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1.  General information.  

Chemicals  

Chemicals were commercially purchased from Adamas-beta, Energy Chemical, 

Aladdin, Daicel Chiral Technologies (China) Co., etc, and directly used without 

further purification unless otherwise stated. Pd(TFA)2 was purchased from 

Adamas-beta. Toluene and mesitylene were purified by freshly distilled prior to use. 

Phosphoramidite ligand L1 was prepared according to our previous report (M. Chen, 

X. Wang, P. Yang, X. Kou, Z.-H. Ren and Z.-H. Guan, Angew. Chem. Int. Ed., 2020, 

59, 12199-12205; M. Chen, X. Wang, Z.-H. Ren and Z.-H. Guan, CCS Chem., 2021, 3, 

69-77.)  

L1: 1H NMR (400 MHz, CDCl3) δ 8.09 (s, 4H), 7.87 (s, 1H), 7.73 (s, 1H), 7.27 (s, 

1H), 7.21 (s, 1H), 7.06 (d, J = 8.0 Hz, 1H), 6.95 (t, J = 8.0 Hz, 1H), 6.68 (s, 1H), 6.48 

(d, J = 4.0 Hz, 1H), 6.37 (d, J = 8.0 Hz, 1H), 6.34 (s, 2H), 4.14 (d, J = 16.0 Hz, 1H), 

3.43 (dd, J = 16.0, 4.0 Hz, 1H), 2.93 (s, 4H), 2.72 (s, 2H), 2.42 (s, 2H), 2.02 (s, 6H), 

1.94 - 1.79 (m, 6H), 1.77 - 1.57 (m, 2H); 13C NMR (101 MHz, CDCl3) δ 144.6, 144.2, 

143.3, 143.1, 140.0, 139.7, 139.6, 139.5, 137.8, 136.8, 135.5, 135.0, 132.0, 131.8, 

131.6, 131.4, 131.3, 131.1, 130.7, 130.1, 129.9, 129.8, 129.4, 129.1, 128.9, 128.7, 

128.2, 125.6, 125.5, 125.1, 124.9, 124.7, 124.6, 122.2, 122.0, 121.9, 120.9, 120.7, 

120.2, 49.3 29.2, 29.2, 27.9, 27.9, 22.6, 22.6, 22.5, 22.4, 20.9. HRMS calcd (ESI) m/z 

for C52H39F15NNaO2P: [M+Na]+ 1048.2371, found 1048.2356.  

The norbornenes N10 was prepared according to literature procedures. (J. M. Goll and 

E. Fillion, Organometallics, 2008, 27, 3622-3625; P. Liu, M. Yasir and A. F. M. 

Kilbinger, Angew. Chem. Int. Ed., 2019, 58, 15278-15282.)  

Chromatography  

Analytical thin-layer chromatography (TLC) was carried out with silica gel pre-coated 

glass plates (TLC-Silica gel GF254, coating thickness: 0.20-0.25 mm, particle size: 

10-40 μm) purchased from Xinnuo Chemical (Yantai, China). The TLC was 

visualized with a UV lamp (254 or 365 nm).  

Flash Column chromatography was carried out on silica gel (60 Å, 200-300 mesh) 

purchased from Xinnuo Chemicals (Yantai, China) with technical grade solvents as 

the eluent. All the yields referred to spectroscopically and chromatographically pure 

compounds. 

Nuclear magnetic resonance (NMR) spectroscopy  

1H NMR spectra were recorded on Bruker AVANCE III instrument (400 MHz 
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spectrometer). The analytical sample was dissolved in an appropriate deuterated 

solvent. The employed deuterated solvent and the measuring frequency are indicated 

in each 1H NMR data. Chemical shifts are reported in parts per million (ppm) with the 

solvent resonance as the internal reference (CDCl3 δ 7.26). The following 

abbreviations (or combinations thereof) were used to explain multiplicities: s = singlet, 

d = doublet, t = triplet, q = quartet, m = multiplet, b = broad. Coupling constants, J 

were reported in Hertz unit (Hz).  

13C NMR spectra were recorded on Bruker AVANCE III instrument (101 MHz 

spectrometer). The employed deuterated solvent and the measuring frequency are both 

indicated in each 13C NMR data. Chemical shifts are reported in ppm with the solvent 

resonance as the internal reference (CDCl3 δ 77.0).  

High resolution mass spectrometry (HRMS)  

HRMS were recorded on a liquid chromatography/quadrupole time-of-flight mass 

spectrometer (MicroTof-Q II mass spectrometer, Bruker Daltonics) using electrospray 

ionization-time of flight (ESI-TOF) at the Instrumental Analysis Center of Northwest 

University. The calculated values are based on the most abundant isotope.  

Optical rotations  

Optical rotations were measured with a WZZ-2S automatic polarimeter purchased 

from Shanghai INESA Physico-Optical instrument company using a sodium lamp 

(sodium D line, λ = 589 nm) in the indicated solvent at the indicated temperature. The 

measurements were carried out in a 1.5 mL cell (50 mm length) with concentrations 

(g/100mL) reported in the corresponding solvent. The optical rotation values ([α]D) 

were reported at a given temperature (°C) in deg. mL g−1 dm−1. 

High performance liquid chromatography (HPLC)  

HPLC analysis was performed on an Agilent Technologies 1260 Series using 

Chiralpak columns IA, IC, or IG (Daicel Chiral Reagent Company). The solvents 

(n-hexane and iso-propanol, HPLC-grade) used as the eluent were purchased from 

Oceanpak. The column type and the eluent (a mixture of n-hexane and iso-propanol) 

are indicated for each experiment. 

X-ray crystallography  

X-ray crystallography was performed on a BRUKERSMA RTAPEXIICCD 

diffractometer at Instrumental Analysis Center of Northwest University.  
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2.  Typical procedure for the asymmetric Heck/Suzuki reaction. 

 

The 10 mL round-bottom flask was charged with acrylamides 1 (0.1 mmol, 1.0 

equiv), RB(OH)2 (2.0 equiv), Pd(TFA)2 (8 mol%), L1 (16 mol%), N10 (60 mol%), 

Cs2CO3 (3.0 equiv) and H2O (0.1 mL) in mesitylene (0.5 mL) under N2 atmosphere. 

The reaction was then heated in 50 oC and stirred for 12 h. Upon completion of the 

reaction, the reaction mixture was cooled down to room temperature. The reaction 

was purified by column chromatography on silica gel with hexanes: ethyl acetate 

(10:1) as the eluent to afford the corresponding product 3 or 4.  

 

 

3.  Typical procedure for synthesis of the racemic Heck/Suzuki products. 

 

The 10 mL round-bottom flask was charged with acrylamides 1 (0.1 mmol, 1.0 

equiv), RB(OH)2 (2.0 equiv), Pd(PPh3)4 (5 mol%), KHCO3 (3.0 equiv) and H2O (50 

equiv) in toluene (0.8 mL) under N2 atmosphere. The reaction was then heated in 80 

oC and stirred for 12 h. Upon completion of the reaction, the reaction mixture was 

cooled down to room temperature. The reaction was purified by column 

chromatography on silica gel with hexanes: ethyl acetate (10:1) as the eluent to afford 

the corresponding product (±)-3 or 4.  
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4.  Table S1. Screening of catalyst and solvent.a 

 

entry [Pd] solvent yield (%) ee (%) 

1 Pd(OAc)2 Toluene 34 49 

2 Pd(TFA)2 Toluene 58 68 

3 Pd(acac)2 Toluene 8 56 

4 Pd(dba)2 Toluene 51 65 

5 Pd(TFA)2 Dioxane 10 61 

6 Pd(TFA)2 CH3CN 0 -- 

7 Pd(TFA)2 DMF 0 -- 

8 Pd(TFA)2 Mesitylene 64 72 

9b Pd(TFA)2 Mesitylene 75 70 

aConditions: 1a (0.1 mmol), 2a (0.2 mmol), [Pd] (8 mol%), L1 (16 mol%), Cs2CO3 

(0.3 mmol), solvent (0.5 mL), N2, 50 oC, 12 h. Isolated yield, and enantiomeric excess 

(ee) were determined by chiral HPLC analysis. bH2O (0.1 mL) was added. 
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Table S2. Screening of phosphoramidite ligands.a 

 

entry Ln yield (%) ee (%) 

1 L2 30 3 

2 L3 53 0 

3 L4 61 5 

4 L5 26 30 

5 L6 24 16 

6 L7 49 40 

7 L8 26 39 

8 L9 42 50 

9 L10 31 49 

10 L11 31 66 

11 L12 65 60 

 

aConditions: 1a (0.1 mmol), 2a (0.2 mmol), Pd(TFA)2 (8 mol%), Ln (16 mol%), Cs2CO3 

(0.3 mmol), mesitylene (0.5 mL), H2O (0.1 mL), N2, 50 oC, 12 h. Isolated yield, and 

enantiomeric excess (ee) were determined by chiral HPLC analysis.  
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5.  Synthesis of intermediate INT-1 and mechanistic study. 

 

In a 10 mL round-bottom flask, acrylamides 1a (0.1 mmol, 1.0 equiv) was 

added to the solution of Pd2(dba)3 (0.05 mmol, 0.5 eqiuv) and L1 (0.1 mmol, 1.0 

equiv) in mesitylene (2 mL). Then, the flask was evacuated and back-filled with argon 

(3 times) and then stirred at 50 oC for 12 h. The residue was purified by column 

chromatography on silica gel (hexanes: ethyl acetate = 15:1) to give the σ-alkyl 

palladium INT-1 (45% yield). 1H NMR (CDCl3, 400 MHz) δ 8.53 (s, 2H), 8.15 (s, 

2H), 7.81 (d, J = 6.4 Hz, 3H), 7.56 - 7.54 (m, 2H), 7.36 (s, 1H), 7.31 (d, J = 7.6 Hz, 

4H), 7.18 - 7.15 (m, 3H), 6.82 (d, J = 7.6 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.59 (s, 

1H), 6.38 (s, 1H), 5.76 (s, 1H), 3.95 (d, J = 18.4 Hz, 1H), 3.25 (d, J = 16.8 Hz, 1H), 

2.95 (s, 3H), 2.80 (s, 3H), 2.21 - 2.16 (m, 2H), 2.05 - 2.01 (m, 1H), 1.90 - 1.83 (m, 

14H), 1.68 (t, J = 10.4 Hz, 1H), 0.88 (s, 3H). HRMS calcd (ESI) m/z for 

C68H53F15N2O3PPd: [M-Br]+ 1367.2606, found: 1367.2642.  

