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An Efficient Asymmetric Construction of Novel Spiro-Fused
2-Oxindoles/a-Methy-paraconic Ester

Guo, Yanjun Meng, Chenhong Liu, Xueli Xu, Dangian Xia, Aibao™
(Zhejiang Key Laboratory of Green Pesticides and Cleaner Production Technology, Catalytic Hydrogenation Research Center,
Zhejiang University of Technology, Hangzhou 310014)

Abstract Chiral spirooxindole y-lactones with three stereogenic centres are rare. An efficient asymmetric construction of
novel spiro-fused 2-oxindole/a-methy-paraconnic ester is reported, which was offered via organocatalytic Michael reaction of
propaldehyde and olefinic oxindoles, with subsequent H,0,/K,CO; system-mediated a-hydroxylation/hemiacetalization cas-
cade reaction under oil/water two-phase conditions, and final oxidative y-lactonization by pyridinium chlorochromate (PCC).
The presented strategy features mild reaction conditions, excellent yields (91%~98%) and enatioselectiveties (87%~95%),
and accordingly constitutes a facile and new method for the synthesis of chiral multisubstituted spirooxindole y-lactones. All

structures of new products were confirmed by '"H NMR, '*C NMR and HRMS techniques.
Keywords asymmetric synthesis; spirooxindole y-lactones; paraconic acids

WIS AL NG| e A O B R I HUAEAE T R AR A
IR 259 2 vt SRR A 2 R 1 T PR IR FR S A 5] R £
Er VR LIRS A LA BB 2 PR T i — 1),
XA T ARG W 5 B S AR 4L PR B B R
oA AT REBONEIER 2T, BEAY, - R R A A
EYRETE S T LB RN, T BIRIE R, B AL
W5 W p- A R AL S DR SRR 1AL 22 AT IR SR .
ORI, H TR g, i BA AR MRS, A2k
O SRR R - TR R R S
ST I, R REERAW R R R L w47 ATk
O FIRIA AL p- A BR(Scheme 1); X T A0 ASXS #x
S IR A& A = F O IRA AL D -

* Corresponding author. E-mail: xiaaibao@zjut.edu.cn

Received March 6, 2017; revised May 24, 2017; published online June 2, 2017.

PR, BRI S A G W - TP A FRERR I, 47598 & —
ANBRR. AP REIRD R — R ZHUR BRIR-y- WBE R IR
Yo, T a- T LA RETR J8 T 8 o 5%t AR A R v A — 2K,
4 Nephrosteranic acid, Roccellaric acid, Phaseolinic acid
SHAGMR . PO 0 S0 RS i D
(Scheme 1). AR &5 K4 & P AR S 1 25 8 ) 1),
e 2-F IV o- T ELA RRER AN S5 & P T BB IR
SN W 73 1A T RE A AR )5 P (Scheme 1),
HT R JRR, K S R I5E N TR R
AN - H L IR A AL SR AS JE b 2L,

2 A HUEACA X TR Michael JIEGR S E BN &
RO E TSI S s ) TR B, R

Project supported by the National Natural Science Foundation of China (No. 21402176).

KRR EE 4 (No. 21402176) KB H .

2776 http://sioc-journal.cn/

A ©2017 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2017, 37, 2776~2782



Chinese Journal of Organic Chemistry

Ref.5~8

O R= I‘l-C1 1 H23
j§_ (+)-Nephrosteranic acid
Me
B R =n-Cy3Hz7
CO,H  (+)-Roccellaric acid
(0]
07N Me R=n-CsHiy
(+)-Phaseolinic acid

CO,H

Previous work: asymmetric construction of two stereocentres

Boc —

CR TH2 receptor
antagonist

(0}
Me
(0]
"'CO,H

new potential bioactive compounds

) o’

