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Asymmetric Synthesis of Spirooxindoles via Organocascade
Strategies
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Xiao, Yonglong®

Abstract The spirooxindoles have broad and promising activities in various therapeutic areas, and become a privileged skel-
eton for drug discovery. Therefore, the development of some simple and efficient strategies to build these sophisticated scaf-
folds has become one of the most widespread concerns. However, the traditional methods are limited by the separation and
purification of intermediates, the functional group protection and de-protection. Recently, the cascade strategies have shown
special advantages in the synthesis of optically active natural products and complex molecules, many related studies have been
reported. This review summarizes the enantioselective synthesis of spirooxindoles via cascade strategies in the past five years
and organized on the basis of four types of starting materials: unsaturated oxindole derivatives, C(3)-substituted oxindoles,
C(3)-unsubstituted oxindoles and nonoxindoles.

Keywords spirooxindoles; asymmetric; catalysis; organocascade
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Figure 2 Four different types of starting materials to synthesize
spirooxindole core structure
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Scheme 1 Cascade reaction of methyleneoxindoles, aliphatic aldehydes and a,f-unsaturated aldehydes
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Scheme 2 3-Enyl-oxindole as starting material to build more chiral centers spirooxindoles
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Scheme 3 Reactions of indole-ene with different substrates to construct spiroindoles
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Scheme 6 Using isatin-derived alkenes as starting materials to build spirooxindoles
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Scheme 7 Synthesis of spirooxindoles catalyzed by inorganic metal salts
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AT, RE T N LRI EIRATAEY 73 5 LI HIA A
bt 74 Z IR BI[3 21 IpR L, s KRS RUE T 07
FE ST WP T n-J T8 25 -Pa- S G K £ 25
5 H s LR A AR R 2 TR PRI IR . 2%
RAER T N JCORY H S P 5 55 g o e 4h SRR,
SAFHUF BRI SEARIEFEPE(Scheme 11).

Me-DuPhos #& — R B E MR, BAEE
I ST IS, Liu 2P Yok Me-DuPhos 18
FIHF MBH BRIERE: 76 Fl N-ZKJE TSR % (77) )
(321 INE S B, SEHL T Ak Rt Bk B A
o B i 5 M i AL A S AL IS R B ER 72 4)) 78 (Scheme 12).
FTF AR S SN, Chen Z508R ] p-6'-fe S8 3 57t ]
THEA BT H ST T S8 79 KT FR[3+2]38 0
J )2 i (Scheme 12).
1.2.2  C(3)z C—N #4afe A3 RAE A F X

IR e e S| DR BRI — SR B R R 2 P 2, kAT
VRPN Y DA 3-S5 B SRR T AL TGP Wk 82 T A TR,
LR BRI e 83 7EF-HEmR R — L AIMER T,
il 1t Mannich/Cyclization — %7 5 IR 4 72 1 24 05| DR
WEAE, /19T RIFMBCR AT WOE B, RN Z3sE

L] DL — A G T E A 07 14 1Y) Spirobras-
sinin (Scheme 13). T L) 3- St FURR IR AL A0 15| e
85, Wang %R H 3-S5 SUBR TR AU AL 151 Wk 85 yJA),
TEAEFHE = LM, BRI T 5 13- ER A%
FRBRIE e 2 [8) B [3 + 3TN RS 82, - DA e 77 S R %o g
BEFEVEG T 3,3"- IR B AL M| R IR IR 72 4) 87 (Scheme
13). [EFE, Yuan ZEH51 N 3- 1 HE- 4-fil 3 -5- 047 3 S I s
JEA 90, 7ETFPEZE 7 I T DAIRRT 1) RS 2% 14 S 30
7 Michael/cyclization BBE N, 53] T —R¥EF =
AMELETAE ORI A ) 90 (Scheme 13).
123 C3)e C—O ko BACTI S A H Bk
2011 4E, Bergonzini f1 Melchiorre @402 H T
DL SR M 91 5 5 A XY o, f-AE A 92 4 )5
B B RIS T N B G 93 Tk, Hs K
RO ] DL IE T 4 ) SR SR A R A R PR SRS B bR )
(Scheme 14). B& T HVUEMFZ AL, &)@ Ru &1
e Pl T F M WRIBIR ) & K. 2013 4, Krische 210U
FEE AL 94 D9 tE I EL, 7E Rus(CO)y, HIE A T SEEL
FAARI I REE T N BRI & 96 It EE, B RUFH
% (Scheme 14).

H
COOEt (1) 10% C-18, 10% PhCOOH o0t
o “uy
o6 b+ SN CH,Cly, -70 °C, 30 h s
N . (2) Zn/HOAc, 70 °C, 12 h N 0
\ 91% ~ 99% yield 70\

68 up to 92:8 dr
86% ~ 97% ee

R1
o) \\\NOZ
10% C-19, DCM, 0 °C 2
o + Rz/\/NO2 - R
N 85% ~ 97% yield
\ 69 90% ~ 98% ee
Boc
7
R! CO,Me
SO,Ph 5% Pd(dba),, 15% C-20 \ CO,Me
CO,Me THF, 10 °C }
. CO,Me : R
N up to 74% yield N
H 74 up to 94% ee H
73 75
Ph
0 (Yo
N p-N

