to 80% vyield
up to 92% ee

Ligand 11b

5L e “%

T4c, 67% yield
86% ee, 11:1 dr

74d, 80% yield
82% ee, > 20:1 dr

BRI 26 ARXS MR PE R B SR B,y- A AR ) B 2 SR AL S S

Scheme 26 Diastereo- and enantio-selective radical oxysulfonylation reaction of f,y-unsaturated ketoximes

BTN, ik H S R 72-B LA T ON,
LT NI B IR R, STARE R R C—
O ##, FPHESRE 72-C, ZHREMRARE LY 74
A Cu(HBEY) 11-A. IX—FE H T Stk A 1 el 2
A0 AR AR S B AN FR R e A SR PR S5 e ¢
P % ARt e B (RS T S AP T R — B R T .

2019 4, Al i T — 258 T 4 09 4 e
FTAE HME R IR C AR 12, SO T AR B R R S Ak
EWT5 53T WA KR Aza-Wacker AL BB R SR,
B UL R ISR, A S5 P XoF Tl 3 36 ek A A ko ke g 436 1
53| H A7) 76 (Scheme 28). {H 5 —HEHI2Z, HNTE, Xf
SN STARE RV A oy B, AT e R
J&: HNTE, f] LARasE 4 i 7. R AFIRAN, #
VETRTHR, 17 2 8 S A ) S0 S P A5 R N BE I8 5%
IR,
3.22 N,0/S Btz

2009 4F, Skarzewski BRI R T EX8 gl AT AE
PIF IR LA 13, SEHL T 2R HEE 77 53R 7 1Y
AKX Henry JN(Scheme 29). X-F7] fEHI1E IR,
VEE VO F YRR EC R &5 38 75 18 P AN OO . Stk
FIIT, 4@ HAE s 2 iR AL R e, h 38 F o U7
Bl 47 B S BT, AR 5 A% TR 2 TR A7 B EE /)N 1)
Re T HESURE B 56 T 192 S B (0 F-2E 74
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2011 4F, AR AR AL O Rl R R T AR N
AT 2B H TS T 1 R AR 14, I T B F 380 4
TRHIAGIFR Henry B HY, S8R T RT— FR G0 S1 A = i
68 )7 %44 i (Scheme 30). XAl GEAIME R, 1
DO T L N g o AR L A W [ 5 9
VR N 5 RIS AL Y, T TR R' L[] 5 eEmfor
2] FHERRAE R, AT AEAS 21 A% TR M2 TR A B B
/NI Re-THI i3k S0P Pl 225
3.2.3 NP Bfz

2008 45, 5K AE B A R L AT 15 6 2R 4t 1,2-
G Y -y Ry CR N T SE I )Y S S U AT
BAAY, RS B S g BRAT A 1 T U A 15,
X2 1% AR I B IR A Bi(Scheme 31). & tH A 3)
PHAZHC AR N TR0 A B0 A o0 7 S e A S . %
FPE R AR A A R, A X R0 A I 7R 35 S o T 34 438
(NIEIS

2011 4F, Dixon HAH"IEAT T —KEx0ahbi kT4
HIHT R B AL ICAA 16, /EZF =%, Ag,0 1EfE1L
7, ACOBt ARV FIMI 264 T, Bl 7 R E iy 82 5
1 36 FIASKEFR Aldol 52 B (Scheme 32). 1% % Mid 7%
BRI A SRR AR TS, RefE LLOL S IOUscR . Xk
PR AN AEXT I B R — R YA B AR 1
MgebiE 40 (ELR T T EBE AR I EN A RE 2. RN, P&
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BT SR EHR

72aor 72b
R. R HOAG
"N \ 4 r_R R3
S) . </ R?
[o /Cu OAc N\ e NN
. e T
RSO, o\\S’N N/C“\ N
° AI'/ ~0 O\\S/ R1
11-B N
Ohc A’ O 72.A
RSO,CI ‘
R, .R RSO;
N Cu(OAc), R, R
N
* n=1,2 < e
* u
O\\S’NH §' N/
/70 AcOH O~/
Ar \/S\\O 11-A R VW.R R?
Ar , R\’\] — R2
R w N AT A
R\NB . 8202R N/Cu(l{l\
R3 o0—R
~ 0./ 1
N-O * * CUI‘\ i g R
N N
1%302}:{ o N/ X /Ar/ X0
R ot .
Sy R
74a or 74b A’ © 72.¢ 72-B
.- Nu—cu'lL : ’ \Nu
T T ) / R3 Favored . 3
R NuH : ?6‘5\‘ \ K—> A R
V! R = N c
P | \/kSOzR SO,R
R 2 p
' : R Ke>K c
R I 72-B c~no Major
i * .-Nu—cu'L 7 Nu
RSOy SR .. Favored "R
———————————— ’ N ) ¥ Ko )
YUSoR SO,R
R? Pp
72-B' Minor