HO,C
MDM2-p53 interaction
inhibitor

B 1 W R BA EE YGRS o FF LM HERR B 2- AL Wi R AR 23 1

Scheme 1 Related background and selected biologically important molecules possessing a-methy-paraconic acid or 2-oxindole motif
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Taﬁe 1 Asymmetric one-poltjsynthesis of spirooj))iindole y-lactol R 2 REFULIMIRD) 1 G
Table 2 Scope of 3-ylideneoxindoles
Ph Ph
Ph Boc Ph
0TMS / 0 N _ oTms
(2 5 mol%) RS o . HLH H (2.5 mol%)
Z~N PhCOOH (5 mol%)
PhCOOH (5 mol%) CH-CN.rt.1~5 h
CHsCN, rt, 1h 1 s
HO
Me
HgOg (4 equiv.) (0] Boc (2) H202/K2C03
K,CO3 (1 equiv.) o EtOAc/H,O, rt. 4 ~8h
EtOAC/H,0 (V:V = 10:1) N (3)PCC, rt., 4 h
rt,4h H
"standard condition" c
Entry R Product Yield’/% dr¢ ee’1%
Entry Variation from “standard condition” Yield”/% ) H 2a 05 2:1:1:0 9
1 None 90 2 5-Me 2b 9% 10:1:1:0 91
2 3 equiv. H,0, 80 3 5MeO 2 94 1:1:1:0 91
3 Without K,CO; 63 4 5F 2d 95  11:1:1:0 95
4 Without H,0 83 5 5l 2e 97 7:1:1:0 90
5 Without K,COj3; and H,O 59 6 5-Br 2 91 6:1:1:0 91
6 1 equiv. NEt; instead of K,CO; 86 7 5.1 2g 97 12:1:1:1 ]7
7 1 equiv. NaCOj instead of K,COs 83 8 5-CF;,0  2h 97 9:1:1:0 95
8 V(EtOAC)/ V(H0)=5 * 1 85 9  6Cl 2i 95 8:1:1:0 93
9 V(CH;CN)/V(H,0)=10 : 1 74 10 6-Br 2j 98 11:2:1:0 91
10 V(Toluene)/V(H,0)=10 : 1 87 11 7-F 2k 92 6:1:1:0 95
“Standard condition: using 1a (0.2 mmol), propaldehyde (20 pL, 1.2 equiv.), 12 7-Cl 21 95 13:2:1:0 95
Cat. (2.5 mol%), and PhCOOH (5 mol%) in 0.5 mL of CH;CN for 1 h; the e g
solvent was then removed and [EtOAc (1 mL)+H,O (0.1 mL)], H,O, (4 13 7-Br 2m 93 I 2 ! 0 92
b Isolated 14  7-CF; 2n 96 11:2:1:0 91

equiv.), K,CO5 (1 equiv.) were added, the reaction run at r.t. for 4 h.
yield.

JEPIRT S BLFIEE (R 2). MR 2 ATRAR H, —RIIK
B ERAZFMEIREENGS 6 7 A0)FIA A BT RON(%
FL AR L) B SRR M ek 1 AR R BUR M 5 e i
ITAXSFR Michael IR/ ARREAL /AL - N BRAL I
2, PAPLTS AU rb S A X BRI A AL T 0
TFENEPAT H AR IR A AN W o FF L RERR R 1L
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“Reaction conditions: (1) 1 (0.4 mmol), propaldehyde (40 uL, 1.2 equiv.), Cat.

(2.5 mol%), and PhCOOH (5 mol%) ;
mmol); (3) PCC (1.2 mmol). *Isolated yields.
“Determined by chiral HPLC.

a¥(a~2n, £ 2). A,

sis.

(2) H,0, (1.6 mmol), K,CO; (0.4
¢ Determined by 'H NMR analy-

LL 1a AWFFX &, it

"HNMR 5 3 5B (4 Michael Inan ik A L& A
HIEAL BRI YD 2a B dr (E3EAT L34, RBLE
WAL S5, AN ik B A e R B 3 v (from 7 -
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31201t 120100, FAh, FRATEXS R )8 1 14 3k
TR SR, R IAL BN £GP~ (U
SO B, AELR P2 4 3 T A X Bl ) 0 e e 5
HEKFEMW, Fi15 ee HEMK, 7 83% (Eq. 1).

Ph
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EtO,C o OTMS
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O+
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10 20
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5:3:2.1dr
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B, FEP)I A B ARR MU T 40 R RL(2'R,3'R,3S)
WX 2m AT RS AT AR S T HiE, CCDC 5 h
15356251 1).

