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1. General methods

All solvents were purified by standard procedures and distilled prior to use. Reagents obtained from
commercial source were used without further purification. Petroleum ether and ethyl acetate for flash
column chromatography were distilled before use. All reactions were monitored by TLC with silica gel
coated plates. Flash column chromatography was performed on silica gel H (1040 p). "H NMR and "*C
NMR spectra were recorded on a Bruker Avance 300 spectrometer, respectively. Chemical shifts are
reported in ppm from tetramethyl silane (TMS) with the solvent resonance as the internal standard.
Proton signal multiplicities are given as s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), br
(broad) or a combination of them. J-values are in Hz. HRMS (Bio TOF Q) spectra were recorded on
P-SIMS-Gly of Bruker Daltonics Inc. Optical rotations were measured on a Perkin Elmer 341
Polarimeter at 4 = 589 nm. Analytical high performance liquid chromatography (HPLC) was carried out
on WATERS 510 instrument (2487 Dual A Absorbance Detector and 515 HPLC Pump) using chiral

column, Chiralpak columns purchased from Daicel Chemical Industries, LTD.

2. Synthesis of chiral catalysts
The preparation of catalyst precursor’s 2-R*-QD-NH, "

R*B(OH)p, TFA, ANO3, K55,08 _Me0

Qap DCM/H,0, RT
2-R*-QD 2-R*-QD-NH,
5aa: R*=Ph yield: 50% 5ab: R*=Ph yield: 68%
5ba: R*=4-MeCgH, yield: 46% 5bb: R*=4-MeCgH, vyield: 64%
5ca: R*=4-EtCgH, vield: 28% 5cb: R*=4-EtCgH,  vield: 43%
5da: R*=4-MeOCgH, yield: 45% 5db: R*=4-MeOCgH, yield: 68%

Trifluoroacetic acid (1.12 mL, 15 mmol, 3.0 equiv.) was added to the solution of QD (1.62 g, 5 mmol,
1.0 equiv.) in dichloromethane (25 mL), phenylboronic acid (1.22 g, 10 mmol, 2.0 equiv.) and silver (I)
nitrate (170 mg, 0.1 mmol, 0.2 equiv.) in water (10 mL) were added subsequently, then potassium
persulfate (2.72 g, 10 mmol, 2.0 equiv.) was added. The resulted solution was stirred vigorously at room
temperature for 4 h, additional phenylboronic (0.61 mg, 0.125 mmol, 1.0 equiv.) was added, and the
reaction was further stirred for 9 h, diluted with dichloromethane (40 mL) and washed with 2 M NaOH
(3%x30 mL). The layers were separated, and the aqueous layer was extracted with 70% CHCl;, 30%
isopropyl alcohol (630 mL), and the combined organic layers were concentrated under reduced

pressure. Purification was performed by column chromatography to provide 5aa in 50% yield.

S5aa (2.5 mmol) and triphenylphosphane (0.786 g, 3 mmol, 1.2 equiv.) were dissolved in dry THF (10
mL) and the solution was cooled to 0 °C. Diisopropyl azidocarboxylate (0.62 mL, 3 mmol, 1.2 equiv.)
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was added in one portion. A solution of diphenyl phosphoryl azide (0.66 mL, 3 mmol 1.2 equiv.) in dry
THF (2 mL) was then added drop wise at 0 °C. The mixture was allowed to warm to room temperature.
After having been stirred for 12 h, the solution was heated at 50 °C for 2h. Triphenyl phosphane (0.85 g,
3.25 mmol) was then added and heating was maintained until the gas evolution had ceased (2 h). The
solution was cooled to room temperature, water (0.3 mL) was added, and the solution was stirred for 3 h.
Solvents were removed in vacuo and the residue was dissolved in CH,Cl, (12 mL) and diluted
hydrochloric acid (10%, 12 mL). The aqueous phase was washed with CH,Cl, (3%x12 mL). The aqueous
phase was then alkalized with an excess of concd. aqueous ammonia and washed with CH,Cl, (3%12
mL). The CH,Cl, solutions were dried with Na,SO4 and concentrated. The concentrated organic phase
was purified by column chromatography on silica gel with elution with CHCl;/MeOH/aq. NH4sOH
(50/1/0.1) to afford a yellow solid 5ab. Sab was then directly used to the next step.

R*MgBr - LiCl
toluene, 80 °C

2-R*-QD-NH,
5eb: R*=4-FCgH, yield: 40%
5fb: R*=4-CICgH, vield: 31%

In a 50 mL Schlenk tube flushed with argon was charged with LiCl (1.26 g, 30 mmol), magnetic stir bar
and sealed with septum. Mg (1.08 g, 45 mmol) and 0.5 mL of THF were added under argon. 2 mL of a
solution of aryl bromide in THF (30 mmol was dissolved in 15 mL) was added to the slurry and stirred
vigorously. The formation of Grignard reagents was initiated in one minute (which was realized by the
generation of heat), and then remaining aryl bromide was added slowly by maintaining the same

temperature. After the addition of aryl bromide, the reaction mixture was stirred for 15 — 30 min at rt.

Aryl magnesium bromide (30 mmol, 0.25M in THF) was diluted with toluene and evaporated under the
vacuum. After removing solvent, 10 mL of toluene was added. QD-NH,; (0.969 g, 3 mmol) was added
to this solution and the mixture was heat to 80 °C for 15 h. The reaction mixture was quenched with aq.
NH4CI and water; the organic phase was dried over anhydrous MgSO,4 and evaporated. The crude
product was purified by column chromatography (CHCls/MeOH/aq. NH4OH = 50/1/0.1) to provide Seb
as a yellow solid.

General procedure for the preparation of catalysts
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3,5-(CF3),CgH3NCS
DCM, 0 °C

4cor5

3,5-Bis(trifluoromethyl)phenyl isothiocyanate (1 mmol) in anhydrous DCM (2 mL) was added to a
solution of catalyst precursors QD-NH; of 4¢ (or 5) (I mmol) in anhydrous DCM (5 mL) at 0 °C. TLC
analysis indicated completion of the reaction. The reaction mixture was concentrated in vacuo. The
residue was purified directly by column chromatography on silica gel (CH3;Cl/MeOH/cc. aq. NH4OH =
200/1/1 as eluant) and then neutral Al,O; (EA/PE = 3/1 as eluant) affording thiourea as a soild.

1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(6-isopropoxyquinolin-4-y)((1S, 2S,
N \g/ﬁ CFs 4S8, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (4c)

Catalyst precursor QD-NH, of 4¢ was prepared according to literature known

Fs 4e . : L .
procedure.!"-* The pure product 4¢ was obtained as a white solid in 94% yield. mp:

131-133 °C, [a]p> = +173 (c = 1, CHCl;); "H NMR (300 MHz, CDCl5) 6 8.69 (d, J = 4.2 Hz, 1H), 8.04 (d, J=9.2 Hz,
1H), 7.88 (s, 2H), 7.67 (s, 1H), 7.53 (s, 1H), 7.40 (dd, J=9.2, 2.1 Hz, 1H), 7.37 (m, 1H), 5.83-5.78 (m, 2H), 5.17-5.11
(m, 2H), 4.76-4.72 (m, 1H), 3.04-2.93 (m, 4H), 2.38 (dd, J = 14.9, 7.8 Hz, 1H), 1.83-1.61 (m, 4H), 1.43 (d, /= 5.9 Hz,
6H), 1.22 (d, J = 5.5 Hz, 1H), 1.04 (dd, J = 17.6, 8.2 Hz, 1H)."*C NMR (75 MHz, CDCl5) ¢ 181.0, 156.4, 147.1, 146.7,
144.4, 140.2, 139.7, 132.4 (q, J = 33.8412), 131.5, 128.1, 123.5, 123.0 (q, J = 273.0 Hz), 122.6, 120.1, 118.6, 115.2, 104.0,
70.4, 61.4, 48.6, 47.2, 38.8, 27.2, 2K.1, 25.1, 22.1, 21.8. HRMS [EI-(+H)] calcd for C3;H33F¢N,OS 623.2274, found

623.2266.

