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Asymmetric Allylic Alkylation of Cyclic M-Sulfonylimines with
Morita—Baylis—Hillman Carbonates of Isatins

Sun, Xunhao Peng, Jing Zhang, Shuyang Zhou, Qingqing Dong, Lin
Chen, Yingchun*
(Key Laboratory of Drug-Targeting and Drug Delivery Systems of the Ministry of Education,
West China School of Pharmacy, Sichuan University, Chengdu 610041, China)

Abstract Enantiomerically pure 3,3-disubstituted 2-oxindoles are important building blocks for the synthesis of diverse
oxindoles which are the core structure of many natural products and biologically active compounds. A number of asymmetric
reactions to access such chiral materials have been reported over the past years, most of which rely on the application of nu-
cleophilic 3-subsituted oxindoles. Although these methods have been proved to be useful, some challenging issues still re-
main in terms of efficiency, stereoselectivity and substrate scope. On the other hand, recently, we have developed some highly
stereoselective allylic alkylation reactions with Morita-Baylis-Hillman (MBH) carbonates of isatins and diverse nucleophiles,
to produce 3,3-disubstituted oxindoles under the catalysis of metal-free Lewis basic tertiary amines. In this work, the first
asymmetric assembly of MBH carbonates of isatins and cyclic N-sulfonylimines is reported. An array of tertiary amine cata-
lysts derived from f-isocupreidine (-ICD) and a variety of reaction parameters have been systematically investigated, and
the optimized conditions were determined to run the reaction at —20 ‘C using PhCFj; as the solvent, 4 A MS as the addi-
tive, in the presence of 10 mol% of amine catalyst 1h. A number of MBH carbonates 2 derived from diversely substituted
isatins and cyclic N-sulfonylimines 3 could be well tolerated under the established catalytic conditions, providing an alterna-
tive electrophilic pathway to access multifunctional oxindoles bearing adjacent quaternary and tertiary stereogenic centers (up
to 86% ee, dr>95 . 5) in high yield (up to 96%). Moreover, the thus obtained chiral 3,3-disubstituted 2-oxindole could be
used for the synthesis of complex spirocyclic 2-oxindole-3,4'-piperidine product. In this case, the chemoselective reduction of
imine group of allylic alkylation product 4a has been realized by using NaBH, as the reducing reagent at —20 ‘C. A fol-
lowing intramolecular aza-Michael addition reaction gave a 2-oxindole-3,4'-piperidine product 6 in a moderate yield.
Keywords asymmetric organocatalysis; allylic alkylation; Morita-Baylis-Hillman carbonates; cyclic N-sulfonylimines;
2-oxindoles; quaternary chiral centre; 2-oxindole-3,4'-piperidine
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Figure 1 Represented nature products containing 2-oxindole-3,4'-pi-
peridine core structure

SEAIGIE 3 A7 AN GRS 22 3k 3 67 HAR 2-480 4k
N1 of 22 b2 FRI IR S AZ N R s B ke S B, et 25 )1
SRR KR SCERIRED, B, AR R T T
Shh%, W p-isocupreidine (B-ICD) M HATAEMM, itk
HEZL Morita-Baylis-Hillman(MBH) B B2 s )0 TN FE e
TN, Bema i 3,3- BRI AL &40, |
K&, TP IE 1) Z RN EATIIR 32 1 T I SR 2 DA S A
A F) R R 55

g, TATRIER N-BEE L (1) o-C—H HARK
SRICRYE, AT AR AN S A A A SR Al R S AN FR
C—C ML, B, RS 564 MBH iR
i FR AN R s N DU R UGOR) ey st AT 22 8 e A1 T 1
A E Y, Ik AT A4S 2 B R 1 ).
T TR TE 2 5N IR BRI A R

2 HR511E

2.1 GRF. BT, RS RIRE X R RIEE
ES:EA

BATE AT B-ICD #7149 1a fifLEEZ. MBH
WIR TS 2a SRR N-TEIEE % 3a 1R N, RIS N AE
5 CFFHRPLL 20 h [FRELLEIBCRAS B — H s
771 4a, AEAUH BUARKI % $E 1 (Table 1, Entry 1).
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Table 1 Screening studies on reaction conditions”

BocO Pe
COR ,S\CO 1 (10 mol%)
0 + =N O———="
\
PG
3a

I °
solvent, 5 °C o COR
(o]
N 4

PG

2a PG =Me, R= Me . 1a X=H

2bPG=Bn, R=Me X t 1b X =0CH,
1c X = Ph

2c PG =Ac,R=Me
2d PG =Me, R=Ph
2e PG=Me,R =Bn

1d X = 2-MeOCsH4
1e X = 3,5-M6206H3
1f X= 3,5-F206H3
1g X = 4-tBUC6H4
1h X = 4-CF,CgH,