B1 LEw 2m 19> T 45 EIE

Figure 1 X-ray crystal structure of compound 2m
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H,0,. PCC HEEAMERIT, AR AL ki i 5
NN Ze 5 Michael N AR o- 2240/~ 4T AL /26 AL
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WL PEE ] JASCO LC-2000 345 F1 K Fe3% F- 1 (it
R E . S0 AT 24 i AR 38 D i 5 1 43 i Al Bk 57
af, BRI EAL, R — D ab B,
32 ELWHE

) NG P FE R T-1) Schlenk Sz B & (10 mL)H— 0
NEALBEI R 1 (0.4 mmol). ZEFFER(5 mol%).
(28)-2-[ 2% e (= B ek b R ) HR R T O (2.5
mol%). AEEE40 pL). ZME0.8 mL). %MK RAE IR
NN 1~5 h. £ Michael JIRRMNEEH G, B ek
AR EANIER, 25 Fm R A K.CO; (1
equiv.), HO, (4 equiv. 30 wt%), ZFRZEE(Q2 mL), /K
(0.2 mL). RMNARRT =R FHHEE 4~8 h, 2H, T,
I % 28 AR A HUER, T 5B In N &S IR
EIE(PCC) (3.0 equiv.), /K & HLE 4 mL, =i KR
N 16 h. RMREZFAEHH O CBaitkse, Fris A LA
2 T e 2 AN, R R s A R AT (A R AN 2 TR
PRV SO BEBLA) 5 S B AR 2, T FRE
JREREER. FTE T4 I A% RS E R ' 0 A = 4y
JRRERIA.

AT H(2S,3R,4R)-4-F F-2' 5- 5 fR-4,5- K -3H-
BR PR -2,3"- & Mk ]-3- R R (2a): H [l 4, F= 3
95%. 12 21 1 dr. For the major isomer: 93% ee [Dciel
Chiralpak IC-H column (0.46 mm X 250 mmL ID),
V(n-hexane) . V(i-PrOH)=90 . 10, 1.0 mL/min, 254 nm,;
Lmgjor=54.6 Min, fpiney=21.8 min]. m.p. 155~156 C; 'H
NMR (500 MHz, CDCl5) d: 8.18 (s, 1H), 7.36 (td, J=8.0,
1.5 Hz, 1H), 7.22 (d, J=17.5 Hz, 1H), 7.07 (td, J=17.5, 1.0
Hz, 1H), 6.95 (d, J=8.0 Hz, 1H), 3.54 (d, J=12.0 Hz,
1H), 3.46~3.40 (m, 1H), 1.48 (d, J=6.5 Hz, 3H), 1.04 (s,
9H); *C NMR (125 MHz, CDCls) 6: 176.1, 174.2, 166.4,
141.5, 131.5, 125.0, 124.9, 123.5, 110.7, 82.8, 80.6, 55.0,
36.3, 27.2 (3C), 15.0; HRMS calcd for C;7H3N,05 [M+
NH,]"335.1601, found 335.1607.

AT 3 (2S,3RA4R)-4,5'- — L2 5- AR -4.5-
A -3H-IR[ KR -2,3'- T I ]-3- R R (2b): 0 i 4,
P22 96%. 10 1 : 1 dr. For the major isomer: 91% ee
[Dciel Chiralpak IC-H column (0.46 mm X250 mmL ID),
V(n-hexane) . V(i-PrOH)=90 . 10, 1.0 mL/min, 254 nm,;
fmgjor=55.2 Min, fpyine=21.4 min]. m.p. 184~185 C; 'H
NMR (500 MHz, CDCl3) §: 8.30 (s, 1H), 7.14 (d, J=17.5
Hz, 1H), 7.02 (s, 1H), 6.84 (d, J=8.0 Hz, 1H), 3.53 (d, J=
12.0 Hz, 1H), 3.47~3.40 (m, 1H), 2.29 (s, 3H), 1.48 (d,
J=6.5 Hz, 3H), 1.04 (s, 9H); *C NMR (125 MHz, CDCl;)
5: 176.2, 174.0, 166.5, 138.9, 133.2, 131.6, 125.6, 124.9,
110.3, 82.8, 80.7, 54.9, 36.3, 27.2 (3C), 20.9, 15.0; HRMS

http://sioc-journal.cn/ 2779



BIHE

caled for CigHysN,Os [M + NH,]© 349.1758, found
349.1754.

