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Asymmetric Tandem Reactions Achieved by Chiral Amine &
Gold(l) Cooperative Catalysis
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(“ Shanghai Key Laboratory of Green Chemistry and Chemical Processes, School of Chemistry and Molecular
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Abstract Cooperative catalysis is a powerful strategy to improve the efficiency and selectivity of organic reactions. It is of
current interest in asymmetric catalysis to combine different catalysts to secure synergistic effects to realize high reaction ac-
tivity and selectivity unattainable by a single catalyst, and to develop challenging new reactions. Depending on their structures,
chiral amines can activate aldehydes or ketones with a-protons, conjugated enals or enones, activated methine or methylene
compounds via enamine catalysis, iminium catalysis or deprotonative activation. On the other hand, cationic gold(I) catalysis
can efficiently activate olefins, alkynes or diazo compounds for functionalization reactions. Therefore, it has attracted ev-
er-increasing attention to combine the reactivity patterns of the two types of catalysts to develop asymmetric tandem reactions,
and paves a facile way to construct complex chiral compounds from simple starting materials. The purpose of this review is to
introduce the asymmetric tandem reactions achieved by chiral amine & gold(I) catalysis, focusing on the advantages of such
type of cooperative catalysis, the way to avoid catalyst deactivation, as well as its future development, so as to provide some
useful references for researchers engaged in asymmetric catalysis.

Keywords asymmetric catalysis; cooperative catalysis; chiral amine catalysis; gold catalysis
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Enamine 5-exo-trig hydrolysis

catalysis

L kﬁﬁﬂﬁﬂc&ﬁ?ﬁﬂc
Selected examples
O O
DeRlRb ot
N N

SO,Mes CO,Me

22a 22b

53% yield 53% yield

5.3:1 dr, 94% ee 12:1 dr, 98% ee

OH cyclization an\: N® Auy
H \ > H/S“—)\\Q
S Au 3
(o ( OH
X

MeO,C~ CO,Me

NTs
22¢c 22d

78% yield 34% vyield
2.1:1 dr, 84% ee 8:1 dr, 98% ee

BRI 8 AXIFR a-Hi A R AL S B ORI R AT 2R

Scheme 8 Enantioselective a-allylic alkylation reaction to cyclic aldehyde

1) 25 (20 mol%), 2-FCH,CO,H (100 mol%)
IPrAUNTY, (5 mol%), CH5CN, 20 °C

HOH,C. " ~_~ N

¢ X

NTs Ar
/

IHRRENEEIEN

Control experiments

1) 25a (20 mol%), 2-FCgH4CO,H (100 mol%)

cat. (5 mol%), CH,CN, 20 °C

2) NaBH,, CH3OH

- Ph Ph
Enamine ®
catalysis ..N OR
Au_ Vi Au catalysis

23a + 24

Ar = Ph 2) NaBH,, CH3OH

Ph
N Ph

Ar Me Ts
26 H OR
/ 8 examples, 23% ~ 80% yields | 255: R = TBS
TsN - 24% ~ 86% ee 25b: R = TIPS

