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1. General information

All reactions were performed using oven-dried or flame-dried glassware equipped with a
magnetic stir bar before used.

All reagents were purchased from commercial suppliers and used without further purification.
All solvents were purified by standard operating method.

Thin-layer chromatography was performed with EMD silica gel 60 GF2s4 plates eluting with
solvents indicated, visualized by a 254 nm UV lamp and stained with phosphomolybdic acid (PMA).
TH NMR, 3C NMR and "F NMR spectra were obtained on Bruker AM-400, Chemical shifts were
denoted in ppm (5), and calibrated by using residual undeuterated solvent CDCl3 (7.26 ppm),
tetramethylsilane (0.00 ppm) asinternal reference for 'H NMR and the deuterated solvent CDCl;
(77.00 ppm) tetramethylsilane (0.00 ppm) as internal standard for '*C NMR; solvent ds-DMSO
(2.50 ppm), tetramethylsilane (0.00 ppm) asinternal reference for 'H NMR and the deuterated
solvent DMSO-ds (39.52 ppm) tetramethylsilane (0.00 ppm) as internal standard for '3*C NMR
multiplicities are as indicated: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet. High-
resolution mass spectral analysis (HRMS) data was measured on a Bruker impact II (Q-TOF)
mass spectrum by means of the ESI technique. Crystallographic data were obtained from a Bruker
D8 Quest diffractometer. Optical rotations were detected on RUDOLPH A21202-J APTV/GW.
The enantiomeric excesses (ee) of the products were determined by high performance liquid
chromatography (HPLC) analysis employing Daicel Chiralpak OD-H, Chiralpak AS-H columns and
Chiralpak AD-H columns.

The 2-aryl indoles " and 2-aryl substituted 3H-indol-3-ones 1 were prepared according to the

reported procedures. 2!
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2. General procedure for the synthesis of products

O\)g_o Cat. C3 (10 mol %) R2
\ >
DCM (0.1 M)
30 °C, N,
1o0r4 2 3or5

General procedure for the preparation of 3 or 5: Unless otherwise noted, reactions were performed:
Cat.C3 (10 mol%), 1 (0.05 mmol), 2 (0.10 mmol) were added to DCM (0.5 mL) under N,
atmosphere at room temperature. Then stirred for 8-96 h. The resulting yellow mixture was
concentrated under vacuum, the crude product was purified by flash column chromatography using

petroleum ether/ EtOAc to give the title compound 3 or 5.

o)

3aa

(S)-2-(1-hydroxynaphthalen-2-yl)-2-phenylindolin-3-one (3aa) According to the general
procedure, 3aa was obtained using 2-phenyl-3H-indol-3-one 1a (10.3 mg, 0.05 mmol) and 1-
naphthol 2a (14.4 mg, 0.1 mmol) in 85% yield (14.9 mg) and 94:6 er as a yellow oily (silica gel
flash chromatography: petroleum ether/EtOAc = 30:1). Ry= 0.50 (petroleum ether/EtOAc = 4:1).
'H NMR (400 MHz, CDCl3) 6 10.12 (s, 1H), 8.19 (d, J = 7.6 Hz, 1H), 7.65 — 7.63 (m, 1H), 7.61 —
7.56 (m, 2H), 7.46 — 7.39 (m, 1H), 7.39 — 7.30 (m, 2H), 7.27 (d, J = 8.8 Hz, 1H), 7.19 — 7.11 (m,
3H), 7.09 — 7.01 (m, 2H), 6.87 — 6.80 (m, 2H), 5.14 (s, 1H).

13C NMR (100 MHz, CDCls) 6 205.0, 160.0, 152.5, 140.5, 138.8, 134.6, 129.1, 128.7, 127.1, 126.8,
126.7,126.6, 125.7, 125.24, 125.22, 122.9, 120.8, 120.5, 119.4, 117.2, 113.6, 75.77.

HRMS (ESI) m/z calcd. for C24H1sNO2 (M-H): 350.1187, found 350.1184.

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 23.12 min; major isomer: tr = 29.10 min.

[0]2°D = + 437 (¢ = 1.0, CHCls).
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3ba

(S)-2-(1-hydroxynaphthalen-2-yl)-2-(o-tolyl)indolin-3-one (3ba) According to the general
procedure, 3ba was obtained using 2-(o-tolyl)-3H-indol-3-one 1b (11.1 mg, 0.05 mmol) and 1-
naphthol 2a (14.4 mg, 0.1 mmol) in 53% yield (9.5 mg) and 64:36 er as a yellow oily (silica gel
flash chromatography: petroleum ether/EtOAc = 30:1). R = 0.50 (petroleum ether/EtOAC = 4:1).
'H NMR (400 MHz, DMSO-dg) 6 10.17 (s, 1H), 8.30 (s, 1H), 8.21 — 8.08 (m, 1H), 7.87 — 7.76 (m,
1H), 7.62 — 7.52 (m, 2H), 7.51 — 7.44 (m, 2H), 7.41 (d, J = 8.7 Hz, 1H), 7.32 (d, J = 8.7 Hz, 1H),
7.26 —7.11 (m, 4H), 7.09 (d, J = 8.2 Hz, 1H), 6.83 (t, J = 7.4 Hz, 1H), 2.03 (s, 3H).

13C NMR (100 MHz, DMSO-ds) & 202.5, 160.1, 151.9, 138.1, 137.4, 137.4, 133.8, 132.3, 127.9,
127.4, 127.3, 126.5, 125.8, 125.4, 125.3, 125.2, 124.6, 122.0, 119.2, 119.0, 118.8, 118.7, 112.8,
75.1,21.1.

HRMS (ESI) m/z calcd. for C2sH1sNO2 (M-H): 364.1343, found 364.1342.

Enantiomeric excess is 28% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 18.14 min; major isomer: tr = 29.90 min.

[0]2°D = + 94 (c = 0.5, CHCls).

>

3ca

(S)-2-(1-hydroxynaphthalen-2-yl)-2-(m-tolyl)indolin-3-one (3ca) According to the general
procedure, 3ca was obtained using 2-(m-tolyl)-3H-indol-3-one 1c (11.1 mg, 0.05 mmol) and 1-
naphthol 2a (14.4 mg, 0.1 mmol) in 87% yield (15.9 mg) and 90:10 er as a yellow oily (silica gel

flash chromatography: petroleum ether/EtOAc = 30:1). Rt = 0.50 (petroleum ether/EtOAc = 4:1).
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'H NMR (400 MHz, DMSO-dg) & 10.00 (s, 1H), 8.23 (s, 1H), 8.20 — 8.18 (m, 1H), 7.83 — 7.81 (m,
1H), 7.50 — 7.42 (m, 4H), 7.38 (d, J = 8.7 Hz, 1H), 7.23 (m, 4H), 7.11 (d, J = 7.2 Hz, 1H), 7.02 (d,
J =8.6 Hz, 1H), 6.72 (t, J = 7.3 Hz, 1H), 2.26 (s, 3H).

13C NMR (100 MHz, DMSO-ds) 6 201.3, 160.4, 151.6, 140.2, 137.3, 137.1, 133.8, 128.08, 128.07,
1275, 127.1, 126.4, 126.2, 125.1, 125.0, 124.5, 124.0, 122.4, 122.0, 118.7, 118.3, 117.3, 111.8,
73.3,21.21.

HRMS (ESI) m/z calcd. for C2sH1sNO2 (M-H): 364.1343, found 364.1344.

Enantiomeric excess is 80% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 19.71 min; major isomer: tr = 23.94 min.

[0]2D = + 814 (c = 0.25, CHCl5).

O

3da

(S)-2-(1-hydroxynaphthalen-2-yl)-2-(p-tolyl)indolin-3-one (3da) According to the general
procedure, 3da was obtained using 2-(p-tolyl)-3H-indol-3-one 1d (11.1 mg, 0.05 mmol) and 1-
naphthol 2a (14.4 mg, 0.1 mmol) in 86% yield (15.7 mg) and 75:25 er as a yellow oily (silica gel
flash chromatography: petroleum ether/EtOAc = 30:1). R = 0.50 (petroleum ether/EtOAC = 4:1).
'H NMR (400 MHz, CDCl3) 6 10.26 (s, 1H), 8.34 —8.31 (m, 1H), 7.78 — 7.76 (m, 1H), 7.73 - 7.70
(m, 2H), 7.59 — 7.55 (m, 1H), 7.50 — 7.43 (m, 2H), 7.40 (d, J = 8.7 Hz, 1H), 7.11 — 7.04 (m, 4H),
7.00 - 6.94 (m, 2H), 5.20 (s, 1H), 2.30 (s, 3H).

13C NMR (100MHz, CDCl3) 6 205.2, 160.0, 152.5, 138.7, 138.6, 137.6, 134.6, 129.8, 127.0, 126.7,
126.6, 126.6, 125.6, 125.3, 125.2, 123.0, 120.8, 120.5, 119.3, 117.4, 113.6, 75.6, 21.1.

HRMS (ESI) m/z calcd. for CosH1sNO2 (M-H): 364.1343, found 364.1344.

Enantiomeric excess is 50% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 27.35 min; major isomer: tr = 33.75 min.

[0]2°D = + 497 (c = 0.25, CHCls).
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3ea

(S)-2-(3-fluorophenyl)-2-(1-hydroxynaphthalen-2-yl)indolin-3-one (3ea) According to the
general procedure, 3ea was obtained using 2-(3-fluorophenyl)-3H-indol-3-one 1e (11.3 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 90% yield (16.6 mg) and 91:9 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rs = 0.50 (petroleum ether/EtOAC
=4:1).

!H NMR (400 MHz, DMSO-ds) 5 9.98 (s, 1H), 8.26 (s, 1H), 8.19 (d, J = 7.6 Hz 1H), 7.85 — 7.82
(m, 1H), 7.52 — 7.42 (m, 4H), 7.41 - 7.29 (m, 3H), 7.27 — 7.19 (m, 1H), 7.16 — 7.12 (m, 2H), 7.03
(d, J=8.1Hz, 1H), 6.74 (t, J = 7.4 Hz, 1H).