1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(6-methoxy-2-phenylquinolin-4-yl)((ZS,

28, 4S8, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (5a).
The pure product 5a was obtained as a yellow solid in 88% yield. mp: 124-126 °C,
Fs [a]p> = +98 (¢ = 1, CHCl3); 'H NMR (300 MHz, CDCl;) & 8.15-8.02 (m, 3H), 7.83 (s,

3H), 7.63 (s, 1H), 7.42 (t, J = 8.6 Hz, 4H), 7.26 (s, 1H), 5.87 (s, 2H), 5.22-5.15 (m, 2H),
3.96 (s, 3H), 3.36-2.93 (m, 5H), 2.38 (d, J = 6.1 Hz, 1H), 1.65 (d, J = 32.6 Hz, 3H), 1.31-1.05 (m, 2H). °C NMR (75 MHz,
CDCl;) 0 180.9, 158.1, 154.8, 145.0, 143.9, 142.1, 140.3, 139.2, 135.9, 132.3 (q, J = 33.0 Hz), 132.2, 129.2, 128.8,
127.2,126.5, 123.4, 123.0 (q, J=271.0 Hz), 122.4, 118.6, 115.6, 101.7, 60.4, 55.7, 48.6, 46.9, 38.6, 27.1, 25.8, 25.0,
21.0. HRMS [EI-(+H)] calcd for C35H33FsN4OS 671.2274, found 671.2297.
1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(6-methoxy-2-(p-tolyl)quinolin-4-yl)((Z
CF, S, 28, 48, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (5b).
The pure product 5b was obtained as a yellow solid in 85% yield. mp:
139-140 °C, [a]p> = +82 (¢ = 1, CHCI3); '"H NMR (300 MHz, CDCl;) ¢ 8.08 (d, J =
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9.2 Hz, 1H), 7.94 (d, J= 7.6 Hz, 2H), 7.85 (s, 2H), 7.77 (s, 1H), 7.62 (s, 1H), 7.39 (dd, /= 9.2, 1.9 Hz, 1H), 7.24 (d, J
= 6.4 Hz, 3H), 5.86 (s, 2H), 5.22-5.15 (m, 2H), 3.96 (s, 3H), 3.29 (d, J = 60.3 Hz, 2H), 2.97 (dd, J = 24.5, 10.4 Hz,
3H), 2.39 (s, 3H), 1.70-1.58 (m, 3H), 1.26 (s, 2H), 1.08 (t, J = 11.1 Hz, 1H). ®C NMR (75 MHz, CDCl5) & 180.8,
158.0, 154.8, 145.0, 143.8, 142.0, 140.2, 139.3, 139.1, 136.4, 132.2 (q, J = 33.5 Hz), 132.1, 129.5, 127.1, 126.5, 123 .4,
123.0 (q, J = 272.8 Hz), 122.3, 118.5, 115.7, 101.7, 61.7, 55.7, 48.6, 46.9, 38.5, 27.1, 25.7, 25.0, 24.3, 21.3. HRMS
[EI-(+H)] calcd for C36H35F¢N4OS 685.2430, found 685.2455.

1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(2-(4-ethylphenyl)-6-methoxyquinolin-
€Fsz  4-yD)((IS, 28, 4S, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (Sc).

The pure product S¢ was obtained as a yellow solid in 79% yield. mp: 112-114 °C,

[a]p>=+68 (c = 1, CHCl;); '"H NMR (300 MHz, CDCl;) 6 8.16-8.03 (m, 1H), 7.96

(t,J = 10.2 Hz, 2H), 7.80 (d, J = 19.3 Hz, 3H), 7.62 (s, 2H), 7.39 (d, /= 9.1 Hz, 1H),
7.26 (d, J = 8.7 Hz, 3H), 5.86 (s, 2H), 5.21-5.14 (m, 2H), 3.96 (s, 3H), 3.27 (dd, J = 48.9, 7.5 Hz, 2H), 2.96 (dd, J =
25.0, 11.1 Hz, 3H), 2.69 (dd, J = 14.9,,7.4 Hz, 2H), 2.36 (d, J = 6.6 Hz, 1H), 1.68 (s, 1H), 1.57 (s, 1H), 1.33-1.23 (m,
5H), 0.97 (dd, J = 61.8, 7.8 Hz, 1jgf. °C NMR (75 MHz, CDCl;) & 181.6, 158.0, 154.8, 145.7, 145.0, 144.1, 142.0,
140.3, 139.3, 136.7, 132.3 (q, J = §3.8 Hz), 132.2, 128.4, 127.3, 127.2, 123.4, 123.0 (q, J = 273.0 Hz), 122.3, 118.5,
115.6, 1017, 61.8, 55.7, 48.6,,4880, 39m6m@9.7, 28.7, 27.2, 25.8, 25.0, 15.5. HRMS [EI-(+H)] calcd for C3;H3;FsN40S
699.2587, found 699.2583.

1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(6-methoxy-2-(4-methoxyphenyl)quino
C€Fs lin-4-yl)((1S, 28, 4S, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (5d).
The pure product 5d was obtained as a yellow solid in 86% yield. mp:
133-135 °C, [a]p>> = +73 (c = 1, CHCl;); 'H NMR (300 MHz, CDCl5) 6 8.05 (d, J =
o o 9.2 Hz, 1H), 7.96 (d, /= 7.0 Hz, 2H), 7.82 (s, 2H), 7.68 (d, /= 36.6 Hz, 3H), 7.37 (d,

Fa

J=9.0 Hz, 1H), 6.93 (d, J="7.7 Hz, 2H), 5.87 (s, 2H), 5.22-5.15 (m, 2H), 3.95 (s, 3H), 3.83 (s, 3H), 3.28 (d, /= 46.3
Hz, 2H), 2.95 (dd, J=25.0, 11.5 Hz, 3H), 2.36 (d, /= 6.2 Hz, 1H), 1.63 (d, J=35.7 Hz, 3H), 1.25 (dd, /= 8.5, 5.7 Hz,
1H), 1.06 (t, J = 9.1 Hz, 1H). >C NMR (75 MHz, CDCl;) ¢ 180.8, 160.7, 157.8, 154.4, 146.9, 144.9, 144.1, 142.2,
140.4, 139.3, 132.2 (q, J = 34.2 Hz), 131.7, 128.5, 126.5, 123.5, 123.0 (q, J = 272.9 Hz), 122.4, 118.5, 115.6, 114.2,
101.8, 61.6, 55.6, 55.4, 48.6, 46.9, 38.5, 27.1, 25.8, 25.0, 24.5. HRMS [EI-(+H)] calcd for C3¢H35F¢N4O,S 701.2379,
found 701.2382.

1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(2-(4-fluorophenyl)-6-methoxyquinolin
-4-yl)((ZS, 28, 4S, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (Se).

