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1.  General Information 

1H, 13C and 19F NMR spectra were collected on a 300 or 400 MHz spectrometer using 

CDCl3 and DMSO-d6 as solvent. Chemical shifts of 1H NMR were recorded in parts 

per million (ppm, δ) relative to tetramethylsilane (δ = 0.00 ppm). Data are reported as 

follows: chemical shift in ppm (δ), multiplicity (s = singlet, d = doublet, t = triplet, q = 

quartet, sext = sextet, hept = heptet, m = multiplet), coupling constant (Hz), and 

integration. High Resolution Mass measurement was performed with Electron Spray 

Ionization (ESI) method on a Q-TOF mass spectrometer operating in positive-ion mode. 

Melting point (m.p.) was measured on a microscopic melting point apparatus. Optical 

rotations were measured on an automatic polarimeter with []
20 

D  values reported in 

degrees. PE refers to petroleum ether (b.p. 60–90 °C) and EA refers to ethyl acetate. 

Flash column chromatography was carried out using commercially available 200–300 

mesh under pressure unless otherwise indicated. Gradient flash chromatography was 

conducted eluting with PE/EA. All other starting materials and solvents were 

commercially available and were used without further purification unless otherwise 

stated. 
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2. Procedures for the Synthesis of Substrates 1 and Substrates 6 

Carbamoyl chlorides 1a-1s were synthesized according to the reported methods.[1-2] 

Figure S1. Structures of Substrates 1 
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Preparation of Substrates 1 

General Procedure 1 

 

To a solution of methyl triphenylphosphonium bromide (2 equiv) in THF (0.3 M), was 

added slowly potassium tert-butoxide (2 equiv) at 0 oC. The suspension turned yellow 

upon addition of the base. The suspension was warmed to room temperature and stirred 

for 30 min. The 2-aminobenzophenone (10 mmol) was added in THF (10 mL). The 

reaction was stirred until the consumption of starting material monitored by TLC (2 h). 

The completion the reaction was diluted with 200 mL PE and filtered over a silica plug 

eluting with mixtures of EA and PE. The crude styrene was concentrated under reduced 

pressure and used with no further purification assuming full conversion.  

The 2-aminostyrene was dissolved in THF (0.3 M) and cooled to -78 oC. Then n-butyl 

lithium (1.1 equiv, 2.5 M in hexane) was added dropwise. The reaction was warmed 

slowly to -45 oC and stirred for 30 min. Then the reaction was cooled to -78 oC. The 

iodomethane (1.1 equiv) was added and the reaction was warmed to room temperature 

and stirred overnight. The reaction was quenched with H2O then diluted with ethyl 

acetate. The organic layer was separated, dried over Na2SO4, filtered, and concentrated 

under reduced pressure to give the methylated amine. The methylated amine was 

purified with flash column chromatography. 

The methylated amine was dissolved in CH2Cl2 (0.3 M) and cooled to 0 oC. Then 

pyridine (2 equiv) was added followed by triphosgene (0.5 equiv). The reaction was 

warmed to room temperature and stirred until the completion indicated by TLC. The 

reaction was quenched with 1 N HCl and extracted twice with CH2Cl2. The organic 

layers were dried over Na2SO4, filtered, and concentrated under reduced pressure. The 

crude starting materials were purified by flash column chromatography. 
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General Procedure 2 

 

2-Fluorobenzonitrile (10 mmol) was dissolved in MeCN (0.3 M) equipped with a 

magnetic stir bar, and then methylamine (15 equiv, 40% wt. in H2O) was added. The 

reaction was stirred at 85 ºC (oil bath temperature) for 12 h. After cooling to room 

temperature, the reaction was diluted with EA and washed twice with water. The organic 

layer was dried over Na2SO4, filtered, and concentrated under reduced pressure. The 

crude product was purified by flash column chromatography. 

The N-methyl aniline was dissolved in THF (0.3 M). Then Grignard reagent (3 equiv) 

was added slowly. The reaction was stirred at 80 ºC (oil bath temperature) for 6 h. After 

cooling to 0 ºC, the reaction was quenched slowly with 1M aq. HCl. The imine 

hydrolysis was stirred at room temperature for 1 h. In some cases the imine hydrolysis 

required refluxing 4M HCl in EtOH overnight to convert to the corresponding ketone. 

The reaction was quenched with NaHCO3, and then diluted with EA. The organic layers 

were dried over Na2SO4, filtered, and concentrated under reduced pressure. The crude 

product was purified by flash column chromatography. 

The aniline was carried forward following General Procedure 1 to obtain the carbmoyl 

chlorides. 
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Carbamoyl chlorides 6a-6f were synthesized according to the reported methods.[3-4] 

 

Figure S2. Structures of Substrate 6 
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Preparation of Substrates 6 

General Procedure  

 
A 100 mL bottle was subsequently charged with 10 mmol aromatic amines, 10 mmol 

4-hydroxybutan-2-one, 10 mol % I2 (254 mg), 20 mL DMSO. The resulting mixture 

was performed at room temperature until complete consumption of the starting material 

as monitored by TLC. After reaction was complete, the resulting mixture was poured 

into water (200 mL). If the desired products were isolated as solids from aqueous 

solutions, which were treated through vacuum filtering, washing with water and 

vacuum drying. If no solid precipitated, the aqueous solutions were extracted with EA 

(100 mL×3). The combined organic extracts were washed with brine (50 mL×3), then 

dried over Na2SO4 and concentrated in vacuum. The resulting residue was purified by 

silica gel column chromatography (EA/PE = 1/20-1/4) to afford the desired products. 

To a solution of methyl triphenylphosphonium bromide (2 equiv) in THF (0.3 M), was 

added slowly potassium tert-butoxide (2 equiv) at 0 oC. The suspension turned yellow 

upon addition of the base. The suspension was warmed to room temperature and stirred 

for 30 min. The β-aminoketones (10 mmol) was added in THF (10 mL). The reaction 

was stirred until the consumption of the starting material observed by TLC (2 h). The 

completion of the reaction was diluted with 200 mL of PE and filtered over a silica plug 

eluting with mixtures of EA and PE. The crude styrene was concentrated under reduced 

pressure and used with no further purification assuming full conversion. 