B 27 "THEERIPLE M Curtin-Hammett JR ¥

Figure 27 Plausible reaction mechanism and Curtin-Hammett principle

R1

O | Ligand 12 (20 mol%)
Pd(TFA), (10 mol%)

NH R?
HNTF, (40 mol%), 3 A MS
X toluene, 75 °C, Oy, 24 h

75 0.5 equiv. 2,6-lutidine
R'=aryl, H up to 83% yield ' u
R2=H, F, Cl, CH, up to 97% ee, > 20:1 dr Ligand 12

Representative examples

_T6a 76b 76¢c
63% yield, 97% ee 67% yield, 90% ee 68% yield, 90% ee

B 28 1L/ A AN BRIV LR 25 5 MDA 71 A K] Aza-Wacker S84 ER G AL S 2
Scheme 28 Enantioselective intramolecular aza-Wacker oxidation cyclization reaction catalyzed by palladium/cinchona alkaloid-de-
rived oxazoline complex
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e
0 Ligand 13 (12 mol%) OH OMe
)J\ Cu(OAc),* HyO (10 mol%) H N
+ CH3NO, - A _NO;
Ph H ip o Ph
rOH, 0 °C
77 7 78 | A SH
70% yield, 83% ee N__—
Ligand 13
Synthesis of ligand Proposed catalytic model
v o _ . O, H
J CH;COSH, PPh3;P/DEAD )\ LiAIHg4, Et,O )\ /N cZ <H
", —_—
" "OH THF,0°Ctor.t. w NSCOCH,  65% ~93% yield . “SH / 0
44% ~ 59% yield ‘
" WOAC
v / Cu
SQ

I/NaOH /L P %
- 50
/ H

EtOH, r.t., 82% ~ 99% yield )

E=R 29  HIELIIAXFR Henry M
Scheme 29

I Re favored

Asymmetric Henry reaction catalyzed by copper(Il) complex

Ligand 14 (20 mol%)

o]
J_ + RECH;NO,
H Na,COj3 (50 mol%)

R1
THF, -20 °C
36 7 68 MeO
12 2_ up to 86% yield
R'=alkyl, aryl R¢=H, CH; Up to 99% ee

Cu(OAC), *H,0 (10 mol%) /k(NOQ N

Re favored

/ o TN
~o
/ ‘_ S
X \

Si unfavored

B 30 /S OB R S AL A XS FR Henry J
Asymmetric Henry reaction catalyzed by copper(Il)/cinchona alkaloid-derived Schiff base

Scheme 30
Ligand 15 (6 mol%) MeO-C. _CO,Me
A\i*‘: . [Pd(C3Hs)ICl, (2 mol%) T
+ MeO,C CO,Me 2
Ph Ph ? 2 KOAG (3 mol%), BSA (300 mol%)  Ph™ ""Ph §
79 80 CH,Cly, Np, 0°C, 24 h 81 | LA
72% yield, 92% ee N~ O
Ligand 15 J
B 31 YA XSNIIATAE PN LA A AN 0 R0 P B e A S
Scheme 31 Asymmetric allylic alkylation catalyzed by palladium/cinchona alkaloid-derived P,N ligand

© 2020 Chinese Chemical Society & SIOC, CAS
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BIKE

R S LA 7R 0 P B0 S 2 S TE R R M. %t T
R A, AEE DO TR RO AR 5 — R ER TR
S EWIAT A D9 A B TR B B 2 4 B W Th REAEAL TR, AN
T S8 BT 12 Js N7 ) e R HE AL AN T P42 ). Dixon ¥R
AP IR AZE AR R DRI T T a-BURR R
T -5 A 1) Aldol i e/ 3R A 5 7 LA e i SV Ji P i e i 4%
PE Mannich JNR/AAEIBL, &R T — R 512 B REALH)
IK P =47

Ligand 16 (5 mol%) R

1
i JOJ\ Ag,0 (2.5 mol%) </N £aCO,R?
2 + R3 ;
CN™ "COR® © R "H  aAcoEt 4 AMS, -20°C OIR3
82 36 24~36h 83
1 3_
Rz_ HlkF:h Bn R =alkyl, aryl up to 93% yield
R®=alkyl up to 98% ee
dr>98:2
IN
Ph,P  HN |
o ~oN
Ligand 16

Representative examples

N ~‘\\\COZ(:Hg N “\\\COQtBU N é\\\COQtBU
¢ 4 ¢
o) F o o
CO,'Bu
83a 83b 83c
90% vyield, 94% ee  77% yield, 96% ee 81% yield, 91% ee
dr>14:1 dr>21:1 dr>99:1