13C NMR (100 MHz, DMSO-ds) & 200.4, 162.0 (d, J = 241.0 Hz), 160.5, 151.7, 143.5 (d, J = 7.0
Hz), 137.4, 133.9, 130.1 (d, J = 8.0 Hz), 127.6, 126.3, 126.1, 125.10, 125.05, 124.5, 122.8 (d, J =
3.0 Hz), 122.2, 122.0, 118.9, 118.1, 117.5, 114.3 (d, J = 21.0 Hz), 113.4 (d, J = 23.0 Hz), 111.9,
72.9.

F NMR (376 MHz, DMSO-ds) & -113.3.

HRMS (ESI) m/z calcd. for C2sH1sFNO2 (M-H): 368.1092, found 368.1093.

Enantiomeric excess is 82% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.54 min; major isomer: tr = 11.25 min.

[0]2°D = + 421 (c = 0.25, CHCls).

(S)-2-(3-chlorophenyl)-2-(1-hydroxynaphthalen-2-yl)indolin-3-one (3fa) According to the
general procedure, 3fa was obtained using 2-(3-chlorophenyl)-3H-indol-3-one 1f (12.1 mg, 0.05

mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 92% yield (17.7 mg) and 93:7 er as a yellow oily
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(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum ether/EtOAC
=4:1).

'H NMR (400 MHz, CDCls3) 8 10.02 (s, 1H), 8.31 - 8.29 (m, 1H), 7.79 — 7.77 (m, 1H), 7.73 -7.68
(m, 2H), 7.61 — 7.57 (m, 1H), 7.53 — 7.44 (m, 2H), 7.41 (d, J = 8.7 Hz, 1H), 7.30 — 7.28 (m, 1H),
7.21 (t, J=7.9 Hz, 1H), 7.18 (t, J = 2.0 Hz, 1H), 7.08 — 7.06 (m, 1H), 7.01 — 6.96 (m, 2H), 5.27 (s,
1H).

13C NMR (100 MHz, CDCls) 6 204.3, 159.9, 152.4, 142.4, 139.1, 135.0, 134.7, 130.3, 128.9, 127.1,
126.9, 126.8, 126.7, 125.8, 125.4, 125.0, 124.8, 122.8, 120.9, 120.0, 119.7, 117.0, 113.4, 75.1.
HRMS (ESI) m/z calcd. for C24H1sCINO, (M-H)™: 384.0797, found 384.0799.

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.89 min; major isomer: tr = 11.94 min.

[0]2D = + 443 (c = 0.25, CHCl5).

HO
Ere
O H O CF;

(S)-2-(1-hydroxynaphthalen-2-yl)-2-(3-(trifluoromethyl)phenyl)indolin-3-one (3ga) According

to the general procedure, 3ga was obtained using 2-(3-(trifluoromethyl)phenyl)-3 H-indol-3-one 1g
(13.8 mg, 0.05 mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 91% yield (19.1 mg) and 87:13 er
as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Ry = 0.50
(petroleum ether/EtOAc = 4:1).

'H NMR (400 MHz, DMSO-dg) 6 9.99 (s, 1H), 8.31 (s, 1H), 8.19 (d, J = 8.0 Hz, 1H), 7.85 - 7.83
(m, 1H), 7.80 (s, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.678 —7.66 (m, 1H), 7.59 (t, J = 7.8 Hz, 1H), 7.53
—7.42 (m, 4H), 7.42 —7.39 (m, 1H), 7.09 (dd, J = 17.7, 8.4 Hz, 2H), 6.75 (t, J = 7.4 Hz, 1H).

13C NMR (100 MHz, DMSO-ds) 6 200.3, 160.7, 151.8, 142.3, 137.6, 133.9, 131.0, 129.4, 128.9 (q,
J=31.0Hz),127.9,127.7,126.4, 125.9, 125.2, 125.1, 124.6, 124.3 (9, J = 271.0 Hz), 122.6 (9, J =
4.0 Hz), 122.3, 122.0, 119.0, 118.0, 117.8, 112.2, 73.0.

¥F NMR (376 MHz, DMSO-ds) & -60.9.
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Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 6.56 min; major isomer: tr = 7.84 min.
HRMS (ESI) m/z calcd. for CasHisF3sNO2 (M-H): 418.1060, found 418.1062.

[0]?°D = + 150 (c = 0.5, CHCls).

HO
ot
L,
N O OMe

3ha

(S)-2-(1-hydroxynaphthalen-2-yl)-2-(3-methoxyphenyl)indolin-3-one (3ha) According to the
general procedure, 3ha was obtained using 2-(3-methoxyphenyl)-3H-indol-3-one 1h (11.7 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 83% yield (15.8 mg) and 78:22 er as a yellow
oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). R = 0.50 (petroleum
ether/EtOAc = 4:1).

'H NMR (400 MHz, DMSO-dg) 6 9.98 (s, 1H), 8.23 (s, 1H), 8.19 (d, J = 7.8 Hz, 1H), 7.83 - 7.81
(m, 1H), 7.49 —7.42 (m, 4H), 7.37 (d, J = 8.7 Hz, 1H), 7.27 (t, J = 8.0 Hz, 1H), 7.14 (d, J = 8.6 Hz,
1H), 7.08 (d, J = 7.9 Hz, 1H), 7.06 — 6.99 (m, 2H), 6.90 — 6.88 (m, 1H), 6.72 (t, J = 7.4 Hz, 1H),
3.69 (s, 3H).

13C NMR (100 MHz, DMSO-ds) 6 201.0, 160.4, 159.1, 151.6, 141.7, 137.2, 133.8, 129.2, 127.5,
126.5, 126.2, 125.1, 125.0, 124.4, 122.4, 122.0, 119.2, 118.7, 118.3, 117.3, 113.3, 112.1, 111.7,
73.1,55.0.

Enantiomeric excess is 56% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 15.69 min; major isomer: tr = 21.18 min
HRMS (ESI) m/z calcd. for C2sH1sNOs (M-H): 380.1292, found 380.1293.

[a]ZOD =+ 201 (C =0.5, CHC|3).
HO
0 0
L,
")

3ia Cl
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(S)-2-(4-chlorophenyl)-2-(1-hydroxynaphthalen-2-yl)indolin-3-one (3ia) According to the
general procedure, 3ia was obtained using 2-(4-chlorophenyl)-3H-indol-3-one 1i (12.1 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 87% yield (16.8 mg) and 88:12 er as a yellow
oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum
ether/EtOAC = 4:1).

IH NMR (400 MHz, CDCls) & 10.02 (s, 1H), 8.28 — 8.26 (m, 1H), 7.75—7.73 (m, 1H), 7.68 — 7.65
(m, 2H), 7.57 — 7.53 (m, 1H), 7.48 — 7.41 (m, 2H), 7.38 (d, J = 8.8 Hz, 1H), 7.22 — 7.20 (m, 2H),
7.08 — 7.06 (m, 2H), 7.01 — 6.81 (m, 2H), 5.21 (s, 1H).

13C NMR (100 MHz, CDCls) 6 204.8, 160.1, 152.5, 139.1, 138.9, 134.8, 134.7, 129.3, 128.2, 127.2,
127.0, 126.7, 125.8, 125.5, 124.8, 122.9, 120.9, 120.0, 119.7, 117.1, 113.4, 75.1.

Enantiomeric excess is 76% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 22.02 min; major isomer: tr = 30.23 min.
HRMS (ESI) m/z calcd. for C24H1sCINO, (M-H)™: 384.0797, found 384.0799.

[0]2D = + 184 (c = 0.25, CHCI5).
HO
0
(L
")

3ja Br

(S)-2-(4-bromophenyl)-2-(1-hydroxynaphthalen-2-yl)indolin-3-one (3ja) According to the
general procedure, 3ja was obtained using 2-(4-bromophenyl)-3H-indol-3-one 1j (14.3 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 80% yield (17.2 mg) and 92:8 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rs= 0.50 (petroleum ether/EtOAc
=4:1).

'H NMR (400 MHz, DMSO-ds) 6 9.97 (s, 1H), 8.26 (s, 1H), 8.21 — 8.19 (m, 1H), 7.84 — 7.82 (m,
1H), 7.56 — 7.54 (m, 2H), 7.51 — 7.44 (m, 4H), 7.43 — 7.38 (m, 3H), 7.17 (d, J = 8.6 Hz, 1H), 7.03
(d, J = 8.7 Hz, 1H), 6.76 — 6.72 (m, 1H).

13C NMR (100 MHz, DMSO-ds) 6 200.7, 160.5, 151.7, 140.1, 137.4, 133.9, 131.0, 128.9, 127.6,

126.3,126.1, 125.1, 125.1, 124.5, 122.2, 122.0, 120.7, 118.9, 118.0, 117.5, 112.0, 73.0.
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Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 10.68 min; major isomer: tr = 13.32 min.
HRMS (ESI) m/z calcd. for C2:HisBrNO2 (M-H)™: 428.0292, found 428.0292.

[a]2°D = + 86 (c = 0.5, CHCl).

(S)-2-(1-hydroxynaphthalen-2-yl)-2-(4-(trifluoromethyl)phenyl)indolin-3-one (3ga) According
to the general procedure, 3ka was obtained using 2-(4-(trifluoromethyl)phenyl)-3H-indol-3-one 1k
(13.8 mg, 0.05 mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 92% vyield (19.3 mg) and 92:8 er
as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). R = 0.50
(petroleum ether/EtOAC = 4:1).

'H NMR (400 MHz, DMSO-dg) 6 9.97 (s, 1H), 8.32 (s, 1H), 8.20 — 8.18 (m, 1H), 7.86 — 7.84 (m,
1H), 7.72 = 7.70 (m, 2H), 7.66 — 7.63 (m, 2H), 7.53 — 7.44 (m, 4H), 7.42 (d, J = 8.8 Hz, 1H), 7.21
—7.18 (m, 1H), 7.08 — 7.05 (m, 1H), 6.75 (t, J = 7.4 Hz, 1H).