The styrene was dissolved in CH2Cl2 (0.3 M) and cooled to 0 oC. Then pyridine (2 equiv) 

was added followed by triphosgene (0.5 equiv). The reaction was warmed to room 

temperature and stirred until completion indicated by TLC. The reaction was quenched 

with 1 N HCl and extracted twice with CH2Cl2. The organic layers were dried over 

Na2SO4, filtered, and concentrated under reduced pressure. The crude starting materials 

were purified by flash column chromatography to obtain 6. 
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3. General Procedure for the Palladium-Catalyzed Asymmetric 

Carbamoyl-Carbonylation of Activated Alkenes  

 

An oven-dried 10 mL Schlenk tube was charged with substrate 1a (27.2 mg, 0.1 mmol), 

Pd(OAc)2 (1.1 mg, 5 mol %), L1 (5.8 mg, 10 mol %), and K2HPO4 (52.3 mg, 0.3 mmol). 

The vial was thoroughly flushed with CO, and MeOH (12 μL, 0.3 mmol), as well as 

PhCl/acetone (9/1, 1.0 mL) was added under balloon pressure of CO. Then the reaction 

mixture was stirred at room temperature for 5 min, and then raised to 80 oC (oil bath 

temperature) for 30 h with stirring. After the reaction vessel was cooled to room 

temperature, the reaction mixture was diluted with EA (10 mL) and filtered through a 

plug of celite. When some alcohols with high boiling point were used, the reaction 

mixture required Dess-Martin periodinane (254.5 mg, 0.6 mmol) in DCM (2 mL) at 

room temperature for 2 h. The reaction was filtered, and concentrated under reduced 

pressure. The solution was purified by flash column chromatography on silica gel 

(PE/EA = 5/1) to afford the desired product 3a in 95% yield (28.2 mg). 
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methyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3a) 

95% yield (28.2 mg); 96.5:3.5 er; White solid; m.p. 63 – 65 oC; Rf = 0.5 (PE/EA = 4/1); []
20 

D = -97 

(c = 0.2, EA).  

1H NMR (400 MHz, CDCl3) δ 7.36 – 7.21 (m, 7H), 7.10 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 7.8 Hz, 

1H), 3.55 (d, J = 16.3 Hz, 1H), 3.43 (s, 3H), 3.27 (d, J = 16.3 Hz, 1H), 3.23 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 178.1, 170.1, 144.6, 139.1, 131.1, 128.7, 127.7, 126.6, 124.5, 122.5, 

108.5, 53.2, 51.7, 41.8, 26.7 ppm. 

HRMS (ESI-TOF) calcd for [C18H17NO3+H]+ 296.1287, found 296.1281. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 15.7 min (major), tR2 = 23.7 min (minor). 
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After recrystallization 
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methyl (S)-2-(4-chloro-1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3b) 

90% yield (29.8 mg); 95:5 er; White solid; m.p. 115 – 117 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -136 

(c = 0.24, EA). 

1H NMR (400 MHz, CDCl3) δ 7.32 – 7.20 (m, 6H), 7.03 (d, J = 8.2 Hz, 1H), 6.84 (d, J = 7.8 Hz, 

1H), 3.76 (dd, J = 25.2 Hz, 16.4 Hz, 2H), 3.48 (s, 3H), 3.23 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 177.5, 170.4, 146.7, 136.7, 131.0, 130.1, 128.8, 128.2, 127.9, 126.4, 

123.6, 106.9, 54.3, 51.8, 38.8, 27.0 ppm. 

HRMS (ESI-TOF) calcd for [C18H16ClNO3+H]+ 330.0897, found 330.0894. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 11.1 min (major), tR2 = 18.2 min (minor). 
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methyl (S)-2-(4-methoxy-1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3c) 

92% yield (29.9 mg); 96:4 er; White solid; m.p. 167 – 169 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -168 

(c = 0.18, EA). 

1H NMR (300 MHz, CDCl3) δ 7.34 – 7.20 (m, 6H), 6.66 (d, J = 8.5 Hz, 1H), 6.57 (d, J = 7.8 Hz, 

1H), 3.75 (s, 3H), 3.64 – 3.53 (dd, J = 17.3 Hz, 16.3 Hz, 2H), 3.44 (s, 3H), 3.20 (s, 3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.5, 170.8, 156.0, 145.9, 138.3, 130.2, 128.5, 127.6, 126.6, 116.6, 

106.1, 101.8, 55.5, 53.4, 51.6, 39.9, 26.9 ppm. 

HRMS (ESI-TOF) calcd for [C19H19NO4+H]+ 326.1392, found 326.1387. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 10.6 min (major), tR2 = 16.2 min (minor). 
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methyl (S)-2-(5-chloro-1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3d) 

98% yield (32.2 mg); 95.5:4.5 er; White solid; m.p. 88 – 90 oC; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = -

127 (c = 0.14, EA). 

1H NMR (300 MHz, CDCl3) δ 7.34 – 7.26 (m, 7H), 6.84 (d, J = 8.3 Hz, 1H), 3.58 – 3.50 (m, 4H), 

3.29 – 3.24 (m, 4H) ppm. 

13C NMR (101 MHz, CDCl3) δ 177.7, 170.0, 143.3, 138.3, 133.0, 128.9, 128.7, 127.9, 127.8, 126.5, 

124.8, 109.4, 53.4, 51.9, 41.5, 26.8 ppm. 

HRMS (ESI-TOF) calcd for [C18H16ClNO3+H]+ 330.0897, found 330.0895. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 70/30, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 12.4 min (major), tR2 = 18.5 min (minor). 
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methyl (S)-2-(5-methoxy-1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3e) 

97% yield (31.4 mg); 96:4 er; White solid; m.p. 118 – 120 oC; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = -129 

(c = 0.16, EA). 