Proposed catalytic model

§ \> R
o PPh, ,foﬁ%

Ar NG
RO

+ H
1,
o

—

B 32 AR B O LB ARIFR Aldol SR/l
Scheme 32 Asymmetric aldol reaction/cyclization of isocyano-
acetates catalyzed by silver(I)/amino-phosphine

2017 4E, Dixon 1 Paton 2523 PR e AL 5 4 )8
PR SRmS, BRI ARCLG T B AR 172 SEEL T 4-
JRTN SR Ul 84 1A A4 ) M. (Scheme  33). E1%
SR, S A L P s 700 R e 5 TR A6 A s v 3t 1
(o4 B AR, B R SR ST s e R A T
YRR SERZ N . 3T 2 Bl RO WE TR, 1 s it
DFT 53— 50AE 7 AT e RO ME FA AR T2 1 I e i ik
RRBER T SIREAL B, SRR o BRIE
sk, [EEE, E R LB G S B 2 M AEE N—
H--O AR, &M EE RIFINE R e st /R
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Y& VEH JRTAut s, 770 85 1F & sz g ik
MISCBE R A, BEIUL, %SRS AEA HLE B A BOK IR R
FHE.

Ligand 17a (20 mol%)

1 AgNTf, (10 mol%) R
amine catalyst 12a (20 mol%) N
R/R IPrOH, 60 °C, 72 h R?

0 (6]
84 85
R' = sulfonyl, ester, acyl up to 99% yield
R? = alkyl, aryl up to 96% ee
Ar = 3,5-(CF3)QCGH3
amine catalyst 12a
Ligand 17a
R! R!
NN @ N
2 2
R co-catalyzed R
(¢} desymmetrization (0]
HNR, HNR,
ML, {MH20 ML, | — MO
R ML, R
N/\\\/\\ metal activation N 7ML,
R? C—C bond formation R? ®
-R N
enamine  N( '\{\R
activation R R

/ﬁ-l steric hindrance

él\/N o
1 AN
R/S—N\/\\§ i ,/S/<

@\: "
7 g H/
! /N7
H NG\, [eny
: O
o Ar

s-cis-enamine favored s-trans-enamine disfavored

Bz 33 RS I A e 3R CUR Y 25 0 FR AR A A s 3
Scheme 33 Desymmetrizing cycloisomerization of alkyl cy-
clohexanones catalyzed by silver and amine

(EERVNSL ! X s RN N B YRl TR e =
B ULECAARILCES RS, U Scheme 34 Fias: A{EHF
PEUCHEC) R RIS J5t ent-12a FI1 & XS GNBRAT A R 1%
FEBEMLAAR 17b B, AT DAE R Xt WLk R SR A =
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1 o)
N ‘
matched I:D ent-12a 1
comblnatlon <— | N NMe,
17a ; H
79a O ent-79a 3 PPh;
99%, 95% ee 52%, 71% ee 3
———————— ‘ TS\N/\\ ’ Ve
| D : 12b N 122 o
PN 85a =— — 17
©H 84% yield 172 o ¢ 4% yleld
~ 17b 36% ee 78a 80% ee
Ts. /TS
N 12a ent-12a <:| matched
17b 17b comblnatlon
o) Ph P
Ar = 3,5-(CF3),CgH3 85a ent 85a 17?)

amine catalyst 12a

74%, 48% ee

99%, 96% ee

B 34 FHEDLE/ AL RCRLS

Scheme 34 Effects of chiral match/mismatch

ik 85a [F)%F {4k ent-85a (Scheme 34, /& A4 R
). MR, A HFHEALRRE AL S 12a/17b 505
ent-12a/17a B (Scheme 34, A4 LAIA F L), B HIRL
FFINS WU B35 KR PR, o6, SEE M SEFE
RTAE IR b5 120 1B XS AN T A2 1) T PR I C A4 170 B0,
AN EE LA 36% 1% Mk FEPEAS 2 B AR =4 85a; T4
fEAAEFHERBCAR 17¢ FIFHERA 122 B, WIEEEE DL
80% HIXT A I S 1S B P~ 4 85a. g FAR B, Mkt
TE IS5 7 P Bt 3 458 1 42 ) R R HE E AR .