! LA
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Hoe-10 c-20
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Scheme 11 Oxindole with one substitute on C(3) carbon as substrate to build spirooxindols
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85 \R1 86 1
S
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@E&/i /\/Z\( 30 °C, mesitylene
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Scheme 13
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N
H

1%

94 Bn

C-24
acetone, then PPC 1)
B —

63% ~
66% ~

Construction of spirooxindoles with sulfur by 3-isothiocyanateoxindol
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Scheme 14 3-Hydroxyoxindol as starting materials to build spirooxindoles
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1.3 CRYI BRI ELBIRITE SRR ERER
C)Nr TEHUR AL Wk B 1T RE AT 5 VSR #Z
O, (FFF1%IE SRS N A%, Rios M54 R FH 6
HUARSA LIS e AT P UCEZ OIS AL 5 a p- AN
fi% 3 TEMEMS e AL C-1 IPE R, —8RSEEL T P IRCER%
TNBG R BRI N, R LA B R AR B T H ARIR IR
11 98 (Scheme 15). 2012 4F, Lu 251D, C-25 JfiEAL7, =2
LT AALREE 99 5 100 NE N, M T —RE AL
(AR ALHS | RBE IR Y BRI 5490 101 (Scheme 15). [FIFE, Xu
SO FMERRIRIEALF) C-26 —HASZIL T TCHUR AL
Wk 102 J7 RS 103 [S+11PANE S, LA S %) g P A
BT WOE BTG B T A o- P TR 45 FA 1 M| kB 1 40

20% C-1, toluene, r.t.
20% PhCOOH

104. AT TR 72 A AR A1 W N ASE A 3] AR BRI XoF e 2 )
T DL AR B EAT A AN [R50 (Scheme 15).

AR, [ — [ S H 22 AR B [ fR AL A5 2 5
T AR 2 (0 VE, Zhou 2 e My £ T b
O R Mg ] R MR PR 2L () A FErh, SR AT Mg ot S A A 71
C-1 FIZE e T B R XU T C-27, ARHSZHL T C(3)
TEHURHT N-Boc fR4F 1AL 105 70 51 515344 69
o f-ANHIFNEE 3 —He AR IR B, DU s S L b
(R SEARGEREVE AR BT WIWRIRER OB 106, [FIRT,
AT 7T R B, LT C-28 H TBS BURIE A 5] A X}
PR B 25 EEL RS, SR AR AR H bR LA
#) 107 (Scheme 16).
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mo+ NENET Tean-

90% yield
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Scheme 15 Use of nonsubstituted oxindole as reactants

NO
2 c-1 R, C-28
YiR2 15% C-27 o) = _— 15% C-27
0 N * + ON\ toluene, r.t.
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’ Boc
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Scheme 16 Relay Michael/Michael/aldol addition reactionof N-substituted oxindoles, nitrostyrenes anda,f-unsaturated aldehydes by

synergistic catalysis
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2012 4, Dou Al Lu HARAL 2y 3 H 2 75 AT LK
C3)AL JE BUAR [ S A M| AT A 0 5 o AR 25 0 VR ok
FHEE AL CRYILEA P St B 1) S A 05| DR UR AR 7= 4.
T 3ok 0 AN TR R AL, AT iR 2 R I AR C-29 W]
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17).

1.4 HipePrierEs

W R B8 AR 0 A 0 2 3o R A P R AT A 5 3
fib /NG F SR BRI R SR SE . E2, IR RS S
JRAGZE AT KR, A S BT S T AR S A g W
AP RIRA RN EE 5T AI5 RIE A 22, 2011 4F, Gong
SRR VORI = AN TR SR EORHE G TR C-30 AOFEFT R
A U B AP tsFT210 4R B B i EUL G IR R
A 115 EZ A 114, 1Z7 5K BT ieE
FNSLARIEBENE T 2 22 O00E, &P AR AR ZS 5t
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NO, R o
, 10% C-29 Br 10% C-29 Y2
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110 Boc 108 Boc 109 Boc
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Scheme 17 Cascade reaction of oxindoles with halo-nitroolefins to give spirocyclopropyl oxindoles
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Scheme 18 Nonoxindoles as reactants to build spiroindoles
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WRIA AL B WD ER St AR B A DA bR 4 TR s 2 Bk
SNSRI, 2012 4E, Zhao 2P0 kdiE 7 FIH PIFA
AT, I R R 116 KAE ST NG R
NESRAGEEA p- N R4 A 0S| WRIE IR 117 1087 7732
(Scheme 18), ZJTIER A HIEWM ., &P &I
A AN EE R AT AT T e R E AL
[ C(sp®)—C(sp>Y B I . 2013 4, Duan 25458 7 —
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119 JyJFRHE e BA FE TGS 14 (03] A2 3E 120 377
%, SR FREE SR C—C #LLL—4 C—O0
B, HIx MR, PR 5B 5 (Scheme 18).

2014 4F, Eycken ZUP2H i SL4 Ak i) S i & R
WGIRIEIR - PN B S5 AL B ) 125, 1% A2 DABR R AT
5 Xantphos JFLMEALF, SEIL T Buchwald-Hartwig/
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1 AR i (Scheme 19). 4k, Maison 255338 17—
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Scheme 19  Synthesis of siproindoles catalyzed by palladium
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