1H NMR (400 MHz, CDCl3) δ 7.33 – 7.22 (m, 5H), 6.91 – 6.81 (m, 3H), 3.79 (s, 3H), 3.54 (d, J = 

16 Hz, 1H), 3.46 (s, 3H), 3.25 (d, J = 16 Hz, 1H), 3.22 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 177.8, 170.1, 155.9, 139.0, 138.2, 132.5, 128.7, 127.7, 126.6, 112.6, 

112.2, 108.7, 55.8, 53.6, 51.8, 41.6, 26.8 ppm. 

HRMS (ESI-TOF) calcd for [C19H19NO4+H]+ 326.1392, found 326.1389. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 11.7 min (major), tR2 = 15.3 min (minor). 
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methyl (S)-2-(1-methyl-2-oxo-3-phenyl-6-(trifluoromethyl)indolin-3-yl)acetate (3f) 

91% yield (33.2 mg); 95:5 er; White solid; m.p. 102 – 105 oC; Rf = 0.5 (PE/EA = 4/1); []
20 

D  = -68 

(c = 0.24, EA). 

1H NMR (400 MHz, CDCl3) δ 7.39 (s, 2H), 7.29 – 7.26 (m, 5H), 7.13 (s, 1H), 3.59 (d, J = 16.7 Hz, 

1H), 3.48 (s, 3H), 3.32 (d, J = 16.7 Hz, 1H), 3.28 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 177.8, 170.0, 145.3, 138.1, 135.2, 131.1 (q, J = 32.6 Hz), 128.9, 

128.0, 126.4, 124.5, 122.7 (q, J = 278.9 Hz), 119.5 (q, J = 4.1 Hz), 105.19 (q, J = 3.8 Hz), 53.2, 

51.9, 41.6, 26.8 ppm. 

19F NMR (282 MHz, CDCl3) δ -62.40 ppm. 

HRMS (ESI-TOF) calcd for [C19H16F3NO3+H]+ 364.1161, found 364.1157. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 10.0 min (major), tR2 = 13.1 min (minor). 
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methyl (S)-2-(1,6-dimethyl-2-oxo-3-phenylindolin-3-yl)acetate (3g) 

99% yield (30.6 mg); 95.5:4.5 er; White solid; m.p. 128 – 130 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = 

-86 (c = 0.14, EA). 

1H NMR (300 MHz, CDCl3) δ 7.35 – 7.15 (m, 6H), 6.91 (dd, J = 7.5, 0.8 Hz, 1H), 6.74 (s, 1H), 

3.53 (d, J = 16.3 Hz, 1H), 3.45 (s, 3H), 3.27 – 3.22 (m, 4H), 2.41 (s,3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.3, 170.2, 144.6, 139.3, 138.8, 128.7, 128.0, 127.6, 126.6, 124.2, 

123.0, 109.4, 53.0, 51.7, 41.8, 26.7, 21.9 ppm. 

HRMS (ESI-TOF) calcd for [C19H19NO3+H]+ 310.1443, found 310.1439. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 10.2 min (major), tR2 = 13.0 min (minor). 
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methyl (S)-2-(5,6-dimethoxy-1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3h) 

97% yield (34.5 mg); 94:6 er; White solid; m.p. 142 – 144 oC; Rf = 0.3 (PE/EA = 1/1); []
20 

D  = -95 

(c = 0.14, EA). 

1H NMR (300 MHz, CDCl3) δ 7.30 – 7.24 (m, 5H), 6.92 (s, 1H), 6.56 (s, 1H), 3.96 (s, 3H), 3.85 (s, 

3H), 3.52 (d, J = 16.2 Hz, 1H), 3.48 (s, 1H), 3.28 – 3.23 (m, 4H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.3, 170.3, 149.9, 145.0, 139.4, 138.5, 128.7, 127.6, 126.6, 121.5, 

109.7, 94.3, 56.9, 56.3, 53.5, 51.8, 41.6, 26.8 ppm. 

HRMS (ESI-TOF) calcd for [C20H21NO5+H]+ 356.1498, found 356.1491. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 70/30, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 14.9 min (major), tR2 = 29.6 min (minor). 
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methyl (S)-2-(1-methyl-2-oxo-3-phenyl-2,3-dihydro-1H-pyrrolo[2,3-b]pyridin-3-yl)acetate (3i) 

91% yield (26.9 mg); 91.5:8.5 er; White solid; m.p. 108 – 110 oC; Rf = 0.5 (PE/EA = 4/1); []
20 

D  = 

-85 (c = 0.12, EA). 

1H NMR (300 MHz, CDCl3) δ 8.26 (dd, J = 5.3, 1.6 Hz, 1H), 7.60 (dd, J = 7.3, 1.6 Hz, 1H), 7.35 – 

7.27 (m, 5H), 7.02 (dd, J = 7.3, 5.3 Hz, 1H), 3.54 – 3.49 (m, 4H), 3.33 – 3.28 (m, 4H) ppm. 

13C NMR (75 MHz, CDCl3) δ 177.6, 169.9, 157.9, 147.5, 137.8, 132.0, 128.9, 128.0, 126.5, 125.8, 

118.0, 52.9, 51.9, 41.6, 25.8 ppm. 

HRMS (ESI-TOF) calcd for [C17H16N2O3+H]+ 297.1239, found 297.1233. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 10.2 min (major), tR2 = 12.0 min (minor). 
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methyl (S)-2-(1-methyl-2-oxo-3-(p-tolyl)indolin-3-yl)acetate (3j) 

96% yield (29.7 mg); 96.5:3.5 er; Colorless oil; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = -126 (c = 0.11, EA). 
1H NMR (400 MHz, CDCl3) δ 7.33 (td, J = 7.7, 1.3 Hz, 1H), 7.26 (t, 1H), 7.21 – 7.19 (m, 2H), 7.11 

– 7.07 (m, 3H), 6.90 (d, J = 7.8 Hz, 1H), 3.53 (d, J = 16.3 Hz, 1H), 3.43 (s, 3H), 3.27 – 3.22 (m, 

4H), 2.28 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 178.2, 170.2, 144.6, 137.4, 136.1, 131.3, 129.4, 128.6, 126.5, 124.4, 

122.5, 108.4, 53.0, 51.7, 41.8, 26.7, 21.0 ppm. 