BA TR B g 48, LR T A B
B, ARE TR 2 EERRR A S, B2
IR T ) Se4 4574, 2019 4F, BIA-FESDTFR T —
K B EA RN TR E B 18, L a- R EHEEC
IR WE 82 5 B-755k-a B-HILH 86 [FIASKIFRAH S M
(Scheme 35). 1% 87 P ey Wi 28 R imonef gk M SE I T 3-
75 LN KA G 87 I FVER . MR, fEIER
MR, AR AR R B PR AR R A
FACI R JE T AV AR AR BT RO AL, NTI#fE T
Pl s NP A (R B AR B R T2 T IR R A 2
[ AR, AT DA — 20 B 48 & W IR ST AR AL 52 30
53, ARG 86-A. T2 (A B JEA, I
B AL BP0 DB ()75 T HE L, S AR IR B 15 21 o )
14 86-B. [itif5, KAWL EIF[A{E 86-C. HlH]
& 86-C KA FALr=Er[alfk 86-D. 541t 1,5-A
AT B HAGRTYER 307 FRM s RS 87, 1B
MO SR R R RS, 58 e R G T SR AR R B
) 12-InR R B, teah, N BAA R0 E Rt B 52
FERAE R, BAT BRI A
3.3 =i&FEr

2007 4, Lin BB T SRS gumaT A 15
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Bk =G AC AR 19, FF0 H R D S 2 LA R ) =
LIS AR 88 WISRMBUR R H, i g 1
— R4 1-75 FE P REAL 59 89 (Scheme 36). X+ 1T RE(Y
TERRE, 1R VTR N =Gk S &R
WEEY, SHbER, 2273 = QAR N 5 B, 1A
?UTE%EJEEHQ % 5y WO T Be v A ) H 1. 1R B &
PR AN, e LA N IS AT g 23 115 21 H FrAk
&H.

2012 4F, KA 55 A1) A A N 3L BA I K 1
S XS ANTRAT A TR RIRACAR 14 HEATAEM 5 15 210
& 20, FERE LRI B8 36 SAHFEH LT 7 A XTHR
Henry <% H(Scheme 37). ML Z AT A TAE, AL O
] BR) 2 TR RH FEL 28OS TR0 = IR 31 T, )
I RIS R i g B B SR 4 T ﬂﬂ]‘?ﬁ@ﬂﬁiﬂlﬁﬂc
FIRHEWYESR 5 mol%. Lok, i 5 & A7 & Al
NMR #i#, {14 1 A,

Sonogashira 5 52 W AE AR G kT B i — Fh 2 i
T, 2B TACEFATR 2 0. R0, AR
Sonogashira BN, JEHAEXT C(sp’)—C(sp) bt
(IS FRA EEAEAR RFEE AT ARABITF K. 2019 4F, X
Oy TCIR A POHRIE T R Cu(D)/ & XS g E ik ) PN-AL
A R, T B RS RELI T SRR 91 Hiug
90 ] X FR Sonogashira C(sp®)—C(sp)fH B¢ 52 M (Scheme
38). ZRPARAE T, R RAN, KT — FR K by
FRY R A R VS T 1) ot ik i 1 P B AR B 1 5 3 M (> 120
A, AN, 15 VA REAR AF M Tl R 2k
SRR, T = B B — Hb B A OB ) T 14 K g
RIERA A H0(92a, 92b), FTIRTS TPk 2L & 9]
DAE— 20 A B S S, AT LA e AL 2 6 Bl g 41 =
AEFMB=Y) 92¢. ZFMhEum RGP T LT —
IRAXIHRI Sonogashira BEE N, LAy AEXT Bl ik £ 14
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a Ligand 18 (20 mol%)
Ag,0 (10 mol%), K3PO4

THF/TBME (V:V = 1:4)
5AMS,0°C

p—
OMe /Bj
N

N TNH  PPh

R3 N~
82 86 o
1- . R2= .R3= up to 98% yield )
R" = alkyl; R“ = aryl; R® = alkyl, halogen Up to 96% ee Ligand 18
- —t
S (0]
..... Ph,P. NF “ N CoR!
7N L Ag” X
NC é \\ K s .. OAgL
Coor' * o q ' = -
=——COR? R? Ny . R
OMe
R® /
82 86 86-B

L 86-A _
Ag

2 X\, COR?

N// COR? N// COR HN-

L 1 L
L 1 R'0,C
R10,C — R'0,C —_— 2C o
s S
86-C 86-D 86-E

B 35 A R Tk 3-07 Bt KL &1
Scheme 35 Synthesis of axially chiral 3-arylpyrroles catalyzed by silver

O OH
Ligand 19 (10 mol%) Me

X" “H + Etyzn TN
X—— toluene, r.t, 3 h X1
Pz =
88 — 89
up to 94% yield
OMe /% up to 93% ee
N lBu

NP HO

"o
Z o)'v Ns Bu

Ligand 19

Lewis base*

Lewis acid

BRIz 36 & RIk-F(DE SN — L8 SRR RN

JRR N
Scheme 36 Asymmetric addition of diethylzinc to aldehydes
catalyzed by Schiff base-Zn(II) complex
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U= 92d. I BHEEATIAR Fr BN R R T 21 e 1)
o- 75 BRI A 05 BEHUAR P b x4 ), IR I AN ot/
B/ Jc R e B IR A At BE AR 47 M3 FH 1% 54092,
92f, 92g, 92h). HEENE, TVARRB ARG LY
TEPERIDRE T IR OB BE, RZFI R IR = &
AJE WS R T — BT AT 1773, @it B i B IR
H SRR SEES, E#H UCHZR PR R &R [l 5T
FE.

