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Metal Catalysis versus Organocatalysis in the Catalytic Asymmetric
Synthesis of 3-Hydroxyoxindole

Zhu, Feng” Zhou, Jian™*
(“ Shanghai Key Laboratory of Green Chemistry and Chemical Processes, Department of Chemistry,
East China Normal University, Shanghai 200062)

Liu, Yunlin“ Wang, Cuihong“

Abstract 3-Substituted 3-hydroxyoxindoles are widely encountered in a large number of natural products, drugs and phar-
maceutically active compounds. The catalytic asymmetric construction of this privileged skeleton has attracted great attention
from synthetic chemistry, and much progress has been made in recent years. This review summarizes the advances in the cata-
lytic enantioselective synthesis of four important types of subunits of 3-substituted 3-hydroxyoxindoles, and focuses on the

discussion of the differences and advantages of metal catalysis and organocatalysis.
Keywords 3-substituted-3-hydroxyoxindole; asymmetric catalysis; metal catalysis; organocatalysis
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AR P 5 56 A R 700 5o 5 40 P9 AN O R o e e o R A LA Ak
AKX FRX Morita-Baylis-Hillmann (MBH) s 3 >4 (]
17).

2009 4, Shibasaki /N HRIE T 15 i 453 =
B e e R 5 40 1 AN OB 0 R S B, AE T P A
23/CuF FRTEH T, 3- L dE-3-FE L A i Ak 54 24 1]
DAL 99%[1) 77 3 AT 90% (15 Wik FPEAS 2. A1k
AE S AR R IIANEAG =) ZnF, o] LUK IR s i
TR AR RO, S 0 AR R R T O 4 Ak R
I, A SR N PR A5 JEE R A R A DA B I PR S AR TG
e LT SR A M. X AR H AiTE— 19— R FH 4 ) 14
A AR T PRI 10 (4817 (1&] 18).

Metal catalysis

MBH [ W A2 78 T o J7 8 5 | N 205 i ) T2
M. ek LA, 5512 Hatakeyama %5P0V% I
B-isocupreidine (B-ICD, 25)iX— sl LLK, FET
s D AN O R MBHL S N33 132 BIRE R, {H
F AR Ao AR AN KRR MBH O 3 A5 FREP
2010 4E, JUAMIFST/ NP LT [ 4008 T e 20 1 b o
AR A B MBH S WK i B2 A e BURE T

TRATT/NLP22200 0 Y ST DR T AR Db S AR 7 )
AXTFRMBH [N, A5 B-ICD IFER T, IS n] 5 H AT
ANV AR FE PR B £ MR 2 87, Ao 2 A0 T (1 7= e Akt
W PR AT 2= 27, A FH R AR A AR AR i — A
I T, BEBHEE T LU T 2 M AT A4k, Wire 27a
A JE BRI R B 43 i 49 21 A R AL S ) 28 BY 3a- TRk
WAL A4 29 (K] 19). AEIX I TAESERE B, A 1D
UL T I I ASK R MBH R, L
3T FH T HAT SRR RS 1 05 A e

T AR — 3 2R A e 4512222000 S ik 7
SEHL T A PR IR BE L ASKTFR MBH . i N
s S /N A 2R B-ICD ALT, 4353 S8 T S 4
PR 2-Z5 1 S TN IR TR AT I 21 1) s 3. 1T AT e /N 2 )
SR e A BUBE T T e 0 S e f Ak 7] 30 S8 T 3%
PRI AR I P IR G 2B I IE T BRSS S e n it v
XPMLERETE MBH V. (E13 42 (0 A8 F P 1k AU
PEF) B-ICD, XA G (e v I 5 i 41 11 S 1 4
18, 0T BURE Y 7 BR X RefE A ) 30 AR Ly Hb At v
TIEA (A 20).