The pure product Se was obtained as a yellow solid in 83% yield. mp: 106-107 °C,
[a]p® = +98 (c = 1, CHCl3); '"H NMR (300 MHz, CDCl;) & 8.08-8.02 (m, 3H),
7.80-7.46 (m, SH), 7.40 (d, J = 8.6 Hz, 1H), 7.13 (d, J = 7.1 Hz, 2H), 5.87 (s, 2H),
5.17 (s, 2H), 3.95 (s, 3H), 3.38-2.78 (m, 4H), 2.38 (d, /= 5.6 Hz, 1H), 1.66 (d, J = 27.2 Hz, 3H), 1.26 (s, 2H), 1.08 (d,

S5



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Electronic Supplementary Information

J=8.6 Hz, 1H). "C NMR (75 MHz, CDCl3) 6 181.2, 163.6 (d, J = 248.9 Hz), 158.1, 153.6, 144.9, 143.8, 142.1, 140.0,
139.4, 135.3, 132.4 (q, J = 34.3 Hz), 129.0, 128.9, 126.6, 123.4, 122.9 (q, J = 272.9 Hz), 122.5, 118.7, 115.8, 115.6,
101.6, 61.7, 55.6, 48.5, 46.9, 38.6, 247, 27.2, 25.9, 25.0. HRMS [EI-(+H)] calcd for C35H3,F;N4OS 689.2180, found
689.2183.
1-(S,wf(trifluoromethyl)phenyl)-3-((R)-(2-(4-chlor0phenyl)-6-meth0xyquinolin
CF, -4-yl)((ZS, 28, 4S, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (5f)
The pure product 5f was obtained as a yellow solid in 71% yield. mp: 112-113 °C,
Fa [a]p>=+68 (¢ = 1, CHCl;); '"H NMR (300 MHz, CDCl;) 6 8.14-8.05 (m, 1H), 7.90
c § (d, J =464 Hz, 3H), 7.65 (t, J = 24.9 Hz, 3H), 7.33 (dt, J = 27.9, 13.7 Hz, 4H),

5.84-5.86 (m, 2H), 5.23-5.16 (m, 2H), 3.94 (d, J = 15.7 Hz, 3H), 3.14-2.96 (m, 4H), 2.33 (dd, J = 40.7, 5.0 Hz, 1H),
1.26 (s, 3H), 1.06 (s, 2H), 0.87 (d, J = 7.0 Hz, 1H). °C NMR (75 MHz, CDCl;) 5 181.4, 158.2, 157.8, 153.2, 144.9,
143.8, 142.1, 140.0, 139.2, 137.5, 135.3, 132.4 (q, J =33.9 Hz), 128.9, 128.4, 126.6, 123.3, 123.0 (q, J = 550.0, 277.1
Hz), 118.6, 116.9, 115.6, 101.6, 61.8, 55.6, 48.6, 46.9, 38.5, 29.7, 27.1, 25.8, 25.0. HRMS [EI-(+H)] calcd for
C;35H3,CIF¢N,OS 705.1884, found 705.1897.

1-((R)-(2-benzyl-6-methoxyquinolin-4-yl)((1S, 2S, 4S, 5R)-5-vinylquinuclidin-2-yI)

CFs methyl)-3-(3,5-bis(trifluoromethyl)phenyl)thiourea (Sg).[‘”

The pure product Sg was obtained as a yellow solid in 90% yield. mp: 111-113 °C,
P2 sg [a]p>=+100 (¢ = 1, CHCl;); '"H NMR (300 MHz, CDCl;) & 8.02 (d, J = 9.1 Hz, 1H),
7.76 (s, 2H), 7.62 (s, 2H), 7.39 (d, J = 9.1 Hz, 1H), 7.10 (s, 6H), 5.80 (s, 2H), 5.11 (d, J = 5.0 Hz, 2H), 4.20 (s, 2H),
3.95 (s, 3H), 2.96 (dd, J = 36.9, 26.9 Hz, 5H), 2.32 (d, J = 6.8 Hz, 1H), 1.60 (d, J = 24.7 Hz, 3H), 1.26-1.16 (m, 1H),

0.95-0.88 (m, 1H). °C NMR (75 MHz, CDCl5) 6 181.0, 158.3, 157.9, 151.7, 144.5, 144.0, 141.9, 140.1, 139.2, 132.2
(q, J=32.7 Hz), 131.4, 129.0, 128.9, 128.6, 126.4, 123.4, 123.0 (q, J = 270.2 Hz), 122.1, 118.4, 115.5, 102.0, 61.5,
55.7, 48.4, 46.9, 44.8, 38.6, 27.2, 25.8, 24.9, 24.3. HRMS [EI-(+H)] calcd for C3;cH;sFsN4,OS 685.2430, found
685.2439.
1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(2-butyl-6-methoxyquinolin-4-yl)((ZS,
. N CFs 28, /5, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (5h)."*

\g/ THe pure product Sh was obtained as a yellow solid in 91% yield. mp: 104-105 °C,

"By " o [a]p> = +104 (c = 1, CHCl3); 'H NMR (300 MHz, CDCl;) 6 8.09-8.02 (m, 3H),
7.74 (s, 1H), 7.47 (d, J = 84 Hz, 11{),\7‘.34 (d, J = 17.6 Hz, 2H), 5.96 (s, 2H), 5.33-5.27 (m, 2H), 4.06 (s, 3H),
3.17-2.96 (m, 7H), 2.52 (d, J= 5.9 Hz, 1H), 1.82 (d, J = 8.8 Hz, 5H), 1.53-1.37 (m, 3H), 1.21-1.14 (m, 1H), 1.03 (t, J
= 7.1 Hz, 3H). °C NMR (75 MHz, CDCl;) 6 180.6, 160.2, 157.7, 144.6, 140.5, 138.8, 132.2 (q, J = 33.7 Hz), 131.3,
129.1, 126.1, 126.0, 123.2, 123.0 (q, J = 272.9 Hz), 121.9, 118.4, 115.8, 101.9, 61.7, 55.6, 48.5, 46.8, 38.6, 38.4, 32.1,
27.1,25.6,24.9,24.1,22.7, 13.9. HRMS [EI-(+H)] calcd for C33H3,FsN,0S 651.2587, found 651.2591.

1-(3,5-bis(trifluoromethyl)phenyl)-3-((R)-(2-(tert-butyl)-6-methoxyquinolin-4-yl)
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((IS, 2S, 4S, 5R)-5-vinylquinuclidin-2-yl)methyl)thiourea (5i).”!

The pure product 5i was obtained as a yellow solid in 88% yield. mp: 115-116 °C, [OL]D25 =+84 (¢ =1, CHCl3); 'H
NMR (300 MHz, CDCl3) § 8.02-7.90 (m, 3H), 7.63 (s, 1H), 7.39 (d, J = 21.2 Hz, 3H), 5.78 (s, 2H), 5.10 (d, J = 8.8 Hz,
2H), 3.92 (s, 3H), 3.42-2.97 (m, 5H), 2.36 (s, 1H), 1.68 (s, 3H), 1.43 (s, 9H), 1.26 (t, J = 7.0 Hz, 1H), 1.06 (d, J = 6.0
Hz, 1H). °C NMR (75 MHz, CDCls) 6 181.8, 171.2, 166.5, 157.8, 157.2, 144.2, 140.8, 140.0, 135.2, 132.1 (q, J =
49.7 Hz), 125.7, 123.4, 123.1 (q, J = 272.7 Hz), 121.5, 118.3, 115.5, 101.6, 61.8, 60.4, 55.7, 48.5, 38.6, 37.9, 30.2, 27.2,
25.8,21.0, 14.2. HRMS [EI-(+H)] calcd for C33H37F¢N,OS 651.2587, found 651.2584.