HRMS (ESI-TOF) calcd for [C19H19NO3+H]+ 310.1443, found 310.1439. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 14.0 min (major), tR2 = 18.0 min (minor). 
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methyl (S)-2-(3-(3-methoxyphenyl)-1-methyl-2-oxoindolin-3-yl)acetate (3k) 

97% yield (31.7 mg); 96:4 er; Colorless oil; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -78 (c = 0.2, EA). 
1H NMR (400 MHz, CDCl3) δ 7.35 – 7.25 (m, 2H), 7.20 (td, J = 8.0, 1.6 Hz, 1H), 7.09 (t, J = 7.5 

Hz, 1H), 6.93 – 6.89 (m, 3H), 6.78 (d, J = 8.3 Hz, 1H), 3.74 (s, 3H), 3.53 (d, J = 16.4 Hz, 1H), 3.43 

(s, 3H), 3.28 – 3.23 (m, 4H) ppm. 

13C NMR (101 MHz, CDCl3) δ 177.9, 170.1, 159.7, 144.6, 140.6, 131.0, 129.6, 128.7, 124.5, 122.5, 

119.0, 113.2, 112.5, 108.4, 55.2, 53.2, 51.7, 41.8, 26.7 ppm. 

HRMS (ESI-TOF) calcd for [C19H19NO4+H]+ 326.1392, found 326.1389. 

HPLC: Daicel Chiralcel IA-3, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 254 

nm, tR1 = 20.6 min (minor), tR2 = 21.9 min (major). 
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methyl (S)-2-(1-methyl-3-(naphthalen-1-yl)-2-oxoindolin-3-yl)acetate (3l) 

94% yield (32.5 mg); 96:4 er; White solid; m.p. 99 – 101 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -60 (c 

= 0.22, EA). 

1H NMR (300 MHz, CDCl3) δ 7.78 – 7.69 (m, 4H), 7.51 (dd, J = 8.7, 2.0 Hz, 1H), 7.45 – 7.32 (m, 

4H), 7.13 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 7.7 Hz, 1H), 3.68 (d, J = 16.3 Hz, 1H), 3.46 (s, 3H), 3.37 

(d, J = 16.4 Hz, 1H), 3.26 (s, 3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 177.9, 170.1, 144.5, 136.3, 133.0, 132.5, 131.0, 128.7, 128.5, 128.1, 

127.4, 126.2, 126.2, 125.5, 124.4, 122.5, 108.5, 53.3, 51.7, 41.6, 26.7 ppm. 

HRMS (ESI-TOF) calcd for [C22H19NO3+H]+ 346.1443, found 346.1439. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 15.4 min (major), tR2 = 17.7 min (minor). 
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methyl (S)-2-(1-methyl-2-oxo-3-(thiophen-2-yl)indolin-3-yl)acetate (3m) 

98% yield (29.6 mg); 96.5:3.5 er; White solid; m.p. 55 – 57 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -

127 (c = 0.29, EA). 

1H NMR (300 MHz, CDCl3) δ 7.39 – 7.34 (m, 2H), 7.20 (d, J = 4.7 Hz, 1H), 7.11 (t, J = 7.5 Hz, 

1H), 6.92 – 6.90 (m, 3H), 3.55(d, J = 16.6 Hz, 1H), 3.46 (s, 3H), 3.32 – 3.25 (m, 4H) ppm. 

13C NMR (75 MHz, CDCl3) δ 176.9, 169.6, 144.3, 142.8, 130.9, 129.2, 126.9, 125.4, 125.2, 124.0, 

122.6, 108.6, 51.8, 51.1, 43.0, 26.8 ppm. 

HRMS (ESI-TOF) calcd for [C16H15NO3S+H]+ 302.0851, found 302.0842. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 12.1 min (major), tR2 = 26.0 min (minor). 
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methyl (S)-2-(3-cyclohexyl-1-methyl-2-oxoindolin-3-yl)acetate (3n) 

95% yield (28.6 mg); 95:5 er; White solid; m.p. 76 – 78 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -52 (c 

= 0.19, EA). 

1H NMR (300 MHz, CDCl3) δ 7.29 – 7.24 (m, 1H), 7.14 (d, J = 7.1 Hz, 1H), 7.01 (t, J = 7.4 Hz, 

1H), 6.83 (d, J = 7.8 Hz, 1H), 3.39 (s, 3H), 3.23 (s, 3H), 3.01 (s, 2H), 1.83 – 1.50 (m, 6H), 1.20 – 

0.97 (m, 4H), 0.80 (qd, J = 12.4, 3.5 Hz, 1H) ppm. 

13C NMR (75 MHz, CDCl3) δ 179.5, 170.8, 144.9, 130.6, 128.1, 123.2, 121.9, 107.7, 53.7, 53.1, 

51.5, 45.4, 38.9, 27.1, 26.7, 26.6, 26.3, 26.1 ppm. 

HRMS (ESI-TOF) calcd for [C18H23NO3+H]+ 302.1756, found 302.1747. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 8.2 min (major), tR2 = 9.3 min (minor). 
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methyl (S)-2-(3-isopropyl-1-methyl-2-oxoindolin-3-yl)acetate (3o) 

96% yield (25.1 mg); 95.5:4.5 er; Colorless oil; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = +22 (c = 0.25, EA). 
1H NMR (300 MHz, CDCl3) δ 7.30 – 7.25 (m, 1H), 7.14 (d, J = 7.3 Hz, 1H), 7.02 (t, J = 7.5 Hz, 

1H), 6.84 (d, J = 7.8 Hz, 1H), 3.40 (s, 3H), 3.24 (s, 3H), 3.02 (dd, J = 20.4 Hz, J = 16.2 Hz, 2H), 

2.12 (hept, J = 6.8 Hz, 1H), 0.94 (d, J = 6.9 Hz, 3H), 0.72 (d, J = 6.7 Hz, 3H). 

13C NMR (75 MHz, CDCl3) δ 179.4, 170.6, 144.8, 129.9, 128.1, 123.2, 122.0, 107.8, 52.9, 51.6, 

39.4, 35.4, 26.1, 17.2, 16.9 ppm. 