Entry 1 2 Solvent t/h Yield*/% ee/%
1 1a 2a Toluene 20 4a, 80 29
2 la  2a MeCN 15 4a,71 58
3 la  2a THF 18 4a,75 22
4 la  2a CHCl; 18 4a, 93 61
5 la  2a DCE 12 4a, 93 43
6 la  2a PhCF; 20 4a, 97 63
7 1a  2b PhCF; 17 4b, 99 49
8 1a 2¢ PhCF; 18 4c, 26 14
9 1a  2d PhCF; 17 4d, 99 54
10 1a 2e PhCF; 16 4e,22 22
11 1b  2a PhCF; 12 4a, 84 71
12 1c 2a PhCF; 14 4a, 99 60
13 1d 2a PhCF; 18 4a,71 43
14 1e 2a PhCF; 12 4a, 88 8
15 If 2a PhCF; 12 4a, 84 11
16 1g  2a PhCF; 18 4a, 62 64
17 1h  2a PhCF; 12 4a, 99 76

18° 1h 2a PhCF; 70 4a, 62 77
19%¢  1h 2a PhCF; 72 4a, 88 79

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Unless otherwise noted, reactions were performed with MBH carbonate 2
(0.1 mmol), cyclic N-sulfonylimines 3a (0.12 mmol), catalyst 1 (0.01 mmol) in
solvent (1.0 mL) at 5 “C. ”Isolated yield. © Determined by chiral HPLC analy-
sis; dr>95: 5.7 At —20 °C.“°4 A MS (10 mg) was added.

22 JRMEEN

T DA A, FeAT T 1 10 mol %o T
{5 1h, PhCF; 7, 76—20 CA&AF RN 4 A 51
I 7% 8 g N R AT IG 1, SEIR A WK 2. FRATTE et
5T T BEZL MBH BIRER 2a 55 A REEDACEIR N-fi
T NV e (1) S VA 400, DA e FRDMAC 367 1% ~ 94%) FH L 15
RN R IEFENE(T7% ~84% ee) G RIAHN KT H A4, 1
S IR AE X ik £ 1 B 1R 4 (Table 2, Entries 1~6). J&
K, 552 T IR N-RE IR % 3a 5 2 MPEUACHEZL MBH fii
PRGSO, &5 SR, Lk RS A4 ik
F W T 5L [ (Entries 7~15), K0 M) a5 35
L (R, (69% ~ 96 %) FHHL ey (1) 5% B I F- 4 (73% ~ 86%
ee), {H 5-WUF 5,7-— HEAR ) MBH BRI o -1~ &)=
WA R DL B AN T4, 45 VR % (Entries 9 and
15). 534b, TS 20 R = I 2 0 [l 44, 18
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Table 2  Studies on substrate scope and limitations”

MeO,C
E‘B‘Ecéﬁ §L (10 mol%)
S
; T CO,Me
¥ N PhCF3 4 A MS R
-20°C P\w
~N ©
4\

Entry R R! t/h Yield”/% ee/%
1 H n-Pr 72 4a, 88 (69%) 79 (99%)
2 H Me 7 41,73 82
3 H PhCH,CH, 71 4g, 72 84
4 H Et 72 4h, 94 77
5 H n-Bu 76 4i, 89 82
6 H i-Bu 70 4j,71 77
7 5-Me n-Pr 84 4K, 69 77
8  5-MeO n-Pr 93 41, 85 (59% 75 (99%
9 5,7-Me, n-Pr 99 4m, 46 72
10 5-CF;0 n-Pr 79 4n, 95 75
11 5-F n-Pr 75 40, 85 86
12 7-F n-Pr 93 ap, 77 83
13 5-Cl n-Pr 76 4q, 72 73
14 5-Br n-Pr 76 4r, 96 75
15 5-1 n-Pr 96 4s, 51 75

¢ Unless otherwise noted, reactions were performed with MBH carbonate 2
(0.1 mmol), cyclic N-sulfonylimines 3 (0.12 mmol), catalyst 1h (0.01 mmol) in
PhCF; (1 mL) at —20 °C. ?Isolated yield. ¢ Determined by chiral HPLC
analysis; dr>>95 : 5. “Data in parentheses were obtained after recrystalliza-
tion.

ﬁﬂ‘]})\ﬂcA% 41 E‘JZE&‘%Z@E%HEEF*@W*%?U
ik, ATl WM B € 7 P R X #7046
*@)WL 2[8].
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Figure 2 X-ray structure of enantiopure 41
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B AE—20 CH&AMT, BN T LUE B PR IE R I
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(TBAB)#AE |, Hiufk 5 k4D T WA Michael %
SN, DAL B RN AR WL PR 15 2 & 2 o
1) 2-W5| Wil -3,4'-WR e A2 48 74 6(LIE K 1).

(0]
$=0
NaOH, TBAB
—_—
Toluene, r.t.
CO,Me

6 62%, 78% ee, dr 90:10

B3 1 205 Wk -3, 4 -WRIE PR 21 B2 1 B ik
Scheme 1  Synthesis of 2-oxindole-3,4'-piperidine product
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