3. Asymmetric Mannich reaction of 3-bromooxindole with N-Ts-imine catalyzed by other
[a]

catalysts.
TsHN
Br _NTs Br,
. Cat. (10 mol%) g Ph
N O -40°C, 72 h o)
N
H H
6a 7a 8a
Entry Cat. Yield(%)" Dr'® Ee(%)'!
1 Trace - -
2 NR - -
3 NR - -
4 21 89: 11 43
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[a] Reaction conditions: 6a (0.1 mmol), 7a (0.12 mmol), cat. (0.01lmmol), ¢ = 0.20 M, -40 °C, 72 h. [b] Yield of the isolated product after
purification by column chromatography on silica gel. [c] Determined by HPLC analysis on a chiral stationary phase.
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4. Optimization of the reaction conditions

Br NTs
= 5e (X mol%)
@ENS:O " é solvent, t
H
6a 7a

TsHN

Entry  Solvent  x (mol%) T/°C ¢/mol/L t (h) Yield (%)™ Dr'  Ee (%)
1 DCM 10 -40 0.20 72 76 96:4 94
2 CHCl,4 10 -40 0.20 72 68 96:4 92
3 C,H;Br 10 -40 0.20 72 70 98:2 89
4 (CHCL,), 10 -40 0.20 72 45 94:6 90
5 toluene 10 -40 0.20 72 55 96:4 70
6 EA 10 40 0.20 72 83 95:5 65
7 hexane 10 -40 0.20 72 Trace - -
8 Et,O 10 -40 0.20 72 Trace - -
9 THF 10 -40 0.20 72 NR - -
10 CH;CN 10 -40 0.20 72 NR - -
11 DMF 10 -40 0.20 72 NR - -
11 PrOH 10 -40 0.20 72 NR - -
12 DCM 5 -40 0.20 72 51 96:4 94
13 DCM 15 -40 0.20 72 76 96:4 94
14 DCM 10 -40 0.20 24 53 96:4 94
15 DCM 10 -40 0.20 48 66 96:4 94
16 DCM 10 40 0.20 96 76 96:4 94
17 DCM 10 40 0.20 120 74 96:4 94
18 DCM 10 30 0.20 72 68 94:6 94
19 DCM 10 -50 0.20 72 66 97:3 94
20 DCM 10 40 0.15 72 69 95:5 92
21 DCM 10 40 0.25 72 70 96:4 94

221l DCM 10 40 0.20 72 62 96:4 94

23l DCM 10 -40 0.20 72 87 96:4 94

2411 DCM 10 -40 0.20 72 91 96:4 94

25tel DCM 10 -40 0.20 72 89 96:4 94

[a] Reaction conditions: 6a (0.1 mmol), 7a (0.12 mmol). [b] Yield of the isolated product after purification by column chromatography on
silica gel. [c] Determined by HPLC analysis on a chiral stationary phase. [d] 4 A molecular sieves (50 mg) were added. [e] 7a (0.14 mmol).
[f] 7a (0.15 mmol). [g] 7a (0.16 mmol).
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5. Determination of the absolute configuration of the major diastereomer:

’ /&%DE
b / /'
A /
Vel N )
SN . .
or3 0765 «.R.._ / P /X;4
~2 %602 ¥
- \/ * NQE; /‘_
/ / arzr;gk l
N-((S)((R)3,5-dibromo-2-oxoindolin- / - NN
3-yl)(4-methoxyphenyl)methyl)-4- Bl N
methylbenzenesulfonamide ~EeN
Empirical formula C43H4,BrysN,040S,
Formula weight 1218.62
Temperature 298(2) K
Wavelength 0.71073 A
Crystal system, space group Monoclinic, P2,
a, 10.6545(13)
b, 20.649(3)
c, 13.3304(16)
a,’ 90
B,° 99.311(2)
Y, ° 90
v, A’ 2894.1(6)
Z, Calculated density 2, 1.398 Mg/m’
u (mm™) 2.906
F000) 1220
GOF 1.081
R“[I>20(])] 0.0823
wR," [ > 20(I)] 0.2286
R (all data) 0.1212
wR, (all data) 0.2875
Flack parameter 0.022(17)

“Ri = SIFol-ECI/ZIFo|; "WR = [Sw(Fo[-Fc ) VTIw(Ee*y [

| ’
3
N_ o H
@)
Br ,N/’——H\N OMe

Ar
Ar= 4-MeOCgH,4; R" = 3,5-(CF3),CgH3; R* = 4-FCgH,

Proposed transition state model.

To account for the stereochemical outcome, a transition state model was proposed. The two reactive partners were
activated concurrently by the catalyst and the nucleophilic attack from both the Re-faces of the enolate anion and the

N-Ts-imine afford the observed products. Other product configurations were deduced based on analogy.
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6. General procedure for synthesis of 3-bromo 3, 3’-disubstituted oxindoles via asymmetric

anti-Mannich reaction

TsHN
Br /NTs Br. o
. 5e (10 mol%) =
N O DCM. -40 °C_ 72h 0
N
H H
6a 7a 8a

3-bromooxindole 6a (0.1 mmol, 1 equiv.) was dissolved in anhydrous DCM (0.5 mL), subsequently
catalyst 5e (0.01 mmol, 0.1 equiv.) and N-Ts-imine 7a (0.15 mmol, 1.5 equiv.) were added at -40 °C.
After being stirred 72 h, the reaction mixture was purified directly by flash chromatography on silica gel.

(AcOEt/PE = 1:3) to give the corresponding product.

7. Characterization of the anti-Mannich reaction products

él;:§HN N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(phenyl)methyl)-4-methylbenzenesulfonamide

(82)

%
A
K3

The title compound was isolated as yellow solid in 91% yield, mp: 109-111 °C, [a]p”> =
+122 (¢ = 1, CHCl3); "H NMR (300 MHz, CDCl;) ¢ 8.18 (s, 1H), 7.75 (d, J= 7.4 Hz, 1H),
7.49 (d, J = 8.2 Hz, 2H), 7.24-7.17 (m, 2H), 7.02 (dd, J = 13.3, 7.7 Hz, 3H), 6.87 (t, J = 7.6 Hz, 2H), 6.76—6.68 (m,
4H), 4.88 (d, J = 7.6 Hz, 1H), 2.28 (s, 3H). °C NMR (75 MHz, CDCl;) ¢ 174.2, 143.4, 139.6, 136.2, 133.6, 130.8,
129.3, 128.7, 128.3, 127.7, 127.4, 127.2, 127.0, 123.8, 110.5, 63.8, 58.7, 21.4. HRMS [EI-(+Na)] calcd for
CH 9BrN,NaO;S 493.0192, found 493.0203. The ee and dr were determined by a chiral phase Chiralpak IC column
(70/30 hexane/iPrOH, flow rate 0.5 mL/min, 4 = 254 nm, #major = 32.9 min, #inor = 38.5 min).

N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(2-fluorophenyl)methyl)-4-methylbenzenesulfon
amide (8b)

The title compound was isolated as yellow solid in 94% yield. mp: 92-94 °C, [a]p> = +76
(c = 1, CHCly); 'H N‘[R (300 MHz, CDCl;) ¢ 8.70 (s, 1H), 7.48 (q, J = 7.9 Hz, 4H),
7.30-7.28 (m, 1H), 7.16-7.08 (m, 3H), 6.95 (dd, J = 14.6, 7.9 Hz, 3H), 6.80 (d, /= 7.8 Hz,

1H), 6.72-6.66 (m, 1H), 5.38 (d, J = 9.0 Hz, 1H), 2.24 (s, 3H). °C NMR (75 MHz, CDCl;) ¢ 175.0, 159.9 (d, J =
247.9 Hz), 143.5, 139.6, 135.8, 130.8, 130.2, 130.1, 129.3, 128.4, 127.1, 126.1, 124.0, 123.9, 123.8, 114.8 (d, J = 22.8
Hz), 110.8, 57.3, 55.4, 21.4. HRMS [EI-(+Na)] calcd for C»,HsBrFN,NaO;S 511.0098, found 511.0105. The ee and
dr were determined by a chiral phase Chiralpak AD-H column (76/24 hexane/iPrOH, flow rate 0.5 mL/min, A = 220
M, #major = 35.8 MiN, #minor = 28.1 min).