AT 5 (28,3RAR)-5'"- H AE Bk -4- 1 4 -2, 5- — S AX-
4,5- -3 H-R[ VIR -2,3'- TS5 ]-3-FR R (2¢): F
&, F2% 94%. 11 : 1 : 1 dr. For the major isomer: 91% ee
[Dciel Chiralpak IC-H column (0.46 mm X250 mmL ID),
V(n-hexane) : V(i-PrOH)=90 : 10, 1.0 mL/min, 254 nm;
tmgjor=61.0 Min, fiyine=27.5 min]. m.p. 175~177 C; 'H
NMR (500 MHz, CDCl;) o: 8.37 (d, J/=12.0 Hz, 1H), 6.88
(s, 2H), 6.79 (s, 1H), 3.76 (s, 3H), 3.54 (d, J/=12.0 Hz,
1H), 3.46~3.38 (m, 1H), 1.48 (d, /=7.0 Hz, 3H), 1.06 (s,
9H); “C NMR (125 MHz, CDCly) 0: 176.1, 174.2, 166.4,
156.4, 134.7, 125.9, 116.4, 111.8, 111.2, 82.8, 81.0, 56.1,
54.9, 36.3, 27.3 (3C), 15.0; HRMS calcd for C;gH,sN,Og
[M+NH4]" 365.1707, found 365.1717.

BT FE(28,3R,4R)-5'"- 4 -4- FH %2, 5- 4 A0-4,5-
A -3H-IR[ R -2,3'- A IR ]-3- K 1R (2d): A [ 14,
FPH 95%.11 11 : 1 dr. For the major isomer: 95% ee
[Dciel Chiralpak IC-H column (0.46 mm X250 mmL ID),
V(n-hexane) . V(i-PrOH)=90 . 10, 1.0 mL/min, 254 nm,;
tmajor = 29.7 MiN, fmine = 14.6 min]. m.p. 196~197 C;
'"H NMR (500 MHz, CDCl;) d: 8.73 (s, 1H), 7.12~7.06
(m, 1H), 6.98 (dd, J=7.5, 2.5 Hz, 1H), 6.93 (dd, J=38.5,
4.0 Hz, 1H), 3.53 (d, J=12.0 Hz, 1H), 3.42~3.36 (m,
1H), 1.48 (d, J=6.5 Hz, 3H), 1.08 (s, 9H); *C NMR (125
MHz, CDCl;) o: 175.8, 174.3, 166.1, 159.1 (d, J=242.6
Hz, 1C), 137.5, 126.2 (d, J=7.6 Hz, 1C), 118.0 (d, J=
23.4 Hz, 1C), 113.1 (d, J=25 Hz, 1C), 111.5 (d, J=7.6
Hz, 10C), 83.1, 80.6, 54.9, 36.2, 27.3 (3C), 14.9; HRMS
caled for C;;H»,N,Os [M + NH] © 353.1507, found
353.1503.

HUT B (28 3RAR)-5- 5 -4- 1 B -2'5- — 4 R-4,5-—
A -3H-MR[ R 2,3 AN W ]-3-FR R (2e): 1 £ [ 4,
P23 97%. 7.1 :1 dr. For the major isomer: 90% ee
[Dciel Chiralpak IC-H column (0.46 mm X250 mmL ID),
V(n-hexane) . V(i-PrOH)=90 . 10, 1.0 mL/min, 254 nm,;
tmajor = 26.7 MiN, fminoe = 12.6 min]. m.p. 197~198 C;
"H NMR (500 MHz, CDCl5) 6: 8.26 (s, 1H), 7.35 (dd, J=
8.5,2.0 Hz, 1H), 7.21 (d, J=2.0 Hz, 1H), 6.90 (d, J=38.0
Hz, 1H), 3.53 (d, J/=12.0 Hz, 1H), 3.44~3.37 (m, 1H),
1.49 (d, J=7.0 Hz, 3H), 1.09 (s, 9H); °*C NMR (125 MHz,
CDCly) 0: 175.7, 173.8, 166.1, 140.1, 131.4, 128.9, 126.5,
125.4, 111.7, 83.1, 80.3, 54.9, 36.3, 27.3 (3C), 15.0;
HRMS caled for C;;H,,CIN,Os [M+NH,]" 369.1212,
found 369.1209.
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T HE(28,3R,4R)-5"- I -4- 1 3 2" 5- — 4 A -4,5- —
S-3H-UR[KIR -3- AU -3- R IR (2f): A fE A, 7
#.91%. 6 . 1 : 1 dr. For the major isomer: 91% ee [Dciel
Chiralpak IC-H column (0.46 mm X 250 mmL ID),
V(n-hexane) : V(i-PrOH)=90 : 10, 1.0 mL/min, 254 nm;
Tmajor=24.5 MiN, fminer=12.3 min]. m.p. 196~198 TC; 'H
NMR (500 MHz, CDCl;) ¢: 8.17 (s, 1H), 7.50 (dd, J=38.0,
2.0 Hz, 1H), 7.34 (d, J=2.0 Hz, 1H), 6.85 (d, /=38.0 Hz,
1H), 3.53 (d, J=12.0 Hz, 1H), 3.43~3.36 (m, 1H), 1.49
(d, J=7.0 Hz, 3H), 1.10 (s, 9H); *C NMR (125 MHz,
CDCly) d: 175.7, 173.7, 166.1, 140.5, 134.3, 128.1, 126.9,
1159, 112.2, 83.2, 80.2, 54.9, 36.3 , 27.3 (3C), 15.0;
HRMS caled for C;;H,,BrN,Os [M+NH,]" 413.0707,
found 413.0705.