13C NMR (100 MHz, DMSO-ds) & 200.1, 160.8, 151.8, 145.7, 137.6, 133.9, 127.7, 127.9 (g, J =
31.0 Hz), 127.2, 126.5, 126.3, 125.7, 125.8, 125.1 (g, J = 4.0 Hz), 124.5, 122.0, 121.9, 121.5 (9, J
=285.0 Hz), 118.9, 117.8, 117.7, 112.1, 73.3.

18F NMR (376 MHz, DMSO-ds) & -60.8.

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lIsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 6.36 min; major isomer: tr = 8.40 min.
HRMS (ESI) m/z calcd. for CosHisF3sNO2 (M-H): 418.1060, found 418.1063.

[0]2°D = + 194 (c = 0.5, CHCl3).
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(S)-2-(1-hydroxynaphthalen-2-yl)-2-(4-methoxyphenyl)indolin-3-one (3la) According to the
general procedure, 3la was obtained using 2-(4-methoxyphenyl)-3H-indol-3-one 11 (11.7 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 76% yield (12.1 mg) and 63:37 er as a yellow
oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). R, = 0.50 (petroleum
ether/EtOAc = 4:1).

'H NMR (400 MHz, CDCls) & 10.25 (s, 1H), 8.30 (d, J = 8.0 Hz, 1H), 7.75 (d, J = 7.2 Hz, 1H),
7.70-7.68 (m, 2H), 7.54 (t, J = 7.7 Hz, 1H), 7.48 — 7.40 (m, 2H), 7.37 (d, J = 8.8 Hz, 1H), 7.09 (d,
J=8.7Hz, 2H), 6.98 (d, J=8.2 Hz, 1H), 6.92 (t, J = 7.5 Hz, 1H), 6.77 (d, J = 8.7 Hz, 2H), 5.59 (s,
1H), 3.73 (s, 3H).

13C NMR (100 MHz, CDCl3) 6 204.1, 159.1, 158.6, 151.4, 137.6, 133.6, 131.5, 127.1, 126.0, 125.6,
1255, 124.6, 124.3, 124.1,121.9, 119.4, 119.2, 118.3, 116.6, 113.3, 112.4, 74.3, 54.2.
Enantiomeric excess is 26% determined by HPLC (Chiralpak AS-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 12.41 min; major isomer: tr = 14.87 min.
HRMS (ESI) m/z calcd. for C2sH1sNOs (M-H): 380.1292, found 380.1295.

[0]2°D = + 89 (c = 0.5, CHCl5).

s

Saa

(S)-2-(1-hydroxynaphthalen-2-yl)-4-methyl-2-phenylindolin-3-one (5aa) According to the
general procedure, Saa was obtained using 4-methyl-2-phenyl-3H-indol-3-one 4a (11.1 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 71% yield (13.0 mg) and 93:7 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Ry= 0.50 (petroleum ether/EtOAc

=4:1).
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'H NMR (400 MHz, CDCls) 6 10.39 (s, 1H), 8.34—88.32 (m, 1H), 7.78- 7.76 (m, 1H), 7.72 (d, J =
8.7 Hz, 1H), 7.50 — 7.44 (m, 2H), 7.44 — 7.38 (m, 2H), 7.34 — 7.27 (m, 3H), 7.21- 7.18 (m, 2H),
6.81 (d, J=8.2 Hz, 1H), 6.72 (d, J = 7.3 Hz, 1H), 5.13 (s, 1H), 2.62 (s, 3H).

13C NMR (100 MHz, CDCls3) § 205.7, 160.6, 152.6, 141.3, 140.9, 138.3, 134.7,129.1, 128.6, 127.1,
126.8, 126.72, 126.70, 125.24, 125.18, 123.0, 122.2, 119.3, 118.6, 117.6, 110.7, 75.6, 18.4.
Enantiomeric excess is 26% determined by HPLC (Chiralpak AS-H, Hexane/lIsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 12.41 min; major isomer: tr = 14.87 min.
HRMS (ESI) m/z calcd. for C2sH1sNO2 (M-H): 364.1343, found 364.1343.

[0]2°D = + 456 (c = 0.25, CHCI5).

FO

S5ba

(S)-4-fluoro-2-(1-hydroxynaphthalen-2-yl)-2-phenylindolin-3-one  (5ba) According to the
general procedure, 5ba was obtained using 4-fluoro-2-phenyl-3H-indol-3-one 4b (11.3 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 60% yield (11.1 mg) and 93:7 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum ether/EtOAc
=4:1)

'H NMR (400 MHz, CDCls)  9.67 (s, 1H), 8.30 (d, J = 8.0 Hz, 1H), 7.79 — 7.77 (m, 1H), 7.70 (d,
J=8.7 Hz, 1H), 7.55 — 7.44 (m, 3H), 7.42 (d, J = 8.7 Hz, 1H), 7.35 — 7.27 (m, 3H), 7.21 — 7.18 (m,
2H), 6.73 (d, J = 8.3 Hz, 1H), 6.53 (t, J = 8.6 Hz, 1H), 5.43 (s, 1H).

13C NMR (100 MHz, CDCl3) & 201.6, 160.8 (d, J = 5.0 Hz), 159.9 (d, J = 263.0 Hz), 152.4, 140.6
(d, J=10.0 Hz), 139.7, 134.8, 129.2, 128.9, 127.1, 126.9, 126.8, 126.7, 125.4, 124.5, 123.0, 119.7,
117.2,108.70, 108.66, 106.2 (d, J = 19.0 Hz), 76.0.

19F NMR (376 MHz, CDCl3) & -110.1.

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.56 min; major isomer: tr = 10.09 min.
HRMS (ESI) m/z calcd. for C24H1sFNO, (M-H)™: 368.1092, found 368.1091.

[a]®°D =+ 395 (¢ = 0.25, CHCls).
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5ca

(S)-4-chloro-2-(1-hydroxynaphthalen-2-yl)-2-phenylindolin-3-one  (5ca) According to the
general procedure, 5ca was obtained using 4-chloro-2-phenyl-3H-indol-3-one 4c (12.1 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 44% yield (8.5 mg) and 94:6 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rs = 0.50 (petroleum ether/EtOAC
=4:1)

!H NMR (400 MHz, DMSO-dg) 6 10.01 (s, 1H), 8.57 (s, 1H), 8.20 (d, J = 8.3 Hz, 1H), 7.85 - 7.79
(m, 1H), 7.55 — 7.51 (m, 2H), 7.51 — 7.44 (m, 2H), 7.43 — 7.33 (m, 5H), 6.97 (d, J = 8.6 Hz, 1H),
6.92 (d, J=8.3 Hz, 1H), 6.66 (d, J = 7.6 Hz, 1H).

13C NMR (100 MHz, DMSO-ds) 8 198.2, 161.5, 151.6, 139.4, 137.6, 133.9, 130.8, 128.3, 127.7,
127.6, 126.9, 126.7, 126.3, 125.1, 124.9, 122.6, 122.1, 118.8, 117.6, 114.4, 110.3, 73.5.
Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.62 min; major isomer: tr = 9.72 min.
HRMS (ESI) m/z calcd. for C24H1sCINO, (M-H)™: 384.0797, found 384.0799.

[a]*°D = + 63 (c = 0.25, CHCl3).

5da

(S)-2-(1-hydroxynaphthalen-2-yl)-5-methyl-2-phenylindolin-3-one (5da) According to the
general procedure, 5da was obtained using 5-methyl-2-phenyl-3H-indol-3-one 4d (11.1 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 97% yield (17.7 mg) and 91:9 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rs= 0.50 (petroleum ether/EtOAc

=4:1).
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'H NMR (400 MHz, CDCls) 8 10.39 (s, 1H), 8.21 (d, J = 7.7 Hz, 1H), 7.67 — 7.64 (m, 1H), 7.57 (d,
J=8.7Hz, 1H), 7.42 (s, 1H), 7.40 — 7.32 (m, 2H), 7.31 - 7.26 (m, 2H), 7.21 — 7.15 (m, 3H), 7.09 —
7.06 (m, 2H), 6.82 (d, J = 8.3 Hz, 1H), 4.97 (s, 1H), 2.23 (s, 3H).

13C NMR (100 MHz, CDCls) 6 204.6, 158.2, 152.6, 141.0, 140.2, 134.5, 131.0, 130.0, 128.6, 127.0,
126.74, 126.68, 126.5, 125.7,125.1, 124.8, 122.9, 121.2, 119.2, 117.1, 113.8, 76.2, 20.6.
Enantiomeric excess is 82% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 21.32 min; major isomer: tr = 28.83 min.
HRMS (ESI) m/z calcd. for C2sH1sNO2 (M-H): 364.1343, found 364.1343.

[a]°D = + 434 (c = 0.5, CHCl5).
HO

0 )

F

Sea

(S)-5-fluoro-2-(1-hydroxynaphthalen-2-yl)-2-phenylindolin-3-one  (5ea) According to the
general procedure, 5ea was obtained using 5-fluoro-2-phenyl-3H-indol-3-one 4e (11.3 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 81% yield (14.9 mg) and 96:4 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum ether/EtOAc
=4:1)

'H NMR (400 MHz, DMSO-ds) 8 9.97 (s, 1H), 8.24 — 8.09 (m, 2H), 7.85 — 7.79 (m, 1H), 7.50 —
7.46 (m, 3H), 7.46 — 7.38 (m, 2H), 7.38 — 7.30 (m, 4H), 7.23 (dd, J = 7.7, 2.7 Hz, 1H), 7.06 — 7.01
(m, 2H).

13C NMR (100 MHz, DMSO-ds) 6 201.0, 157.4, 151.5, 155.0 (d, J = 223.0 Hz), 139.8, 133.8, 128.2,
127.6, 127.5, 126.8, 126.4, 126.2, 125.3, 125.05, 125.03, 122.5, 122.0, 118.7, 118.3 (d, J = 8.0 Hz),
113.2 (d, J = 7.0Hz), 108.9 (d, J = 22.0 Hz), 74.3.