F N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(3-fluorophenyl)methyl)-4-methylbenzenesulfon

amide (8c)

The title compound was isolated as yellow solid in 99% yield, mp: 160-162 °C, [a]p> =
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+92 (¢ = 1, CHCl;); "H NMR (300 MHz, CDCl5) 6 8.36 (s, 1H), 7.68 (d, J = 7.3 Hz, 1H), 7.51 (d, J = 8.2 Hz, 2H),
7.29 (d, J=17.1 Hz, 1H), 7.20 (d, /= 7.6 Hz, 1H), 7.04 (d, J = 8.2 Hz, 2H), 6.91-6.86 (m, 1H), 6.76 (dd, J= 16.6, 7.7
Hz, 3H), 6.63 (d, J = 7.8 Hz, 1H), 6.50 (d, J = 9.4 Hz, 1H), 4.87 (d, J = 7.5 Hz, 1H), 2.30 (s, 3H). °C NMR (75 MHz,
CDCly) 6 174.2, 161.7 (d, J = 246.8 Hz), 143.8, 139.5, 136.3, 136.2, 136.0, 131.0, 129.4, 127.4, 127.1, 126.8, 124.4,
1239, 116.0 (d, J = 23.1 Hz), 1154 (d, J = 20.8 Hz), 110.7, 63.2, 58.1, 21.4. HRMS [EI-(+Na)] calcd for
CyH sBrFN,NaO3S 511.0098, found 511.0111. The ee and dr were determined by a chiral phase Chiralpak IC

column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm, fmsjor = 15.6 min, #yminer = 29.7 min).

g‘§HN N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(4-fluorophenyl)methyl)-4-methylbenzenesul
F

O F fonamide (8d)

o The title compound was isolated as yellow solid in 96% yield, mp: 169-171 °C, [o]p> =

+109 (c = 1, CHCl3); 'H NMR (300 MHz, CDCl3) ¢ 8.36 (s, 1H), 7.76 (d, J = 7.0 Hz,
1H), 7.47 (d, J= 8.2 Hz, 2H), 7.27 (d, J = 7.6 Hz, 1H), 7.19 (t, J = 7.3 Hz, 1H), 7.01 (d, J = 8.1 Hz, 2H), 6.80 (d, J =
7.6 Hz, 1H), 6.73-6.68 (m, 3H), 6.54 (t, J = 8.6 Hz, 2H), 4.85 (d, J = 7.6 Hz, 1H), 2.28 (s, 3H). °C NMR (75 MHz,
CDCl;) 6 174.2, 162.4 (d, J = 248.5 Hz), 143.7, 139.6, 136.2, 131.0, 130.6, 130.5, 129.4, 127.4, 127.0, 126.95, 123.9,
114.7 (d, J = 21.6 Hz), 110.7, 63.1, 58.5 (d, Jig 1.2 Hz), 21.4. HRMS [EI-(+Na)] caled for C;,H3sBrFN,NaO;S
511.0098, found 511.0108. The ee and dr Wex determined by a chiral phase Chiralpak AD-H column (76/24

hexane/iPrOH, flow rate 0.5 mL/min, 2 = 220 nm, #;ngjor = 21.0 min, #yinor = 26.4 min).

N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(2-chlorophenyl)methyl)-4-methylbenzenesulfon
amide (8e)

25 _
D~ =

The title compound was isolated as yellow solid in 84% yield, mp: 174-1176 °C, [a]
+104 (¢ = 1, CHCl3); 'H NMR (300 MHz, CDCl5) d 9.09 (s, 1H), 8.06 (d, J = 7.8 Hz, 1H),
7.60 (d, J= 8.8 Hz, 1H), 7.51 (d, J= 8.2 Hz, 2H), 7.36 (d, /= 7.6 Hz, 1H), 7.30 (d, J = 7.7
Hz, 1H), 7.23-7.22 (m, 1H), 7.15 (t, J = 5.4 Hz, 3H), 6.98 (d, /= 8.2 Hz, 2H), 6.88 (d, /= 7.6 Hz, 1H), 5.77 (d, /= 8.9

Hz, 1H), 2.25 (s, 3H). BC NMR (75 MHz, CDCl3) 6 175.7, 143.4, 139.6, 135.6, 135.1, 134.4, 130.7, 130.4, 129.4,
129.4, 129.2, 128.7, 127.2, 126.8, 125.7, 123.8, 111.0, 57.5, 56.9, 21.4. HRMS [EI-(+Na)] calcd for
C,H8BrCIN,NaO3S 526.9802, found 526.9809. The ee and dr were determined by a chiral phase Chiralpak IC

column (70/30 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm, fyps0r = 56.1 min, ¢iner = 43.5 min).

g;§HN

®

Hz, 3H), 6.87 (t, J = 7.8 Hz, 1H), 6.77-6.66 (m, 4H), 4.82 (d, J = 7.4 Hz, 1H), 2.30 (s, 3H). *C NMR (75 MHz, CDCl;)

Cl N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(3-chlorophenyl)methyl)-4-methylbenzenesulfo
namide (8f)

o The title compound was isolated as yellow solid in 99% yield, mp: 192-193 °C, [a]p>

8f  +116(c =1, CHCly); '"H NMR (300 MHz, CDCls) 6 8.39 (s, 1H), 7.67 (d, J= 7.5 Hz, 1H),
7.47 (d, J= 8.2 Hz, 2H), 7.30 (d, J = 7.9 Hz, 1H), 7.20 (t, J = 7.6 Hz, 1H), 7.02 (t, J= 7.7
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0174.2, 1439, 139.5, 135.9, 135.6, 133.5, 131.1, 129.8, 129.4, 129.1, 128.5, 127.3, 127.0, 126.9, 126.6, 123.9, 110.8,
63.2, 58.0, 21.5. HRMS [EI-(+Na)] calcd for C,,H3sBrCIN,;NaO3S 526.9802, found 526.9806. The ee and dr were
determined by a chiral phase Chiralpak IC column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, 4 = 254 nm, fynajor =

15.5 min, #yinor = 28.1 min).

§§HN O cl N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(4-chlorophenyl)methyl)-4-methylbenzenes

ulfonamide (8g)

The title compoungl was isolated as yellow solid in 94% yield, mp: 117-119 °C, [a]p>
=+145(c=1, CI—II!13); '"H NMR (300 MHz, CDCl5) 6 8.34 (s, 1H), 7.76 (d, J = 7.4 Hz,
1H), 7.48 (d, /= 8.2 Hz, 2H), 7.29 (dd, /= 7.8, 0.8 Hz, 1H), 7.20 (t, /= 7.2 Hz, 1H), 7.03 (d, J = 8.1 Hz, 2H), 6.84 (t,
J=9.2Hz, 3H), 6.71 (t, J = 8.8 Hz, 3H), 4.85 (d, J= 7.6 Hz, 1H), 2.31 (s, 3H). °C NMR (75 MHz, CDCl3) 6 174.1,
143.9, 139.5, 136.0, 134.4, 132.1, 131.0, 130.1, 129.4, 127.9, 127.4, 127.0, 126.9, 126.4, 124.0, 110.8, 63.2, 58.3, 21.5.
HRMS [EI-(+Na)] caled for C»HsBrCIN,NaO;S 526.9802, found 526.9811. The ee and dr were determined by a
chiral phase Chiralpak IC column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm, fnajor = 18.3 min, #minor =
30.1 min).