In a 10 mL round-bottom flask, the σ-alkyl palladium INT-1 (0.045 mmol, 1.0 

equiv), PhB(OH)2 (0.09 mmol, 2.0 equiv), Cs2CO3 (0.09 mmol, 2.0 equiv) in 

mesitylene (0.5 mL) was heated at 50 oC under stirring for 12 h. After the completion 

of the reaction, the residue was purified by column chromatography on silica gel 

(hexanes: ethyl acetate = 10: 1) to give the product 3a (30% yield, 93% ee). 
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6.  Characterization data of the products. 

 

(S)-3-benzyl-1-methyl-3-phenylindolin-2-one (3a) 

Yield: 72% (22.5 mg), ee = 94%, [α]D
21 = -79.5 (c = 1.1, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.51 - 7.48 (m, 2H), 7.34 - 7.30 (m, 2H), 7.27 - 7.24 (m, 1H), 7.21 - 

7.16 (m, 2H), 7.07 - 6.97 (m, 4H), 6.83 (dd, J = 8.0, 2.0 Hz, 2H), 6.58 (d, J = 8.0 Hz, 

1H), 3.70 (d, J = 12.8 Hz, 1H), 3.44 (d, J = 12.8 Hz, 1H), 2.91 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 177.7, 143.6, 139.6, 135.6, 131.1, 129.9, 128.5, 128.1, 127.3, 127.2, 

126.4, 125.4, 122.1, 107.9, 58.2, 43.9, 25.9. HRMS (ESI) calcd. for C22H20NO 

[M+H]+: 314.1539, found: 314.1547.  

The ee of compound 3a was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 10.24 min, 

tminor = 12.26 min). 
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(S)-3-benzyl-1,5-dimethyl-3-phenylindolin-2-one (3b) 

Yield: 65% (21.4 mg), ee =97%, [α]D
18 = -32.7 (c = 1.2, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 7.05 - 6.99 (m, 5H), 6.82 (dd, J = 7.6, 1.2 Hz, 2H), 6.49 (d, J = 8.4 Hz, 1H), 3.68 

(d, J = 12.8 Hz, 1H), 3.44 (d, J = 12.8 Hz, 1H), 2.91 (s, 3H), 2.34 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 177.7, 141.4, 139.9, 135.7, 131.6, 131.4, 130.0, 128.5, 128.4, 

127.3, 127.2, 126.4, 126.1, 107.7, 58.3, 43.8, 26.0, 21.2. HRMS (ESI) calcd. for 

C23H22NO [M+H]+: 328.1696, found: 328.1696.  

The ee of compound 3b was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.67 min, tminor 

= 12.60 min). 

 

 



S10 
 

 

(S)-3-benzyl-1,6-dimethyl-3-phenylindolin-2-one (3c) 

Yield: 77% (25.2 mg), ee = 96%, [α]D
18 = -70.9 (c = 1.1, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 7.2 Hz, 2H), 7.24 (t, J = 7.2 Hz, 

1H), 7.06 - 7.00 (m, 4H), 6.88 - 6.83 (m, 3H), 6.43 (s, 1H), 3.65 (d, J = 12.8 Hz, 1H), 

3.43 (d, J = 12.8 Hz, 1H), 2.91 (s, 3H), 2.31 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 

178.0, 143.7, 139.9, 138.1, 135.8, 130.0, 128.4, 128.0, 127.3, 127.2, 127.2, 126.4, 

125.2, 122.6, 108.9, 57.9, 43.9, 25.9, 21.7. HRMS (ESI) calcd. for C23H22NO [M+H]+: 

328.1696, found: 328.1697.  

The ee of compound 3c was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 6.74 min, 

tminor = 11.60 min). 

 

 



S11 
 

 

(S)-3-benzyl-1,5,6-trimethyl-3-phenylindolin-2-one (3d) 

Yield: 53% (18.0 mg), ee = 93%, [α]D
32 = -38.8 (c = 1.2, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 2H), 7.35 - 7.31 (m, 2H), 7.28 - 7.24 (m, 1H), 

7.05 - 6.99 (m, 3H), 6.93 (s, 1H), 6.83 (d, J = 7.2 Hz, 2H), 6.42 (s, 1H), 3.64 (d, J = 

13.6 Hz, 1H), 3.45 (d, J = 12.4 Hz, 1H), 2.91 (s, 3H), 2.24 (t, J = 2.0 Hz, 6H); 13C 

NMR (101 MHz, CDCl3) δ 177.9, 141.6, 140.1, 136.2, 135.9, 130.0, 129.9, 128.5, 

128.4, 127.3, 127.2, 126.6, 126.4, 109.4, 58.1, 43.8, 26.0, 20.2, 19.6. HRMS (ESI) 

calcd. for C24H24NO [M+H]+: 342.1852, found: 342.1859.  

The ee of compound 3d was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.83 min, 

tminor = 15.46 min). 
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(S)-3-benzyl-5-ethyl-1-methyl-3-phenylindolin-2-one (3e) 

Yield: 72% (24.6 mg), ee = 97%, [α]D
19 = -56.6 (c = 1.0, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 7.05 - 6.98 (m, 5H), 6.82 (d, J = 6.8 Hz, 2H), 6.52 (d, J = 7.6 Hz, 1H), 3.67 (d, J 

= 12.8 Hz, 1H), 3.45 (d, J = 12.8 Hz, 1H), 2.93 (s, 3H), 2.68 - 2.60 (m, 2H), 1.22 (t, J 

= 7.6 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.8, 141.5, 139.8, 138.3, 135.8, 

131.2, 130.0, 128.5, 127.3, 127.3, 127.3, 126.4, 125.2, 107.7, 58.3, 44.0, 28.7, 26.1, 

16.2. HRMS (ESI) calcd. for C24H24NO [M+H]+: 342.1852, found: 342.1860.  

The ee of compound 3e was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 12.60 min, 

tminor = 16.21 min). 
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(S)-3-benzyl-5-isopropyl-1-methyl-3-phenylindolin-2-one (3f) 

Yield: 70% (24.9 mg), ee = 97%, [α]D
18 = -79.6 (c = 0.7, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.51 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 6.8 Hz, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 7.06 - 6.98 (m, 5H), 6.81 (d, J = 6.8 Hz, 2H), 6.52 (d, J = 8.0 Hz, 1H), 3.66 (d, J 

= 12.8 Hz, 1H), 3.46 (d, J = 12.4 Hz, 1H), 2.95 (s, 3H), 2.93 - 2.86 (m, 1H), 1.24 (t, J 

= 6.4 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 177.8, 142.9, 141.6, 139.7, 135.8, 

130.9, 130.0, 128.5, 127.4, 127.3, 126.4, 125.8, 123.9, 107.6, 58.3, 44.1, 33.9, 26.1, 

24.6, 24.0. HRMS (ESI) calcd. for C25H26NO [M+H]+: 356.2009, found: 356.2011.  

The ee of compound 3f was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.51 min, tminor 

= 10.34 min). 
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(S)-3-benzyl-5-butyl-1-methyl-3-phenylindolin-2-one (3g) 

Yield: 56% (20.7 mg), ee = 98%, [α]D
18 = -146.8 (c = 0.4, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 6.8 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 7.05 - 6.98 (m, 5H), 6.83 (d, J = 6.4 Hz, 2H), 6.51 (d, J = 8.4 Hz, 1H), 3.69 (d, J 

= 12.8 Hz, 1H), 3.44 (d, J = 12.8 Hz, 1H), 2.94 (s, 3H), 2.60 (dd, J = 15.2, 7.6 Hz, 

2H), 1.61 - 1.56 (m, 2H), 1.34 (dd, J = 14.8, 7.2 Hz, 2H), 0.95 (t, J = 7.2 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ 177.8, 141.5, 139.9, 136.8, 135.8, 131.1, 130.0, 128.5, 

127.9, 127.3, 127.3, 126.4, 125.7, 107.6, 58.3, 43.9, 35.3, 34.0, 26.1, 22.1, 14.0. 

HRMS (ESI) calcd. for C26H28NO [M+H]+: 370.2165, found: 370.2162.  

The ee of compound 3g was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0mL/min, λ = 254nm, tmajor = 7.18 min, tminor = 

9.12 min). 
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(S)-3-benzyl-5-(tert-butyl)-1-methyl-3-phenylindolin-2-one (3h) 

Yield: 74% (27.3 mg), ee = 98%, [α]D
18 = -88.4(c = 0.5, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.52 (d, J = 7.2 Hz, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 6.8 Hz, 

1H), 7.21 (dd, J = 8.4, 2.0 Hz, 1H), 7.17 (d, J = 1.6 Hz, 1H), 7.04 - 6.98 (m, 3H), 6.80 

(d, J = 6.8 Hz, 2H), 6.54 (d, J = 8.0 Hz, 1H), 3.65 (d, J = 12.8 Hz, 1H), 3.47 (d, J = 

13.2 Hz, 1H), 2.96 (s, 3H), 1.31 (s, 9H); 13C NMR (101 MHz, CDCl3) δ 177.9, 145.1, 

141.3, 139.7, 135.9, 130.4, 130.1, 128.5, 127.4, 127.3, 126.4, 124.4, 123.3, 107.3, 

58.3, 44.2, 34.5, 31.5, 26.1. HRMS (ESI) calcd. for C26H28NO [M+H]+: 370.2165, 

found: 370.2168.  

The ee of compound 3h was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 6.86 min, tminor 

= 9.06 min). 
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(S)-3-benzyl-5-methoxy-1-methyl-3-phenylindolin-2-one (3i) 

Yield: 74% (25.4 mg), ee = 97%, [α]D
18 = -40.0 (c = 1.4, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 7.2 Hz, 2H), 7.36 - 7.32 (m, 2H), 7.30 - 7.26 (m, 1H), 

7.06 - 7.00 (m, 3H), 6.86 (dd, J = 7.2, 1.2 Hz, 2H), 6.79 (d, J = 2.4 Hz, 1H), 6.74 (dd, 

J = 8.4, 2.4 Hz, 1H), 6.51 (d, J = 8.4 Hz, 1H), 3.77 (s, 3H), 3.69 (d, J = 12.4 Hz, 1H), 

3.45 (d, J = 12.8 Hz, 1H), 2.92 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.4, 155.6, 

139.6, 137.3, 135.6, 132.5, 130.0, 128.6, 127.4, 127.2, 126.5, 112.8, 112.5, 108.2, 

58.6, 55.8, 43.8, 26.1. HRMS (ESI) calcd. for C23H22NO2 [M+H]+: 344.1645, found: 

344.1644.  