1F NMR (376 MHz, DMSO-dg) § -127.1.

Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 9.44 min; major isomer: tr = 12.43 min.
HRMS (ESI) m/z calcd. for C24H1sFNO; (M-H)™: 368.1092, found 368.1094.

[0]2°D = + 370 (c = 0.25, CHCls).
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5fa

(S)-5-chloro-2-(1-hydroxynaphthalen-2-yl)-2-phenylindolin-3-one  (5fa) According to the
general procedure, 5fa was obtained using 5-chloro-2-phenyl-3H-indol-3-one 4f (12.1 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 82% yield (15.8 mg) and 91:9 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rs = 0.50 (petroleum ether/EtOAC
=4:1)

'H NMR (400 MHz, DMSO-ds) & 9.96 (s, 1H), 8.42 (s, 1H), 8.18 (d, J = 8.0 Hz 1H), 7.82 (d, J =
7.3 Hz, 1H), 7.53 — 7.43 (m, 6H), 7.38 — 7.32 (m, 4H), 7.03 — 7.00 (m, 2H).

13C NMR (100 MHz, DMSO-ds) & 200.0, 158.7, 151.5, 139.4, 136.7, 133.8, 128.2, 127.6, 126.8,
126.5, 126.5, 126.3, 125.1, 124.9, 123.4, 122.6, 122.0, 120.9, 119.4, 118.8, 113.3, 73.8.
Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 18.91 min; major isomer: tr = 27.68 min.
HRMS (ESI) m/z calcd. for C24H1sCINO, (M-H): 384.0797, found 384.0798.

[0]2°D = + 219 (c = 0.5, CHCL5).

(S)-2-(1-hydroxynaphthalen-2-yl)-5-methoxy-2-phenylindolin-3-one (5ga) According to the
general procedure, 5ga was obtained using 5-methoxy-2-phenyl-3H-indol-3-one 4g (11.9 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 97% vyield (18.5 mg) and 94:6 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum ether/EtOAc

=4:1)
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'H NMR (400 MHz, DMSO-dg) 5 10.11 (s, 1H), 8.18 (d, J = 8.2 Hz, 1H), 7.92 (s, 1H), 7.83 - 7.81
(m, 1H), 7.49 — 7.41 (m, 4H), 7.39 — 7.37 (m, 1H), 7.35 — 7.26 (m, 3H), 7.22 — 7.19 (m, 2H), 7.02
(d, J=8.9 Hz, 1H), 6.95 (d, J =2.4 Hz,1H), 3.72 (s, 3H).

13C NMR (100 MHz, DMSO-ds) & 201.5, 156.6, 152.2, 151.7, 140.6, 133.8, 128.2, 127.9, 127.5,
127.3,126.7, 126.3, 126.2, 125.2, 125.0, 122.0, 121.9, 118.6, 118.3, 113.8, 104.6, 74.5, 55.5.
Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 13.37 min; major isomer: tr = 17.74 min.
HRMS (ESI) m/z calcd. for C2sH1sNOs (M-H): 380.1292, found 380.1294.

[0]2°D = + 276 (c = 0.5, CHCI5).

D

S5ha

(S)-2-(1-hydroxynaphthalen-2-yl)-6-methyl-2-phenylindolin-3-one (5ha) According to the
general procedure, 5ha was obtained using 6-methyl-2-phenyl-3H-indol-3-one 4h (11.1 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 90% yield (16.4 mg) and 88:12 er as a yellow
oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum
ether/EtOAC = 4:1).

'H NMR (400 MHz, DMSO-dg) & 10.05 (s, 1H), 8.24 (s, 1H), 8.18 (d, J = 7.9 Hz, 1H), 7.84 —
7.81(m, 1H), 7.50 — 7.40 (m, 4H), 7.37 (t, J = 8.6 Hz, 2H), 7.35 — 7.26 (m, 3H), 7.22 (d, J = 8.7 Hz,
1H), 6.82 (s, 1H), 6.56 (d, J = 8.0 Hz, 1H), 2.31 (s, 3H).

13C NMR (100 MHz, DMSO-ds) 6 200.8, 161.0, 151.7, 148.7, 140.5, 133.9, 128.2, 127.5, 127.4,
126.7,126.3, 126.2, 125.3, 125.2, 125.0, 124.3, 122.1, 122.0, 119.3, 118.7, 116.0, 111.7, 73.8.
Enantiomeric excess is 76% determined by HPLC (Chiralpak AD-H, Hexane/lIsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 13.55 min; major isomer: tr = 14.99 min.
HRMS (ESI) m/z calcd. for CosH1sNO2 (M-H): 364.1343, found 364.1343.

[0]2D = + 317 (c = 0.5, CHCls).
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(S)-6-fluoro-2-(1-hydroxynaphthalen-2-yl)-2-phenylindolin-3-one (5ia) According to the
general procedure, 5ia was obtained using 6-fluoro-2-phenyl-3H-indol-3-one 4i (11.3 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 94% yield (17.3 mg) and 92:8 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum ether/EtOAC
=4:1)

IH NMR (400 MHz, DMSO-ds) & 9.98 (d, J = 8.4 Hz,1H), 8.58 — 8.56 (m, 1H), 8.21 — 8.18 (m,
1H), 7.90 — 7.77 (m, 1H), 7.56 — 7.42 (m, 5H), 7.39 — 7.28 (m, 4H), 7.17 — 7.12 (m, 1H), 6.74 (t, J
= 8.2 Hz, 1H), 6.55 — 6.50 (m, 1H).

13C NMR (100 MHz, DMSO-dg) & 199.2, 168.7 (d, J = 250.0 Hz), 161.7 (d, J = 15.0 Hz), 151.6,
139.9, 133.9, 128.2, 127.6, 127.5, 127.3, 127.1, 126.6, 126.29, 126.26, 125.1, 122.3, 122.0, 118.8,
115.1, 105.6 (d, J = 25.0 Hz), 97.3 (d, J = 25.0 Hz), 73.9.

BF NMR (376 MHz, DMSO-ds) 6 -101.2.

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 22.51 min; major isomer: tr = 28.35 min.
HRMS (ESI) m/z calcd. for C24H1sFNO- (M-H): 368.1092, found 368.1095.

[0]2°D = + 257 (c = 0.5, CHCls).

0

5ja

(S)-6-chloro-2-(1-hydroxynaphthalen-2-yl)-2-phenylindolin-3-one  (5ja) According to the
general procedure, 5ja was obtained using 5-chloro-2-phenyl-3H-indol-3-one 4j (12.1 mg, 0.05

mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 84% yield (16.2 mg) and 95:5 er as a yellow oily
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(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum ether/EtOAC
=4:1)

'H NMR (400 MHz, DMSO-dg) & 9.97 (s, 1H), 8.51 (s, 1H), 8.18 (d, J = 7.9 Hz, 1H), 7.84 — 7.82
(m, 1H), 7.52 — 7.42 (m, 5H), 7.36 (t, J = 8.1 Hz, 3H), 7.32 (d, J = 6.9 Hz, 1H), 7.06 (d, J = 8.7 Hz,
1H), 7.03 (d, J = 1.6 Hz, 1H), 6.72 (dd, J = 8.2, 1.8 Hz, 1H).

13C NMR (100 MHz, DMSO-ds) & 199.7, 160.5, 151.6, 141.9, 139.5, 133.9, 128.3, 127.7, 127.6,
126.7,126.4, 126.3, 126.1, 125.1, 125.0, 122.5, 122.0, 118.8, 117.4, 117.2, 110.9, 73.6.
Enantiomeric excess is 90% determined by HPLC (Chiralpak OD-H, Hexane/lsopropanol 95/5,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 20.13 min; major isomer: tr = 23.33 min.
HRMS (ESI) m/z calcd. for C24H1sCINO, (M-H): 384.0797, found 384.0799.

[0]2°D = + 240 (c = 0.5, CHCI5).

&

(S)-2-(1-hydroxynaphthalen-2-yl)-5-methyl-2-(m-tolyl)indolin-3-one (5ka) According to the
general procedure, 5ka was obtained using 5-methyl-2-(m-tolyl)-3H-indol-3-one 4k (11.8 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 75% yield (14.2 mg) and 86:14 er as a yellow
oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum
ether/EtOAC = 4:1)

IH NMR (400 MHz, DMSO-ds) & 10.09 (s, 1H), 8.28 —8.13 (m, 1H), 8.07 (s, 1H), 7.89 — 7.73 (m,
1H), 7.49 - 7.42 (m, 2H), 7.39 (d, J = 8.7 Hz, 1H), 7.35- 7.32 (m, 1H), 7.30- 7.20 (m, 5H), 7.10 (d,
J=6.5Hz, 1H), 6.98 (d, J = 8.3 Hz, 1H), 2.25 (m, 3H), 2.23 (m, 3H).

13C NMR (100 MHz, DMSO-dg) 6 201.5, 159.1, 151.7, 140.5, 138.9, 137.2, 133.8, 128.10, 128.08,
127.6, 127.1, 126.5, 126.4, 126.2, 125.2, 125.0, 124.0, 123.7, 122.2, 122.1, 118.7, 118.4, 112.1,
73.9, 21.3, 20.1.

Enantiomeric excess is 72% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 18.27 min; major isomer: tr = 24.58 min.

HRMS (ESI) m/z calcd. for C26H20NO2 (M-H): 378.1500, found 378.1500.

S18



[0]°D = + 179 (c = 0.5, CHCls).

Q

5la

(S)-2-(1-hydroxynaphthalen-2-yl)-5-methyl-2-(p-tolyl)indolin-3-one (5la) According to the
general procedure, 5la was obtained using 5-methyl-2-(p-tolyl)-3H-indol-3-one 4l (11.8 mg, 0.05
mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 85% yield (16.1 mg) and 78:22 er as a yellow
oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum
ether/EtOAC = 4:1)

'H NMR (400 MHz, DMSO-ds) 8 10.06 (s, 1H), 8.18 (d, J = 8.0 Hz, 1H), 8.03 (s, 1H), 7.83 -7.80
(m, 1H), 7.49 — 7.42 (m, 2H), 7.37 (d, J = 8.7 Hz, 1H), 7.35 — 7.27 (m, 4H), 7.22 (d, J = 8.6 Hz,
1H), 7.13 (d, J = 8.2 Hz, 2H), 6.95 (d, J = 8.3 Hz, 1H), 2.27 (s, 3H), 2.23 (s, 3H).