TR 1Y 3- LR HEIUAR I 3-SR4 AL MW e o, 4
IR HUEAL SR, SR T AR B
SR PR T X 20 FE R e e A S N A T
e & E@ R, KRR E S BTN S S, Xl
Frk 4 B A AL G G . (BRI, FIH
T Lewis Bt AR AR SEIAS BRI S5, 4,
SEAT DU I — A S P R UL IR SRR
TR ER I A 1) o B A7 S

0
i(OMe)3

R HO . Alkenylation reaction {
X
$ o —
= N (o]

\ Organo catalysis

N S
R o+[
N

R1

1} MBH reaciton

EWG
N
R%;/N o+[

\R 1

B 17 3-FRRLSAUARg I XL 1 Fr sk g
Figure 17 Strategies for the synthesis of 3-hydroxyoxindole II
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o}
\[ ]/ Ar = 3,5-xylyl

AP N

0,
1) 1 23 (7 mol%)
Ar2P Fe

CuUF -3PAr; -2EtOH (Ar = p-FCgHy)
0 ) (5 mol%) R H
rSI(OMe)3 ZnF, (15 mol%) X

(

O

R
D

Z >N

%

toluene, 25°C Z >N
22 (2.0 equiv.)

\
DMTr 2) TBAF DMTr
9 (1.0 equiv.) R=H, 5-Cl, 5-Me, 5-OMe 24

5 examples
P 92% ~ 99% yield
_SiF(OMe), = Cu F + R—Si(OMe)3 81% ~ 90% ee

R

ZnSiF(OMe) CP\ +R- s. OMe)3

/
F—Si(OMe
R—Si(OMe)3 ( )3
\ _OMe

“OMe P.
/Cu * *( “Cu-R

o Siove); R
g 0
N K
ZnF, ZnF(OMe) R™ 'R
P\

+ +
(MeO);SiF —= (MeO),SiF, R1 1 {g2

Bl 18 = HIUEM AR AT 22 5L (R s i
Figure 18 The addition of trimethoxyvinylsilane 22 with isatins

= N CH20|2, -20 OC
\R1 25a (2.0 equiv.) \R1
9 (1.0 equiv.) 27

R = Me, OMe, halogen: R' = H, Me, Bn: 23 examples, 65% ~ 97%, 90% ~ 99% ee

CHO
HQ
OH Me NaBH, (5.0 equiv.) - LiAIH, (5.0 equiv.)
MeHN O —(———
V(THF)Y/ V(H,0) = 9/1 N THF, r.t.
Day \
Me
28: 81%, 98% ee 27a: 98% ee 29: 75%, 98% ee

B 19 RS BELLIK) MBH W
Figure 19 MBH reaction of acrolein to isatins
H—J71, AXFE MBH SOV UGEA I T AR A SR R R, H AT AR R A
SR HAMRA A E ISR & . R BUBR R BURREAL FAAE S MBH b A 380 )2 9. st ] -1 < s Ak A
Lewis BT RIZRAR, o p-ANHRBEA A, W45E RSSO AR MBH A WARGEPY, #4754l

1604 http://sioc-journal.cn/ © 2013 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2013, 33, 1595~1615



Chinese Journal of Organic Chemistry

REVIEW

R 0 Ho CO,R?
\\ Rl =
rCOZR Cat. (10 mol%) ‘\\
(0]

CH,Cly or CHC3, rt. N\ ~N

1
9 (1.0 equiv.) 25 (2.0 equiv.) 27 R
O, 0
S-ICD (26) S-ICD (26) O\ j\;ﬁ
R? = 2-naphthyl RZ=Bn
N HN—c4H,NO,-
15 examples 16 examples ppth 30 6M14NO2P
70% ~ 99%, 61% ~ 96%, o
R* = Me, Et efc. 18 examples
87% ~ 94% ee 85% ~ 96% ee 12% ~ 99%, 71% ~ 95% ee
Shi's work Lu's work Wu's work
Bl 20 TOEIREE S HEALN MBH b

Figure 20 MBH reaction of acrylates to isatins
T8 2 0Tl A R AR AL, DR bl B T < SR AL 77
xF ok R AP, RO A REREAT. (AR R,
i 3-ZAHFEARH 3- ?Xﬁééﬁ@c“?l USTEAS | RIPARPRLTN
2, RYPEE MR, BT RN M.