The ee of compound 3i was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.93 min, 

tminor = 14.32 min). 
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(S)-3-benzyl-6-methoxy-1-methyl-3-phenylindolin-2-one (3j) 

Yield: 74% (25.4 mg), ee = 96%, [α]D
18 = -69.7 (c = 1.0, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 (d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2Hz, 

1H), 7.08 - 7.00 (m, 4H), 6.84 (dd, J = 7.6, 1.6 Hz, 2H), 6.58 (dd, J = 8.4, 2.4 Hz, 1H), 

6.20 (d, J = 2.4 Hz, 1H), 3.80 (s, 3H), 3.65 (d, J = 12.8 Hz, 1H), 3.43 (d, J = 12.8 Hz, 

1H), 2.92 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 178.3, 160.1, 144.9, 140.0, 135.9, 

130.0, 128.5, 127.4, 127.3, 127.2, 126.4, 126.1, 123.0, 106.1, 95.8, 57.7, 55.4, 44.1, 

26.0. HRMS (ESI) calcd. for C23H22NO2 [M+H]+: 344.1645, found: 344.1643.  

The ee of compound 3j was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.44 min, 

tminor= 11.85 min). 
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(S)-3-benzyl-5,6-dimethoxy-1-methyl-3-phenylindolin-2-one (3k) 

Yield: 58% (21.6 mg), ee = 97%, [α]D
18 = -63.5 (c = 1.6, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 6.8 Hz, 

1H), 7.07 - 7.02 (m, 3H), 6.84 (dd, J = 7.6, 1.2 Hz, 2H), 6.70 (s, 1H), 6.27 (s, 1H), 

3.87 (s, 3H), 3.82 (s, 3H), 3.62 (d, J = 12.8 Hz, 1H), 3.47 (d, J = 12.8 Hz, 1H), 2.96 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 178.1, 149.4, 144.6, 139.8, 137.6, 135.9, 130.0, 

128.5, 127.5, 127.4, 127.3, 126.5, 121.5, 110.5, 93.8, 58.3, 56.8, 56.2, 43.8, 26.2. 

HRMS (ESI) calcd. for C24H24NO3 [M+H]+: 374.1750, found: 374.1758.  

The ee of compound 3k was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.19 min, 

tminor= 13.89 min). 

 

 



S19 
 

 

(S)-3-benzyl-5-ethoxy-1-methyl-3-phenylindolin-2-one (3l) 

Yield: 63% (22.5 mg), ee = 97%, [α]D
18 = -35.8 (c = 1.2, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 7.03 (dd, J = 13.2, 6.0 Hz, 3H), 6.86 (dd, J = 7.6, 1.6 Hz, 2H), 6.81 (d, J = 2.4 

Hz, 1H), 6.74 (dd, J = 8.8, 2.8 Hz, 1H), 6.50 (d, J = 8.4 Hz, 1H), 4.02 - 3.93 (m, 2H), 

3.69 (d, J = 12.8 Hz, 1H), 3.43 (d, J = 12.8 Hz, 1H), 2.91 (s, 3H), 1.40 (t, J = 7.2 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 177.5, 154.9, 139.7, 137.3, 135.7, 132.5, 130.0, 

128.6, 127.4, 127.4, 127.2, 126.5, 113.5, 113.4, 108.3, 64.2, 58.7, 43.8, 26.1, 14.9. 

HRMS (ESI) calcd. for C24H24NO2 [M+H]+: 358.1802, found: 358.1814.  

The ee of compound 3l was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 12.60 min, 

tminor = 16.21 min). 

 

 



S20 
 

 

(S)-3-benzyl-5-fluoro-1-methyl-3-phenylindolin-2-one (3m) 

Yield: 67% (22.2 mg), ee = 93%, [α]D
18 = -69.1 (c = 1.3, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.47 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 6.8 Hz, 2H), 7.30 (t, J = 7.2 Hz, 

1H), 7.07 - 7.01 (m, 3H), 6.97 - 6.88 (m, 2H), 6.86 (dd, J = 7.2, 1.2 Hz, 2H), 6.52 (q, 

J = 4.4 Hz, 1H), 3.72 (d, J = 12.8 Hz, 1H), 3.43 (d, J = 12.8 Hz, 1H), 2.94 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 177.5, 158.9 (d, JCF = 238.9 Hz), 139.7, 139.1, 135.2, 

133.0 (d, JCF = 7.9 Hz), 129.9, 128.7, 127.7, 127.5, 127.1, 126.7, 114.4 (d, JCF = 23.4 

Hz), 113.4 (d, JCF = 24.6 Hz), 108.4 (d, JCF = 8.1 Hz), 58.7, 43.8, 26.2. HRMS (ESI) 

calcd. for C22H19FNO [M+H]+: 332.1445, found: 332.1445.  

The ee of compound 3m was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.54 min, 

tminor= 10.79 min). 

 

 



S21 
 

 

(S)-3-benzyl-6-fluoro-1-methyl-3-phenylindolin-2-one (3n) 

Yield: 65% (21.5 mg), ee = 94%, [α]D
18 = -85.9 (c = 1.1, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.47 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 6.8 Hz, 2H), 7.31 - 7.27 (m, 1H), 

7.13 (dd, J = 8.4, 5.6 Hz, 1H), 7.09 - 7.01 (m, 3H), 6.4 (d, J = 6.4 Hz, 2H), 6.78 - 6.73 

(m, 1H), 6.35 (dd, J = 8.8, 2.0 Hz, 1H), 3.69 (d, J = 12.8 Hz, 1H), 3.42 (d, J = 12.8 Hz, 

1H), 2.92 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 178.1, 163.0 (d, JCF = 243.6 Hz), 

145.2 (d, JCF = 11.5 Hz), 139.4, 135.4, 129.9, 128.6, 127.5, 127.2, 127.1 (d, JCF = 

92.2 Hz), 126.5, 126.4, 108.2 (d, JCF = 22.2 Hz), 96.7 (d, JCF = 27.3 Hz), 57.9, 44.0, 

26.1. HRMS (ESI) calcd. for C22H19FNO [M+H]+: 332.1445, found: 332.1443.  

The ee of compound 3n was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 10.63 min, 

tminor= 13.53 min). 

 

 



S22 
 

 

(S)-3-benzyl-5-chloro-1-methyl-3-phenylindolin-2-one (3o) 

Yield: 55% (19.1 mg), ee = 95%, [α]D
19 = -17.0 (c = 1.0, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.45 (d, J = 6.0 Hz, 2H), 7.36 - 7.30 (m, 3H), 7.18 (s, 2H), 7.05 (s, 

3H), 6.85 (s, 2H), 6.51 (d, J = 7.2 Hz, 1H), 3.71 (d, J = 12.8 Hz, 1H), 3.43 (d, J = 12.4 

Hz, 1H), 2.92 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.3, 142.3, 139.0, 135.1, 

133.2, 129. 9, 128.7, 128.1, 127.7, 127.5, 127.1, 126.7, 125.6, 108.9, 58.5, 43.8, 26.1. 

HRMS (ESI) calcd. for C22H19ClNO [M+H]+: 348.1150, found: 348.1149.  

The ee of compound 3o was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 10.92 min, 

tminor= 17.15 min). 

 

 



S23 
 

 

(S)-3-benzyl-5-bromo-1-methyl-3-phenylindolin-2-one (3p) 

Yield: 50% (19.6 mg), ee = 95%, [α]D
27 = -18.5 (c = 2.8, CHCl3),1H NMR (400 

MHz, ) δ 7.46 - 7.44 (m, 2H), 7.39 - 7.31 (m, 5H), 7.08 - 7.03 (m, 3H), 6.84 (dd, J = 

6.8, 1.2 Hz, 2H), 6.48 (d, J = 8.0 Hz, 1H), 3.70 (d, J = 12.8 Hz, 1H), 3.43 (d, J = 12.8 

Hz, 1H), 2.92 (s, 3H); 13C NMR (101 MHz, CDCl3), δ 177.2, 142.7, 138.9, 135.1, 

133.5, 131.0, 129.9, 128.7, 128.4, 127.7, 127.5, 127.1, 126.7, 114.8, 109.4, 58.5, 43.7, 

26.1. HRMS (ESI) calcd. for C22H18BrNNaO [M+Na]+: 414.0464, found: 414.0466. 

The ee of compound 3p was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.84 min, 

tminor= 11.67 min). 

 

 



S24 
 

 

(S)-3-benzyl-1-methyl-3-phenyl-5-(trifluoromethyl)indolin-2-one (3q) 

Yield: 71% (27.1 mg), ee = 92%, [α]D
18 = -24.2 (c = 1.0, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 - 7.42 (m, 4H), 7.39 - 7.35 (m, 2H), 7.34 - 7.30 (m, 1H), 7.08 - 

7.00 (m, 3H), 6.79 (d, J = 6.8 Hz, 2H), 6.66 (d, J = 8.0 Hz, 1H), 3.73 (d, J = 12.8 Hz, 

1H), 3.47 (d, J = 12.8 Hz, 1H), 2.98 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.8, 

146.7, 138.6, 135.0, 131.9, 129.8, 128.8, 127.8, 127.6, 127.1, 126.8, 125.9 (q, JCF = 

4.0 Hz), 124.2, 122.5 (q, JCF = 3.7 Hz), 107.7, 58.3, 44.0, 26.2. HRMS (ESI) calcd. 

for C23H19F3NO [M+H]+: 382.1413, found: 382.1413.  

The ee of compound 3q was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.87 min, 

tminor= 11.28 min). 