/
Au Hydrolysis/
" reduction

a) with IPrAuNTf,, 72% yield, 76% ee

263 1) with HNTf,, 18% yield, 76% ee

B9 o SCHEES SHIAXIFR I 18] a-M P93k Ak S

Scheme 9 Enantioselective intermolecular a-allylic alkylation of a-branched aldehyde
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TR N, B Ja 4K A 25 A =0
T IEEEAT AN 26. A BA BT R A AT DA HE 45 Jie 1)
TER, RIS AR T PR AT AR R ER. TV 0 g ff
1551 25 F 5| N KA FEAESE(TIPS), 75 T s o o e iz
Bt da ), Rl A, 3R A IR B ().
TV AP R A AT LI st I i 4 A S 35 Ak Tl s 4
(R, 3 T] DLd ik MV i A R SIS L B B AL E R
H1k, 7EdbEAl b4 & S A R A TR B R BL. 2010
4, Jorgensen SFPSIRF M i 5 4 v [R) 1R A4 1) SR,
I AKTFR Michael i p%/5-exo-dig A0 BRI N, SEER
T F I R A A R LR R AT AR B R
[¥z 29 B S i i el Ak 1 5 O AL LA I 27 55 dt
BT i & A4 Michael THRR, Bl & MEAFIERN © R
AT A T A R BRI R AR 4y T NI S-exo-dig L,
B E B KRR, B 50%~89% 17 A 85%~95%
1) ee [E3RAF T R AEEIUAR I T30 30 FRERTAE D) 30
(Scheme 10). FrfSFFE =M EA R =& KANME, Fa
T PR M R 30 Kk, BE DA AP B S B
fusicoccane i AU B [AIA 31 FIAKTRR A K.
Psy- SR T R PN B 45 HG B o0 | I A T KRR
PR DIE 2> T 2021 4F T TLAEROR - M fp e i
G (BUAR ) P A £k, X AR B T R 5 04 T 1) A % R
5-endo-dig ¥ft./Michael MECH B NEAT T 5T, S

LT FAE - BT I 8 P4 I8 11 v S IR B 1 A
(Scheme 11). FHAMIZ 16 AL AT LIAE MK P B 4 &8
Lewis FRUEHRPIRR IER LI, JiEAE AR BSCBUARIR iR i
R AR 34; 38 AT DU R A ) 77 SO G 27,
17 55 R IR )4 34 & A= Michael i E A 2 FPE T 06
RN R R &Y 35, X T e BRI N R, PhsP-
AuOTT ion H BRI A TS P, 7R Al ot — 2Dk
T AN FRIA L /Michael/aldol N =20 & e B, SEEL T
FAIRFEH)(— )-aromdendranediol S A1 [E] 44 37 FIAXT AR
ARk

B T BRIIR, BRI [FRE BT DATE & @ A A R R AR 3R
b N AS B W IR AT AR, 2R T T R R AN R R
R, 2021 4F, Moreau 540045 & S A0 KR BEIZ I L
IR A AL (A% 2 5 (1) Diels-Alder [N, SEILT
F W I DY S e A AV s WO B S . B
JETE PhsPAuPFe AL T, BRife R E S-endo-dig 015
B R AR SO v B 44 40, T IZ 16 55 b BRI 39 TR
WA SRR, SXUGER 40 K 4%-Diels-Alder %
N, f 2 DL EE RN TS IP= R AR T (1) de (Y ee (AT
BT PR g 5 DO Sk e 2510 A9) 41 (Scheme 12).

— N ERBREL TR R MR
FE A FH T P A 2 0 fi 45 5 < A T T B A

3

= AN
4ih

H

(0]
? NC._CN 29 (10 mol%), PhCO,H (10 mol%)
f K PPhsAUNT, (5 mol%) R
+
R X toluene, 25 °C NC” CN
27 28 30
Ar 10 examples, 50% ~ 89% yields
. N Ar 85% ~ 95% ee
Iminium H OTMS
lysi ;
catalysis Ar = 3,5-(CF3),CaHs Hydrolysis/
29 Isomerization
Ar Ar
Ar =
{ Michael B 1] OTMS 5-exo-dig / ® OTMS
ﬁ OTMS addition AU 22 cyclization ~ H R
I ne 4 R ;<< §,CN
R \_/>§—/ NC” CN N
NC BRI S e
Synthetic applications:
" CO,Et
o 7,
1) NaCNBH3 "
Pr 2)(Et0);CCHs iPr
NC CN NC” CN O CH,
30c, 96% ee 31, 79% yield fusicoccane diterpenoid
analogue

B 10 AXIHR Michael JilE/S-exo-dig FRAL R B 2 8 A O M s

Scheme 10 Enantioselective Michael addition/5-exo-dig cyclization reaction to cyclopentene carbaldehydes
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? CO,H 1) 16 (20 mol%), PhsPAUOTF (5 mol%)
| + T CF3CeHs, 1., 48 h
R PhsP. -t
Me” 574 2 (R et 2) PhaPy__CO,Et, DCM, r.t 35
(R =Et n-Pr) 33 2 examples, 78% ~ 85% vyields
5.7:1~9.1:1dr, 0 ~96% ee
Au catalysis/
5-endo-dig HydronS|s/
Wittig reactlon
Ph
00 Ve/ TMSO PN _ o
R S K (OA L, outside attack
0 < TMSO Ph
L,Au
34
]Iﬁﬂﬁﬂc&ﬁ?ﬁﬂc

