


1. General remarks.

'H NMR spectra were recorded on commercial instruments (400 MHz). Chemical
shifts were recorded in ppm relative to tetramethylsilanad with the solvent
resonance as the internal standard. Deg¢se reported as follows: chemical shift,
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet), coupling constants
(Hz), integration.’*C NMR were collected on commercial instremts (100 MHz)
with complete proton decoupling. Chemical shifts are reported in ppm from the
tetramethylsilane with the solvent resonance as internal standard. Enaistiomer
excesses were determined by chiral I@Panalysis on Daicel Chiralc€@DH, ASH,

ID, in comparison with the authentic racemat®gptical rotations were reported as
follows: [Up' (c: g/100 mL, in solvent)HRMS was recorded on a commercial
apparatus (ESI Source). All the solvents were purified by usual methods before use.
CD spectra wereadermined bycommercialinstrument§DCM as the solvent) The

N,N'-dioxideligands were synthesized by the same procedure in the litetature.

2. General procedure for asymmetric Michad addition/ desymmetrization

reaction.

In a test tube, a mixture &-RaPr; and S¢OTf)3 (10 mol%, 1:1)1a (0.1 mmol, 22.3
mg)in DCM (1 mL) were stirred at 3® for 0.5 hour.Then2a (0.12 mmol, 27.5 mg)
and KHPQ, (0.3 mmol, 51.2 mg) were addethe reaction mixture was stirred 30

€ for 17h After flash column chroatography(eluent: EtOAc/pet = B), the pure

product3awasobtained



3. Experimental procedure for the gramscale synthesis 03.

o

/
OtBu L-RaPr/Sc(OTf);
O o By (10 mol%)
+ >

N DCM (15 mL), K,HPO, (3 equiv)
H 5 30°C,17h
1j 2a 3j H

3 mmol 3.6 mmol 1.37g

0.76 g 0.83g 95% yield, 99% ee, >19:1 d.r.

A mixture ofL-RaPr; (2350 mg, 03 mmol), SqOTf); (1480 mg, 03 mmol) and 3|
(0.76 g, 3.0 mmol) in 15.0 mL DCM werestirred at € for 0.5 haur. Then2a (0.83
g, 3.6 mmol) was addegdand the reactioncontinued stirringat 30 € for 17 h. The
product(1.37 g, %% vyield, 9% ee >19:1 d.r) was obtainedas white solid after
purificationby flash chromatography on silical¢EtOAc: pet = 13)

4. The analytical and spectral characterization data of theproducts.
(M)-(R)-3-((R)-3-benzyl-2-oxoindolin-3-yl)-1-(2-(tert-butyl)phenyl)pyrrolidine -2,
5-dione

(CeH2eN,03) colorlessoil; 99% vyield, 97% ee >19:1 dr. [ Gf'=K2.36
(c 0696, CH,Cl,, 97% e6.

HPLC DAICEL CHIRALCEL IB, n-hexane/2propanol =80/20, flow rate =
1.0 mL/min,a= 254 nm, retention timeés.335min, 6.188min, 9.222 min,
10.796 min.

'H NMR (400 MHz, CDCY) U 18, 1H,3.51((dJ = 80 Hz, 1H), 7.33
‘Bu 7.27 (m, 1H), 7.23r, 1H), 7.15i 7.01 (m, 6H), 6.94rq, 2H), 6.51 (dJ =
4.0Hz, 1H), 6.27 (s, 1H), 3.68 (dd,= 8.0, 4.0 Hz, 1H), 3.44 (dJ = 16.0
Hz, 1H), 3.8 (dd, J = 48.0,16.0 Hz, 1H), 3.02 (ddJ = 16.0, 8.0 Hz, 1H),
3a 2.81 (d,J = 20.0Hz, 1H), 1.27 (s, 9H).

%C NMR (100 MHz, CDCk) i = 178.53, 176.71, 176.09, 147.88, 141.56, 134.46, 130.46, 130.31,
130.14, 129.69, 129.22, 128.55, 128.33, 127.83, 127.47, 126.89, 123.61, 122.33, 110.60, 55.74, 45.23,
40.99, 35.62, 32.20, 31.66.