 

 



S25 
 

 
(S)-3-benzyl-1-methyl-3-(p-tolyl)indolin-2-one (3r) 

Yield: 70% (22.9 mg), ee = 93%, [α]D
18 = -99.7 (c = 0.9, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.37 (d, J = 8.4 Hz, 2H), 7.21 - 7.18 (m, 2H), 7.14 (d, J = 8.0 Hz, 2H), 

7.08 - 6.98 (m, 4H), 6.83 (dd, J = 7.6, 1.2 Hz, 2H), 6.60 (d, J = 7.6 Hz, 1H), 3.70 (d, J 

= 12.4 Hz, 1H), 3.42 (d, J = 12.8 Hz, 1H), 2.93 (s, 3H), 2.32 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 177.9, 143.7, 137.1, 136.7, 135.7, 131.4, 130.0, 129.2, 128.0, 127.4, 

127.1, 126.4, 125.4, 122.1, 107.9, 58.0, 43.9, 26.0, 21.0. HRMS (ESI) calcd. for 

C23H21NNaO [M+Na]+: 350.1515, found: 350.1520.  

The ee of compound 3r was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 10.46 min, 

tminor= 16.30 min). 

 

 



S26 
 

 

(S)-3-benzyl-1-methyl-3-(m-tolyl)indolin-2-one (3s) 

Yield: 69% (22.6 mg), ee = 92%, [α]D
18 = -71.9 (c = 0.8, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.30 (s, 1H), 7.27 - 2.25 (m, 1H), 7.24 - 7.18 (m, 3H), 7.09 (t, J = 6.4 

Hz, 2H), 7.05 - 6.98 (m, 3H), 6.83 (d, J = 6.8 Hz, 2H), 6.59 (d, J = 7.6 Hz, 1H), 3.71 

(d, J = 12.4 Hz, 1H), 3.44 (d, J = 12.4 Hz, 1H), 2.93 (s, 3H), 2.34 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 177.8, 143.7, 139.7, 138.2, 135.7, 131.5, 130.0, 128.4, 128.2, 

128.2, 127.8, 127.3, 126.4, 125.3, 124.2, 122.1, 107.9, 58.2, 43.8, 26.0, 21.6. HRMS 

(ESI) calcd. for C23H22NO [M+H]+: 328.1696, found: 328.1707.  

The ee of compound 3s was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.72 min, 

tminor= 9.99 min). 

 

 



S27 
 

 

(S)-3-benzyl-3-(4-methoxyphenyl)-1-methylindolin-2-one (3t) 

Yield: 67% (23.0 mg), ee = 89%, [α]D
18 = -21.5 (c = 1.0, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.42 (d, J = 8.8 Hz, 2H), 7.23 - 7.18 (m, 2H), 7.08 - 6.98 (m, 4H), 

6.87 (d, J = 8.8 Hz, 2H), 6.83 (d, J = 6.4 Hz, 2H), 6.61 (d, J = 7.6 Hz, 1H), 3.79 (s, 

3H), 3.67 (d, J = 12.8 Hz, 1H), 3.41 (d, J = 12.8 Hz, 1H), 2.94 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 178.0, 158.8, 143.7, 135.7, 131.7, 131.3, 130.0, 128.4, 128.1, 127.4, 

126.4, 125.4, 122.1, 113.9, 108.0, 57.5, 55.3, 44.1, 26.0. HRMS (ESI) calcd. for 

C23H22NO2 [M+H]+: 344.1645, found: 344.1651.  

The ee of compound 3t was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 6.95 min, 

tminor= 11.62 min). 

 

 



S28 
 

 

(S)-3-benzyl-3-(4-fluorophenyl)-1-methylindolin-2-one (3u) 

Yield: 70% (23.3 mg), ee = 90%, [α]D
18 = -104.2 (c = 0.6, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 - 7.47 (m, 2H), 7.25 - 7.18 (m, 2H), 7.10 - 6.99 (m, 6H), 6.81 (d, 

J = 6.8 Hz, 2H), 6.62 (d, J = 7.6 Hz, 1H), 3.65 (d, J = 12.8 Hz, 1H), 3.41 (d, J = 12.8 

Hz, 1H), 2.95 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.6, 162.1 (d, JCF = 245.0 Hz), 

143.7, 135.4, 130.8, 129.9, 129.0 (d, JCF = 8.0 Hz), 128.3, 127.4, 126.6, 125,5, 122.2, 

115.3 (d, JCF = 21.2 Hz), 108.1, 57.6, 44.3, 26.1. HRMS (ESI) calcd. for C22H19FNO 

[M+H]+: 332.1445, found: 332.1458.  

The ee of compound 3u was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 6.21 min, 

tminor= 8.81 min). 

 

 



S29 
 

 

(S)-3-benzyl-3-(3-chlorophenyl)-1-methylindolin-2-one (3v) 

Yield: 63% (21.8 mg), ee = 84%, [α]D
18 = -69.5 (c = 0.8, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.47 (s, 1H), 7.42 - 7.40 (m, 1H), 7.28 - 7.27 (m, 2H), 7.25 - 7.19 (m, 

2H), 7.11 - 7.00 (m, 4H), 6.81 (d, J = 6.4 Hz, 2H), 6.62 (d, J = 8.0 Hz, 1H), 3.66 (d, J 

= 12.8 Hz, 1H), 3.41 (d, J = 12.4 Hz, 1H), 2.95 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 177.1, 143.6, 141.7, 135.2, 134.4, 130.5, 129.9, 129.8, 128.4, 127.6, 127.5, 127.4, 

126.6, 125.6, 125.4, 122.4, 108.2, 58.0, 44.0, 26.1. HRMS (ESI) calcd. for 

C22H19ClNO [M+H]+: 348.1150, found: 348.1161.  

The ee of compound 3v was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.64 min, 

tminor= 11.74 min). 

 

 



S30 
 

 

(S)-3-benzyl-1-methyl-3-(naphthalen-2-yl)indolin-2-one (3w) 

Yield: 65% (23.6 mg), ee = 90%, [α]D
18 = -99.6 (c = 0.7, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.91 (d, J = 2.0 Hz, 1H), 7.83 - 7.79 (m, 3H), 7.60 (dd, J = 8.4, 2.0 Hz, 

1H), 7.48 - 7.44 (m, 2H), 7.26 - 7.22 (m, 2H), 7.11 - 7.00 (m, 4H), 6.86 (dd, J = 8.0, 

1.2 Hz, 2H), 6.64 (d, J = 7.6 Hz, 1H), 3.82 (d, J = 12.8 Hz, 1H), 3.57 (d, J = 12.4 Hz, 

1H), 2.97 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.8, 143.8, 137.1, 135.6, 133.2, 

132.6, 131.3, 130.0, 128.3, 128.2, 128.2, 127.4, 126.5, 126.1, 126.0, 125.5, 125.4, 

122.3, 108.1, 99.9, 58.4, 43.7, 26.1. HRMS (ESI) calcd. for C26H22NO [M+H]+: 

364.1696, found: 364.1693.  

The ee of compound 3w was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.13 min, 

tminor= 9.50 min). 

 

 



S31 
 

 

(S)-3-benzyl-1,3-dimethylindolin-2-one (3x) 

Yield: 42% (10.5 mg), ee = 12%, [α]D
33 = -11.3 (c = 0.53, MeOH), or [α]D

33 = 

-14.2 (c = 0.53, iPrOH), 1H NMR (400 MHz, CDCl3) δ 7.18 (td, J = 7.6, 1.2 Hz, 1H), 

7.13 (dd, J = 7.6, 1.6 Hz, 1H), 7.08 - 7.01 (m, 4H), 6.86 - 6.83 (m, 2H), 6.61 (d, J = 

7.6 Hz, 1H), 3.12 (d, J = 12.8, 1H), 3.01 (d, J = 13.2 Hz, 1H), 2.99 (s, 3H), 1.47 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 180.0, 143.1, 136.1, 133.0, 129.8, 127.7, 127.5, 

126.4, 123.3, 122.0, 107.7, 49.9, 44.5, 25.9, 22.7.  

The ee of compound 3x was determined by HPLC using an IGDaicel column 

(n-hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 10.77 min, 

tminor= 11.48 min). 

 

 



S32 
 

 

(S)-5-methoxy-1-methyl-3-(4-methylbenzyl)-3-phenylindolin-2-one (4a) 

Yield: 70% (25.0 mg), ee = 96%, [α]D
19 = -22.3 (c = 1.1, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 7.6 Hz, 2H), 7.33 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 6.83 (d, J = 8.0 Hz, 2H), 6.79 (d, J = 2.4 Hz, 1H), 6.76 - 6.73 (m, 3H), 6.54 (d, J 

= 8.4 Hz, 1H), 3.77 (s, 3H), 3.64 (d, J = 12.8 Hz, 1H), 3.41 (d, J = 12.8 Hz, 1H), 2.94 

(s, 3H), 2.19 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.5, 155.5, 139.7, 137.4, 135.9, 

132.6, 132.5, 129.8, 128.5, 128.2, 127.3, 127.2, 112.8, 112.5, 108.3, 58.6, 55.8, 43.4, 

26.1, 21.0. HRMS (ESI) calcd. for C24H24NO2 [M+H]+: 358.1802, found: 358.1819.  

The ee of compound 4a was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.48 min, 

tminor= 14.00 min). 

 

 



S33 
 

 

(S)-3-(4-ethylbenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4b) 

Yield 72% (26.7 mg), ee = 95%, [α]D
21 = -22.4 (c = 1.4, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 6.86 (d, J = 8.0 Hz, 2H), 6.77 - 6.74 (m, 4H), 6.53 (d, J = 8.0 Hz, 1H), 3.77 (s, 

3H), 3.62 (d, J = 13.2 Hz, 1H), 3.44 (d, J = 12.8 Hz, 1H), 2.93 (s, 3H), 2.49 (q, J = 7.6 

Hz, 2H), 1.12 (t, J = 7.6 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 177.5, 155.5, 142.4, 

139.7, 137.4, 132.8, 132.6, 129.9, 128.5, 127.4, 127.3, 126.9, 112.7, 112.6, 108.3, 

58.6, 55.8, 43.4, 28.3, 26.1, 15.6. HRMS (ESI) calcd. for C25H26NO2 [M+H]+: 

372.1958, found: 372.1971.  

The ee of compound 4b was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 60/40, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.08 min, 

tminor= 11.37 min). 