Synthetic applications:

OY\/\AO < \
Ve 36 16 (20 mol%) g \
PhsPAUOTY (5 mol%) OHC. -, steps —{
+ o p—

- Me
CF3CgHs, r't., 48 h ~< HOH
/\CozH 3es: ML

32a

Me/\Me

37
50% yield, 6.2:1 dr, 91% ee (-)-aromdendranediol

BR 11 AR Michael I1k/5-endo-dig 4k B [ N4 BT 1612 Y Big

Scheme 11 Enantioselective Michael addition/5-endo-dig cyclization reaction to butenolides

R2
R 3
R R2 1) PhgPAUPF g (5 mol%) ) R
SN Q DCE/toluene, rt., 1 h R |
= N\ O™ ™N” “oH
R3  2)16 (20 mol%), PhCO,H ( 20 mol%) Ts
07 >NHTs 39 (1.5 equiv.), DCE/toluene/H,0, r.t., 24 h 4
38 39 21 examples, 27% ~ 90% yields
>95% de, 95% ~ 99% ee
g‘_‘;ﬁg;a_%ziy } Hydrolysis
Ph R?

R Ph - R3
OTMS Aza-Diels-Alder RL(/II
O™\ 16 N reaction 0~ NN
Ts
39
sN \ Ph %3

Selected examples:

: "o . :
Pr Me
NH
O™ >N oH

N OH o N"~oH O™ >N"oH
S Ts
41a 41b 41c 41d
68% yield 53% yield 74% yield 60% yield
>95% de, 98% ee >95% de, 94% ee >95% de, 99% ee >95% de, 99% ee

B 12 AXIHR Diels-Alder/S-endo-dig S4Y [ N A BRI IR E 1L &4
Scheme 12 Enantioselective Diels-Alder/5-endo-dig cyclization reaction to tetrahydrofuro[2,3-b]pyridines
FRBL T EI I, PR AU S < P R A A T TR A4S 21 AL T7 ORI 52 R b AR SR AL E D, 1w
T ORVE. ANFEIT TR R B R T LA 00 i BRI fi RiyE . peAh, FAEBUR AT DL SR, Bk, B iy
[P i i SR S AT i AL, TR RN 3 25l 5 BRI 35 e A 5 R - B 2 AR XU RE AL 51,
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TEF MRS SEARZ BT B R, i S B RIS AL
=7 | I Si I <% il 1 150 A i A A =100 AR o
AL AR SRR . USR] FH T 1 AU AN 6 1 [F) R A
AR IR R R AR 3] T 3 IR .

2010 4, Jorgensen SFUUE RS & SN
1k, AT BRI S A T — I SR &9 o, S8 A X
PR Mannich/ZU Ak 5 B R SE I 7 = Sk g T AE 1)
G . B YEAE 1 mol% S XS gNRAT A= I T M UL - B iR 44
AL S, WA EEIIRA G 43 5B 42 k4
Mannich J 43 B S8 T4 (Al 44 45, Pyl &5t
JE KA TN S-exo-dig BN, B f5 20 DU 4
1k, DLAREE B [T 77 AN R B A5 B T A

MSATAY) 46 (Scheme 13). & 74T AN+ EoR H
B AL B AT AL TG 1. TR AN & AL X
A7 U A A PR AT S5 AR, R LA T 1 U A
{6 [) Mannich R M2 )5, TEIIAEL 10 5 &M p-TSA K
WIS SR EAE R, M B S S
SN RES IR 3347

b 5, o R B b 2 PR AR R A R AL
LR R T EE A WL RIS FR Mannich/& Ak & Bk
N, SEE T B DU S e 5 ) e R T MR PR SR A g
W= AR IR FEVE B i(Scheme 14). & XS 4NHE AT T
PERUR U T REME AL 7] 48 AT LUGR| M4k BE 4T 0 % 47 5
WG 28 BIAXSTRR Mannich f 1531 alfd 49,