3 3-HAEBKHEY - ESLBIBRFERIR I
HHaE
34 A SEIARI 3R LA A T PR R R T w

Tl 1 Psi 3, 4 FZDRRYIEGm. JH,
X AR AT A LU b SRS AT AN R AL A

J: (V)EELLIIARI R A HEAL SR, (2) 34 A AEHUARAR
ARG C3) A AL S (1 21).
Allylation R AN 7
reaction Q/:\#O * AN M
K Z N
Metal catalysis H /
Hydroxylation
reaction R N o+ [0]
Organocatalysis - N
H
Substitution Br =
- C + OR
Organocatalysis R~ q 0

Bl 21 3-FRFRA AL TIN5 s
Figure 21 Strategies for the synthesis of 3-hydroxyoxindoles
I

3.1 HAEIRFIXTEELL B AR FE 20 R R

95 TR 358 4 Jemd R RE B 21 1) AN 6] R S A D s Y S
Ryt 3-J R 3- R RE A A 1) di 4 (1) T k.
2006 4, Takayamafjxéﬂ[z“]f PR CPC-1 )5, MHfER
RPN LA R, 2438 T4 (R)-Binol 5 Ti(Oi-Pr), 1B
B F PR FRAE R R, DU P R4 5 e 20 1 0 B
N, FERL 42%P0 W PEPEAT 24 32a. Aid - IRE
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ZERNIGE, 7R 32a 1Y ee {H AT LA SIS 99%, I T CPC-1
A A B, T2 7 R P 0 T 3 4 AR R e e 40 1)

I N FEAL SO (] 22).
A,
OO OH

0) R)-Binol (20 mol%)
T| O/ Pr)4 (20 mol%
e, TamE
N 4 2-propanol, 0 °C ~r.t.
H 31a (1.5 equiv.)
9b (1.0 equiv.
(1.0 equiv.) HO, /
e
N
H
32a

89%, 42% ee
99% ee after cry

B 22 DUIEINIESS 31a S 000 AL R

Figure 22 The allylation reaction of tetraallylstannane 31a and
isatins

I T DU N RS T RO, IRl B A, AT
8 G A5 Y 214 T A 6 4 70, 2009 4F, Krrische %5
ZR M A I R I L O, )T AR 8 ) TP < I ff
VI AT N 2 e R S e 20 S, e
PEHBSIIL T XS BELL AR N B S Y. 7 bty A7 AN R AR
FEA) N-"RREORS A HE LI ] iy 3 A0y AR R ) H
bR 32, I HIG PRI R T 90% (K 23).

33 (5 mol%)
{Ir(cod)Cl}, (2.5 mol%)
-PrOH (4.0 equiv.)

R o Cs,C03 (20 mol%)
X 4-CN-3-NO,-CgH3CH,0H (10 mol%)
‘ o + /\/OAC
N b (2 ~ THF (0.1 mol- L"), 100 °C, 40 h
Bn 31b (2.0 equiv.) MeO OMe
9 (1.0 equiv.) = N
MeO— / _)—OMe
R! HO, Y% PhoP PPhy
X - 33
\ o]
Z N
32 B
7 examples

65% ~ 92%, 91% ~ 96% ee

Bl 23 1r/33 fEALAIHELL S 31b IR N HEAL S
Figure 23 1r/33 catalyzed the allylation reaction of isatins and
31b

2009 4F, JHHARAER0T) 75 B ] B0 R Ak
R A PO ) P O A T AR ) B 8 2 R Y ) 445
LR, PRI L% 34 5 PA(OAc), fiTAEF
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ik S R

PE P EALFIMEITTR, SBear 5o S AL sAH N (1) H bR 4.
JUE N FRGe BME v 5, 12% 7 92 ok R R R s TR A
IARAE T BB SRS, T, AT R P s e 1
TR I FH 380 756 T () iR B AR N A S N R L Tk
3 R HAT G I (R BE LT 0475 T A S B, T SR
MR BB R LR R, WS EIE AR CR) st I
HB RIS T FEAL I =1 (K 24).

\
Ph
34 (10 mol%)

Pd(OACc),(5 mol%)
Et3B (3.0 equiv.)

THF, 30 °C

Pg 31c (1.5 equiv.)
9 (1.0 equiv.)
R =H, Me or halogen; HQ, R é
A
R? = H, alkyl, aryl; R—— 0
Z N
\
Pg

32
16 examples, 74% ~ 99%, 46% ~ 71% ee

Bl 24 Pd/34 LB 31c (R IR SN
Figure 24 Pd/34 catalyzed allylation reaction of isatins and 31c
Sakurai-Hosomi W, R A FEAE R0 e Ak A
VIR ISR IS, 2 5 1 e s PR PR SR 795, DR ik
FIEETERUS, io HARAEROS . 1205 00 A Tk
s AR R AR A 1t S 1, B A T4 Lewis i
Mk A = G e L 2 AR B . JRATTER 17— Ffr ]