HRMS (ESFTOF) calcd forC,H,sN,0; (IM+Na') = 475.1992 Found475.1992
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(M)-(R)-3-((R)-3-(2-bromobenzyl)-2-oxoindolin-3-yl)-1-(2-(tert-butyl)phenyl)pyrr
olidine-2,5-dione

(CoeH27BrN,03) colorless oil 99% yield, %% ee >19:1d.r. [ &f°=
+50.30(c 0.672, CH,Cl,, 96% €8).

HPLC DAICEL CHIRALCEL IB, n-hexane/oropanol =80/2Q flow
rate = 1.0 mL/minpg-= 254 nm, retention time3.233 min, 6.674 min,
8.884 min,10.900 min, 12.206 min, 14.401min

'H NMR (400 MHz, CDC}) U 8 H}¥ 7749 (d 85 80 Mz, 1H), 7.35
(m, 2H), 7.29 tn, 3H), 7.13i 7.00 (m, 3H), 6.98 6.89 (m, 2H), 6.47 (d,
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J=8.0Hz, 1H), 6.09 (s, 1H), 3.82 (d,= 16.0Hz, 1H), 3.74 (ddJ = 8.0, 4.0Hz, 1H), 3.54 (dJ = 12.0
Hz, 1H), 3.05 n, 2H), 1.26 (s, 9H).

¥C NMR (100MHz,CDCk) U4 = 179.00, 176.60, 175.97, 147.86,

130.35, 130.06, 129.70, 129.32, 128.67, 128.53, 127.44, 127.34, 125.89, 124.53, 122.15, 110.43, 55.55,
45.50, 39.26, 35.61, 32.37, 31.65.

HRMS (ESITOF) calcd for CuHyBr'®9®N,0, ([M+Na]) = 553.1097 Found 553.1108:;
CaoHoBri%N,0; ([M +Na']) = 555.1077 Found555.1096.
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(M)-(R)-3-((R)-3-(3-bromobenzyl)-2-oxoindolin-3-yl)-1-(2-(tert -butyl)phenyl) pyrr
olidine-2,5dione

(CH27BrN,O5) colorlessoil; 98% vyield, 98% ee >19:1 d.r.[UJp**°

Br =+0.34(c 0.882 CH,Cl,, 98%e§).

HPLC DAICEL CHIRALCEL IB, n-hexane/2propanol =80/20Q flow
rate = 1.0 mL/ming-= 254 nm, retention times.451 min, 6.422 min,
8.7% min, 10.7A min, 11942min, 13.3D min.

'H NMR (400 MHz, CDCJ) 1i8.23 (n, 1H), 7.51 (d,J = 8.0Hz, 1H),
7.32 , 1H), 7.25i 7.20 (m, 2H), 7.17 (tJ = 8.0 Hz, 1H), 7.13i
7.03 (m, 3H), 6.97 6.85 (m, 2H), 6.56 (d] = 8.0 Hz, 1H), 6.34 (s,
1H), 3.64 (dd,J = 12.0 4.0Hz, 1H), 3.42 (dJ = 12.0 Hz, 1H), 3.29
3c (d, J = 16.0 Hz, 1H), 3.00 (dd,J = 20.0 8.0 Hz, 1H), 2.73 0, 1H),
1.27 (s, 9H).

%C NMR (100 MHz, CDCk) i = 178.15, 176.62, 175.93, 147.87, 141.43, 136.83, 133.19, 130.45,
130.10, 130.06, 129.75, 129.51, 129.41, 129.00, 128.59, 127.98, 127.51, 123.55, 122.56, 121.74,
110.75, 55.62, 44.96, 40.47, 35.62, 32.18, 31.65

HRMS (ESITOF) calcd for CyHoBr®*®N,0, ([M+Na']) = 553.1097 Found 553.1105;
CaoH27Br3%%%N,0, (IM+Na']) = 555.1077 Found555.1091.
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(M)-(R)-3-((R)-3-(4-bromobenzyl)-2-oxoindolin-3-yl)-1-(2-(tert -butyl)phenyl) pyrr
olidine-2,5dione

Br (CaoH7BrN,O3) colorlessoil; 99% vyield, 96% ee >19:1 d.r.[ §f°=
1.65(c 0.824 CH,Cl,, 96% e8).