CN
NC
-Boc  NC._CN 1) 44 (1 mol%), CHCl, -60 °C 10 examples
| . Ar CH.R! 45% ~ 93% yields
Ar o 2) PPh3AUNTf, (5 mol%), p-TSOH (10 mol%), 25 °C N TT2T 58% ~83% ee
1
42 43 R 46 =
— ;,A\I" ] OMe
-N__o i
H \f 5-exo-dig N
= ® o
|
ANINC O N e N omerization | N
44 catalysis NG N | NH
BuO g ) \R1 N~ )\ _Ar
Ar” NH s N
CN @N ' H
NC—@ H @ SN Boc Ar' = 3,5-(CF3),CgH3
=\ 45 44

— MINHEMEL
Control experiments
1) 44 (1 mol%), CHCl3, -60 °C

2) PPh;AUNTf, (5 mol%)
additive (10 mol%), 25 °C

42a + 43a
Ar=Ph R'=H

a) without PPhzAuNTf,, no reaction
b) without p-TsOH, 9 h, 76% vyield, 3:1 endo/exo
c) with PPh3AuNTf, and p-TsOH, 4 h, 70% yield, >10:1 endo/exo

B 13 X Mannich/ZAL N & i S s AT A4

Scheme 13 Enantioselective Mannich/hydroamination to dihydropyrrole

3
R\N
S / NC._CN 1) 48 (5 mol%), toluene, -70 °C 15 examples.
R o+ Q 2) BF5°Et,0 (20 mol%), r.t., toluene g%’ - g;of’ yields
k2 X 3) XphosAuNTf, (5 mol%), 25 °C o o e
47 28

— N
(Y

] e
o | Joma | 7 A5
-exo-dig
Ad cyclization N

48
' Ry N
H

‘/\CN

\
RZ
Control experiments
1) 48 (5 mol%), toluene, -70 °C
2) additive, r.t., toluene

(0]
AN

1 N
R . ONC—O 49 k2

47a + 28
3) XphosAuNTf, (5 mol%), 25 °C

R'=H, R?=CHj;, R®= Boc

NCCN 7
H cataIySIS (W | S "fo/\ -
(0] N~
_ N 48

a) without BF3°Et,0, 24 h, no reaction

50a P) with p-TsOH (10 mol%), 24 h, 32% yield, 3.5:1 exo/endo, 95% ee
c) with BF 3*Et,0 (10 mol%), 24 h, 36% yield, >20:1 exo/endo, 95% ee
d) with BF3°Et,0 (20 mol%), 8 h, 64% yield, >20:1 exo/endo, 95% ee

B 14 AXIFR Mannich/ZU b H ISR 5 BRI AL 5 AT A= 4

Scheme 14 Enantioselective Mannich/hydroamination reaction to spirocyclic oxindoles.
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B 5 20t &L TN S-exo-dig NG, RERS
PATTIE 91%IUSCRAN 97% ee X MLk B LA 1) 1 7~
W 50. AT A BARTER R, = AL 2 BEVE A 7 AT BL
A A BT S A TE TR R, R AN S 53
P RSV 1) SR A, TR (1) T 2 O E

B I B e SR R il 7, 456 F 1 BUI
TR A 0 5 1 e AN S R R A [ RE A 3 T R
2012 4, Dixon X0 TP R/ 4% S A A B ke 52
% 51 5 HIAXFR nitro-Mannich/ZUAL 5 56 SR
HHAT THEAE, moLARE P a7 A s Tt
VS e &), B¢ Takemoto FIEAUE-R 53
AR IE R 852 5TV % 51 BIASSTRR nitro-Michael Al
BN, SR AE 54, 2 JEIMNTIERUE 2 &
[ ER — K IR(DPP) S5 H A &R F1EH, BLORIE 5 2
SHEHI DTN 6-exo-dig ENEAL N FIIRAIHEAT, %
Ja&id exolendo 1EIE NI, BEME LA T2% IR
9515 ) dr [HLLI 95%M1 ee {EFFEIFPEVUEMLE 55
(Scheme 15)#31,

B J5, R R 3 — D ) A (R 1 A 22 006) i 2 Bk
I 57 SBEHEZ 56 IAXNIFR nitro-Mannich/ZU% 4 5 G
N AT T #R2%. 7E Takemoto #4471 53 #1 PhsPAuBE,
FIESEMAL TR, RETELL 32%~67%MIR, 75 & 24~