HRMS (ESI-TOF) calcd for [C15H19NO3+H]+ 262.1443, found 262.1436. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 1 mL/min, uv-vis λ = 250 

nm, tR1 = 8.4 min (major), tR2 = 13.5 min (minor). 
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methyl (R)-2-(3-butyl-1-methyl-2-oxoindolin-3-yl)acetate (3p) 

92% yield (25.3 mg); 95.5:4.5 er; White solid; m.p. 58 – 60 oC; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = -5 

(c = 0.16, EA). 

1H NMR (300 MHz, CDCl3) δ 7.28 (td, J = 7.7, 1.4 Hz, 1H), 7.17 – 7.14 (m, 1H), 7.04 (td, J = 7.5, 

1.0 Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 3.42 (s, 3H), 3.25 (s, 3H), 2.93 (dd, J = 45.2, 16.2 Hz, 2H), 

1.89 – 1.69 (m, 2H), 1.26 – 1.11 (m, 2H), 1.07 – 0.92 (m, 1H), 0.86 – 0.71 (m, 4H) ppm. 

13C NMR (75 MHz, CDCl3) δ 179.4, 170.3, 144.4, 131.3, 128.1, 122.4, 122.3, 107.9, 51.5, 49.7, 

41.2, 37.9, 26.3, 25.6, 22.7, 13.8 ppm. 

HRMS (ESI-TOF) calcd for [C16H21NO3+H]+ 276.1600, found 276.1597. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 8.3 min (major), tR2 = 9.8 min (minor). 
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methyl (R)-2-(5-methoxy-1,3-dimethyl-2-oxoindolin-3-yl)acetate (3q) 

93% yield (24.5 mg); 95.5:4.5 er; White solid; m.p. 78 – 80 oC; Rf = 0.1 (PE/EA = 4/1); []
20 

D  = +17 

(c = 0.14, EA). 

1H NMR (400 MHz, CDCl3) δ 6.83 – 6.75 (m, 3H), 3.79 (s, 3H), 3.48 (s, 3H), 3.23 (s, 3H), 2.91 

(dd, J = 66. Hz, 16.5 Hz, 2H), 1.37 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 179.5, 170.3, 155.9, 137.1, 134.4, 111.9, 110.2, 108.3, 55.8, 51.6, 

45.9, 41.3, 26.5, 24.3 ppm. 

HRMS (ESI-TOF) calcd for [C14H17NO4+H]+ 264.1236, found 264.1233. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 9.8 min (major), tR2 = 13.2 min (minor). 
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methyl (S)-2-(1-isopropyl-2-oxo-3-phenylindolin-3-yl)acetate (3r) 

62% yield (20.0 mg); 93.5:6.5 er; White solid; m.p. 65 – 67 oC; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = -35 

(c = 0.16, EA). 

1H NMR (400 MHz, CDCl3) δ 7.32 – 7.23 (m, 7H), 7.09 – 7.04 (m, 2H), 4.64 (hept, J = 7.0 Hz, 

1H), 3.58 (d, J = 16.1 Hz, 1H), 3.43 (s, 3H), 3.24 (d, J = 16.1 Hz, 1H), 1.50 (t, J = 7.3 Hz, 6H) ppm. 

13C NMR (101 MHz, CDCl3) δ 177.7, 170.0, 143.2, 139.6, 131.8, 128.7, 128.3, 127.6, 126.4, 124.6, 

122.0, 110.0, 53.0, 51.6, 44.1, 41.6, 19.4, 19.0 ppm. 

HRMS (ESI-TOF) calcd for [C20H21NO3+H]+ 324.1600, found 324.1592. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 70/30, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 8.9 min (major), tR2 = 10.2 min (minor). 
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methyl (S)-2-(1-benzyl-2-oxo-3-phenylindolin-3-yl)acetate (3s) 

51% yield (18.9 mg); 93.5:6.5 er; White solid; m.p. 101 – 103 oC; Rf = 0.6 (PE/EA = 4/1); []
20 

D  = 

-56 (c = 0.23, EA). 

1H NMR (400 MHz, CDCl3) δ 7.34 – 7.18 (m, 12H), 7.05 (t, J = 7.5 Hz, 1H), 6.77 (d, J = 7.8 Hz, 

1H), 4.93 (dd, J = 43.2Hz, 15.8 Hz, 2H), 3.64 (d, J = 16.2 Hz, 1H), 3.38 (s, 3H), 3.31 (d, J = 16.2 

Hz, 1H) ppm. 

13C NMR (101 MHz, CDCl3) δ 178.1, 170.1, 143.7, 139.4, 136.0, 131.2, 128.8, 128.7, 128.6, 127.8, 

127.6, 127.5, 126.6, 124.5, 122.6, 109.5, 53.4, 51.7, 44.3, 41.7 ppm. 

HRMS (ESI-TOF) calcd for [C24H21NO3+H]+ 372.1600, found 372.1595. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 1 mL/min, uv-vis λ = 250 

nm, tR1 = 8.7 min (major), tR2 = 15.9 min (minor). 
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ethyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3t) 

96% yield (29.6 mg); 96.5:3.5 er; White solid; m.p. 81 – 83 oC; Rf = 0.5 (PE/EA = 4/1); []
20 

D  = -83 

(c = 0.12, EA). 

1H NMR (300 MHz, CDCl3) δ 7.37 – 7.20 (m, 7H), 7.10 (td, J = 7.5, 1.0 Hz, 1H), 6.90 (d, J = 7.8 

Hz, 1H), 3.87 (qq, J = 10.8, 7.1 Hz, 2H), 3.58 (d, J = 16.0 Hz, 1H), 3.26 – 3.21 (m, 4H), 0.97 (t, J 

= 7.1 Hz, 3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.1, 169.6, 144.6, 139.2, 131.1, 128.7, 127.7, 126.6, 124.6, 122.5, 

108.4, 60.6, 53.3, 42.2, 26.7, 13.9 ppm. 