T H(28,3R,4R)-5"-fifl -4- 1 3L 2" 5- — 4 A -4,5- —
A -3H-BR[WRIR-2,3'- A5 Wk ]-3-FR R (2g): A A B A,
FEE 97%.12 1 1 1 : 1 dr. For the major isomer: 87% ee
[Dciel Chiralpak IC-H column (0.46 mm X250 mmL ID),
V(n-hexane) : V(i-PrOH)=90 : 10, 1.0 mL/min, 254 nm;
Tmajor=23.8 MiN, fminor=12.6 min]. m.p. 191~193 C; 'H
NMR (500 MHz, CDCls) ¢: 8.37 (s, 1H), 7.69 (dd, J=38.0,
1.5 Hz, 1H), 7.49 (s, 1H), 6.76 (d, J=8.0 Hz, 1H), 3.52 (d,
J=12.0 Hz, 1H), 3.42~3.36 (m, 1H), 1.48 (d, J/=6.5 Hz,
3H), 1.09 (s, 9H); *C NMR (125 MHz, CDCl3) d: 175.7,
173.4, 166.1, 141.1, 140.2, 133.6, 127.3, 112.7, 85.3, 83.2,
80.0, 54.9, 36.3, 27.3 (3C), 15.0, HRMS calcd for
C17HIN,O5 [M+NH,]" 461.0568, found 461.0569.

AT HE(28,3R,AR)-5'- — 98 T 4 ik -4- TP -2 5- 5
R-4,5- ~E-3H-BR[ RN -2,3'- A0 Mk ]-3- 52 BR (2h): A
BEA, P23 97%. 9 111 dr. For the major isomer:
95% ee [Dciel Chiralpak IC-H column (0.46 mm X250
mmL ID), V(n-hexane) . V(i-PrOH) = 90 : 10, 1.0
mL/min, 254 nm; o= 13.5 min, fyine:= 8.0 min]. m.p.
152~154 °C; 'H NMR (500 MHz, CDCl;) : 8.43 (s, 1H),
7.25 (s, 1H), 7.11 (s, 1H), 6.99 (d, J=8.5 Hz, 1H), 3.55 (d,
J=12.0 Hz, 1H), 3.44~3.37 (m, 1H), 1.49 (d, J/=6.5 Hz,
3H), 1.07 (s, 9H); °C NMR (125 MHz, CDCl3) J: 175.8,
174.4, 166.0, 144.9, 140.4, 126.2, 124.8, 119.1, 111.5,
83.2, 80.4, 54.9, 36.2, 27.6, 27.2 (3C), 14.9; HRMS calcd
for CsHxF3N,04 [M+NH,]" 419.1424, found 419.1434.