13C NMR (100 MHz, DMSO-dg) 6 201.7, 159.1, 151.6, 138.8, 137.4, 136.6, 133.8, 128.7, 127.5,
126.7, 126.45, 126.41, 126.2, 125.2, 125.0, 123.7, 122.1, 122.0, 118.6, 118.4, 112.0, 73.7, 20.6,
20.0.

Enantiomeric excess is 56% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 12.08 min; major isomer: tr = 17.56 min.
HRMS (ESI) m/z calcd. for C2sH20NO2 (M-H): 378.1500, found 378.1501.

[0]2°D = + 252 (¢ = 0.5, CHCls).

(S)-2-(3-chlorophenyl)-2-(1-hydroxynaphthalen-2-yl)-5-methylindolin-3-one (5ma) According
to the general procedure, 5ma was obtained using 2-(3-chlorophenyl)-5-methyl-3H-indol-3-one 4m

(12.8 mg, 0.05 mmol) and 1- naphthol 2a (14.4 mg, 0.1 mmol) in 91% vyield (18.2 mg) and 92:8 er
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as a yellow oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50
(petroleum ether/EtOAC = 4:1)

'H NMR (400 MHz, CDCls) 8 10.27 (s, 1H), 8.30 (d, J = 7.9 Hz, 1H), 7.78 — 7.76 (m, 1H), 7.66 (d,
J = 8.8 Hz, 1H), 7.52 (s, 1H), 7.50 — 7.45 (m, 2H), 7.44 — 7.42 (m, 1H), 7.39 (d, J = 8.7 Hz, 1H),
7.30 - 7.27 (m, 1H), 7.21 (t, J = 7.9 Hz, 1H), 7.18 (t, J = 1.9 Hz, 1H), 7.08 — 7. (m, 1H), 6.95 (d, J
= 8.3 Hz, 1H), 5.09 (s, 1H), 2.34 (s, 3H).

13C NMR (100 MHz, CDCls) 6 204.0, 158.2, 152.5, 142.9, 140.5, 135.0, 134.7, 131.0, 130.3, 128.9,
127.1,126.9,126.9,126.6, 125.3,125.2, 125.1, 125.0, 122.9, 120.7, 119.6, 116.9, 113.7, 75.6, 20.6.
Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 17.97 min; major isomer: tr = 28.27 min.
HRMS (ESI) m/z calcd. for C2sH17CINO2 (M-H)™: 398.0953, found 398.0955.

[a]2°D = + 168 (c = 0.5, CHCl).

(S)-2-(4-hydroxy-3,5-dimethylphenyl)-2-phenylindolin-3-one (5ab) According to the general
procedure, 5ab was obtained using 2-phenyl-3H-indol-3-one 4a (10.3 mg, 0.05 mmol) and 2,6-
dimethylphenol 2b (12.2 mg, 0.1 mmol) in 68% yield (11.2 mg) and 99:1 er as a yellow oily (silica
gel flash chromatography: petroleum ether/EtOAc = 30:1). Rt = 0.50 (petroleum ether/EtOAC = 4:1)
IH NMR (400 MHz, DMSO-ds) & 8.37 (s, 1H), 8.28 (s, 1H), 7.50 — 7.46 (m, 1H), 7.42 (d, J = 7.6
Hz, 1H), 7.31 — 7.30 (m, 4H), 7.28 — 7.15 (m, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.86 (s, 2H), 6.70 (t, J
= 7.3 Hz, 1H), 2.10 (s, 6H).

13C NMR (100 MHz, DMSO-ds) 6 200.3, 160.6, 152.6, 141.3, 137.7, 131.0, 128.2, 127.3, 126.92,
126.89, 124.6, 123.9, 117.5, 117.4, 111.6, 73.5, 16.8.

Enantiomeric excess is 99% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 60/40,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 3.73 min; major isomer: tr = 6.25 min.
HRMS (ESI) m/z calcd. for C22H1sNO, (M-H): 328.1343, found 328.1344.

[a]?°D = + 15 (c = 0.1, CHzOH).
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(S)-2-(6-hydroxybenzo[d][1,3]dioxol-5-yl)-2-phenylindolin-3-one  (5ac) According to the
general procedure, 5ac was obtained using 2-phenyl-3H-indol-3-one 4a (10.3 mg, 0.05 mmol) and
benzo[d][1,3]dioxol-5-0l 2¢ (13.8 mg, 0.1 mmol) in 63% yield (14.3 mg) and 75:25 er as a yellow
oily (silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rf = 0.50 (petroleum
ether/EtOAC = 4:1)

IH NMR (400 MHz, DMSO-ds) & 9.56 — 9.43 (m, 1H), 8.00 (s, 1H), 7.47 — 7.43 (m, 1H), 7.42 —
7.36 (m, 3H), 7.31-7.27 (m, J = 11.2, 4.4 Hz, 2H), 7.26 — 7.22 (m, 1H), 7.06 — 7.00 (m, 1H), 6.67
(t, J = 7.4 Hz, 1H), 6.57 — 6.53 (m, 1H), 6.45 — 6.39 (M, 1H), 5.92 (s, 1H), 5.89 (s, 1H).

13C NMR (100 MHz, DMSO-ds) 8 200.2, 160.5, 151.2, 146.9, 140.2, 139.2, 137.2, 128.0, 127.1,
126.4,124.3,118.6,117.9, 117.1, 111.8, 108.0, 101.0, 98.2, 72.4.

Enantiomeric excess is 50% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 14.90 min; major isomer: tr = 20.10 min.
HRMS (ESI) m/z calcd. for C21H1aNO4 (M-H): 344.0928, found 344.0928.

[0]2°D = + 157 (c = 0.5, CHCls).

(S)-2-(2-hydroxy-4,5-dimethoxyphenyl)-2-phenylindolin-3-one (5ad) According to the general
procedure, 5ad was obtained using 2-phenyl-3H-indol-3-one 4a (10.3 mg, 0.05 mmol) and 3,4-
dimethoxyphenol 2d (15.4 mg, 0.1 mmol) in 83% yield (15.0 mg) and 87:13 er as a yellow oily
(silica gel flash chromatography: petroleum ether/EtOAc = 30:1). Rs= 0.50 (petroleum ether/EtOAc

=4:1)
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'H NMR (400 MHz, DMSO-de) 8 9.34 (d, J = 2.8 Hz, 1H), 8.00 (s, 1H), 7.45 (t, J = 7.6 Hz, 1H),
7.40 (d,J = 7.7 Hz, 1H), 7.36 — 7.34 (m, 2H), 7.28 (t, J = 7.2 Hz, 2H), 7.25 — 7.18 (m, 1H), 7.02 (d,
J=8.3Hz, 1H), 6.73 (d, J = 4.4 Hz, 1H), 6.67 (t, J = 7.4 Hz, 1H), 6.45 — 6.44 (m, 1H), 3.69 (s, 3H),
3.55 (s, 3H).

13C NMR (100 MHz, DMSO-ds) & 200.2, 160.5, 150.6, 149.3, 140.6, 140.3, 137.2, 127.9, 127.0,
126.3,124.4,117.7,117.5,117.1, 114.2,111.8, 101.4, 72.3, 56.8, 55.4.

Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.80 min; major isomer: tr = 11.71 min.
HRMS (ESI) m/z calcd. for C22H1sNO4 (M-H): 360.1241, found 360.1243.

[0]?°D = + 298 (c = 0.5, CHCls).

3. Synthesis applications of 3aa

IH NMR (400 MHz, CDCls) § 8.02 — 7.94 (m, 1H), 7.90 — 7.84 (m, 1H), 7.82 (d, J = 8.7 Hz, 1H),
7.66 —7.61 (m, 2H), 7.56 — 7.52 (m, 2H), 7.50 — 7.42 (m, 3H), 7.32 — 7.27 (m, 2H), 7.26 — 7.22 (m,
1H), 6.91 (d, J = 8.3 Hz, 1H), 6.79 (t, J = 7.4 Hz, 1H), 6.53 (s, 1H), 3.27 (s, 3H).

13C NMR (100 MHz, CDCls) & 199.5, 160.1, 155.0, 141.1, 137.5, 134.8, 130.2, 128.3, 128.24,
128.21,127.5, 126.5, 126.4, 126.0, 125.6, 125.2, 123.7, 122.1, 118.9, 118.7, 111.7, 73.6, 61.8.
Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 70/30,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.28 min; major isomer: tr = 14.36 min.
HRMS (ESI) m/z calcd. for C2sH1sNO2 (M-H): 364.1343, found 364.1342.

[a]?*°D =+ 483 (c = 0.5, CHCls).
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'H NMR (400 MHz, DMSO-dg) & 8.07 — 8.04 (m, 1H), 7.88 — 7.85 (m, 1H), 7.79 — 7.71 (m, 2H),
7.66 (d, J = 7.7 Hz, 1H), 7.60 — 7.49 (m, 4H), 7.41 — 7.34 (m, 3H), 7.22 — 7.16 (m, 2H), 7.11 - 7.09
(m, 1H), 6.26 (d, J = 11.1 Hz, 1H), 4.99 (d, J = 11.1 Hz, 1H).
13C NMR (100 MHz, DMSO-dg) 5 198.6, 159.4, 148.9, 140.5, 137.8, 133.0, 128.7, 128.4, 127.6,
127.3,126.2, 125.3, 125.0, 124.0, 122.1, 121.9, 121.5, 120.5, 113.0, 112.3, 71.8, 71.4.
Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 70/30,
flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 13.24 min; major isomer: tr = 26.40 min.
HRMS (ESI) m/z calcd. for CosHi7NNaO, (M+Na)*: 386.1152, found 386.1154.
[a]?°D =+ 82 (¢ = 0.5, CHCl3).
4. Crystal of 3aa

Crystal data for md_zxj372: C24H17NO2, M = 351.38, a = 9.6357(6) A, b = 12.2218(8) A, ¢ =
14.9472(10) A, & =90°, =90°, y=90°, V= 1760.3(2) A3, T=150.(2) K, space group P212121, Z
=4, u(Cu Ko) = 0.670 mm!, 14760 reflections measured, 3343 independent reflections (Rin =
0.0484). The final R; values were 0.0317 (I > 20([)). The final wR(F?) values were 0.0836 (I > 20(1)).
The final R; values were 0.0335 (all data). The final wR(F?) values were 0.0852 (all data). The

goodness of fit on 2 was 1.067. Flack parameter = -0.12(10).