HRMS (ESI-TOF) calcd for [C19H19NO3+H]+ 310.1443, found 310.1439. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 10.3 min (major), tR2 = 12.6 min (minor). 
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benzyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3u) 

85% yield (31.6 mg); 95:5 er; Colorless oil; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -85 (c = 0.15, EA). 
1H NMR (400 MHz, CDCl3) δ 7.34 – 7.20 (m, 10H), 7.10 – 7.03 (m, 3H), 6.77 (d, J = 7.8 Hz, 1H), 

4.87 – 4.78 (m, 2H), 3.46 (dd, J = 137.1, 16.0 Hz, 2H), 2.99 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 177.9, 169.5, 144.5, 139.2, 135.2, 130.9, 128.7, 128.7, 128.5, 128.4, 

128.3, 127.7, 126.6, 124.6, 122.5, 108.6, 66.6, 53.3, 42.2, 26.4 ppm. 

HRMS (ESI-TOF) calcd for [C24H21NO3+H]+ 372.1600, found 372.1592. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 20.6 min (major), tR2 = 23.3 min (minor). 
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2-(thiophen-2-yl)ethyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3v) 

93% yield (36.4 mg); 96:4 er; Colorless oil; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -84 (c = 0.27, EA). 
1H NMR (300 MHz, CDCl3) δ 7.36 – 7.20 (m, 7H), 7.13 – 7.06 (m, 2H), 6.91 – 6.88 (m, 2H), 6.73 

(d, J = 2.8 Hz, 1H), 4.05 (t, J = 6.8 Hz, 2H), 3.43 (dd, J = 86.4 Hz, 16.3 Hz, 2H), 3.21 (s, 3H), 2.88 

(t, J = 6.9 Hz, 2H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.0, 169.6, 144.6, 139.5, 139.1, 131.0, 128.8, 128.7, 127.7, 126.9, 

126.6, 125.5, 124.6, 124.0, 122.6, 108.5, 64.7, 53.2, 42.0, 29.0, 26.7 ppm. 

HRMS (ESI-TOF) calcd for [C23H21NO3S+H]+ 392.1320, found 392.1314. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 15.2 min (major), tR2 = 21.3 min (minor). 
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2,2-dimethoxyethyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3w) 

93% yield (34.2 mg); 96:4 er; Colorless oil; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -71 (c = 0.14, EA). 
1H NMR (300 MHz, CDCl3) δ 7.37 – 7.21 (m, 7H), 7.10 (t, J = 7.5 Hz, 1H), 6.91 (d, J = 7.8 Hz, 

1H), 4.30 (t, J = 5.3 Hz, 1H), 3.93 – 3.82 (m, 2H), 3.59 (d, J = 16.4 Hz, 1H), 3.35 – 3.24 (m, 10H) 

ppm. 

13C NMR (75 MHz, CDCl3) δ 177.9, 169.3, 144.6, 139.0, 131.0, 128.7, 127.7, 126.6, 124.5, 122.5, 

108.5, 100.8, 62.9, 53.7, 53.7, 53.2, 41.7, 26.7 ppm. 

HRMS (ESI-TOF) calcd for [C21H23NO5+H]+ 370.1654, found 370.1651. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 18.3 min (major), tR2 = 26.2 min (minor). 
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2-(trimethylsilyl)ethyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3x) 

97% yield (37.2 mg); 96:4 er; Colorless oil; Rf = 0.7 (PE/EA = 4/1); []
20 

D  = -71 (c = 0.14, EA). 
1H NMR (300 MHz, CDCl3) δ 7.61 – 7.45 (m, 7H), 7.34 (t, J = 7.4 Hz, 1H), 7.14 (d, J = 7.7 Hz, 

1H), 4.24 – 4.06 (m, 2H), 3.79 (d, J = 16.2 Hz, 1H), 3.50 – 3.45 (m, 4H), 1.04 – 0.89 (m, 2H), 0.20 

(s, 9H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.6, 173.0, 141.1, 130.3, 126.0, 121.3, 64.3, 46.7, 45.3, 43.4, 

31.9, 31.2, 24.7, 18.9, 0.0 ppm. 

HRMS (ESI-TOF) calcd for [C22H27NO3Si+H]+ 382.1838, found 382.1838. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 18.1 min (minor), tR2 = 27.2 min (major). 
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cyclobutyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3y) 

98% yield (32.8 mg); 96:4 er; White solid; m.p. 52 – 54 oC; Rf = 0.5 (PE/EA = 4/1); []
20 

D  = -68 (c 

= 0.14, EA). 

1H NMR (300 MHz, CDCl3) δ 7.37 – 7.23 (m, 7H), 7.11 (t, J = 7.6 Hz, 1H), 6.91 (d, J = 7.8 Hz, 

1H), 4.67 (p, J = 7.4 Hz, 1H), 3.57 (d, J = 15.8 Hz, 1H), 3.23 – 3.17 (m, 4H), 2.16 – 2.08 (m, 2H), 

1.76 – 1.41 (m, 4H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.0, 168.8, 144.6, 139.2, 131.0, 128.7, 127.7, 126.6, 124.7, 122.5, 

108.3, 69.0, 53.3, 42.3, 30.0, 29.7, 26.7, 13.5 ppm. 

HRMS (ESI-TOF) calcd for [C21H21NO3+H]+ 336.1600, found 336.1598. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 12.5 min (major), tR2 = 15.2 min (minor). 
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cyclopent-3-en-1-yl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3z) 

81% yield (28.1 mg); 96:4 er; Colorless oil; Rf = 0.7 (PE/EA = 4/1); []
20 

D  = -68 (c = 0.14, EA). 
1H NMR (300 MHz, CDCl3) δ 7.37 – 7.20 (m, 7H), 7.10 (t, J = 7.5 Hz, 1H), 6.87 (d, J = 7.8 Hz,1H), 

5.60 – 5.49 (m, 2H), 5.10 (tt, J = 6.8, 2.0 Hz, 1H), 3.60 (d, J = 15.6 Hz, 1H), 3.20 – 3.15 (m, 4H), 

2.57 – 2.37 (m, 2H), 2.09 (d, J = 17.8 Hz, 1H), 1.58 (d, J = 18.0 Hz, 1H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.0, 169.4, 144.6, 139.3, 130.8, 128.7, 128.6, 128.4, 127.8, 127.6, 

126.6, 124.6, 122.4, 108.5, 74.3, 53.3, 42.5, 39.5, 39.2, 26.6 ppm. 