 

 



S34 
 

 

(S)-3-(4-isopropylbenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4c) 

Yield: 74% (28.5 mg), 95% ee, [α]D
21 = -25.6 (c = 1.6, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 6.89 (d, J = 8.0 Hz, 2H), 6.75 (d, J = 7.6 Hz, 4H), 6.53 (d, J = 8.4 Hz, 1H), 3.76 

(s, 3H), 3.59 (d, J = 12.8 Hz, 1H), 3.46 (d, J = 12.8 Hz, 1H), 2.91 (s, 3H), 2.79 - 2.72 

(m, 1H), 1.13 (dd, J = 6.8, 1.6 Hz, 6H); 13C NMR (101 MHz, CDCl3) δ 177.5, 155.5, 

147.1, 139.6, 137.4, 132.9, 132.6, 129.9, 128.5, 127.4, 127.3, 125.4, 112.7, 112.6, 

108.2, 58.6, 55.8, 43.5, 33.5, 26.1, 24.0, 23.8. HRMS (ESI) calcd. for C26H28NO2 

[M+H]+: 386.2115, found: 386.2128.  

The ee of compound 4c was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.95 min, 

tminor= 13.73 min). 

 

 



S35 
 

 

(S)-3-(4-(tert-butyl)benzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4d) 

Yield: 70% (27.9 mg), ee = 93%, [α]D
18 = -26.1 (c = 1.7, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 7.05 (d, J = 8.0 Hz, 2H), 6.76 - 6.72 (m, 4H), 6.53 (d, J = 8.4 Hz, 1H), 3.75 (s, 

3H), 3.57 (d, J = 12.8 Hz, 1H), 3.48 (d, J = 12.8 Hz, 1H), 2.91 (s, 3H), 1.20 (s, 9H); 

13C NMR (101 MHz, CDCl3) δ 177.5, 155.5, 149.3, 139.6, 137.4, 132.6, 132.6, 129.6, 

128.5, 127.3, 124.2, 112.8, 112.6, 108.2, 58.6, 55.8, 43.4, 34.2, 31.2, 26.1. HRMS 

(ESI) calcd. for C27H30NO2 [M+H]+: 400.2271, found: 400.2287.  

The ee of compound 4d was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.51 min, 

tminor= 12.72 min). 

 

 



S36 
 

 

(S)-3-([1,1'-biphenyl]-4-ylmethyl)-5-methoxy-1-methyl-3-phenylindolin-2-one 

(4e) 

Yield: 79% (33.1 mg), ee = 97%, [α]D
19 = +33.5(c = 1.7, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 (t, J = 8.0 Hz, 4H), 7.36 (q, J = 7.6 Hz, 4H), 7.30 - 7.27 (m, 4H), 

6.93 (d, J = 8.0 Hz, 2H), 6.83 (d, J = 2.4 Hz, 1H), 6.75 (dd, J = 8.4, 2.4 Hz, 1H), 6.52 

(d, J = 8.4 Hz, 1H), 3.77 (s, 3H), 3.72 (d, J = 12.8 Hz, 1H), 3.49 (d, J = 12.8 Hz, 1H), 

2.94 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.4, 155.6, 140.6, 139.6, 139.1, 137.4, 

134.8, 132.5, 130.4, 128.7, 128.6, 127.4, 127.2, 127.1, 126.8, 126.0, 112.8, 112.6, 

108.4, 58.6, 55.8, 43.5, 26.1. HRMS (ESI) calcd. for C29H26NO2 [M+H]+: 420.1958, 

found: 420.1954.  

The ee of compound 4e was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.58 min, 

tminor= 17.28 min). 

 

 



S37 
 

 

(S)-5-methoxy-3-(4-methoxybenzyl)-1-methyl-3-phenylindolin-2-one (4f) 

Yield: 74% (27.6 mg), ee = 97%, [α]D
18 = -6.8 (c = 1.1, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.28 (d, J = 7.2 Hz, 

1H), 6.81 - 6.73 (m, 4H), 6.55 (dd, J = 13.2, 8.4 Hz, 3H), 3.78 (s, 3H), 3.69 (s, 3H), 

3.63 (d, J = 13.2 Hz, 1H), 3.39 (d, J = 13.2 Hz, 1H), 2.94 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 177.5, 158.2, 155.6, 139.7, 137.4, 132.7, 131.0, 128.5, 127.7, 127.3, 127.2, 

112.8, 112.7, 112.5, 108.3, 58.7, 55.8, 55.0, 43.0, 26.1. HRMS (ESI) calcd. for 

C24H24NO3 [M+H]+: 374.1751, found:374.1769.  

The ee of compound 4f was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 10.28 min, 

tminor= 17.87 min). 

 

 



S38 
 

 

(S)-3-(4-ethoxybenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4g) 

Yield: 76% (29.4 mg), ee = 97%, [α]D
20 = -10.7 (c = 0.9, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 6.8 Hz, 2H), 7.28 (d, J = 8.4 Hz, 

1H), 6.81 - 6.74 (m, 4H), 6.57 - 6.52 (m, 3H), 3.90 (q, J = 6.8 Hz, 2H), 3.78 (s, 3H), 

3.63 (d, J = 12.8 Hz, 1H), 3.38 (d, J = 13.2 Hz, 1H), 2.94 (s, 3H), 1.34 (t, J = 6.8 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 177.6, 157.5, 155.6, 139.7, 137.4, 132.7, 131.0, 

128.5, 127.6, 127.4, 127.2, 113.4, 112.7, 112.4, 108.3, 63.2, 58.8, 55.8, 43.0, 26.1, 

14.8. HRMS (ESI) calcd. for C25H26NO3 [M+H]+: 388.1907, found: 388.1924.  

The ee of compound 4g was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.30 min, 

tminor= 16.45 min). 

 

 



S39 
 

 

(S)-3-(4-(benzyloxy)benzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4h) 

Yield: 71% (31.9 mg), ee = 98%, [α]D
20 = -2.1 (c = 2.1, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 7.2 Hz, 2H), 7.36 - 7.25 (m, 8H), 6.80 - 6.74 (m, 4H), 

6.64 (d, J = 8.4 Hz, 2H), 6.52 (d, J = 8.4 Hz, 1H), 4.94 (s, 2H), 3.77 (s, 3H), 3.63 (d, J 

= 13.2 Hz, 1H), 3.39 (d, J = 13.2 Hz, 1H), 2.91 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 177.5, 157.3, 155.6, 139.6, 137.4, 137.0, 132.7, 131.0, 128.5, 128.4, 128.0, 127.8, 

127.4, 127.2, 113.8, 112.7, 112.4, 108.3, 69.7, 58.7, 55.8, 43.0, 26.1. HRMS (ESI) 

calcd. for C30H28NO3 [M+H]+: 450.2064, found: 450.2061.  

The ee of compound 4h was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tminor = 8.78 min, 

tmajor= 9.96 min). 

 

 



S40 
 

 

(S)-3-(4-fluorobenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4i) 

Yield: 82% (29.6 mg), 96% ee, [α]D
18 = -32.7 (c = 1.9, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.47 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 6.8 Hz, 

1H), 6.84 - 6.81 (m, 3H), 6.77 - 6.69 (m, 3H), 6.54 (d, J = 8.4 Hz, 1H), 3.78 (s, 3H), 

3.68 (d, J = 13.2 Hz, 1H), 3.39 (d, J = 12.8 Hz, 1H), 2.93 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 177.3, 161.6 (d, JCF = 243.4 Hz), 155.7, 139.4, 137.3, 132.4, 131.4 (d, JCF = 

7.8 Hz), 131.3 (d, JCF = 3.2 Hz), 128.6, 127.5, 127.1, 114.2 (d, JCF = 20.9 Hz), 112.6 

(d, JCF = 29.2 Hz), 108.4, 58.6, 55.8, 42.9, 26.1. HRMS (ESI) calcd. for C23H21FNO2 

[M+H]+: 362.1551, found: 362.1550.  

The ee of compound 4i was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.62 min, 

tminor= 17.72 min). 

 

 



S41 
 

 

(S)-3-(4-chlorobenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4j) 

Yield: 78% (29.4 mg), ee = 95%, [α]D
18 = -20.0 (c = 1.6, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.46 (d, J = 7.2 Hz, 2H), 7.34 (t, J = 7.2, Hz, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 7.00 (d, J = 8.4 Hz, 2H), 6.82 - 6.79 (m, 3H), 6.76 (dd, J = 8.4, 2.4 Hz, 1H), 6.55 

(d, J = 8.4 Hz, 1H), 3.78 (s, 3H), 3.68 (d, J = 12.8 Hz, 1H), 3.39 (d, J = 12.8 Hz, 1H), 

2.94 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.2, 155.7, 139.4, 137.3, 134.2, 132.4, 

132.3, 131.3, 128.6, 127.6, 127.5, 127.1, 112.8, 112.5, 108.5, 58.5, 55.8, 43.0, 26.2. 

HRMS (ESI) calcd. for C23H21ClNO2 [M+H]+: 378.1255, found: 378.1265.  

The ee of compound 4j was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.15 min, 

tminor= 12.87 min). 

 

 



S42 
 

 

methyl (S)-4-((5-methoxy-1-methyl-2-oxo-3-phenylindolin-3-yl)methyl)benzoate 

(4k) 

Yield: 62% (24.9 mg), ee = 96%, [α]D
27 = -12.5 (c = 1.92, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.71 (d, J = 8.4 Hz, 2H), 7.47 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 7.2 Hz, 

2H), 7.30 (d, J = 7.2 Hz, 1H), 6.95 (d, J = 8.0 Hz, 2H), 6.83 (d, J = 2.4 Hz, 1H), 6.74 

(dd, J = 8.4, 2.8 Hz, 1H), 6.51 (d, J = 8.4 Hz, 1H), 3.84 (s, 3H), 3.78 (s, 3H), 3.78 (d, 

J = 12.4 Hz, 1H), 3.46 (d, J = 12.4 Hz, 1H), 2.92 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 177.1, 167.0, 155.7, 141.2, 139.4, 137.2, 132.1, 130.0, 128.7, 128.6, 128.3, 127.5, 

127.1, 112.8, 112.5, 108.4, 58.4, 55.8, 51.9, 43.6, 26.1. HRMS (ESI) calcd. for 

C25H23NNaO4 [M+Na]+: 424.1519, found: 424.1534. 

The ee of compound 4k was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, λ = 254 nm, tminor = 12.41 min, 

tmajor= 14.02 min). 