N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(o-tolyl)methyl)-4-methylbenzenesulfonamide
o
The title compound was isolated as yellow solid in 89% yield, mp: 166-168 °C, [a]p> =
+100 (c = 1, CHCl;); "H NMR (300 MHz, CDCl5) 6 8.41 (s, 1H), 7.43 (d, J = 8.2 Hz, 2H),
7.29 (d, J=8.2 Hz, 2H), 7.10 (t, /= 7.6 Hz, 1H), 6.99 (t, J= 6.5 Hz, 3H), 6.86 (dd, J=12.4, 7.7 Hz, 2H), 6.78 (dd, J =

8h

6.9, 4.3 Hz, 2H), 6.64 (d, J = 7.1 Hz, 1H), 5.22 (d, J = 7.2 Hz, 1H), 2.28 (s, 3H), 2.05 (s, 3H). °C NMR (75 MHz,
CDCl;) 0 174.5, 143.2, 139.7, 137.2, 136.7, 133.1, 130.8, 130.0, 129.1, 128.4, 127.5, 127.1, 126.8, 126.4, 125.7, 123.7,
110.7, 58.7, 57.6, 21.5, 19.9. HRMS [EI-(+Na)] caled for C,3H,;BrN,NaO;S 507.0348, found 507.0348. The ee and
dr were determined by a chiral phase Chiralpak IC column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, 1 = 254 nm,

Fmajor = 22.7 MiN, fyiner = 26.0 min).

N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(m-tolyl)methyl)-4-methylbenzenesulfonamide

The title compound was isolated as yellow solid in 99% yield, mp: 187-188 °C, [a]p? =

+104 (c = 1, CHCI3); 'H NMR (300 MHz, CDCls) 6 8.15 (s, 1H), 7.74-7.70 (m, 1H), 7.47
(d, J= 8.2 Hz, 2H), 7.24-7.16 (m, 2H), 6.99 (d, J = 8.1 Hz, 2H), 6.78 (dt, J = 15.2, 7.5 Hz, 2H), 6.69 (d, J = 7.4 Hz,
1H), 6.54 (dd, J = 18.4, 7.4 Hz, 2H), 6.44 (s, 1H), 4.82 (d, J = 7.6 Hz, 1H), 2.28 (s, 3H), 1.94 (s, 3H). °C NMR (75
MHz, CDCl;) 0 174.2, 143.3, 139.6, 137.2, 136.4, 133.4, 130.8, 130.0, 129.7, 129.1, 129.0, 127.7, 127.4, 127.0, 125.4,
123.7, 110.5, 63.8, 58.6, 21.4, 21.0. HRMS [EI-(+Na)] caled for C,3H,BrN,;NaO3S 507.0348, found 507.0342. The
ee and dr were determined by a chiral phase Chiralpak IC column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, 1 = 254
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nm, #major = 20.4 min, #yiner = 40.4 min).

g §HN
F4
O The title compound was isolated as yellow solid in 87% yield, mp: 106-107 °C, [a]p” =

+92 (¢ = 1, CHCl;); "H NMR (300 MHz, CDCl5) 6 8.00 (s, 1H), 7.68 (d, J = 7.4 Hz, 1H),
7.49 (d, J = 8.2 Hz, 2H), 7.28-7.24 (m, 1H), 7.17 (t, J= 7.3 Hz, 1H), 7.02 (d, J = 8.1 Hz, 2H), 6.72-6.63 (m, 5H), 6.50

N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(p-tolyl)methyl)-4-methylbenzenesulfonamid
e (8))

(d, J=7.1 Hz, 1H), 4.82 (d, J = 7.1 Hz, 1H), 2.30 (s, 3H), 2.15 (s, 3H). °C NMR (75 MHz, CDCls) d 174.0, 143 .4,
139.6, 138.2, 136.2, 130.8, 130.5, 129.2, 128.7, 128.6, 128.4, 127.5, 127.0, 123.7, 110.5, 63.5, 58.6, 21.4, 21.1. HRMS
[EI-(+Na)] caled for C»3H,;BrN,NaO;S 507.0348, found 507.0349. The ee and dr were determined by a chiral phase
Chiralpak IC column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm, #ajor = 25.4 Min, fminer = 40.8 min).

(o] N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(2-methoxyphenyl)methyl)-4-methylbenzenesulf
onamide (8k)

The title compound was isolated as yellow solid in 90% yield, mp: 162-164 °C, [o]p> = +68
(c =1, CHCl3); "H NMR (300 MHz, CDCl3) 6 7.99 (s, 1H), 7.49 (d, J = 8.2 Hz, 3H), 7.21 (t,
J=17.6 Hz, 1H), 7.12-7.02 (m, 3H), 6.96 (d, J = 8.1 Hz, 2H), 6.79-6.62 (m, 3H), 6.41 (d, J =
7.9 Hz, 1H), 5.26 (s, 1H), 3.28 (s, 3H), 2.24 (s, 3H). °C NMR (75 MHz, CDCl5) ¢ 174.4, 156.5, 143.0, 139.4, 136.8,
131.5, 130.1, 129.6, 129.0, 128.9, 127.2, 123.7, 122.9, 120.4, 111.5, 110.4, 110.1, 58.8, 54.8, 21.4. HRMS [EI-(+Na)]
caled for C,3H, BrN,NaO4S 523.0298, found 523.0292. The ee and dr were determined by a chiral phase Chiralpak

IC column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm, #njor = 49.9 min, #miner = 37.4 min).

Ome N—((S)-((R)-3-br0‘0-2-0x0indolin-3-yl)(3-methoxyphenyl)methyl)-4-methylbenzene

sulfonamide (8I)

The title compound was isolated as yellow solid in 99% yield, mp: 106-107 °C, [a]p> =
+87 (c = 1, CHCl;); 'H NMR (300 MHz, CDCl;) ¢ 8.19 (s, 1H), 8.02-7.99 (m, 1H),
7.48 (d, J = 8.2 Hz, 2H), 7.31-7.28 (m, 2H), 6.97 (d, J = 8.2 Hz, 2H), 6.87 (d, J = 8.4 Hz,
1H), 6.71 (dd, J=13.0, 5.5 Hz, 2H), 6.52 (dd, J = 8.0, 1.8 Hz, 1H), 6.25 (d, /= 7.6 Hz, 1H), 6.11 (s, 1H), 4.87 (d, J =
8.3 Hz, 1H), 3.33 (s, 3H), 2.26 (s, 3H). °C NMR (75 MHz, CDCl;) 6 174.1, 158.6, 143.5, 139.7, 136.2, 134.7, 130.8,
129.2, 128.6, 127.37, 127.35, 127.2, 124.0, 121.2, 115.4, 112.0, 110.5, 63.9, 58.6, 54.8, 21.4. HRMS [EI-(+Na)] calcd
for C,3H, BrN,NaO,4S 523.0298, found 523.0315. The ee and dr were determined by a chiral phase Chiralpak IC

column (60/40 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm, fmpsj0r = 19.9 min, tiiner = 49.5 min).
g §HN
Ff,

®

N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(4-methoxyphenyl)methyl)-4-methylbenz

O OMe enesulfonamide (8m)

The title compound was isolated as yellow solid in 88% yield, mp: 107-109 °C,
L [a]p> = +86 (c = 1, CHCl3); 'H NMR (300 MHz, CDCl;) 6 7.80 (s, 1H), 7.62 (d, J
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= 7.4 Hz, 1H), 7.48 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 12.0 Hz, 1H), 7.14 (t, J = 7.5 Hz, 1H), 7.04 (d, J = 8.1 Hz, 2H),
6.68 (t,J=10.3 Hz, 3H), 6.38 (dd, J = 20.0, 7.6 Hz, 3H), 4.77 (d, J = 6.5 Hz, 1H), 3.63 (s, 3H), 2.29 (s, 3H). °C NMR
(75 MHz, CDCl3) 0 173.8, 159.5, 143.4, 139.5, 136.2, 130.8, 130.1, 129.3, 127.5, 127.3, 127.0, 125.4, 123.7, 113.1,
110.5, 63.2, 58.6, 55.1, 21.5. HRMS [EI-(+Na)] caled for C,3H,;BrN,NaO,4S 523.0298, found 523.0307. The ee and
dr were determined by a chiral phase Chiralpak AD-H column (76/24 hexane/iPrOH, flow rate 0.5 mL/min, A = 220

nm, fmajor = 25.1 Min, #mine: = 28.5 min).