2020 4E, %Oy TCIR AR ) N-F2FEAR 2K
B RL SRR 93 1Nk B AR AR, fEG T AR
A A RS2 T Sk 94 AT RR E R
C(sp®)—C(sp) I 52 i (Scheme 39). fEiZ M, ik
B (1) RS B AT AR T NN, P-BC A = 4170 7E B It 4%
PR RS A R EZ G, SE AR IiE G RA
WORAS T 78 24 B w08 S5 B T e fEAL TR, TRE A
N-F2FE A0 2K — PRV S8 0 i A BRE 55 1 E 4 ol
PARRE T — 20 T bR, 1% S N R AR S R
3T VG BRI B RE G, DA S BB 1 7 R AR TS
HISTAR R PE AR BAH B A=), 1% TAE R — 24
& T ZRMEAAR RIE R, TREh T DA R v TR R
& T e 2 i AR DL AR TR SEAS 2
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: e

0 Ligand 20 (5 mol%) H
Cu(OTf), (5 mol% H
Ay oo, —XOTHROmO) - AN,
Na,CO; (0.5 equiv.)
36 THF, -20 °C 68 MeO
T up to 99% yield

R = alkyl, aryl, heteroaryl

up to 99% ee

Bu
N
N Bu
— OH
|
N

Re favoerd

Ligand 20

Si unfavoerd

B 37 /S OB KB AL B AKX R ES Henry S
Scheme 37 Asymmetric Henry reaction catalyzed by copper(Il)/cinchona alkaloid-derived Schiff base

2019 4E, XL e @A PR T 2w THE, FIA
B/ XS AN AR NN P-FR R AR &R, SEBL T Iz
FIHI C(sp)—H SFNA ity Heda (1 B 36X FR AL
C(sp’)—C(sp) % XABRE I N, B A ERI X IR, fh 2
X ik FEPE(Scheme 40). A V-G A/ i A0 1)
kR0 E S AT AR AL TR, PR R E AL DS I
TFHM 1,5-80 1,6-Z0EBd 2, 0T LKz i AR & 40 1
C(sp’)—H HEAL M FIbedE [ B, [0 250t
o T RIS 1 Glaser 18IE SR, %% B FH T
— RYIEUAR I 5 AN J4 05 FE SR B . X T (F) 2
R C(sp’)—H BEHEE A RN, - THLH
PRIC LIRS BT SRS, TEE R T AT RE M R M AL
H: L, ERAFET, Cu()5 TR AR A b He s
KRR, FHEMRBZEY) 97-B. M5, #5461 97-B
SR 96 BB TR IR, R Cu(I) 251 97-C
AL A M 97-A. 845, BhiE A By R
96-A LTI 1,5 B3 1,6 FIL =L br gk Btk
HE A 96-B. #RJ5, HidkH BB 96-B # Cu(ll)
AW 9T-C 3K, 74 Cu(lID A4 97-D. #ie)a, Bt
WE WA R H bR 98 FIE 4k Cu(D)% &)
97-A.

2020 45, X0 7GR 2 BRI F L T DA T % 1 427
PIBRATAE R NON,P-Z 15 FPERCAR 21, 7R84k 1 25
T, WG TS i R R g R, SEL T
1 100 2) T A GRR E 2 1,2-Fe s b ) B, B

Chin. J. Org. Chem. 2020, 40, 3493~3516
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% DA S PRI VAL 256 R0 38 455 2 v s ) % T — R F
PERRAL A 102 (Scheme 41). %N R ML 7
BREMIGREE, W TSR CR) T AR i U
HIMEIE, (F2)75 36 e F R REGESEBUR bR, DL
PRI —S . GO =2 ket | B mr ik, EER)2
%N I BRI 1,2-X0UE BEALARAIL T —Fb ] 47 (1)
HEMG. FEFPEHI92 . EPR YISzt . NMR SZEG25H:
AT, TEEIRE T W N RS, SR A
MR (F) 75 S RCAAR 1 P-3,5- T R EE 2 [H]
T2 A P T Si-Ts AFI, I F= =40/ 84N R
M2 8. Z 5N S BLREEE I C(sp™/sp”) ik 7 S LI 18 1)
XUE REAb s N AR G 1 AR, A BRI N R A A