HRMS (ESI-TOF) calcd for [C22H21NO3+H]+ 348.1600, found 348.1602. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 14.0 min (major), tR2 = 17.3 min (minor). 

 
 

 

 



S35 

  

4-methoxyphenyl (S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetate (3aa) 

73% yield (30.2 mg，with 10 mol % Pd (OAc)2, 20 mol% L1); 96:4 er; White solid; m.p. 98 – 100 

oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -47 (c = 0.12, EA). 
1H NMR (300 MHz, CDCl3) δ 7.45 – 7.28 (m, 7H), 7.224 – 7.17 (m, 1H), 6.95 (d, J = 7.8 Hz, 1H), 

6.80 – 6.75 (m, 2H), 6.60 – 6.54 (m, 2H), 3.85 (d, J = 15.7 Hz, 1H), 3.75 (s, 3H), 3.49 (d, J = 15.8 

Hz, 1H), 3.22 (s, 3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 177.8, 168.7, 157.3, 144.8, 143.7, 139.0, 130.7, 128.9, 128.8, 127.8, 

126.7, 124.9, 122.6, 122.0, 114.4, 108.7, 55.5, 53.4, 42.3, 26.7 ppm. 

HRMS (ESI-TOF) calcd for [C22H23NO4+H]+ 388.1543, found 388.1545. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 70/30, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 20.5 min (major), tR2 = 24.4 min (minor). 
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In addition, we also investigated the reaction with some nitrogen nucleophiles such as 

indoline, aniline and piperidine under the standard condition. Unfortunately, no desired 

product was detected, and only amidation products 5b-5d were isolated. Controlled 

experiments showed that the competitive side reaction can occur directly even without 

base. 

 
 

Controlling experiment 
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N-methyl-N-(2-(1-phenylvinyl)phenyl)indoline-1-carboxamide (5b) 

80% yield (28.4mg); colorless oil; Rf = 0.3 (PE/EA = 4/1); 

1H NMR (300 MHz, CDCl3) δ 7.57 (d, J = 8.0 Hz, 1H), 7.47 – 7.41 (m, 1H), 7.39 – 7.24 (m, 9H), 

7.18 – 7.12 (m, 2H), 7.06 (dd, J = 7.3, 1.4 Hz, 1H), 6.89 (td, J = 7.4, 1.1 Hz, 1H), 5.60 (d, J = 1.1 

Hz, 1H), 5.15 (d, J = 1.1 Hz, 1H), 3.13 (t, J = 8.5 Hz, 2H), 2.93 (s, 3H), 2.83 (t, J = 8.4 Hz, 2H) 

ppm. 

13C NMR (75 MHz, CDCl3) δ 157.5, 147.2, 144.4, 143.0, 140.6, 139.6, 131.9, 130.5, 129.1, 

128.1, 128.1, 127.9, 127.0, 126.4, 124.1, 121.8, 116.4, 116.1, 49.6, 39.1, 28.8 ppm. 

HRMS (ESI-TOF) calcd for [C24H23N2O+H]+ 355.1805, found 355.1808. 

 

 

1-methyl-3-phenyl-1-(2-(1-phenylvinyl)phenyl)urea (5c) 

90% yield (28.3 mg); colorless oil; Rf = 0.3 (PE/EA = 6/1);  

1H NMR (300 MHz, CDCl3) δ 7.54 – 7.47 (m, 3H), 7.33 – 7.14 (m, 10H), 7.01 – 6.95 (m, 1H), 5.98 

(s, 1H), 5.62 (d, J = 1.2 Hz, 1H), 5.35 (d, J = 1.1 Hz, 1H), 2.83 (s, 3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 153.7, 148.1, 140.7, 140.6, 138.9, 132.1, 129.9, 129.1, 128.7, 128.6, 

128.3, 128.0, 126.5, 122.6, 119.1, 117.1, 36.2 ppm. 

HRMS (ESI-TOF) calcd for [C21H24N2O+H]+ 329.1648, found 329.1649. 

 

 

N-methyl-N-(2-(1-phenylvinyl)phenyl)piperidine-1-carboxamide (5d) 

92% yield (29.4 mg); colorless oil; Rf = 0.3 (PE/EA = 4/1);  

1H NMR (300 MHz, CDCl3) δ 7.71 – 6.68 (m, 9H), 5.66 (d, J = 1.3 Hz, 1H), 5.33 (d, J = 1.3 Hz, 

1H), 2.92 (d, J = 3.0 Hz, 7H), 1.41 (td, J = 6.3, 3.7 Hz, 2H), 1.27 (ddt, J = 7.6, 4.6, 2.5 Hz, 4H) ppm. 

13C NMR (75 MHz, CDCl3) δ 153.7, 148.1, 140.7, 140.6, 138.9, 132.1, 129.9, 129.1, 128.7, 128.6, 

128.3, 128.0, 126.5, 122.6, 119.1, 117.1, 36.2 ppm. 

HRMS (ESI-TOF) calcd for [C21H24N2O+H]+ 321.1961, found 321.1961. 
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4. Optimization of Reaction Parameters for the Palladium-

Catalyzed Asymmetric Carbamoyl-Carbonylation of Unactivated 

Alkenes 

 

Table S1 Ligand Screening 
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Table S2. Base Screening 

[a] Reaction conditions: 6a (0.1 mmol), 2a (1 mmol), Pd(OAc)2 (10 mol %), (S)-OMe-BIPHEP (20 mol %), Base 

(0.3 mmol) in 1 mL solvent, 100 oC (oil bath temperature), 24 h, CO (balloon). [b] Isolated yields. [c] The er values 

were determined by HPLC analysis on a chiral stationary phase. 