 

 



S43 
 

 

(S)-5-methoxy-1-methyl-3-phenyl-3-(4-(trifluoromethyl)benzyl)indolin-2-one (4l) 

Yield: 79% (32.5 mg), ee = 91%, [α]D
21 = -25.3 (c = 1.8, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 7.2 Hz, 2H), 7.35 (t, J = 7.2 Hz, 2H), 7.31 - 7.28 (m, 3H), 

6.99 (d, J = 8.0 Hz, 2H), 6.82 (d, J = 2.8 Hz, 1H), 6.77 (dd, J = 8.4, 2.8 Hz, 1H), 6.55 

(d, J = 8.4 Hz, 1H), 3.78 (s, 3H), 3.76 (d, J = 12.8 Hz, 1H), 3.48 (d, J = 12.8 Hz, 1H), 

2.93 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.1, 155.8, 139.9, 138.2 (d, JCF = 

206.0 Hz), 132.1, 130.3, 128.8 (d, JCF = 32.1 Hz), 128.7, 127.6, 127.1, 124.1 (d, JCF = 

270.3 Hz), 124.3 (q, JCF = 3.8 Hz), 112.7 (d, JCF = 11.9 Hz), 108.6, 58.4, 55.8, 43.4, 

26.1. HRMS (ESI) calcd. for C24H21F3NO2 [M+H]+: 412.1519, found: 412.1534.  

The ee of compound 4l was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 5.83 min, 

tminor= 10.02 min). 

 

 



S44 
 

 

(S)-5-methoxy-1-methyl-3-(4-nitrobenzyl)-3-phenylindolin-2-one (4m) 

Yield: 76% (29.5 mg), ee = 93%, [α]D
20 = -13.7 (c = 1.9, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.90 (d, J = 8.8 Hz, 2H), 7.48 - 7.46 (m, 2H), 7.36 (t, J = 6.8 Hz, 2H), 

7.32 - 7.31 (m, 1H), 7.06 (d, J = 8.8 Hz, 2H), 6.87 (d, J = 2.4 Hz, 1H), 6.77 (dd, J = 

8.4, 2.4 Hz, 1H), 6.56 (d, J = 8.4 Hz, 1H), 3.84 (d, J = 12.8 Hz, 1H), 3.80 (s, 3H), 

3.50 (d, J = 12.8 Hz, 1H), 2.95 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 176.8, 155.8, 

146.7 143.6, 139.0, 137.0, 131.7, 130.8, 128.7, 127.7, 127.0, 122.6, 112.8, 112.5, 

108.7, 58.3, 55.8, 43.3, 26.2. HRMS (ESI) calcd. for C23H21N2O4 [M+H]+: 389.1496, 

found: 389.1507.  

The ee of compound 4m was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tminor = 9.51 min, 

tmajor= 13.66 min). 

 

 



S45 
 

 

(S)-5-methoxy-1-methyl-3-(2-methylbenzyl)-3-phenylindolin-2-one (4n) 

Yield: 84% (30.0 mg), ee = 95%, [α]D
21 = -62.9 (c = 1.5, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.54 (d, J = 7.2 Hz, 2H), 7.35 (t, J = 6.8 Hz, 2H), 7.30 - 7.27 (m, 1H), 

6.99 - 6.97 (m, 2H), 6.84 (td, J = 8.0, 2.4 Hz, 1H), 6.78 (dd, J = 8.4, 2.4 Hz, 1H), 6.69 

(d, J = 7.6 Hz, 1H), 6.63 (d, J = 8.4Hz, 1H), 6.54 (d, J = 2.4 Hz, 1H), 3.69 (s, 3H), 

3.63 (d, J = 13.6 Hz, 1H), 3.58 (d, J = 13.6 Hz, 1H), 3.04 (s, 3H), 2.05 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 177.9, 155.3, 139.5, 137.3, 137.2, 134.5, 131.9, 130.1, 

129.5, 128.5, 127.5, 127.4, 126.6, 125.1, 113.1, 113.0, 108.3, 57.9, 55.7, 39.8, 26.3, 

20.1. HRMS (ESI) calcd. for C24H24NO2 [M+H]+: 358.1802, found: 358.1820.  

The ee of compound 4n was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 7.15 min, 

tminor= 9.64min). 

 

 



S46 
 

 
(S)-5-methoxy-1-methyl-3-(3-methylbenzyl)-3-phenylindolin-2-one (4o) 

Yield: 60% (21.4 mg), ee = 99%, [α]D
19 = -43.7 (c = 1.2, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 6.93 - 6.85 (m, 2H), 6.79 (d, J = 2.4 Hz, 1H), 6.74 (dd, J = 8.4, 2.4 Hz, 1H), 6.67 

- 6.64 (m, 2H), 6.52 (d, J = 8.4 Hz, 1H), 3.77 (s, 3H), 3.64 (d, J = 12.8 Hz, 1H), 3.41 

(d, J = 12.8 Hz, 1H), 2.93 (s, 3H), 2.14 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.5, 

155.6, 139.6, 137.4, 136.9, 135.6, 132.6, 130.8, 128.5, 127.4, 127.3, 127.1, 127.0, 

112.9, 112.6, 108.2, 58.6, 55.9, 43.8, 26.1, 21.1. HRMS (ESI) calcd. For C24H24NO2 

[M+H]+: 358.1802, found: 358.1815.  

The ee of compound 4o was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.03 min, 

tminor= 12.21 min). 

 

 



S47 
 

 

(S)-3-(2,6-dimethylbenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4p) 

Yield: 68% (25.2 mg), ee = 90%, [α]D
21 = -119.9 (c = 1.3, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.67 (dd, J = 8.4, 1.6 Hz, 2H), 7.32 - 7.27 (m, 3H), 6.98 (t, J = 7.2 Hz, 

1H), 6.86 (d, J = 7.6 Hz, 2H), 6.84 - 6.81 (m, 1H), 6.74 (d, J = 8.4 Hz, 1H), 5.90 (d, J 

= 2.4 Hz, 1H), 3.86 (d, J = 14.4 Hz, 1H), 3.51 (s, 3H), 3.45 (d, J = 14.4 Hz, 1H), 3.17 

(s, 3H), 1.60 (s, 6H); 13C NMR (101 MHz, CDCl3) δ 178.8, 154.7, 140.0, 138.4, 137.2, 

134.7, 129.7, 128.3, 128.1, 127.8, 127.3, 126.5, 114.0, 108.3, 55.9, 55.7, 39.2, 26.5, 

20.6. HRMS (ESI) calcd. for C25H26NO2 [M+H]+: 372.1958, found: 372.1969.  

The ee of compound 4p was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 95/5, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.90 min, 

tminor= 10.92 min). 

 

 



S48 
 

 

(S)-3-(3,5-dimethylbenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4q) 

Yield: 90% (33.4 mg), ee = 93%, [α]D
18 = -47.1 (c = 1.8, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.49 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 6.8 Hz, 2H), 7.28 (d, J = 6.8 Hz, 

1H), 6.78 (d, J = 2.0 Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 6.68 (s, 1H), 6.53 (d, J = 8.4 

Hz, 1H), 6.46 (s, 2H), 3.76 (s, 3H), 3.59 (d, J = 12.8 Hz, 1H), 3.37 (d, J = 12.8 Hz, 

1H), 2.94 (s, 3H), 2.09 (s, 6H); 13C NMR (101 MHz, CDCl3) δ 177.6, 155.5, 139.7, 

137.5, 136.7, 135.5, 132.6, 128.5, 127.9, 127.8, 127.3, 113.1, 112.7, 108.1, 58.5, 56.0, 

43.8, 26.1, 21.0. HRMS (ESI) calcd. for C25H26NO2 [M+H]+: 372.1958, found: 

372.1971.  

The ee of compound 4q was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.75 min, 

tminor= 13.67 min). 

 

 



S49 
 

 

(S)-5-methoxy-1-methyl-3-phenyl-3-(2,4,6-trimethylbenzyl)indolin-2-one (4r) 

Yield: 88% (33.9 mg), ee = 93%, [α]D
21 = -113.0 (c = 1.4, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.68 (d, J = 7.2 Hz, 2H), 7.29 - 7.25 (m, 3H), 6.82 (d, J = 8.4 Hz, 1H), 

6.74 (d, J = 8.4 Hz, 1H), 6.69 (s, 2H), 5.93 (s, 1H), 3.82 (d, J = 14.4 Hz, 1H), 3.51 (s, 

3H), 3.39 (d, J = 14.4 Hz, 1H), 3.17 (s, 3H), 2.19 (s, 3H), 1.54 (s, 6H); 13C NMR (101 

MHz, CDCl3) δ 178.8, 154.6, 139.9, 138.3, 137.2, 135.8, 131.5, 129.9, 128.8, 128.2, 

127.8, 127.2, 114.1, 114.0, 108.2, 56.0, 55.5, 38.9, 26.5, 20.7, 20.4. HRMS (ESI) 

calcd. for C26H28NO2 [M+H]+: 386.2115, found: 386.2128.  

The ee of compound 4r was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 98/2, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 10.46 min, 

tminor= 11.37 min). 

 

 



S50 
 

 

(S)-5-methoxy-3-(2-methoxybenzyl)-1-methyl-3-phenylindolin-2-one (4s) 

Yield: 88% (32.8 mg), ee = 94%, [α]D
21 = -105.9 (c = 1.8, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 7.2 Hz, 2H), 7.32 (t, J = 7.2 Hz, 2H), 7.27 (d, J = 7.2 Hz, 

1H), 7.03 - 6.99 (m, 2H), 6.83 (d, J = 2.8 Hz, 1H), 6.70 - 6.66 (m, 2H), 6.54 (d, J = 

8.4 Hz, 1H), 6.48 (d, J = 8.4 Hz, 1H), 3.85 (d, J = 12.8 Hz, 1H), 3.72 (s, 3H), 3.57 (d, 

J = 13.2 Hz, 1H), 3.54 (s, 3H), 3.03 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 178.2, 

157.1, 155.1, 140.3, 137.2, 132.4, 130.5, 128.4, 127.8, 127.2, 124.7, 119.6, 113.6, 

112.2, 109.7, 107.4, 58.4, 55.7, 54.6, 35.8, 26.2. HRMS (ESI) calcd. for C24H24NO3 

[M+H]+: 374.1751, found: 374.1765.  

The ee of compound 4s was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.09 min, 

tminor= 13.82 min).  