T % (28,3R,4R)-6"- 5 -4- 1 3 2", 5- 4 A -4,5- —
A -3H-IR(MRIE-2,3'- IR ]-3-FR IR (21): A A,
#.95%. 8 1 1 : 1 dr. For the major isomer: 95% ee [Dciel
Chiralpak IC-H column (0.46 mm X 250 mmL ID),
V(n-hexane) : V(i-PrOH)=90 : 10, 1.0 mL/min, 254 nm;

Chin. J. Org. Chem. 2017, 37, 2776~2782
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tmajor=237.6 Min, fpyine=15.6 min]. m.p. 196~198 C; 'H
NMR (500 MHz, CDCl;) ¢: 8.45 (s, 1H), 7.14 (d, J=28.0
Hz, 1H), 7.06 (dd, J=8.0, 1.5 Hz, 1H), 7.00 (d, /=1.5 Hz,
1H), 3.52 (d, J/=12.0 Hz, 1H), 3.43~3.36 (m, 1H), 1.48
(d, J=6.5 Hz, 3H), 1.09 (s, 9H); °*C NMR (125 MHz,
CDCly) 0: 175.9, 174.0, 166.2, 142.7, 137.4, 125.9, 123 .4,
123.2, 111.4, 83.1, 80.0, 54.9, 36.2, 27.3 (3C), 14.9;
HRMS caled for C;;H,,CIN,Os [M+NH,]" 369.1212,
found 369.1210.

BT FE(25,3R,4R)-6'- 1R -4- F 52" 5- 4 A0 -4,5-
A -3H-BR [V -2,3'- I R ]-3- 52 R (24): F E [ A,
P23 98%. 11 :2 1 1 dr. For the major isomer: 91% ee
[Dciel Chiralpak IC-H column (0.46 mm X250 mmL ID)],
V(n-hexane) . V(i-PrOH)=90 . 10, 1.0 mL/min, 254 nm,;
Fmajor —40.2 Min, fyine,=16.5 min]. m.p. 195~197 C; 'H
NMR (500 MHz, CDCl;) ¢: 8.14 (s, 1H), 7.23 (dd, J=8.0,
1.5 Hz, 1H), 7.15 (d, J=1.5 Hz, 1H), 7.08 (d, J=8.0 Hz,
1H), 3.52 (d, J/=12.0 Hz, 1H), 3.42~3.36 (m, 1H), 1.48
(d, J=7.0 Hz, 3H), 1.09 (s, 9H); *C NMR (125 MHz,
CDCly) 0: 175.9, 174.0, 166.2, 142.8, 126.3, 126.1, 125.2,
123.7, 114.2, 83.1, 80.1, 54.9, 36.2, 27.3 (3C), 14.9;
HRMS caled for C;;H,,BrN,Os [M—}—NH4]+ 413.0707,
found 413.0707.

AT 2 (2S,3RAR)-T-FR-4- 1 327 5- 5 4R -4,5-—
A -3H-IR[ R -2,3'- A IR ]-3- K IR 2k): [ 1,
FP3 92%. 6 1 1:1 dr. For the major isomer: 95% ee
[Dciel Chiralpak AD-H column (0.46 mm X250 mmL ID),
V(n-hexane) . V(i-PrOH)=95 . 5, 0.7 mL/min, 254 nm;
fmgjor=233.5 MiN, foyine=238.5 min]. m.p. 196~198 C; 'H
NMR (500 MHz, CDCl3) o: 7.98 (s, 1H), 7.19~7.15 (m,
1H), 7.07~7.03 (m, 2H), 3.55 (d, J/=12.5 Hz, 1H), 3.43~
3.36 (m, 1H), 1.48 (d, J=6.5 Hz, 3H), 1.07 (s, 9H); °C
NMR (125 MHz, CDCly) d: 175.8, 173.2, 166.2, 147.2 (d,
J=244.5 Hz, 1C), 129.0 (d, J/=12.9 Hz, 1C), 127.5 (d,
J=3.0 Hz, 1C), 124.2 (d, J/=5.8 Hz, 1C), 120.5 (d, /=3.5
Hz, 1C), 118.5 (d, J/=16.9 Hz, 1C), 83.0, 80.4 (d, J=3.3
Hz, 1C), 55.1, 36.1, 27.3 (3C), 14.9; HRMS calcd for
C17H5,FN,O5 [M+NH,4]" 353.1507, found 353.1502.