View of a molecule of 3aa with the atom-labelling scheme.

Displacement ellipsoids are drawn at the 30% probability level.
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View of the pack drawing of 3aa.

Hydrogen-bonds are shown as dashed lines.

Table 1. Crystal data and structure refinement for 3aa.

Identification code global

Empirical formula C24 H17 N O2

Formula weight 351.38

Temperature 150(2) K

Wavelength 1.54178 A

Crystal system Orthorhombic

Space group P212121

Unit cell dimensions a=19.6357(6) A a=90%
b=12.2218(8) A B=90<
¢ =14.9472(10) A y=90%

Volume 1760.3(2) A3

z 4

Density (calculated) 1.326 Mg/m3
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Absorption coefficient

0.670 mmt

F(000)

736

Crystal size

0.420 x 0.190 x 0.150 mm3

Theta range for data collection

4.67t070.16<

Index ranges

-11<=h<=10, -13<=k<=14, -

14<=1<=18

Reflections collected

14760

Independent reflections

3343 [R(int) = 0.0484]

Completeness to theta = 70.16°

99.7 %

Absorption correction

Semi-empirical from

equivalents

Max. and min. transmission

0.91 and 0.57

Refinement method

Full-matrix least-squares on

F2
Data / restraints / parameters 3343/0/ 245
Goodness-of-fit on F2 1.067

Final R indices [1>2sigma(l)]

R1=0.0317, wR2 = 0.0836

R indices (all data)

R1 =0.0335, wR2 = 0.0852

Absolute structure parameter

-0.12(10)

Largest diff. peak and hole

0.340 and -0.225 e. A3
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6. Copies of HPLC

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 26.58 min; major isomer: tr = 32.88 min.

<R
AU
= - PDA Multi 1 254nm, 4nsi
200 ¥ x
150
100 <UEFR>
PDA Chl 254[1[“‘ _
50 S | EREm A [T = i F%
1 26. 307 10984907 217721 49. 998
0 2 32. 816 10985892 190686 50. 002
20.0 22.5 25.0 27.5 30.0 32.5 5.0 7.5 10.0 i 21970799 408407 100. 000
<EigE>
mAL
- s PDA Multi | 254nm, 4nm
200
150
<>
e PDA Chl 254nm_ _
50 Illé% ﬁ%%u‘“ﬂ ﬂﬂﬁ{ l%rE lﬁﬁ(%
& 1 26. 583 1033410 21676 6. 388
0 2 32. 877 15145171 258363 93.612
20.0 22.5 25.0 27.5 30.0 32.5 35.0 37.5 10.0 =821 16178581 280039 100. 000

Enantiomeric excess is 28% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 18.14 min; major isomer: tr = 29.90 min.
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VWD A Wavelengthe254 (i (MTAIT001317.0)
mAl

18110

30 Signal 1: vwWD1 A, Wavelength=254 nm

2883

20 Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
I | |

1 18.110 BB  0.7957 2.15313e4  405.36423 49.8188
i I = 2 29.893 BBA  1.4172 2.16879e4  225.27290 50.1812

VWOT A, Wavelenghi=254 rn (MTSTO01316.0)

50
Signal 1: VWD1 A, Wavelength=254 nm
00
Peak RetTime Type Width Area Height Area
. #  [min] [min]  [mAU*s] [mAU] %
e e B |--mmmemee e [--eeen |
1 18.141 BB ©0.8011 1.91252e4  361.55170 35.8446
. 2 29.890 BB 1.3554 3.42306e4 343.55420 64.1554
= . @ 2z P 75 = = 2 =
- N

Enantiomeric excess is 80% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 19.71 min; major isomer: tr = 23.94 min.

5

.

w0 Signal 1: VWDl A, Wavelength=254 nm

w0 Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

- R R e |-memmneee |onmeeeees [emeeees |
1 19.573 BV ©.9671 4.98288e4 756.85730 49.9102
2 24.097 VB ©.9000 5.0008led 839.50391 50.0898

10
Signal 1: VWD1 A, Wavelength=254 nm
o
Peak RetTime Type Width Area Height Area
o . # [min] [min]  [mAU*s] [mAU] %
. : & R PR |=mmmmneee |+memmneees [-emeneee |
X 1 19.712 MM ©.9134 8292.77344 151.31978 10.1514

o 2 23.944 MM 1.8476 7.33984e4 1167.67822 89.8486
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Enantiomeric excess is 50% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 27.35 min; major isomer: tr = 33.75 min.

VW1 A Wenelerigii=254 o (MTMTO01 176 0
Al

- g &
=
o
P w Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
n # [min] [min] [mAU*s] [mAU] %
e [--es]smmnee e | =mmmnees B |
" 1 27.583 MM 1.9396 4.47349e4 384.39560 49.6375
. 2 34.128 MM 1.4677 4.53883e4 537.38129 50.3625
.2(' 2. Z 30 12 40 4
00 «
500
Signal 1: VWD1 A, Wavelength=254 nm
00 5 n}"" Peak RetTime Type Width Area Height Area
g #  [min] [min]  [mAU*s] [mAU] %
20
R E—— [ [N [ R |
1 27.351 MM 1.4306 2.10667e4 245.42554 25.1361
. 2 33.750 MM 1.3727 6.27437e4 761.82507 74.8639
a z = = = P M % "
- N

Enantiomeric excess is 82% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.54 min; major isomer: tr = 11.25 min.

mA

8533

400

s

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

# [min] [min]  [mAU*s] [mAU] %
. B L e B | meenee- |
1 8.533 BB 0.2488 6461.44092 395.14221 49.9621
2 11.253 BB ©0.3278 6471.23584 381.03995 58.8379
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VWD A, Wavslengih=254 nm (MT\Ba7BM1-14-2-80_20-A5 D]

00 oF
8.y
o
0
Signal 1: VWD1 A, Wavelength=254 nm
20
Peak RetTime Type Width Area Height Area
. #  [min] [min] [mAU*s ] [mAU] %
100 -F
] R | === f-mmmee | --mmmmmee- R |==mmmee- |
= 1 8.543 MM 9.2690 711.86139 44.10577 8.7613
] 2 11.250 MM 0.3628 7413.24707 340.53333 91.2387
s 3 7 8 s 10 ' 2 i
r N

Enantiomeric excess is 88% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.89 min; major isomer: tr = 11.94 min.

VWO1 &, Wanelengih= 254 nm (WTHT001953 D)

.60

500
- ¥
Signal 1: VWD1 A, Wavelength=254 nm
a0
00 Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s ] [mAU] %
- R [ — [ [ [N |
00 1 8.860 BB 0.3134 1.24497e4 606.74719 49.7268
2 11.962 VB R 0.4059 1.25865e4 468.28336 50.2732
n‘ ] L] L] 0 1" 12 13 4 L
IO A, Wavskng=25 ren (TG54
150
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
i # [min] [min] [mAU*s] [mAU] %
. e e |ommmnnees |-emene |-emmnne \
A 1 8.888 BB ©.3014 347.89841 17.54316 7.1243
2 11.943 BB ©.4069 4535.38721 169.87838 92.8757
5 z 5 1 1 1 5 1 -
r N

Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 6.56 min; major isomer: tr = 7.84 min.
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VAV A Waavsiength=254 rm (MTWTOO2015.0)

=0 "
H
B H
. Signal 1: VWD1 A, Wavelength=254 nm
. Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
. O P |--oemnees |--mmeee- |----eev |

1 6.553 BB ©9.2249 3303.63477 224.25764 49.8251
o 2 7.843 BB 0.2643 3326.83008 191.85947 50.1749

VINDT A, Wavsiengih-254 im (MTIMTD02016.D)

781

E Signal 1: VWD1 A, Wavelength=254 nm

“ Peak RetTime Type Width Area Height Area

. # [min] [min] [mAU*s] [mAU] %

o e e R |--emeee- |

=0 1 6.558 MM ©.2458 648.15942 43.94016 12.6222
2 7.841 BB ©.2657 4486.92920 258.19019 87.3778

’ 5 55 ] 65 7 B BS 2 as L

- N

Enantiomeric excess is 56% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 15.69 min; major isomer: tr = 21.18 min

VAV A, Winvelengih=254 ren (MTVS1430T 42.1.80_20-RAC D)

e £
125 H
L
" H Signal 1: VWD1 A, Wavelength=254 nm
s
Peak RetTime Type Width Area Height Area

= # [min] [min] [mAU*s] [mAU] %
wemnfomeeas [ R |--emmnee - |--oenoees |-mneee- |

1 15.698 BB ©.5617 4762.98926 129.33043 49.9424
o 2 21.254 BB ©.7542 4773.97412 96.83360 50.0576

1 2 u e m F) % B ma
VDT A, W= i (TSI B 20020 AS D]
s
0
2 :
A signal 1: VWD1 A, Wavelength=254 nm
0
3 Peak RetTime Type Width Area Height Area
" g # [min] [min] [mAU*s] [mAU] %
A e [ R |--mneoeees |-smmnees |=-enne- |

= 1 15.690 BB ©.5589 1560.03833  42.73273 22.1l16@

2 21.183 BB ©.7485 5493.86377 111.76221 77.8840
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Enantiomeric excess is 76% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 22.02 min; major isomer: tr = 30.23 min.