87 © 13 1 dr {1 85%~95%1] ee HIFEI EAH =ANF1
HO T DU AL SR &4 58, [, {4 A DPP {E
T JI0 700 R 0 ) 50 f — FOR X Ty R A 70T 4 A A D 5
FE 0T ARG SN RENTRIEAT (1) K B (Scheme 15)1441,

B 7 A I B R e S R B A R, A
S 5 EAR R IR Al S35 A% TR e T 1 AU 4 T B AL
R H BRI N, SR A TF MBI L S DRI REAS 3] T 91,
2021 4, Vesely S 1F F Johe P Z2 B (14 nEL P ik i 4 Ay 21
ki, KB T TR & E S R X R Man-
nich/ZE B BN, m ARG R LA R T H A
S5t~ YL e Rl R A B R 25 4 B TG R SUBR AL A . X
7 1 mol%[¥) Rawal T4 XN GE VY J5 FRIBEAZ 60 wf mT LA
FI (8 Ak B S R 59 S EELL A 47 FOARKTRR
Mannich S8, BRSO F5 5 mRn Aot meidke #44:; Bl s
454 IPrAuNTEL AL I 501 N S-exo-dig SRR, fE
% LA e 75% 0072 A0 99% ee FIRT ML FE IS 5] B A
AR RO T XU IR AL M 60 (Scheme
16). & & AL CBEVE A IR AT LA R A ] Rawal
KUy B AT A 1 U -0 S AR I E D (RS
NN 53105 T LAIkE B0 S AR 58 A (1) 7KORT 7= 4 v 0 2 1)
SEAZNRRE 5 BE, AT GRAIE S5 . R B A 14 AR (1 0AC 2R A
PR

R1
R NO, 1) 53 (5 mol%) Arn. N
N~ 2) DPP (10 mol%), toluene, -15 °C ' | )
)| " L)/ 14 examples, 31% ~ 72% yields
Ar 3) L1AuSbFg (5 mol%), 60 °C O2N 86:14 ~ 95:5 dr, 85% ~ 95% ee
51 52 X' L = (2-biphenyl)di-tert-butylphosphine 55
CFs _

F3CQ

L H O HL
o —“£N®
N4 O
A—7  RI
‘\_/e \

WINHEHELL

Control experiments

1) 563 (5 mol%), Toluene, -15 °C
2) additive (10 mol%), r.t.
51a + 52 55a
3) L4AuSbFg (5 mol%), 60 °C
Ar=Ph,R"=Boc

o 6-exo-dig
R! cyclization/
N—< Au ‘ ) L
53 o N—<:> catalysis H®\¢ isomerization
| / —_— AI'\\‘

"Au
®

CF3
IS e
/N\
53

NO,

54

a) without L1AuSbFg or DPP, no reaction
b) with PhCOOH (10 mol%), 8 h, 9% yield, 90:10 dr, 92% ee
c) with DPP (10 mol%),

8 h, 65% yield, 94:6 dr, 93% ee

O,N
)Nl/Cbz _\j\ 1) 53 (5 mol%), DPP (20 mol%), toluene, -15 °C Ar’W
+

2) PPhsAuCI (10 mol%), AgBF, (20 mol%), 70 °C

Ar \\
56 57

58
13 examples, 32% ~ 67% yields
75:24 ~ 87:13 dr, 85% ~ 95% ee

B 15 AXHR Mannich/ 2% H I 5 R VY 2200 e s DU St s 17 A= 420

Scheme 15 Enantioselective Mannich/hydroamination reaction to tetrahydropyridines or tetrahydropyrrole

Chin. J. Org. Chem. 2022, 42, 3033~3050

© 2022 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 3043



BIKE

RS R
R ';"Boc A\ QA R 1) 60 (1 mol%)
mo + N’ 2) BF5"Et,0 (3 mol%), 5A MS 13 examples, 5% ~ 75% yields
Z N =N 3) IPrAuNTf; (10 mol%), toluene >20:1 dr, 96% ~ 99% ee
R2 R
47 59