 

 



S51 
 

 

(S)-5-methoxy-3-(3-methoxybenzyl)-1-methyl-3-phenylindolin-2-one (4t) 

Yield: 78% (27.8 mg), ee = 96%, [α]D
18 = -49.4 (c = 1.6, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 6.95 (t, J = 8.0 Hz, 1H), 6.79 - 6.74 (m, 2H), 6.62 (dd, J = 8.0, 2.4 Hz, 1H), 6.55 

(d, J = 8.4 Hz, 1H), 6.50 (d, J = 7.2 Hz, 1H), 6.36 (s, 1H), 3.76 (s, 3H), 3.64 (d, J = 

12.8 Hz, 1H), 3.57 (s, 3H), 3.44 (d, J = 12.8 Hz, 1H), 2.95 (s, 3H); 13C NMR (101 

MHz, CDCl3) δ 177.4, 158.7, 155.6, 139.6, 137.4, 137.2, 132.5, 128.6, 128.4, 127.4, 

127.2, 122.6, 114.5, 113.1, 112.9, 112.6, 108.3, 58.5, 55.8, 54.9, 43.9, 26.1. HRMS 

(ESI) calcd. for C24H23NNaO2 [M+Na]+: 380.1621, found: 380.1609.  

The ee of compound 4t was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.75 min, 

tminor= 14.51 min). 
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(S)-3-(2-fluorobenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4u) 

Yield: 88% (31.8 mg), ee = 92%, [α]D
21 = -64.0 (c = 1.9, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.48 (d, J = 8.0 Hz, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.29 (d, J = 7.2 Hz, 

1H), 7.06 - 7.01 (m, 2H), 6.88 - 6.84 (m, 2H), 6.77 - 6.72 (m, 2H), 6.52 (d, J = 8.4 Hz, 

1H), 3.76 (s, 3H), 3.68 (q, J = 13.2 Hz, 2H), 3.03 (s, 3H); 13C NMR (101 MHz, CDCl3) 

δ 177.6, 160.7 (d, JCF = 244.4 Hz), 155.6, 139.7, 137.0, 131.8, 131.0 (d, JCF = 3.6 Hz), 

128.6, 128.4 (d, JCF =8.2 Hz), 127.5, 127.1, 123.4, 123.3 (d, JCF = 3.5 Hz), 114.8 (d, 

JCF = 23.1Hz), 113.3, 112.7, 108.0, 58.1, 55.8, 35.3, 26.3. HRMS (ESI) calcd. for 

C23H21FNO2 [M+H]+: 362.1551, found: 362.1565.  

The ee of compound 4u was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 6.94 min, 

tminor= 11.39 min). 
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(S)-3-(2,4-difluorobenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4v) 

Yield: 81% (30.7 mg), ee = 92%, [α]D
20 = -62.9(c = 1.0, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.46 (d, J = 7.6 Hz, 2H), 7.34 (t, J = 6.8 Hz, 2H), 7.29 (d, J = 6.8 Hz, 

1H), 7.03 (q, J = 8.4 Hz, 1H), 6.89 (s, 1H), 6.75 (dd, J = 8.4, 2.4 Hz, 1H), 6.83 - 6.49 

(m, 3H), 3.77 (s, 3H), 3.64 (s, 2H), 3.04 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.5, 

160.7 (d, JCF = 258.8 Hz), 155.7, 139.5, 137.0, 131.8 (q, JCF = 5.4 Hz), 131.6, 128.6, 

127.5, 127.0, 119.2 (d, JCF = 15.9 Hz), 113.3, 112.7, 110.5 (dd, JCF = 20.6, 3.4 Hz), 

108.2, 103.2 (t, JCF = 25.9 Hz), 58.1, 55.8, 34.9, 26.3. HRMS (ESI) calcd. for 

C23H20F2NO2 [M+H]+: 380.1457, found: 380.1463.  

The ee of compound 4v was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 6.24 min, 

tminor= 10.67 min).  
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(S)-3-(3,5-difluorobenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4w) 

Yield: 90% (34.1 mg), ee = 92%, [α]D
21 = -45.7 (c = 1.9, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.46 (d, J = 7.6 Hz, 2H), 7.35 (t, J = 6.8 Hz, 2H), 7.31 - 7.27 (m, 1H), 

6.81 - 6.77 (m, 2H), 6.61 (d, J = 8.4 Hz, 1H), 6.54 - 6.50 (m, 1H), 6.43 (dd, J = 8.4, 

2.0 Hz, 2H), 3.78 (s, 3H), 3.68 (d, J = 12.8 Hz, 1H), 3.39 (d, J = 12.8 Hz, 1H), 3.00 (s, 

3H); 13C NMR (101 MHz, CDCl3) δ 177.0, 162.1 (dd, JCF =246.1, 12.7 Hz), 155.8, 

139.7 (t, JCF = 9.2 Hz), 139.1, 137.2, 131.8, 128.7, 127.7, 127.0, 112.8 (d, JCF = 24.8 

Hz), 112.8 (d, JCF = 11.9 Hz), 112.8 (d, JCF = 1.0 Hz), 108.6, 102.1 (t, JCF = 25.1 Hz), 

58.1, 55.9, 43.2, 26.2. HRMS (ESI) calcd. for C23H19F2NNaO2 [M+Na]+: 402.1276, 

found: 402.1289.  

The ee of compound 4w was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 5.97 min, 

tminor= 7.98 min). 
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(S)-3-(2-chlorobenzyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (4x) 

Yield: 91% (34.3 mg), ee = 92% [α]D
21 = -118.6 (c = 2.1, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.50 - 7.48 (m, 2H), 7.34 (t, J = 7.2 Hz, 2H), 7.30 - 7.28 (m, 1H), 

7.14 - 7.12 (m, 1H), 7.06 (dd, J = 6.4, 2.0 Hz, 1H), 6.99 - 6.96 (m, 2H), 6.87 (d, J = 

2.8 Hz, 1H), 6.73 (dd, J = 8.4, 2.8 Hz, 1H), 6.56 (d, J = 8.4 Hz, 1H), 3.91 (d, J = 13.2 

Hz, 1H), 3.80 (d, J = 13.6 Hz, 1H), 3.73 (s, 3H), 3.09 (s, 3H); 13C NMR (101 MHz, 

CDCl3) δ 177.8, 155.3, 139.7, 136.9, 134.7, 134.3, 131.2, 130.4, 129.3, 128.6, 127.9, 

127.5, 127.2, 126.1, 113.5, 113.1, 108.1, 58.1, 55.8, 39.1, 26.4. HRMS (ESI) calcd. 

for C23H21ClNO2 [M+H]+: 378.1255, found: 378.1270.  

The ee of compound 4x was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 6.69 min, 

tminor= 9.98 min). 
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(S)-5-methoxy-1-methyl-3-(naphthalen-1-ylmethyl)-3-phenylindolin-2-one (4y) 

Yield: 84% (33.0 mg), ee = 94%, [α]D
21 = -72.4 (c = 1.8, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.94 - 7.91 (m, 1H), 7.69 - 7.67 (m, 1H), 7.58 - 7.56 (m, 3H), 7.38 - 

7.30 (m, 5H), 7.15 (t, J = 7.2 Hz, 1H), 7.06 (d, J = 7.2 Hz, 1H), 6.58 - 6.56 (m, 2H), 

6.42 (d, J = 9.2 Hz, 1H), 4.17 (d, J = 14.0 Hz, 1H), 4.03 (d, J = 14.0 Hz, 1H), 3.47 (s, 

3H), 2.92 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 177.9, 155.1, 139.8, 137.1, 133.4, 

132.4, 132.4, 131.6, 128.5, 128.2, 127.7, 127.4, 127.4, 127.3, 125.1, 125.1, 124.6, 

124.4, 113.3, 113.3, 108.1, 58.3, 55.6, 39.0, 26.2. HRMS (ESI) calcd. for C27H24NO2 

[M+H]+: 394.1802, found: 394.1819.  

The ee of compound 4y was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.23 min, 

tminor= 12.45 min). 
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(S)-5-methoxy-1-methyl-3-(naphthalen-2-ylmethyl)-3-phenylindolin-2-one (4z) 

Yield: 60% (23.6 mg), ee = 94%, [α]D
21 = -25.9 (c = 1.7, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.68 (dd, J = 6.0, 3.6 Hz, 1H), 7.61 (dd, J = 6.0, 3.2 Hz, 1H), 7.54 - 

7.49 (m, 3H), 7.38 - 7.34 (m, 5H), 7.32 - 7.30 (m, 1H), 6.98 (dd, J = 8.8, 2.0 Hz, 1H), 

6.85 (d, J = 2.8 Hz, 1H), 6.69 (dd, J = 8.4, 2.4 Hz, 1H), 6.43 (d, J = 8.4 Hz, 1H), 3.86 

(d, J = 12.8 Hz, 1H), 3.74 (s, 3H), 3.60 (d, J = 12.8 Hz, 1H), 2.87 (s, 3H); 13C NMR 

(101 MHz, CDCl3) δ 177.5, 155.6, 139.7, 137.3, 133.3, 132.9, 132.4, 132.1, 128.8, 

128.6, 128.3, 127.6, 127.5, 127.3, 127.2, 126.8, 125.6, 125.4, 112.9, 112.6, 108.4, 

58.6, 55.9, 43.9, 26.1. HRMS (ESI) calcd. for C27H24NO2 [M+H]+: 394.1802, found: 

394.1811.  

The ee of compound 4z was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 70/30, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.35 min, 

tminor= 13.12 min). 
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(S)-3-(cyclohex-1-en-1-ylmethyl)-5-methoxy-1-methyl-3-phenylindolin-2-one (5a) 

Yield: 85% (29.5 mg), ee = 94%, [α]D
27 = -18.67 (c = 1.9, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.41 - 7.39 (m, 2H), 7.31 - 7.27 (m, 2H), 7.26 - 7.21 (m, 1H), 6.86 - 

6.83 (m, 2H), 6.76 (dd, J = 7.2, 1.6 Hz, 1H), 5.29 (s, 1H), 3.79 (s, 3H), 3.16 (s, 3H), 

3.10 (d, J = 12.8 Hz, 1H), 2.82 (d, J = 13.2 Hz, 1H), 1.80 (s, 2H), 1.55 (d, J = 16.4 Hz, 

1H), 1.39 - 1.35 (m, 1H), 1.34 - 1.28 (m, 4H); 13C NMR (101 MHz, CDCl3) δ 178.2, 

155.6, 140.4, 137.6, 133.2, 132.8, 128.4, 127.2, 127.0, 126.3, 113.2, 112.5, 108.2, 

57.4, 55.9, 46.1, 29.7, 26.4, 25.4, 23.0, 22.0. HRMS (ESI) calcd. for C23H25NNaO2 

[M+Na]+: 370.1778, found: 370.1789. 