HPLC DAICEL CHIRALCEL IB, n-hexane/2propanol =80/2Q flow rate
= 1.0 mL/min,a= 254 nm, retention time5.652 min, 7.368 min, 9.501
min, 10.725 min, 13.132 min, 14.204 min, 16.015 min, 16.967 min

'H NMR (400MHz, CDCk) & 8, 1H), #.51((d,J = 80 Hz, 1H), 7.35
i 7.28 (m, 1H), 7.24r6, 1H), 7.15 (n, 3H), 7.12i 7.02 (m, 2H), 6.79 (dJ
= 80 Hz, 2H), 6.51 (d,) = 8.0Hz, 1H), 6.28 (s, 1H), 3.64 (dd,= 8.0, 4.0
Hz, 1H), 3.2 (d, J = 16.0Hz, 1H), 3.25 (1, J = 12.0Hz, 1H), 3.01 (ddy =
20.0,8.0Hz, 1H), 2.77 fn, 1H), 1.26 (s, 9H).

3d

133.44, 131.97, 130.95, 130.40, 130.05, 129.75, 129.45, 128.59, 128.00, 127.48, 123.44, 122.52,
121.09, 10.76, 55.58, 45.19, 40.32, 35.62, 32.13, 31.64.

BCNMR (I00MHz,CDCk) o = 178.14, 176.62, 175. 9¢

HRMS (ESITOF) calcd for CuHyBr®9®N,0; ([M+Na]) = 553.1097 Found 553.1102;
CaoHo/Br3%N,0; ([M +Na']) = 555.1077 Found555.1093.
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(M)-(R)-1-(2-(tert-butyl)phenyl)-3-((R)-3-(4-chlorobenzyl)}-2-oxoindolin-3-yl)pyrr
olidine-2,5dione

(CH27CIN,O3) colorlessoil; 99% vyield, 96% ee >19:1d.r [ %=

Cl
2K0.17(c 0.718 CH,Cl,, 96% e8.
HPLC DAICEL CHIRALCEL IB, n-hexane/2propanol =80/20, flow rate
= 1.0 mL/min,a= 254 nm, retention tim&s.544 min, 7.064 min, 9.296
min, 10.428 min, 12.520 min, 13.307 min, 15.227 min, 16.183 min
O
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'H NMR (400 MHz, CDCJ) U i 8.041(r8, 1H), 7.51 (d] = 80 Hz, 1H), 7.34i 7.28 (m, 1H), 7.24
(m, 1H), 7.15 (t,J = 8.0 Hz, 1H),7.11i 7.00 (m, 4H), 6.84 (d) = 80 Hz, 2H), 6.51 (d,) = 8.0 Hz,
1H), 6.28 (s, 1H), 3.65 (dd,= 12.0 4.0Hz, 1H), 3.44 (d;) = 16.0Hz, 1H), 3.27 (d,) = 12.0Hz, 1H),
3.02 (ddJ = 16.0, 8.0Hz, 1H), 2.78 (d,] = 20.0Hz, 1H), 1.26 (s, 9H).

%C NMR (100 MHz, CDCk) i = 178.16, 176. 61, 175. 94, 147.87,
130.40, 130.05, 129.74, 129.43, 128.59, 128.00, 127.48, 123.44, 122.51, 110.73, 55.65, 45.19, 40.27,
35.62, 32.13, 31.64.

HRMS (ESITOF) calcd for CyHo:CIP*9®N,0; ([M+Na’]) = 509.16@, Found 509.1612;
CaoHo7CIP*9%N,0O; (IM+Na']) = 511.1573, Found 511.1597.

Retention Time Area % Area
1 5.544 2519216 24.25
2 7.064 2513204 24.19
3 9.296 2172430 20.91
4 10.428 2159791 20.79
5 12.520 275200 2.65
6 13.307 245333 2.36
7 15.227 178885 1.72
8 16.183 324149 3.12
Retention Time Area % Area
1 9.216 8939033 97.96