4 REERE

i EpTad, DRIHAR S B T8 s AN AT 2
Wi 7, eXSAN R L AT EM A A HLIEAL A
XA R OAT 1202 N AT, (H AR (A
B B, N LT IV B AT s R PR, ThRE
HAEATFHIAZ 5 &8 ALK ARFR G Bk AR
DR, HR RIS, RMRBAZIR, 73847
FEH R A E]. MR IR TAEE 55 00, F ]
PATF 5t SN =F- 6 2 1 0 < XS Ui A RO AL 770 S T
PERCAR, b 0K N 248 A AR ) S i A v, gk
B HEEN AR & IR S
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BHE =R
e
OMe
Ligand 21 (7.5 mol%)
JB\r CuTc (5 mol%) R N
R——H + 1 > - —_— {
ROR Cs,C03 (2.0 equiv.) R2 I A NH PAr,
20 91 Et,0, rt. 92 N,
R = (het)aryl, alkyl up to 99% yield 0
R'= (het)aryl up to 98% ee
R? = alkyl Ar = 3,5 Bu,CgHs
Ligand 21
TIPS
Me CN Me
14 (4 :
P Ac H N Ac Ac | |
N
H/\O/ /Ph TS\NI\O S P Bn
H H H Cz 7
92a 92b 92¢ Bt 92d 92e
96% yield, 96% ee 77% yield, 95% ee 81% yield, 95% ee 49% yield, 95% ee 93% yield, 96% ee
I\Ille
CH,Bn oN o N‘ph
I y
Br = Cz 2 cz. F Et
CH,Bn
92f 92g 92h
97% vyield, 76% ee 61% vyield, 77% ee 92% yield, 86% ee
EIZ =41
CF3
O :
CO,H
O :/ z _ Me
: N =
~ N
N o
Me N~
O
92i 92j HoN
AMG 837, a GPR40 agonist a mGIuR modulator for 2 92k
for type 2 diabetes neurological disorders UCP1172, DHFR inhibitor
7 steps, 10% overall yield, 83% ee 3 steps, 69% yield, 93% ee for bacterial infection 5 longest, linear steps
27% overall yield, 92% ee

B 38 HRMEALIIAKI TR Sonogashira fE S
Scheme 38 Asymmetric Sonogashira coupling catalyzed by copper/cinchona alkaloid-based P,N-ligand

Cul (10 mol%)

R Ligand 21 (12 mol%) R?
Cs,CO3 (3.5 equiv.)
RZJYO\NNaPhth f R T Rt 3d R1J\Rs
o blue LED
93 94 95
R =alkyl; R? = (het)aryl, alkenyl, amide up to 81% yield
R® = (het)aryl, alkyl, alkenyl, silyl alkynes up to 99% ee

Representative examples

|
N N Ph™
Ph/‘\ /O/'/\ Ph r N A octs
Ph cI”" N o Ph

95a 95b 95¢c 95d
67% yield, 93% ee 58% yield, 96% ee 37% yield, 70% ee 72% yield, 97% ee

BRI 39 SCIRENH AL ASGEAR B e 5 FR F B e 18

Scheme 39 Photoinduced copper-catalyzed asymmetric radical decarboxylation coupling reaction
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R2
|

N\
i
On +

1

(@)

Het)'
Ar

&

w, R

96

n=1,2;RYR? = alkyl;

Ligand 18 (10 mol%)
Cul (10 mol%)

Cs,CO3 (1.0 equiv.)
THF, rt., 16 h

H—R3
97

up to 98% vyield
up to 97% ee

R3 = alkyl, (het)aryl

H Cu'X
--NPG l Ligand
l\\ H |_*CUI -
R H—=-R
VA 97-A 97
98
R Base
H Sonogashira-type
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Scheme 40 Asymmetric Sonogashira-type oxidative cross-coupling catalyzed by copper
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References

[1]1 Yang, F.; Hanon, S.; Lam, P.; Schweitzer, P. Am. J. Med. 2009, 122,

Chin. J. Org. Chem. 2020, 40, 3493~3516

317.

[2] Haas, L. F. J. Neurol., Neurosurg. Psychiatry 1994, 57, 1333.

© 2020 Chinese Chemical Society & SIOC, CAS

[3] Rabe, P.; Ackerman, E.; Schneider, W. Chem. Ber. 1907, 40, 3655.

3515

http://sioc-journal.cn/



BIKE

SZiR SR

(4]
(3]
(6]

(7]
(8]

(9]

[10]
(1]

[12]

[13]

3516

Woodward, R. B.; Doering, W. E. J. Am. Chem. Soc. 1945, 67, 860.
Carter, O. L.; McPhail, A. T.; Sim, G. A. J. Chem. Soc. A 1967, 365.
Stork, G.; Niu, D.; Fujimoto, R. A.; Koft, E. R.; Balkovec, J. M.;
Tata, J. R.; Dake, G. R. J. Am. Chem. Soc. 2001, 123, 3239.