5-exo-dig
cyclization

Au

- RY N IR, -

Control experiments
1) 60 (1 mol%)

. o a) without BF3*Et,0 and MS 5A, no reaction
47a + 59a 2) additive (x mol%), xA MS, rt. 61a b) with BF3°Et,0O (10 or 5 mol%), no reaction
R'=5-H R2=B 3) IPrAuNTf, (10 mol%), toluene c) with BF3°Et,0 (3 mol%) and 3A MS, 69% vyield, 10:1 exo/endo, 96% ee
= o-H, RT=DBn, d) with BF3*Et,0 (3 mol%) and 5A MS, 72% yield, 12:1 exo/endo, 99% ee
R3 = Ph, R* = CH,4

BX 16 AXIFR Mannich/ZUH% A R RSN 5 ROSURIA S AL AT AE9)
Scheme 16 Enantioselective Mannich/hydroamination reaction to bispirocyclic oxindoles
LA

A F RN S, REETRE TR IR T A = AN RO T =R A )
TR AN KT FR 5 DG I B [FI AR A3 21 79T, 2018 4R, X (Scheme 17). FHEIF O FefiTAE IV 7 BRIBER% 63 1T LA
R | BT 7R ZR N SR TR UG Bk, KR I (A R PRRE 5 0 T 48 3 22 (Boc) PR B E i 62 TRIAN
T R 5 T I P A S R S AR s T A R B R WIAREARZ IR N, HAEAT A 2 AT PR A 0.5 mol%.

NBoc OH
R " 1) 63 (0.5 mol%), CH,Cl, -25°C 27 examples, 40% ~ 80% yields
2 [l 2)L,AuSbFs (5 mol%), 47 (1.1 equiv.), -5 °C >20:1 dr, 91% ~ 99% ee
62 L1 = (2-biphenyl)di-tert-butylphosphine
Squaramide-amine O
catalysis . N
Hetero Diels-Alder/ H H
deisobutene @,\\N N CFy
A ®
N
O‘ ® I 14ad o o
i CF
N-H--0__OBu / ' /, 5-exo-dig 63 3
O Y o0 Au catalysis 9] cyclization
\ /N\L,«\ BocHN«[-\/\ p
g N ./ R/ NBoc
A R 64 AN
R o]
Z N
R2
47

61% yield, 92% ee 75% yield, 92% ee 50% yield, 94% ee

B 17 AGFRIRAZ N e U A 5 K S 75 Bl = BRI SR A M AT A )

Scheme 17 Enantioselective nucleophilic addition/hydroamination reaction to trispirocyclic oxindoles
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FTi5F14: N,O-4i (7] 4& 64 7E Echavarren FH 2 T4 &k
AL N RAEJREE S-exo-dig EHAL N, B2 E )
A5 e R AV ARAE R 2R BUR it — 2 5 &350 ) N-Boc #E
41V Ji )2 4 Z% -Diels-Alder R B, fe 475 B 7 T 2 LA
40%~80%FI 7= Z A1 91%~99% ] ee [HIR1F F 1 = IR
AR B 65, % iz i e (DFT) 11 57 3K B
J-Diels-Alder S M22 Pt RIEERE, &%EY 51
Jie rp R AL AT iE A, AR R BT
MEEAAIE K, E6ERELARN-RERRSEL
NG TR AN R e K e 3 28 e B B, 2 H T
WIS 2 — 1 T ERAE YR — O
S T — A SAE IR B3R Lewis B2 Re % A7 Rt 7
fRERMA G SR R E R EME. BAE 2005 4
Nolan, Diaz-Requejo il Pérez 251415 ke 17 Au(I) ] A
B REENEY), M 2012 4F Briones 1 Davies
UL T A — I & R A S S AN R A
M. HbZ F—ME& i EESS T RERH
BT, AH L TP i ff AL AN S i b 4 B e R Ok