The ee of compound 5a was determined by HPLC using an IADaicel column 

(n-hexane/i-PrOH = 90/10, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 8.23 min, 

tminor= 13.85 min). 
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(S)-6-chloro-3-(3-chlorobenzyl)-3-(3-methoxyphenyl)-1-methylindolin-2-one (6) 

Yield: 90% (37.1 mg), ee = 36%, [α]D
32 = -23.2 (c = 2.6, CHCl3), 1H NMR (400 

MHz, CDCl3) δ 7.26 (t, J = 8.0 Hz, 1H), 7.09 (t, J = 8.0 Hz, 2H), 7.05 - 7.01 (m, 2H), 

6.97 (t, J = 8.0 Hz, 2H), 6.85 - 6.82 (m, 2H), 6.72 (d, J = 7.6 Hz, 1H), 6.65 (d, J = 1.6 

Hz, 1H), 3.78 (s, 3H), 3.65 (d, J = 12.8, 1H), 3.37 (d, J = 12.8, 1H), 2.96 (s, 3H); 13C 

NMR (101 MHz, CDCl3) δ 177.3, 159.7, 144.8, 140.3, 137.3, 134.1, 133.3, 129.8, 

129.7, 129.0, 128.8, 128.1, 126.9, 126.2, 122.1, 119.4, 113.6, 112.5, 108.9, 57.6, 55.2, 

43.2, 26.2.  

The ee of compound 6 was determined by HPLC using an ICDaicel column 

(n-hexane/i-PrOH = 80/20, flow rate = 1.0 mL/min, λ = 254 nm, tmajor = 9.65 min, 

tminor= 11.49 min). 

 

 

  



S60 
 

7.  X-ray structure of 3o and parameters. 

 

X-ray of 3o (CCDC: 2174890) 

Bond precision 
C-C = 0.0161 A 

Wavelength = 0.71073 

Cell 

a = 9.050 (4)     α = 96.353 (8) 

b = 9.105 (4)     β = 93.200 (7) 

c = 11.832 (5)    γ = 111.089 (7) 

Temperature 296 K 

Volume 899.3 (6) 

Space group P 1 

Sum formula C22 H18 Cl N O 

Mr 347.82 

Dx, g cm-3 1.284 

Z 1 

Mu (mm-1) 0.221 

F000 364.0 

h,k,lmax 11, 11, 14 

Nref 3950 

Tmin,Tmax 0.528, 0.745 

Correction method= # Reported T Limits Tmin = 0.528  Tmax = 0.745 

AbsCorr = MULTT-SCAN  

Data completeness 1.12/0.56 

Theta(max) 25.981 

R(reflections) 0.0690 (2104) 

wR2(reflections) 0.1990 (3950) 

S 1.029 

Npar 454 
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8.  Copies of 1H and 13C NMR spectra 
1H NMR (400 MHz, CDCl3) of compound 3a 
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13C NMR (101 MHz, CDCl3) of compound 3a 
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1H NMR (400 MHz, CDCl3) of compound 3b 
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13C NMR (101 MHz, CDCl3) of compound 3b 
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1H NMR (400 MHz, CDCl3) of compound 3c 
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13C NMR (101 MHz, CDCl3) of compound 3c 
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1H NMR (400 MHz, CDCl3) of compound 3d 
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13C NMR (101 MHz, CDCl3) of compound 3d 
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1H NMR (400 MHz, CDCl3) of compound 3e 
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13C NMR (101 MHz, CDCl3) of compound 3e 
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1H NMR (400 MHz, CDCl3) of compound 3f 
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13C NMR (101 MHz, CDCl3) of compound 3f 
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1H NMR (400 MHz, CDCl3) of compound 3g 
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13C NMR (101 MHz, CDCl3) of compound 3g 
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1H NMR (400 MHz, CDCl3) of compound 3h 

 



S76 
 

13C NMR (101 MHz, CDCl3) of compound 3h 
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1H NMR (400 MHz, CDCl3) of compound 3i 
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13C NMR (101 MHz, CDCl3) of compound 3i 
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1H NMR (400 MHz, CDCl3) of compound 3j 
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13C NMR (101 MHz, CDCl3) of compound 3j 
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1H NMR (400 MHz, CDCl3) of compound 3k 
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13C NMR (101 MHz, CDCl3) of compound 3k 
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1H NMR (400 MHz, CDCl3) of compound 3l 
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13C NMR (101 MHz, CDCl3) of compound 3l 
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1H NMR (400 MHz, CDCl3) of compound 3m 
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13C NMR (101 MHz, CDCl3) of compound 3m 
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1H NMR (400 MHz, CDCl3) of compound 3n 
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13C NMR (101 MHz, CDCl3) of compound 3n 
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1H NMR (400 MHz, CDCl3) of compound 3o 
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13C NMR (101 MHz, CDCl3) of compound 3o 
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1H NMR (400 MHz, CDCl3) of compound 3p 
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13C NMR (101 MHz, CDCl3) of compound 3p 
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1H NMR (400 MHz, CDCl3) of compound 3q 

 



S94 
 

13C NMR (101 MHz, CDCl3) of compound 3q 
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1H NMR (400 MHz, CDCl3) of compound 3r 

 



S96 
 

13C NMR (101 MHz, CDCl3) of compound 3r 
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1H NMR (400 MHz, CDCl3) of compound 3s 
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13C NMR (101 MHz, CDCl3) of compound 3s 
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1H NMR (400 MHz, CDCl3) of compound 3t 
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13C NMR (101 MHz, CDCl3) of compound 3t 
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1H NMR (400 MHz, CDCl3) of compound 3u 
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13C NMR (101 MHz, CDCl3) of compound 3u 
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1H NMR (400 MHz, CDCl3) of compound 3v 
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13C NMR (101 MHz, CDCl3) of compound 3v 
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1H NMR (400 MHz, CDCl3) of compound 3w 
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13C NMR (101 MHz, CDCl3) of compound 3w 
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1H NMR (400 MHz, CDCl3) of compound 3x 
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13C NMR (101 MHz, CDCl3) of compound 3x 
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1H NMR (400 MHz, CDCl3) of compound 4a 
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13C NMR (101 MHz, CDCl3) of compound 4a 
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1H NMR (400 MHz, CDCl3) of compound 4b 
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13C NMR (101 MHz, CDCl3) of compound 4b 
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1H NMR (400 MHz, CDCl3) of compound 4c 
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13C NMR (101 MHz, CDCl3) of compound 4c 
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1H NMR (400 MHz, CDCl3) of compound 4d 
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13C NMR (101 MHz, CDCl3) of compound 4d 
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1H NMR (400 MHz, CDCl3) of compound 4e 
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13C NMR (101 MHz, CDCl3) of compound 4e 
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1H NMR (400 MHz, CDCl3) of compound 4f 
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13C NMR (101 MHz, CDCl3) of compound 4f 
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1H NMR (400 MHz, CDCl3) of compound 4g 
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13C NMR (101 MHz, CDCl3) of compound 4g 
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1H NMR (400 MHz, CDCl3) of compound 4h 
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13C NMR (101 MHz, CDCl3) of compound 4h 
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1H NMR (400 MHz, CDCl3) of compound 4i 
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13C NMR (101 MHz, CDCl3) of compound 4i 
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1H NMR (400 MHz, CDCl3) of compound 4j 
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13C NMR (101 MHz, CDCl3) of compound of 4j 
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1H NMR (400 MHz, CDCl3) of compound 4k 
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13C NMR (101 MHz, CDCl3) of compound 4k 
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1H NMR (400 MHz, CDCl3) of compound 4l 
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13C NMR (101 MHz, CDCl3) of compound 4l 

 



S133 
 

1H NMR (400 MHz, CDCl3) of compound 4m 
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13C NMR (101 MHz, CDCl3) of compound 4m 
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1H NMR (400 MHz, CDCl3) of compound 4n 
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13C NMR (101 MHz, CDCl3) of compound 4n 
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1H NMR (400 MHz, CDCl3) of compound 4o 
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13C NMR (101 MHz, CDCl3) of compound 4o 
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1H NMR (400 MHz, CDCl3) of compound 4p 
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13C NMR (101 MHz, CDCl3) of compound 4p 
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1H NMR (400 MHz, CDCl3) of compound 4q 
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13C NMR (101 MHz, CDCl3) of compound 4q 
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1H NMR (400 MHz, CDCl3) of compound 4r 
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13C NMR (101 MHz, CDCl3) of compound 4r 
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1H NMR (400 MHz, CDCl3) of compound 4s 
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13C NMR (101 MHz, CDCl3) of compound 4s  
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1H NMR (400 MHz, CDCl3) of compound 4t 
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13C NMR (101 MHz, CDCl3) of compound 4t 
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1H NMR (400 MHz, CDCl3) of compound 4u 
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13C NMR (101 MHz, CDCl3) of compound 4u 
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1H NMR (400 MHz, CDCl3) of compound 4v 
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13C NMR (101 MHz, CDCl3) of compound 4v 
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1H NMR (400 MHz, CDCl3) of compound 4w 
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13C NMR (101 MHz, CDCl3) of compound 4w 
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1H NMR (400 MHz, CDCl3) of compound 4x 
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13C NMR (101 MHz, CDCl3) of compound 4x 
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1H NMR (400 MHz, CDCl3) of compound 4y 
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13C NMR (101 MHz, CDCl3) of compound 4y 
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1H NMR (400 MHz, CDCl3) of compound 4z 
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13C NMR (101 MHz, CDCl3) of compound 4z 
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1H NMR (400 MHz, CDCl3) of compound 5a 
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13C NMR (101 MHz, CDCl3) of compound 5a 
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1H NMR (400 MHz, CDCl3) of compound 6 
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13C NMR (101 MHz, CDCl3) of compound 6  

 