Yeboah, E. O.; Yeboah, S.; Singh, G. Tetrahedron 2011, 67, 1725.
Boratynski, P. J.; Blajet, M. Z; Skarzewsk, J. Textbook of The Alka-
loids: Chemistry and Biology, Elsevier, Poland, 2019, p. 29.

List, B. Angew. Chem., Int. Ed. 2010, 49, 1730.

MacMillan, D. W. C. Nature 2008, 455, 304.

(a) Kacprzak, K.; Gawronski, J. Synthesis 2001, 961.

(b) Tian, S. K.; Chen, Y.; Hang, J.; Tang, L.; McDaid, P.; Deng, L.
Acc. Chem. Res. 2004, 37, 621.

(c) Singh, G.; Yeboah, E. Rep. Org. Chem. 2016, 6, 47.

Shi, L. M.; Dong, W. W.; Tao, H. Y.; Dong, X. Q.; Wang, C. J. Org.
Lett. 2017, 19, 4532.

Shao, Y. D.; He, X. Y.; Han, D. D.; Yang, X. R.; Yao, H. B.; Cheng,
D. J. Asian J. Org. Chem. 2019, 8, 2023.

Mukhopadhyay, S.; Pan, S. C. Eur. J. Org. Chem. 2019, 2639.
Nakamura, S.; Hayama, D.; Miura, M.; Hatanaka, T.; Funahashi, Y.
Org. Lett. 2018, 20, 856.

Takata, S.; Endo, Y.; Ullah, M. S.; Itsuno, S. RSC Adv. 2016, 6,
72300.

Endo, Y.; Takata, S.; Kumpuga, B. T.; Itsuno, S. ChemistrySelect
2017, 2, 10107.

Reddy, R. R.; Gudup, S. S.; Ghora, P. Angew. Chem. Int. Ed. 2016,
55, 15115.

Mondal, K.; Pan, S. C. J. Org. Chem. 2018, 83, 5301.

Wu, Y. C.; Jhong, Y.; Lin, H. J.; Swain, S. P.,; Tsaia, H. H. G.; Hou,
D. R. Adv. Synth. Catal. 2019, 361, 4966.

Jiang, H. Y.; Li, Q.; Qi, Q. J.; Yang, C. X.; Zhang, D. Chin. J. Org.
Chem. 2018, 38, 825 (in Chinese).

CGEWT, ok, FIRA, MR, KFH, Aaes, 2018, 38
825.)

Zhu, W.-R.; Liu, K.; Huang, W.-H.; Huang, W.-J.; Chen, Q.; Weng,
J.; Lin, N.; Lu, G. Org. Lett. 2020, 22, 5014.

Zi, Y.; Lange, M.; Schultz, C.; Vilotijevic, I. Angew. Chem. Int. Ed.
2019, 58, 10727.

Breman, A. C.; Heijden, G. V. D.; Maarseveen, J. H. V.; Ingemann,
S.; Hiemstra, H. Chem. Eur. J. 2016, 22, 14247.

Kumpuga, B. T.; Itsuno, S. Asian J. Org. Chem. 2019, 8, 251.
Ticha, 1. C.; Hybelbauerova, S.; Jindfich, J. J. Org. Chem. 2019, 15,
830.

Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K. B. Chem. Rev.
1994, 94, 2483.

Yang, F.; Zhao, D. B.; Lan, J. B.; Xi, P. H.; Yang, L.; Xiang, S. H.;
You, J. S. Angew. Chem. Int. Ed. 2008, 47, 5646.

Wang, J.; Wang, W. T.; Li, W.; Hu, X. L.; Shen, K.; Tan, C,; Liu, X.
H.; Feng, X. M. Chem. Eur. J. 2009, 15, 11642.

Su, Z. S.; Li, W. Y.; Wang, J.; Hu, C. W.; Feng, X. M. Chem. Eur. J.
2013, /9, 1637.

Wang, W. T.; Shen, K.; Hu, X. L.; Wang, J.; Liu, X. H.; Feng, X. M.
Synlett 2009, 1655.

Wang, J.; Li, W,; Liu, Y. L.; Chu, Y. Y.; Lin, L. L.; Liu, X. H.; Feng,
X. M. Org. Lett. 2010, 12, 1280.

http://sioc-journal.cn/

[33]
[34]
[3s]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[43]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[8]

[59]

© 2020 Chinese Chemical Society & SIOC, CAS

Shi, J.; Wang, M.; He, L.; Zheng, K.; Liu, X. H.; Lin, L. L.; Feng,
X. M. Chem. Commun. 2009, 31,4711.