g§HN 0 N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(furan-2-yl)methyl)-4-methylbenzenesulfonamide
f
(80)

The title compound wastolated as yellow solid in 99% yield, mp: 79-82 °C, [a]p> = +51 (c
=1, CHCl;); '"H NMR (X

1H), 7.14-7.11 (m, 3H), 6.97 (d, J = 8.4 Hz, 1H), 6.81 (d, J= 7.7 Hz, 1H), 6.52 (d, /= 9.0 Hz, 1H), 6.03 (s, 2H), 5.09
(d, J= 9.0 Hz, 1H), 2.33 (s, 3H). °C NMR (75 MHz, CDCl3) 6 174.5, 147.7, 143.5, 142.2, 139.6, 136.4, 130.8, 129.4,

0 MHz, CDCls) & 8.68 (s, 1H), 7.61-7.49 (m, 3H), 7.24-7.20 (m,

127.9, 127.2, 126.1, 123.7, 110.8, 110.5, 110.2, 57.4, 56.9, 21.5. HRMS [EI-(+Na)] calcd for CoH{7BrN,NaO,S
482.9985, found 482.9970. The ee and dr were determined by a chiral phase Chiralpak IC column (60/40

hexane/iPrOH, flow rate 0.5 mL/min, 2 = 254 nm, t;ngjor = 21.7 min, #yinor = 27.7 min).

N-((S)-((R)-3-bromo-2-oxoindolin-3-yl)(naphthalen-1-yl)methyl)-4-methylbenzenesulfo
namide (8p)
The title compound was isolated as yellow solid in 81% yield, mp: 130-132 °C, [o]p> = +99
(c = 1, CHCl3); "H NMR (300 MHz, CDCl5) ¢ 7.96 (d, J = 8.4 Hz, 2H), 7.79 (s, 1H), 7.52
(dd, J=19.2, 8.0 Hz, 2H), 7.38 (dd, /= 6.7, 5.3 Hz, 2H), 7.31 (dd, /=9.3, 5.7 Hz, 3H), 7.18
(d, J = 8.2 Hz, 2H), 6.96-6.86 (m, 3H), 6.63 (dd, J = 5.6, 2.7 Hz, 1H), 6.49 (d, J = 8.1 Hz, 2H), 5.90 (d, J = 9.0 Hz,
1H), 1.99 (s, 3H). °C NMR (75 MHz, CDCls) § 173.6, 142.7, 139.8, 135.6, 133.0, 131.3, 131.1, 130.9, 129.0, 128.5,

128.0, 127.7, 127.2, 127.0, 126.0, 125.5, 125.5, 124.6, 124.1, 123.7, 110.4, 58.5, 57.0, 21.1. HRMS [EI-(+Na)] calcd
for Cy;H,; BrN,NaO;S 544.9566, found 544.9575. The ee and dr were determined by a chiral phase Chiralpak AD-H
column (76/24 hexane/iPrOH, flow rate 0.5 mL/min, 4 =220 nm, #mnajor = 30.5 min, fminer = 21.4 min).
N-((S,E)-1-((R)-3-bromo-2-oxoindolin-3-yl)-3-phenylallyl)-4-methylbenzenesulfona
mide (8q)

The title compound was isolated as yellow solid in 89% yield, mp: 120121 °C, [a]p>

= +85 (c = 1, CHCl3); "H NMR (300 MHz, CDCl3) 6 9.01 (s, 1H), 7.73 (d, J = 8.2 Hz,
2H), 7.54 (d, J= 7.5 Hz, 1H), 7.27 (dd, J = 12.9, 4.7 Hz, 4H), 7.17 (d, J = 8.4 Hz, 3H), 7.11 (dd, J = 6.9, 3.7 Hz, 2H),
7.03 (d, J=7.5 Hz, 1H), 6.86 (d, J = 7.7 Hz, 1H), 6.37 (dd, J = 15.8, 9.3 Hz, 1H), 5.91 (d, J = 15.8 Hz, 1H), 4.50-4.45
(m, 1H), 2.26 (s, 3H). °C NMR (75 MHz, CDCl3) & 175.7, 143.8, 139.9, 136.5, 135.8, 135.4, 130.6, 129.7, 128.5,
128.4, 128.1, 127.6, 1268, 126.0, 123.6, 1223, 1109, 622, 57.0, 21.5. HRMS [EI-(+Na)] caled for
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C24H,BrN,NaO;S 519.0348, found 519.0349. The ee and dr were determined by a chiral phase Chiralpak IC column
(60/40 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm, fysjor = 18.1 min, ¢yiner = 28.6 min).
N-((S)-((R)-3-bromo-1-methyl-2gxoindolin-3-yl)(phenyl)methyl)-4-methylbenzenesulfo
namide (8r) ‘

The title compound was isolated as yellow solid in 64%, mp: 61-62 °C, [a]p® =+33 (c=1,

CHCls); "H NMR (300 MHz, CDCl3) 6 7.73 (d, J = 7.3 Hz, 1H), 7.51 (d, J = 8.2 Hz, 2H),
7.32-7.29 (m, 1H), 7.19 (dd, J = 14.2, 7.1 Hz, 1H), 7.00 (dd, J= 9.3, 4.5 Hz, 3H), 6.87 (dd, J = 13.9, 6.2 Hz, 2H), 6.67
(d, J=17.5 Hz, 2H), 6.57 (d, J= 7.7 Hz, 1H), 6.46 (d, J= 7.1 Hz, 1H), 4.83 (d, /= 7.1 Hz, 1H), 2.81 (s, 3H), 2.28 (s,
3H). ®C NMR (75 MHz, CDCl3) § 172.1, 143.4, 142.4, 136.2, 133.3, 130.8, 129.3, 128.5, 128.3, 127.5, 127.5, 127.0,
126.8, 123.7, 108.5, 63.9, 58.6, 26.4 (d, J = 2.4 Hz), 21.4. HRMS [EI-(+Na)] calcd for C»3H,;BrN,;NaO;S 507.0348,
found 507.0339. The ee and dr were determined by a chiral phase phenomenex Lvx 5p Cellulose-1 column (90/10

hexane/iPrOH, flow rate 0.5 mL/min, 2 = 254 nm, t;ngjor = 16.5 min, #yinor = 25.1 min).