VIWDT A, Wavelergih=254 ren (M T84T

™ o
e’
o
s
. Signal 1: VWD1 A, Wavelength=254 nm
. Peak RetTime Type Width Area Height Area
- # [min] [min] [mAU*s ] [mAU] %
weenfemenees ) |--eeeeees |--memeeee- |--meee- |
o 1 21.790 MM 1.1346 4.86808e4 715.10095 50.2030
2 30.110 MM 1.3530 4.82871e4 594.7937@ 49.7970
7 x % * P %
VWD A, Wavelengin=254 nm (MTWIT 001180 D]
% §
H
500
00
i signal 1: vWD1 A, Wavelength=254 nm
o Peak RetTime Type Width Area Height Area
00 # [min] [min] [mAU*s] [mAU] %
L R R [--mmmeee- |- |
o 1 22.017 BB @.8847 6747.94043 113.98557 11.8538
2 30.227 BB 1.1445 5.601787e4 654.44641 88.1462
f » 2 2 a5 0 » »
r N\

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 10.68 min; major isomer: tr = 13.32 min.

VWD A, Winsiangh=254 o (WTWT 01535 0

-

w

=0

00 2

= ] Signal 1: VWD1 A, Wavelength=254 nm

200 A

- Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %

= e e e |-mmmeeee |-mmo-- |
0 1 18.667 BB ©.3752 6579.19092 267.24911 49.9437
. 2 13.332 BB ©.4739 6594.01611 212.58794 150.8563
s b i h 2 . " 5w
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VIDT A, Winelenglh=251 am (MTWTO01936.0)
mall

0
- Signal 1: VWD1 A, Wavelength=254 nm
10 Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAu] %
. wees]eenes P | -mmmmmeee e |--oeeee- |
;? 1 10.681 BB 0.3719 433.e4770 17.85584 7.8266
2 13.319 BB 0.4697 5100.00195 164.95390 92.1734
r N\

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 6.36 min; major isomer: tr = 8.40 min.

VAT A, Wi 254 i (WIS IBATT 75185 25 RAG B
500
g
0
8
- Signal 1: VWD1 A, Wavelength=254 nm
0 Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
« e R e e |2meeees o [ommeeee |
1 6.389 BV R ©.1954 5569.66846 418.4136@ 50.5879
o 2 8.450 VWV R ©.2650 5440.21191 306.10239 49.4121
s s : 1 a I ol
DT A, Wlni=254 v (TG T 75280 20450
-
500
&
&
e 5
e Signal 1: VWDl A, Wavelength=254 nm
20 Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %
) seme| e |=mmmeees [eeemmmeees e |+meeee \
a 1 6.364 BB ©.2054 607.48541 45.02724 8.0821
. 2 8.401 MM 0.3049 6908.92676 377.713% 91.9179
5 s s 9 p-
r N\

Enantiomeric excess is 26% determined by HPLC (Chiralpak AS-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 12.41 min; major isomer: tr = 14.87 min.
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<E@igE>
mAl

PDA Multi 1 254nm, 4nm

20.0
min

CEigpD>
mAL
= PDA Multi 1 254nm, dnm

100

20.0
win

15.0 17.5

>
PDA Chl 254nm
155 | R ERT A [Ty T [ A%
1| 12.806 7908831 151066 49. 258
2| 15.360 8147007 110497 50. 742
Sl 16055838 261564 100. 000
<UD
PDA Chl 254nm
s | fRETR (] m = fE A%
1 12. 406 11824734 237517 37. 450
2 14. 874 19750367 283752 62. 550
it 31575100 521269 100. 000

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 6.74 min; major isomer: tr = 8.52 min.

<>
mAl

= PDA Multi 1 25dnm, dnm

500

10
min

<>
mAL

FDA Multi 1 254nm, 4nm

1250

1000

min

<>
PDA Chl 254nm
WS | PRETES [ = FE i %
1 6.753 | 10768852 777831 49. 111
2 8.538 | 11158687 723578 50. 889
it 21927539 1501409 100. 000
>
PDA Chl 254nm
WS | TR A T FfE %
1 6.743 1713465 131527 8.270
2 8.520 | 19006387 1203458 91. 730
S 20719852 1334985 100. 000
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Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.56 min; major isomer: tr = 10.09 min.

<l >
mAL
FDA Multi 254nm, 4nm
500 <m%i€>
PDA Chl 254nm
= i | RETINIR] LS 5 TR
1 8.628 16179415 696634 50. 801
. 2 10. 125 15669405 818276 49. 199
50 15 10.0 125 15.0 St 31848820 1514910 100. 000
<E >
mAL
750 = PDA Multi 1 254nm, 4nm
>
50 FDA Chl 254nm
Uy | R AT 1] i S I 1%
= 1 8. 559 1023737 47920 6. 766
0 2 10. 088 14107268 747425 93.234
5.0 7.5 10.0 2.5 15,0 St 15131004 795345 100. 000

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.62 min; major isomer: tr = 9.72 min.

<P
il
15 ;; ,.‘ FDA Multi 1 254nm, 4nm
100
>
o PDA Chl 254nm
s | BRE A T =i T F%
1 8. 634 2304195 115952 50.011
0 2 9. 724 2303136 123447 49. 989
: “ ! “ N 1 1 . £ 4607331 239399 100. 000
<F‘fi,\ﬁl31>
250 = PDA Multi 1 254nm, 4nn
200
150
<>
e PDA Chl 254nm
. WS | DREMNE] | B EE L
: 1 8.618 293660 15062 6. 257
0 2 9.715 4399881 238382 93. 743
5 6 7 5 ) " =T 4693541 253444 100. 000
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Enantiomeric excess is 82% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 21.32 min; major isomer: tr = 28.83 min.

VWG1 A, Wavelongih=254 rn (MTWATD

-y

.83

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

20 # [min] [min] [mAU*s ] [mAU] %
] R ] P l-=mmmmmne |-mmmmmeeee |--mmeeee |
1 21.347 BB 0.8575 4.24219e4 715.74384 49.3810
o 2 28.832 BB 1.0608 4.34855e4 586.67297 50.6190

VWO A, Warlongh=254 nm (T

Al

;e

800

Signal 1: VWDl A, Wavelength=254 nm

200

Peak RetTime Type Width Area Height Area
. K # [min] [min] [mAU*s ] [mAU] %
o L e |- R [-mmeee |
1 21.319 MM 1.0032 6645.25537 110.39558 9.0251
— . : 2 5 = s = oy -l 2 28.834 BB 1.1600 6.69854e4  873.21155 90.9749

Enantiomeric excess is 92% determined by HPLC (Chiralpak AD-H, Hexane/Isopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 9.44 min; major isomer: tr = 12.43 min.

VDT A Waveioigh =25 v (NTWATCG2180 )
175 §
120
125 ;
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
- # [min] [min] [mAU*s] [mAuU] %
e R |- R |-------- |
= 1 9.428 BB ©.3174 3429.21191 165.03946 49.9940

R 2 12.416 BB ©.4209 3430.04053 124.32121 50.0060
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D7 A, Wavsengih=254 m (M TWIT0021510)

12430

Signal 1: vWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area
" # [min] [min] [mAU*s] [mau] %
R |--==] =222 |--=nmmnne e R |
= msf 1 9.436 MM ©.3386 224.92831 11.07024 3.9341
iﬁr 2 12.43@ BB 9.4186 5492.41268 199.86919 96.8659

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 18.91 min; major isomer: tr = 27.68 min.

= g
H
g
@ z .
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type wWidth Area Height Area
“ # [min] [min]  [mAU*s] [mAu] %
cemnfeenee R R R |-oeeeeee |
1 18.865 BB 0.5933 4199.43896 108.08907 49.8663
° 2 27.600 BB @.8379 4221.95166 76.73201 50.1337
® i 2 = 2 P A Y |
AV A, W avedergin=26 ren (MTG06AMT 633 60_10-A5 D
l
w
™
E Signal 1: VWDl A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
- #  [min] [min]  [mAU*s] [mAU] %
weefmennes ) J-mmmmmeees | -mmmmeees |--mmeee- !
1 18.907 BB 0.5848 174.11121 4.52654 7.8052
18 " 2 2 2 x » ) | 2 27.678 BB 0.8294 2056.59717 37.58110 92.1948

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 13.37 min; major isomer: tr = 17.74 min.
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VWD A, Wavelengi=254 nm (WTI6212MT-86-1-80_20-RAC D)

1339

0
g Signal 1: VWDl A, Wavelength=254 nm
150
Peak RetTime Type Width Area Height Area
w #  [min] [min]  [mAU*s] [mAU] %
i R P el e R |-oeemeee |
1 13.390 BB ©.4097 5874.41943 218.48900@ 50.1829
2 17.766 BB ©.5496 5831.60303 162.12424 49.8171
1 12 i w W B
VDT A, Wi 254 e (MTVE21 T 86380 Z0A5 01

Al

250

1773

150 Signal 1: VWD1 A, Wavelength=254 nm

100 Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s ] [mAU] %
" R B R B R [~ s [-----m-- I
1 13.371 BB @.399@ 445.66245 17.10506 5.8830
o 2 17.735 BB @.5508 7129.74463 197.68385 94.1170

13371

Enantiomeric excess is 76% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 13.55 min; major isomer: tr = 14.99 min.

VAVD1 A, Warmsergh=254 nm (WIWTOG3174 0
A g
00
Signal 1: VWD1 A, Wavelength=254 nm
- Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
e R ) B |omememen |-=mmmmnene |- omen !
1 13.621 BV 0.3802 9265.69727 372.45215 49.8030
2 15.0857 VBA ©.4357 9339.01758 328.42880 50.1970
0 1 2 A s I IS m

S38



w50 gv‘f?‘
S

310
250
- Signal 1: VWD1 A, Wavelength=254 nm
a0 Peak RetTime Type Width Area Height Area
- . # [min] [min] [mAU*s] [mAU] %

§ & e |- -en-e |----n-eno |----emee e |
= = 1 13.545 MM 0.4121 7980.91650 322.79153 87.9764

B 2 14.993 MM 0.4802 1090.73865 37.85950 12.0236

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 22.51 min; major isomer: tr = 28.35 min.