Zhou's work: O O
PPh,
ek

0

FH 46 J8 6 B A = FH A TAT RS ek Jod X — e M B (1) 4
PSR, 25 BOAH Y. (45 TR 2 4 B 0 P 5 B A0 &
S WP 3 AR K — B W A — Rl AR AL, BFSE
I Hg(ClO4),*H,O 1] LA i 254 (1t A0 T4 2 — PR b,
T SN BELL IR N, 3K g A 77 AR iRk, A
T2 1.0 mol%[¥) T Binap FCARTE BRIVZR AT, winT
AL RN, AR FE) ee (EAX A HHAE(E] 25).

Franz 228 [T 10 mol% [ F P AL 71 33/Sc(OTH);,
1E 3 equiv.ff) TMSCI 1 30 mol%F] NaSbF, I B, &
EFEPEHSEIL T 31d SEELL V(K 25). XLk
FRIE ] N T ARAS [ AR IR A PN A . e ol A e i
PRI = R Q-FIA N S 5 1 RN, FP Sc i
AR ] AR 2] 0.05 mol%. /R4 Sc AL FLE 1%
RN AR T AT (PR e Bk, (H SR A AR L i
K, AMEMEALFIH R, RNV AR R AR, FA
TMSCI, NaSbFs 14 A MS K Wpl i AT, X 15 W] T
PER AL A5 — D o B,

WA EERE 19 5401 ene SONAR W] T4
HEFPERIEE L 2011 4E, 457N 2900 F LN R 1)
T FHER AR 37 5 Mg(OT), JE MM AL 7, wrik
FEVEH SEIL 73X — SO HAG AN [ HCACHS 1R e 2138 e Y.
RUf, CArREERIOLT 7= 2R T5 Io Wek £ 115 2AH
IR 3= A 2RI 3-FR S 4 A g ek 32, B 1S 21 7=
32a HIVUSUERERIG 5, RITRT4S 202 S0 05 W Ak & 4
38, X —E R AYNEE ST AR Y 32b
THL sk F B R K R 1T LA 98% 1) 7= 2K, 97% [ ee {EAF EIR
SRFEHI(R)-convolutamydine A (P 26).

_Hg(ClOg); *HaO (1 mol%)

35a (1 mol%)

X .
Z >N

\R1 31d (2.0 equiv.)
9 (1.0 equiv.)

Franz's work:

THF, 0 °C, then HCI/EtOAc

36

36/Sc(OTf)3 (10 mol%)

Ho
\\ ‘
R—+— (0]

Z N

N1

32 R

4 examples, 93% ~ 96%, 55% ~ 63% ee

HQ

(0]
R+\ o+ /\/SIMG:JJ
Z N 31d (3.0 equiv.)

\R1

9 (1.0 equiv.)

& 25

TMSCI (3.0 equiv.), NaSbFs (30 mol%) (\:\ﬁ:o
CHsCN, 4 A MS, rt. Z N

(%
32

14 examples, 72% ~ 99%, 85% ~ 91% ee

HEL ) Sakurai-Hosomi %

Figure 25 The Sakurai-Hosomi reaction of isatins
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| R® = 2,6-(i-Pr),CeH3
+N;\/\/-N+
0= oo /=0 37/Mg(OTf),

R 0 NTH N a~tomols) g HQ o
X R® 37 R X\ _OR?
\ o+ OR2 P \ o]

Z~N CH,Cly, 30°C, 3AMS , 48 h N
9 \R1 19 25 examples, 52% ~ 98%, 94 ~ >99% ee \R1
32
HQ 4/ HQ O
CfBZOOMe LiAIH, (4.0 equiv.) Cﬁ;ﬁ
N THF, rt., 30 min N H
\
Me Me

32a (> 99% ee)
Br Ho

jost
N
Br H

32a (97% ee)

38 (92%, > 99% ee)

{ BrHO —come
OMe 2 mol-L™" HCl, Et,0 /@f%o
N
Br H

(R)-convolutamydine A
(98%, 97% ee)

B 26 JmHERE 19 55401 carbonyl-ene S iV
Figure 26 The carbonyl-ene reaction of enol ether 19 and isatins