T H(28,3R 4R)-7- 5 -4- 1 3 -2',5- 4 AX-4,5-—
A -3H-IR[MRIE-2,3'- IR ]-3-FR IR (2D AT A,
#.95%. 13 : 2 : 1 dr. For the major isomer: 95% ee [Dciel
Chiralpak AD-H column (0.46 mm X 250 mmL ID),
V(n-hexane) : V(i-PrOH)=95 © 5, 0.7 mL/min, 254 nm;
Tmajor=44.6 MiN, fiiner=49.0 min]. m.p. 196~198 TC; 'H
NMR (500 MHz, CDCl;) J: 7.86 (s, 1H), 7.37 (dd, J=38.0,
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1.0 Hz, 1H), 7.13 (d, J=7.5 Hz, 1H), 7.04 (t, J=8.0 Hz,
1H), 3.54 (d, J=12.0 Hz, 1H), 3.41~3.35 (m, 1H), 1.48
(d, J=6.5 Hz, 3H), 1.06 (s, 9H); >C NMR (125 MHz,
CDCLy) d: 175.7, 172.9, 166.2, 139.3, 131.1, 126.4, 124.2,
123.0, 116.0, 83.0, 81.0, 55.2, 36.1, 27.3 (3C), 14.9;
HRMS caled for C,;H»,CIN,Os [M+NH,]" 369.1212,
found 369.1204.

T % (2S,3R4R)-7'- 1 -4- F 3k -2',5- 5 fR-4,5-
A -3H-BR[MR I -2,3"- AWk ]-3-FR R (2m): (7 [ 44
P73 93%. 11 : 2 : 1 dr. For the major isomer: 92% ee
[Dciel Chiralpak AD-H column (0.46 mm X250 mmL ID),
n-hexane/i-PrOH=95 > 5, 0.7 mL/min, 254 nm; fnyjor=
50.8 min, fminor=>54.4 min]. m.p. 194~196 C; 'H NMR
(500 MHz, CDCly) d: 7.76 (s, 1H), 7.50 (dd, J=8.5, 1.0
Hz, 1H), 7.16 (d, J=7.5 Hz, 1H), 6.98 (t, J=8.0Hz, 1H),
3.53 (d, J=12.0 Hz, 1H), 3.41~3.34 (m, 1H), 1.48 (d, J=
7.0 Hz, 3H), 1.06 (s, 9H); °C NMR (125 MHz, CDCL) ¢:
175.7, 172.7, 166.1, 140.9, 133.9, 126.3, 124.6, 123.6,
103.7, 83.1, 81.3, 55.3, 36.1, 27.3 (3C), 14.9; HRMS calcd
for C;7H»,BrN,Os [M+NH,]" 413.0707, found 413.0701.

BT 2 (2S,3RAR)-7'- =5 FH B -4-H 5E-2',5- 5 AR-
4,5- S -3H-BE[ R -2,3'- A MMk ]-3- R B (2n): A
[ 44, 2% 96%. 11 : 2 : 1 dr. For the major isomer: 91%
ee [Dciel Chiralpak AD-H column (0.46 mm X250 mmL
ID), V(n-hexane) : V(i-PrOH)=95 5, 0.7 mL/min, 254
0M; fmgjor=36.0 Min, fnino:=43.5 min]. m.p. 203~205 C;
'H NMR (500 MHz, CDCl;) d: 7.95 (s, 1H), 7.59 (d, J=
8.0 Hz, 1H), 7.40 (d, J=7.5 Hz, 1H), 7.20 (t, J=7.5 Hz,
1H), 3.56 (d, J=12.5 Hz, 1H), 3.45~3.39 (m, 1H), 1.49
(d, J=7.0 Hz, 3H), 1.04 (s, 9H); >C NMR (125 MHz,
CDClLy) §: 175.6, 173.1, 166.1, 139.1 (d, J=2 Hz, 1C),
128.3, 127.9 (q, J=4 Hz, 1C), 126.7, 123.4 (d, J=270.4
Hz, 1C), 123.3, 113.1 (g, J=33.4 Hz,1C), 83.2, 79.0, 55.0,
36.1, 27.1 (3C), 15.0; HRMS caled for C;gHyF3;N,Os
[M-+NH,]" 403.1475, found 403.1486.

i Bh# £l (Supporting Information) 74 2a~2n 1%
WELIRIE P Chiral- HPLC 2347 &l 3 e n] DL 9%
AT 358 (http://siocjournal.cn/) b F %,
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