Richter, C.; Ranganath, K. V. S.; Glorius, F. Adv. Synth. Catal.
2012, 354, 377.

Hartikka, A.; Modin, S. A.; Arvidsson, P. G. Org. Biomol. Chem.
2003, /, 2522.

He, W.; Liu, P.; Zhang, B. L.; Sun, X. L.; Zhang, S. Y. 4ppl. Or-
ganomet. Chem. 2006, 20, 328.

Hayashi, M.; Shiomi, N.; Funahashi, Y.; Nakamura, S. J. Am.
Chem. Soc. 2012, 134, 19366.

Hayashi, M.; Iwanaga, M.; Shiomi, N.; Nakane, D.; Masuda, H.;
Nakamura, S. Angew. Chem. Int. Ed. 2014, 53, 8411.

Yamaji, R.; Iwanaga, M.; Nakamura, S. Chem. Commun. 2016, 52,
7462.

Shen, B.; Huang, H. Y.; Bian, G. L.; Zong, H.; Song, L. Chirality
2013, 25, 561.

Liu, M.; Ma, S. J.; Tian, Z. Q.; Wu, H.; Wu, L. L.; Xu, X. F,;
Huang, Y. D.; Wang, Y. M. Tetrahedron: Asymmetry 2013, 24, 736.
Li, X. T.; Gu, Q. S.; Dong, X. Y.; Meng, X.; Liu, X. Y. Angew.
Chem. Int. Ed. 2018, 57, 7668.

Li, X. T; Lv, L.; Wang, T.; Zhang, X. H.; Cheng, G. J.; Liu,
X.Y. Chem 2020, 6, 1692.

Tian, Q. Q.; Liu, Y. L.; Wang, X. Y.; Wang, X.; He, W. Eur. J.
Org. Chem. 2019, 24, 3850.

Zielinska, B. M.; Skarzewski, J. Tetrahedron: Asymmetry 2009, 20,
1992.

Wei, Y.; Yao, L.; Zhang, B. L.; He, W.; Zhang, S. Y. Tetrahedron
2011, 67, 8552.

Wang, Q. F.; He, W.; Liu, X. Y.; Chen, H.; Qin, X. Y.; Zhang, S. Y.
Tetrahedron: Asymmetry 2008, 19, 2447.

Sladojevich, F.; Trabocchi, A.; Guarna, A.; Dixon, D. J. J. Am.
Chem. Soc. 2011, 133, 1710.

Campa, R.; Dixon, D. J. Angew. Chem. Int. Ed. 2015, 54, 4895.
Ortin, I.; Dixon, D. J. Angew. Chem. Int. Ed. 2014, 53, 3462.
Campa, R.; Yamagata, A. D. G; Ortin, I, Franchino, A.; Thompson,
A.L.; Odell, B.; Dixon, D. J. Chem. Commun. 2016, 52, 10632.
Manzano, R.; Rubén; Datta, S.; Paton, R.; Dixon, D. J. Angew.
Chem. Int. Ed. 2017, 56, 5834.

Zheng, S. C.; Wang, Q.; Zhu, J. P. Angew. Chem. Int. Ed. 2019, 58,
1494.

Casarotto, V.; Li, Z. T.; Boucau, J.; Lin, Y. M. Tetrahedron. Lett.
2007, 48, 5561.

Yao, L.; Wei, Y.; Wang, P. G; He, W.; Zhang, S. Y. Tetrahedron
2012, 68, 9119.

Dong, X. Y.; Zhang, Y. F.; Ma, C. L,; Gu, Q. S.; Wang, F. L.; Li, Z.
L.; Jiang, S. P.; Liu, X. Y. Nat. Chem. 2019, 11, 1158.

Xia, H. D.; Li, Z. L.; Gu, Q. S.; Dong, X. Y.; Fang, J. H.; Du, X. Y;;
Wang, L. L.; Liu, X. Y. Angew. Chem. Int. Ed. 2020, 59, 16926.
Zhang, Z. H.; Dong, X. Y.; Du, X. Y.; Gu, Q. S.; Li, Z. L.; Liu, X.
Y. Nat. Commun. 2019, 10, 5689.

Dong, X.-Y.; Cheng, J.-T.; Zhang, Y.-F.; Li, Z.-L.; Zhan, T.-Y.;
Chen, J.-J.; Wang, F.-L.; Yang, N.-Y,; Ye, L.; Gu, Q.-S.; Liu, X.-Y.
J. Am. Chem. Soc. 2020, 142, 9501.

(Fan, Y.)

Chin. J. Org. Chem. 2020, 40, 3493~3516