3.2 3-HAEIMNBIELBINREARIFREEAL

AHUHEAL I 3- TR S ARSI IR 8L A B B T
Hiokdbl % 3-F AR AL, TP T,
BBOR 3= AT e EOA ) A A M| W S35 A i 7 A AT R 11
WO T UMY, RIS TAE 3-0 R
3R, Troh ZEUOTA S SEI T X — RV, A
XS ANRAT AL AR RS HEAL 1] 40, 5 iy T B 85% (K1 %)
WRIEFENE. 18 R DL I (EtO)sP Rk I, AMER]
LIOARpR B MEEE L, 38 W] LA ey B L FROGS IBRIZEFEPE. - B4,
Tan /NAPHUFRI A B C/NH R IR EE RS AL TS T
XV, e U 93% I FEE(E 27).

B Tl AU A M EAGTRIAE, Barbas T /NP2E
FIFZEJE T AT ISR AT 43 SEELT 3-J A SE AR
AL IGIME SR IE TS 40 [RAAL SN, v £
RPN, AR IR IR SE IS R ISR 43t C9)
7 R 5 5 NP A R 2 b S S0 B 0T e O TR o
o W R R e R T X AR D e P B (1] 28).

2012 4, T DR F A7) 47 SEBL T R
5 3-SRV 45 TSRO R Y, TR I () —
T ee {H IR 88%. 174 48 Lik BLAR AL SR LS
FABE TSR] 1,3- A 16a, & &G K
RPN CPC-1 M donaxaridine 45 ¢4 ) 44:(J&] 29).

R’ -
A A
HO, <
X R2 40 or #1 _;/TR/Z
R~ o + (03 - N o
Z N 50% aq. KOH, toluene T N
R \ ., 42
39 R .
Itoh's work: Tan's WorkR:5 »
\ CI™ |
OO
N, N—

40 (20 mol%)
(EtO)3P (1.2 equiv.), -20 °C, 2.5 h
2 examples, up to 98% yield, 85% ee

R® = 4-CICgH4CH,
R*= 3,5-(t-Bu),CgH3CH;
41 (5 mol%), -60 °C, 72 ~ 96 h
2 examples, up to 89% yield, 93% ee

B 27 3-0 N R R S e R S A S
Figure 27 The oxidation of 3-allyl substituted oxindoles
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B ik 5
N
N
1 g -
R 2 -~ ".
i R N %\<Nﬂ R! R?
|
R 43 (5~ 10 mol% \QA
N + PhNO ( o) R\\\ - ONHPh
| _ 0 THF, -20 °C, 48 h \ o
N 40 (1.2 equiv.) N
R? a4 R
39 (1.0 equiv.) 5 examples, 65% ~ 86%, 73% ~ 92% ee
t
0
Ph\w/H j:>
O +
= A7 *RgNH
NU—Ts v
Bl 28 3-J A AR IAC A A W ) g S A S
Figure 28 Aminooxygenation of 3-allyl substituted oxindoles
HO
Eo 7z
\ - HO
7 \ N A\
Br
HO N= o~ 1) 03, CH20|2/MGOH
o, \m 47 (20 mol%) SO PR then NaBH, ~OH
N - (0]
H Ph K>COj3 (0.8 equiv.), THF, r.t. 2) Pd/C, Hy, MeOH N

45 (1.0 equiv.) 46 (1.2 equiv.)

H

H :
48 (89%, 88% ee) OS2/ Vield fortwosteps 4o a0/ oo

B 29 3-IRIURA AL R ER A S
Figure 29 The hydroxylation of 3-bromineoxindole

FECA M 3-0 N SRR 3-FRBE 4t T
PERIER T (A FRUEAL K 5 T iR, s AL s
VECEE T HATOLH, Rehs SRR OB SE Ltk A
JHI5 Fob i 50 (80445 AT RE A TRR S B i IE R 75 1, AN
PR R, T H < AL R T R LA R 1.0
mol%, - FAC. AP 3-4 8 BEIAR IR A A 15 e
(K C3 frfafb e, WA TTi%, Saikn
S A8 XA (0 A TR TT A S . AR I —
7 ikt B PP 45 10 3060 PN R AR eI, A
{ELH BT A AN R U CEE I SR AL IR A, 3 e —
WGBSR, 173K 20 i N 52 S8 AN e R A
0p AVIE SO NI Siiikc %N =

4 3-FERKH3-BESLBIRFEBRIVE
3

3-J7 HEIARH 3-FR AL AN MR 4 He 2 R AAT HL 2
EYEERIC S, AEZIER R R B ROUE, Bl
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PRI /R S8 AR KB EE 259 SM-130686 it F A iX —
SERHIG. F Hayashi 2575 SR IZ IR 1A R A
B Ik, H AT C R H RN R () A R (1)%)
BELL AR 75 F A S N5 (2) 3-T5 FBU S A AL s | Wk .
AL N (3) 4 B ALY a- W IERZ (1) 43§ P9 3R 4E S
M.(F 30).