N-((S)-((R)-3-bromo-5-fluoro-2-oxoindolin-3-yl)(4-methoxyphenyl)methyl)-4

The title compound was isolated as yellow solid in 89% yield, mp: 158-159 °C,

[a]p> =+126 (¢ = 1, CHCl3); "H NMR (300 MHz, CDCl5) & 8.40 (s, 1H), 7.49
(d, J=8.2 Hz, 2H), 7.16 (dd, J= 7.6, 1.7 Hz, 1H), 7.07 (d, /= 8.1 Hz, 2H), 6.96 (td, J = 8.8, 2.5 Hz, 1H), 6.78 (d, J =
8.7 Hz, 2H), 6.68 (dd, J = 8.6, 4.2 Hz, 1H), 6.48 (d, /= 8.7 Hz, 2H), 6.42 (d, /= 6.3 Hz, 1H), 4.79 (d, /= 6.4 Hz, 1H),
3.67 (s, 3H), 2.32 (s, 3H). °C NMR (75 MHz, CDCl3) 6 174.2, 160.6, 159.7, 157.4, 143.5, 136.4, 135.6 (d, J = 2.3 Hz),
130.2, 129.3,129.0 (d, J = 8.5 Hz), 127.4,125.2, 117.4 (d, J=23.8 Hz), 114.4 (d, J=25.6 Hz), 113.2, 111.5(d, J=7.9
Hz), 62.8, 58.3, 55.1, 21.5. HRMS [EI-(+Na)] calcd for C3H,BrFN,NaO4S 541.0203, found 541.0214. The ee and
dr were determined by a chiral phase Chiralpak IC column (70/30 hexane/iPrOH, flow rate 0.5 mL/min, A = 254 nm,

fmajor = 34.7 min, #yine = 57.3 min).
N-((S)-((R)-3-bromo-5-chloro-2-oxoindolin-3-yl)(4-methoxyphenyl)methyl)-
4-methylbenzenesulfonamide (8t)

The title compound was isolated as yellow solid in 90%, mp: 170-171 °C, [OL]D25

=+229 (¢ = 1, CHCl3); 'H NMR (300 MHz, CDCl5) d 8.45 (s, 1H), 7.50 (d, J =
8.2 Hz, 2H), 7.36 (s, 1H), 7.19 (dd, J= 8.4, 2.0 Hz, 1H), 7.09 (d, /= 8.1 Hz, 2H), 6.79 (d, J= 8.6 Hz, 2H), 6.66 (d, J=
8.4 Hz, 1H), 6.49 (d, J = 8.7 Hz, 2H), 6.37 (d, J = 6.5 Hz, 1H), 4.79 (d, J = 6.5 Hz, 1H), 3.67 (s, 3H), 2.33 (s, 3H). °C
NMR (75 MHz, CDCl3) ¢ 173.9, 159.7, 143.5, 138.2, 136.4, 130.7, 130.2, 129.3, 129.2, 128.7, 127.4, 126.8, 125.3,
113.3, 111.7, 62.8, 58.0, 55.1, 21.5. HRMS [EI-(+Na)] calcd for C»;H,,BrCIN,;NaOQ,4S 556.9908, found 556.9923. The
ee and dr were determined by a chiral phase Chiralpak IC column (70/30 hexane/iPrOH, flow rate 0.5 mL/min, 1 = 254

nm, fmajor = 33.2 MiN, fmine: = 54.5 min).

S16



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

Electronic Supplementary Information

N-((S)-((R)-3,5-dibromo-2-oxoindolin-3-yl)(4-methoxyphenyl)methyl)-4-me

O OMe thylbenzenesulfonamide (8u)
The title compound was isolated as yellow solid in 93%, mp: 179-181 °C,

8y [a]p> = +189 (c = 1, CHCl;); 'H NMR (300 MHz, CDCl5) ¢ 8.50 (s, 1H),
7.52-7.49 (m, 3H), 7.33 (dd, /= 8.3, 1.8 Hz, 1H), 7.09 (d, J = 8.1 Hz, 2H), 6.79 (d, J = 8.7 Hz, 2H), 6.61 (d, J= 8.3
Hz, 1H), 6.49 (d, J = 8.7 Hz, 2H), 6.40 (d, J = 6.5 Hz, 1H), 4.80 (d, J = 6.6 Hz, 1H), 3.67 (s, 3H), 2.33 (s, 3H). °C
NMR (75 MHz, CDCl3) 6 173.9, 159.6, 143.6, 138.7, 136.3, 133.6, 130.2, 129.5, 129.5, 129.4, 127.4, 125.3, 115.8,
113.2, 112.2, 62.8, 58.0, 55.2, 21.5. HRMS [EI-(+Na)] calcd for C,3H,oBr,N,NaO4S 600.9403, found 600.9428. The
ee and dr were determined by a chiral phase Chiralpak IC column (70/30 hexane/iPrOH, flow rate 0.5 mL/min, 1 = 254

M, major = 34.3 MIN, #yinor = 56.4 min).

g§HN
F'«,
O The title compound was isolated as yellow solid in 75%, mp: 104-106 °C,

[a]p® = +140 (c = 1, CHCl;); 'H NMR (300 MHz, CDCl5) ¢ 8.11 (s, 1H), 7.66
(d, /J=8.1 Hz, 1H), 7.48 (d,J= 8.2 Hz, 2H), 7.17 (dd, /= 8.2, 1.6 Hz, 1H), 7.04 (d, /= 8.2 Hz, 2H), 6.70 (dd, /= 8.7,

N-((S)-((R)-3-bromo-6-chloro-2-oxoindolin-3-yl)(4-methoxyphenyl)methyl)-

4-methylbenzenesulfonamide (8v)

¢l

5.2 Hz, 3H), 6.61 (d, J= 7.3 Hz, 1H), 6.45 (d, J = 8.7 Hz, 2H), 4.80 (d, J = 7.3 Hz, 1H), 3.66 (s, 3H), 2.31 (s, 3H). °C
NMR (75 MHz, CDCl3) ¢ 174.0, 159.5, 143.5, 140.6, 136.6, 130.0, 129.95, 129.3, 128.0, 127.4, 125.8, 125.2, 123.8,
113.2,111.2, 63.1, 58.0, 55.1, 21.4. HRMS [EI-(+Na)] caled for C»3H,(BrCIN,NaO4S 556.9908, found 556.9920. The
ee and dr were determined by a chiral phase Chiralpak AD-H column (76/24 hexane/iPrOH, flow rate 0.5 mL/min, 1 =

220 nm, fmjor = 30.8 min, finer = 55.7 min).

8. Synthesis of aziridine via the product of anti-Mannich reaction

TsHN
Br, Ph TsN Ph
©\/‘i AgNO;3 (1.2 eq.), TEA (1.2 eq.)
(0] —0
N toluene, rt Nﬁ
H H
8a 9
1eq. yield 86%
95:5 dr >99:1 dr
95% ee 93% ee

The produce of anti-Mannich Reaction 8a (0.2 mmol, 1 equiv.) was dissolved in anhydrous toluene (0.1 mL),
subsequently AgNO; (0.24 mmol, 1.2 equiv.) and TEA (0.24 mmol, 1.2 equiv.) were added at room temperature. TLC
analysis indicated completion of the reaction. The reaction mixture was purified directly by flash chromatography on

silica gel. (AcOEt/PE =1 : 5) to give 9 as a yellow soild.
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TsN Ph (28, 35)-3-phenyl-1-tosylspiro[aziridine-2,3'-indolin]-2'-one (9)
The product was obtained as a yellow solid in 86% yield, mp: 71-74 °C, [a]p® = -27 (¢ = 1,
@ CHCls); 'H NMR (300 MHz, CDCl5) 6 8.60 (s, 1H), 7.92 (t,J = 7.8 Hz, 3H), 7.32 (d, /= 8.1 Hz,
2H), 7.23 (s, 5H), 7.12 (t, J = 7.6 Hz, 2H), 6.78 (d, J = 7.7 Hz, 1H), 4.85 (s, 1H), 2.45 (s, 3H). °C
NMR (75 MHz, CDCl3) J 169.6, 145.0, 142.0, 136.4, 130.5, 129.9, 129.8, 128.5, 128.2, 127.9, 127.8, 125.4, 122.8,
121.1, 110.8, 55.8 (d, J= 2.6 Hz), 53.5, 21.7. HRMS [EI-(+Na)] calcd for C»,HsN,NaO3S 413.0930, found 413.0922.
The ee and dr were determined by a chiral phase Chiralpak AD-H column (76/24 hexane/iPrOH, flow rate 0.5 mL/min,

A =220 nm, tpyjor = 35.2 min, fine: = 58.6 min).
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10. NMR spectra and HPLC for catalysts and anti-Mannich reaction products.
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