<>
mAL
2 PDA Multi 1 254nm, 4nm
750 s =
500
EF>
PDA Chl 254nm _
' s | fRERR T A = T A%
1 21.955 33379278 774165 49. 883
0 2 28. 046 33536295 667132 50. 117
-0 s 0 e 00 win St 66915572 1441297 100. 000
<f;:ifﬂ%+>
= PDA Multi 1 254nm, 4nm
100 x
300
200 <m%ﬁ>
: PDA Chl 254nm‘ __ _
100 IS | fRE A [TiEA = %
1 22.514 1897750 49265 8.113
0 2 28. 351 21493355 436391 91.887
20.0 2.5 2.0 2.5 0.0 . B 23391106 485656 100. 000

Enantiomeric excess is 90% determined by HPLC (Chiralpak OD-H, Hexane/lsopropanol 95/5,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 20.13 min; major isomer: tr = 23.33 min.
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VWE1 A, Wavelengih=254 nm (MTW267MT 88-1.85_6 RAC )

s

50 ; .

125 A Ed

- Signal 1: VWD1 A, Wavelength=254 nm

* Peak RetTime Type Width Area Height Area

w0 #  [min] [min]  [mAU*s] [mAU] %
ceee] e e |=mmeeeee |=mmmeeeee | 2mmmeees |

® 1 20.507 BV ©.9588 8035.20850 126.37903 48.6392

o 2 23.313 VB 1.9328 8484.81055 123.76013 51.3608

o i P 2 2 = % |

VWD A, Wiavelengih-254 i (WTIE258MT-68.2-05_5-AS.)

£ = @:\*”\
£
00
=0
o Signal 1: vWD1 A, Wavelength=254 nm
- Peak RetTime Type Width Area Height Area
. #  [min] [min] [mAU*s] [mAU] %
e e R |- [--ooeeee |---eeev |
8 ‘szw‘* 1 20.131 MM 1.8026 1.87662e4 311.95663 95.2171
o 2 23.326 MM 9.9658 942.6615@ 16.26694 4.7829
A m Py 2 P P » =
. J

Enantiomeric excess is 72% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 18.27 min; major isomer: tr = 24.58 min.

VWD A Warslengh-254 in (MTWTOOTET7 ©)
Al
a0

a0

24885

o0
0
00

Signal 1: VWD1 A, Wavelength=254 nm

- Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
R P |--ememes |--memee [--meees |
1 18.224 BB 0.8633 4.79313e4  835.54248 49.8505
[ = 2 24.665 BB 1.0449 4.82187e4  699.80945 50.1495
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VN A, Wavengiiv=254 im (WTWITO0TETB 0]

- . &
n
aw Signal 1: VWD1 A, Wavelength=254 nm
=m0 Peak RetTime Type Width Area Height Area
o #  [min] [min] [mAU*s] [mAU] %
w : [ ! - |- meemne |- oenmene |-nnene |
1 18.273 BB ©0.8463 4956.06299 87.17632 13.8284
o - z = = = - Py ) 2 24.576 MM 1.1750 3.08837e4  438.07288 86.1716

Enantiomeric excess is 56% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 12.08 min; major isomer: tr = 17.56 min.

VWD A Wavelangitv-254 nm (MTTO0 1525 ]

1204

, H Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
] B P |-memmmmeee | --mmmeeee |--mmmeee |
= 1 12.844 BB 9.4136 3818.23291 141.16299 50.0251

N 2 17.515 BB ©.6220 3814.40820 93.87920 49.9749

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

# [min] [min]  [mAU*s] [mAU] %
- cenef e e R |+mmmnneea |+mmneees |--nmeees |
2 1 12.875 BB ©.4135 1374.156081 58.65971 22.1748

2 17.564 BB ©.6197 4822.76953 119.03105 77.8252

Enantiomeric excess is 84% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 90/10,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 17.97 min; major isomer: tr = 28.27 min.
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VNI A, Waswsengih=254 nen (MTWATO01807 D)
mall

18247

Signal 1: VWD1 A, Wavelength=254 nm

o S
& Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
»
1 18.247 BB @.6148 2171.59888 53.58863 50.2724
o 2 28.540 BB 1.0002 2148.06909 33.14143 49.7276
*® P » 2 2 % » 0 i

VAT A, Warwlangifi=254 rim (M TWITO0TB5) D)
mAU

28268

w
@
Signal 1: VWD1 A, Wavelength=254 nm
b Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
g cees] e RSN PR |oemeeennes [ oemmnenees |=omemeee |
1 17.966 BB ©.6120 451.02298 11.10104 8.1058
Ll 2 28.268 BB ©.9794 5113.16992 78.34838 91.8942
o 1a P % 2 = % E3 |

Enantiomeric excess is 99% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 60/40,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 3.73 min; major isomer: tr = 6.25 min.

VIWDT A, Wanssngihe254 i (MTWIT0021 11 0)

0
50 éﬁ’
f-‘;é’\ Signal 1: VWDl A, Wavelength=254 nm
m
E Peak RetTime Type Width Area Height Area
" & #  [min] [min]  [mAU*s] [mAU] %
& ) RN [ P [ -mmmmee e [-mmmmeeees [-mmnmees |

= 1 3.731 MM ©.1326 1604.65369 201.69762 51.5556
R 2 6.273 MM ©.3325 1567.81860 75.57365 48.4444

2 3 . s 1 : d

VBT A Wanslonh 264 i (MTIT 2

B248

Signal 1: VWDl A, Wavelength=254 nm

Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %
o R ! P | -mmmmnmnae |-ooeenes |--emnees |
1 3.726 VB ©.1193 21.89407 2.76678 9.2541
2 6.248 BB 9.2847 8594.51465 478.05939 99.7459

a7
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Enantiomeric excess is 50% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 14.90 min; major isomer: tr = 20.10 min.

VWO A Walergi=254 ren (WTS0GEMT 681 80_20 Rac D)

50 3
g
00 7 Signal 1: VWD1 A, Wavelength=254 nm
s
Peak RetTime Type Width Area Height Area
s #  [min] [min] [mAU*s] [mau] %
. R [ . R |--nnnnnne | --mnn |
1 14.844 BB ©.4784 4232.55469 134.78165 49.9878
2 20.061 BB 9.6434 4234.61279 100.74392 50.0122
o 2 b o 8 2 %
VAWOT A Wiseri 254 i (WTS007T 66.290 205 D
U
s
10
125
" Signal 1: VWD1 A, Wavelength=254 nm
N Peak RetTime Type Width Area Height Area
L i # [min] [min] [mAU*s] [mAU] %
N R P |--eemmnnee |-emeneee [-meennes |
1 14.9%2 BB ©.4776 1329.67017 42.31599 24.5067
0 2 20.102 BB ©.6423 4096.87373 97.46844 75.4933
i 2 1 1 1 2 P P

Enantiomeric excess is 74% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 80/20,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.80 min; major isomer: tr = 11.71 min.

WO A, Wanergih=264 rn (TATOO 1889 D)

s

- Signal 1: VWD1 A, Wavelength=254 nm

b Peak RetTime Type Width Area Height Area

- # [min] [min] [mAU*s] [mAU] %
S - TR |-eieeeeee [ !

= 1 8.784 BB 0.3288 6581.73096 302.53720 49.3853

2 11.648 BB 0.4428 6745.57813 230.25417 50.6147
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VWD A, Wilengihs 254 nm (WTITOGTB7210)
Ay

0 &
300 =
250
Signal 1: VWD1 A, Wavelength=254 nm

0
15 Peak RetTime Type Width Area Height Area
- #  [min] [min] [mAU*s] [mAU] %

ceme]eeaeas e |--nmmeeees |--mmnee |-ommnee- |
“ 1 8.801 BB 0.3282 1256.94458 57.92688 12.7012
N 2 11.710 MM 0.4813 8639.34668 299.17529 87.2988

s N

N
H
6

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 70/30,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 8.28 min; major isomer: tr = 14.36 min.

<tuiff P>
mAl
PDA Multi 1 254n
500
- ) <WER>
”” PDA Chl 254nm _
e | PRI TR [ i EE%
1] 8.272] 7943640 551891 49.918
0 2| 14.301[ 7969732 305828 50. 082
5.0 7.5 10.0 12.5 15.0 1.5 B 15913371 857719 100. 000
i
mAl
1500
<WEFR>
" PDA Chl 254nm i _
500 § ﬂl%% ﬁl %H-JL [|] RS J'EITJ»E [ Fn
’ 1| 8.281| 4491101 312655 7. 401
0 2| 14,364 | 56193511 | 2249054 92. 599
w0 s 0. s 50 ms |8 60684612 | 2561709 [ 100.000
Ve “Iii!>
o O
N
—o
7

Enantiomeric excess is 86% determined by HPLC (Chiralpak AD-H, Hexane/lsopropanol 70/30,

flow rate = 1.0 mL/min, 254 nm): minor isomer: tr = 13.24 min; major isomer: tr = 26.40 min.
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ik
mAL

= POA Multi 1 254nm, 4nm
200 f <|L|§ﬁ>
PDA Chl 254nm _
AL DT A T
1 13. 311 9280202 416318 49. 853
ol 2 26. 241 9334997 190057 50. 147
10.0 12.5 15.0 1.5 0.0 2.5 2.0 75 300 it 18615199 606375 100. 000
fﬁim‘.‘b
ij. PDA Multi 1 254nm, 4nm
500
>
250 PDA Chl 254nm __
i Wy | PRET (R [TEs = RE %
% 1 13. 239 15271088 681756 92.727
0 2 26. 400 1197774 25210 7.273
10.0 12.5 15.0 17.5 20.0 2.5 25.0 w5 wo BiH 16468862 706966 100. 000

7. Copies of NMR spectra
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