4.1 FRABAMNIRE RN

75 FEMMERAE Ay R Ut 1) 07 B A A AE AN KRR A B
BTz s LR D5 SRR L R N 2 i)
ft 3- 05 5 3R AL IR —Fh H . B H BTN IE
T4 ZA /NI AT T 5P, Hayashi 26054 F
2006 4E, B TFPEMEALFIR)-50/Rh, LEHAR)Z&A4E T LL
IR 98% [T A 91% 156 WRLIE £ 15 ST T aX —
D5 AR V(B 31).

IbAN, 7% B 4 BRTRI ] Pd/52 A R RE S T 95 5
TR N N-" LR e 1 (R AN BRI Bl S N, S 7 F o) e
R R 73% (K 32).
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Arylation

metal or organo catalysis

HO
A Hydroxylati
N roxylation N
R% o) AL R+
Z =N metal catalysis %
v \R1

Anilidine cyclization

metal catalysis

0
N ArSi(R?),
R O + ArB(OH)
2
7N, Ar—H
R1

Ar

O 4+ Oxidation or R%(CO,),

\R1

z

(0]
N)S(Ar
H o

B30 3-J7 3RO 3-FRdk A ng]

IR FICSR S

Figure 30 Strategies for the synthesis of 3-aryl substituted 3-hydroxyloxidoles

OMe
PPh,
HQ Ar
R ‘.
50 (5 mol%)
ArB(OH), + \C[/g: ( 6) 0
49 (1.0 equiv.) [RACI(CoHy)ol, (5 mol%) N
KOH (15 mol%), (THF)/V(H,0) = 20/1 51 R!
R =Cl, Me, MeO, R1 =H, alkyl 50 °C, 24 h 12 examples
0/ ~ 0, 0of ~ 0,
Ho [L,Rh(acac)] 49% ~ 98%, 72% ~ 91% ee
R : PhBOH), Q
(0] (-acacH) o
2\ [L,RhPh] N
1 A 9 \R1
PhB(OH),
Ph
L,Rh, Rh'—z

(0]
R Ph
O
N
Cc

Qﬁ

\
R1\\/ R

B 31 55 ER BE LN R R

Figure 31 The addition of arylbornic acids to isatins

Mel!

]

I
\N/SW<

Me O PPh,
0 G HQ Ar

52 (10 mol%)

ArB(OH),  + CE%:O CEQFO
0,
49 (2.0 equiv.) N Pd(OAc); (5 mol%) N
\ BF3°Et,0 (4.0 equiv.), THF, r.t. Bn
Bn 51

9c¢ (1.0 equiv.)

11 examples, up to 78% yield, 73% ee

B 32 D5 AR FELL R s
Figure 32 The addition of arylbornic acids to isatins

75 FEAE GG BELL AR BRI S v, A5G 21 1 1
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TR PENE RN 2 (1) O FERE BRI 55 20 1 AT RR 05 S5 4
(P 33). Q] 18 B i%r Wil -1 s e ik A ) e
AN) AN

RE%ﬁW%%H 21100 00 B I LA R U 11 iR
PIRE P, (E6 T 50 T S 1 (%) 9 A IR 3,
)R S B LR R BRI R T O IR S e A ) e
N KAl #2010 4, Franz 25055 FRE MR BC AT 26
(T PRI A TR, SEIL T W51 R N 5 A Ik 25 i HL T
GG BEL A BRSO N, BL 73%~99% [ %
J% 80%~99%1] ee (E15 E H AR =4 51. MEMEAE K 6% 0K
TR SN AEPERE AR, 75 L va M X e Pk e I B R A
A, AR T PR 36/In(OTH),, SLHL T LM
C2 PR3 B 7 S PN 34).