2016 4F, JHGISEEIEE G S A A HUBUR A fb 52
BT 25— BIAX R EZALBEIV 49 251 C—H B
A/Michael e BRSO, ST &6 2tk T ol 5
AW W SR Ak B P 11 v SEAR IE B P & Bk (Scheme 18). 5
He 4 /ML FIAREE, 1 mol%FH & ) PhsPAuOTS 5t A LA
e R AL B A 5 05 R I C—H BHE A R B, I
B R ST U AL R s AR /D, X — 85 R 2T
HATTRE BART 7T TAE A SRR, R R A K 1 4 XS 4 B
R A R B IR e O D RE AL 7] 68 AT LAFME L, C—H %
NPT 3-77 FEEUR AR Wk o (8] S5 AR ) 18 15 1)
KRR Michael MRS, AR LA 44%~99%[H /™=
R, 150 1~>20 1 9 dr {551 93%~99%1] ee [H1F %
EHIESFEROHF R 70, 1AL, XS
K IR B R N5 AR T KA R B AR 2 A
JE 7 C—H B4 A\ /Michael MNE/ERKE = B
R, T IR B HERT B R A AR A DUEAT KB ROBE, 615
SR AERT MOk BRI — DR, R RELL 80%I1
K, >20 0 1) dr [HAT>99%1) ee (E 153 TP A Ak 15|

JEEFT HIASS FRAEAL S B 32 51 1 SGTERS3), 72.
R1
R N 1) Ph3PAUOTF (1 mol%) Il
. NO 10 ~0©
wo par s N0z CHiCl 10~ 00 A .
N R' 2) 68 (10 mol%), Et,0 R 2 16 examples, 44% ~ 99% yields
5A MS, -40°C o] 1.5:1 ~>20:1 dr, 93% ~ 99% ee
66 67 15 N
H
X — —
66 + 67 — (%\ 70 /23
N=
N N h Ha/N
Au Ar \ H
catalysis R 68 o H\oe | X N~
\Y n
N °© s ipro-P~N. \N\—NH N ROPr
H po 12 ! OfPr
' 9 Ar/ \ = 68
O=N
69 = R/ Y
L R —

Chin. J. Org. Chem. 2022, 42, 3033~3050

Control experiments for C-H functionalization: reaction of 66a and 67a (R = Cl, Ar = PMP)
a) with PhaPAUOTT (1 mol%), 96% yield; b) Rhy(OAc),, {RUCly(p-cymene)},, CuOTf or {PdCI(n3-C3H5)}2 (0.5 mol%), no reaction;
c) with AgOTf (1 mol%), 54% vyield

Ph-©
N2 PhOMe
F F_ _PMP
N O + HO Catalysis NO,
H "X NO, N~ ©
66a Ph/ﬁ\/ H
a - 72
80% yield, > 20:1 dr, >99% ee
Sequential . PMR NO, PhsPAUNTY, (20 mol%)
Au(1)/68 catalysis o H,0 (3.0 equiv.)
N CHQC'Q, r.t., 4d
H
71

B 18 BB A/ Michael Ak A RSN & B AL AT A4

Scheme 18 C—H insertion/Michael addition to chiral oxindole
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[FAF, ARATTDAE ZUE I k), E— DR T
TE 2 B A/ AN Btk AL B I S B R AL T V2 AP AE T
KRR T 3-MmEAB AT EY. H %
IPrAuBF, {14 B 2 66 5 IR T AE 4 73 K AE T S B8 dE A
JNE, i i AR TS B M B R (144 75, 75 XS 9NIRAT
AU BERUIR AL 74 AL KA FREEF L
N, LA 61%~87%[H17% 3 1 90%~96%1] ee {8 SZHLF-1
SEALMEIERTAEYD 76 14 i (Scheme 19)1521, 4541 5256
TSGR = AU — D RSB N B, BLAR B 1
S AR TR 25 20 T M BUR M A 1R AN SRR AL S B
R BT DL ZBE AN
2018 4F, AAITHE— 0 FIH EE A R R T

AL /Michael/Michael T Ef 35 52 7 SR AL) B HEFA 4
LEIBIWEATAEY). B4 IPrAuBF, AS6% M Ak 55 &0 A A0 15|
66 5 B URATERERE A BB B, Bl N-BE
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Scheme 19 Enone-formation/cyanosilylation to chiral oxindoles
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Scheme 20 Alkenylation/Michael/Michael to chiral spirocyclic oxindoles
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Scheme 22 Enantioselective hetero-ene reaction to chiral oxindoles
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