B, /NP T A LR A g e 5 5 40 )
Friedel-Crafts < JW. 7F cupreine 54 [fiEL T, HAG A
HARHE PR BE 20 b g W) BRI HEA T S B0, L 68%~97%

775 ] 76%~ 9% KX Wk B 2N (174 51.
YEEFN AT cupreine 54 BN EIHILIER, 6 7
OH 1 9 {7 OH I S A HELL, MU 55|k TE
FICEURE, T I | R A LTI 1) e TTHE XL, ANITTAS 21 (S)
RBP4, D, RNV JRRT N ERT AR S ]
(P 35). 50T, Chauhan 2557 FIARABLAR) (i Ak 770 S2 8L T
X — X BRIEFEYE AT Fridel-Crafts < W
4.2 3-FEERBIELBIMRA AR FRE R R R
347 75 FEEUAR 0 S A WA TR AN S R e A A4 B A
SeR P R G 7. 2006 4F, Shibata 25PFR ]
oxaziridine 56 1 4% {7, DBFOX/Zn(Il) fF b f fk
I, DA B 55 1) 77 R AR B S T X — I (1
36). ZJTFEIE T3-S BUR AL, T 27
B A MU A 2 UGS T 3-e 3 BUR K4
ﬂcﬂ?lﬂ;ﬁ% BARIX 4 R AT 5 v AT S R ) 3

\U”

Ar2P
>
Al'z P Fe
R HQ Ar
R 0 23 (7 mol%) X
X Ar = 3,5-xylyl ‘ P o
| O + ArSi(OMe); N
Z~N ) CuF- 3PAr3- 2EtOH (Ar = p-FCgHy) (5 mol%) \DMT
\our (2.0 equiv.) ZnF, (15 mol%) 51 r
9 (1.0 equiv.) toluene, 25 °C then TBAF
4 examples, 90% ~ 94%, 95% ~ 97% ee
B 33 J5E= IR SETA I IR Y
Figure 33 The addition of aryltrimethoxysilanes to isatins
(6] 8 @ u
ﬁ: M(OTf)3/36 (1 ~ 10 mol%)
R~ O 4+ NuH 0
P 1
N 53 (3.0 equiv.) 4 AMS, -20 °C N\
R1 CHzClz or CH3CN R1
9 (1.0 equiv.) 51
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R =H, Me, OMe, F, Br, etc.; 73% ~ 99%, 87% ~ 99% ee
R' = H, Me, Ph;

Sc(OTf)3 as the Lewis acid:

R
\\ MezN OMe
H

16 examples, 73% ~ 99%, 87% ~ 99% ee

& 34

In(OTf)3 as the Lewis acid:
R4

-

N
ke

20 examples, 45% ~ 98%, 94 ~ >99% ee

#t405 53 { Friedel-Crafts < WV

Figure 34 The Friedel-Crafts reaction of 53 and isatins
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OH

6] R!
X X
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9 53

H PhCO,H (20 mol%)
1,4-dioxane, r.t., 4.5 d

20 examples, 68% ~ 97%, 76% ~ 91% ee 51 H

Bl 35 15l 5EEL0IY Fridel-Crafts MY
Figure 35 The Fridel-Crafts reaction of indole and isatins
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55 (1 0 equiv.) 56 (1 2 equw.)
R =H, 5-Me, 5-OMe

9 examples, 60% ~ 95%, 36% ~ 97% ee

Bl 36 3-J7 HEHUARAALIGINE 55 AOSAL
Figure 36 The oxidation of 3-aryl substituted oxindoles 55

AL, 3-55 FEEUR A AR L i A Ak A i
W 3-55 R 3-FRHE S AR NI W fr — Tl 1) % 11
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Figure 37 Enantioselective benzoyloxylation of 55
Ph Ph
A S vy
B : CF3 OH
Fs¢ B0 Ph ph Y
0 A 62 (14 mol%) o
r
l\‘l&( CuF - 3PAr3- 2EtOH (10 mol%), toluene N\
51
BOM O 3 amples, 70% ~ 90%, 77% ~ 97% ee BOM
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H o) H
. 51
61 (1.0 equiv.) 18 examples
R =aryl, alkyl 55% ~ 93%, 82% ~ 99% ee

B 38 oL I& 1) 5 AN OB 05 A

Figure 38 Enantioselective intramolecular arylation of a-ketoamides
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