  

Entry [Pd] Base Solvent Yield% er 

1 Pd(OAc)2 K2CO3 PhCl 15 92:8 

2 Pd(OAc)2 Na2CO3 PhCl 40 78:22 

3 Pd(OAc)2 K3PO4 PhCl 20 70.5:29.5 

4 Pd(OAc)2 KH2PO4 PhCl trace - 

5 Pd(OAc)2 KHCO3 PhCl 55 83.5:16.5 

6 Pd(OAc)2 Li2CO3 PhCl nd - 

7 Pd(OAc)2 Et3N PhCl nd - 

8 Pd(OAc)2 Ag2CO3 PhCl nd - 
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Table S3. Solvent Screening 

 

Entry [Pd] Base Solvent Yield% ee% 

1 Pd(OAc)2 KHCO3 THF nd - 

2 Pd(OAc)2 KHCO3 DCM nd - 

3 Pd(OAc)2 KHCO3 Et2O nd - 

4 Pd(OAc)2 KHCO3 1,4-Dioxane nd - 

5 Pd(OAc)2 KHCO3 Tol 20 58 

6 Pd(OAc)2 KHCO3 Benzene 55 0 

7 Pd(OAc)2 KHCO3 Benzotrifluoride 65 86 

8 Pd(OAc)2 KHCO3 Mesitylene trace 55 

9 Pd(OAc)2 KHCO3 o-Xylene 40 44 

10 Pd(OAc)2 KHCO3 PhF 47 30 

11 Pd(OAc)2 KHCO3 C6F6 50 87 

12 Pd(OAc)2 KHCO3 Acetone 82 87 

13 Pd(OAc)2 KHCO3 MeCN 68 90 

14 Pd(OAc)2 KHCO3 
MeCN:Acetone 

(1:4) 
80 89 

15 Pd(OAc)2 KHCO3 
MeCN:Acetone 

(1:2) 
88 90 

[a] Reaction conditions: 6a (0.1 mmol), 2a (1 mmol), Pd(OAc)2 (10 mol %), (S)-OMe-BIPHEP (20 

mol %), KHCO3 (0.3 mmol) in 1 mL solvent, 100 oC (oil bath temperature), 24 h, CO (balloon). [b] 

Isolated yields. [c] The er values were determined by HPLC analysis on a chiral stationary phase. 
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5. General Procedure for the Palladium-Catalyzed Asymmetric 

Carbamoyl-Carbonylation of Unactivated Alkenes  

 

An oven-dried 10 mL Schlenk tube was charged with the substrate 6a (27.2 mg, 0.1 

mmol), Pd(OAc)2 (2.2 mg, 10 mol %), L1 (11.6 mg, 20 mol %), and KHCO3 (30 mg, 

0.3 mmol). The vial is thoroughly flushed with CO, and MeOH (45 μL, 1 mmol), as 

well as MeCN/acetone (1/2, 1.0 mL) was added under balloon pressure of CO. Then 

the reaction mixture was stirred at room temperature for 5 min, and then raised to 80 
oC (oil bath temperature) for 48 h with stirring. After the reaction vessel was cooled to 

room temperature, the reaction mixture was filtered through a plug of celite and 

concentrated under reduced pressure. The solution was purified by flash column 

chromatography on silica gel (PE/EA = 10/1) to afford the desired product 7a in 83% 

yield (20.6 mg). 
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methyl (S)-2-(3-methyl-2-oxo-1-phenylpyrrolidin-3-yl)acetate (7a) 

83% yield (20.6 mg); 96:4 er; Colorless oil; Rf = 0.3 (PE/EA = 10/1); []
20 

D  = -17 (c = 0.13, EA). 
1H NMR (300 MHz, CDCl3) δ 7.72 – 7.60 (m, 2H), 7.53 – 7.35 (m, 2H), 7.24 – 7.09 (m, 1H), 3.96 

– 3.79 (m, 2H), 3.72 (s, 3H), 2.78 (d, J = 16.0 Hz, 1H), 2.69 (s, 1H), 2.42 – 2.30 (m, 1H), 2.09 (ddd, 

J = 12.8, 7.4, 3.9 Hz, 1H), 1.34 (s, 3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 177.0, 171.8, 139.6, 128.9, 124.6, 119.9, 51.6, 45.2, 43.8, 41.6, 30.4, 

23.2 ppm. 

HRMS (ESI-TOF) calcd for [C14H17NO3+H]+ 248.1281, found 248.1283. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 1.0 mL/min, uv-vis λ = 250 

nm, tR1 = 20. 0 min (minor), tR2 = 22.1 min (major). 
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methyl (S)-2-(1-(4-methoxyphenyl)-3-methyl-2-oxopyrrolidin-3-yl)acetate (7b) 

85% yield (23.5 mg), 96:4 er; 96:4 er; Colorless oil; Rf = 0.3 (PE/EA = 6/1); []
20 

D  = -13 (c = 0.064, 

EA). 

1H NMR (300 MHz, CDCl3) δ 7.57 (d, J = 9.1 Hz, 2H), 6.94 (d, J = 9.1 Hz, 2H), 3.84 – 3.76 (m, 

5H), 3.72 (s, 3H), 2.76 (d, J = 16.0 Hz, 1H), 2.65 (d, J = 16.0 Hz, 1H), 2.43 – 2.23 (m, 1H), 2.15 – 

1.87 (m, 1H), 1.33 (s, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 176.7, 171.8, 156.6, 132.9, 121.8, 114.1, 55.5, 51.6, 45.7, 43.5, 41.6, 

30.5, 23.2 ppm. 

HRMS (ESI-TOF) calcd for [C15H19NO3+H]+ 278.1387, found 278.1389. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 1.0 mL/min, uv-vis λ = 

250 nm, tR1 = 15. 5 min (minor), tR2 = 17.9 min (major). 
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methyl (S)-2-(1-(4-chlorophenyl)-3-methyl-2-oxopyrrolidin-3-yl)acetate (7c) 

78% yield (21.9 mg), 95:5 er; White solid; m.p. 60 – 62 oC; Rf = 0.3 (PE/EA = 10/1); []
20 

D  = -48 (c 

= 0.044, EA). 

1H NMR (300 MHz, CDCl3) δ 7.66 (d, J = 9.0 Hz, 2H), 7.36 (d, J = 9.0 Hz, 1H), 3.88 – 3.77 (m, 

2H), 3.71 (s, 3H), 2.79 (d, J = 16.2 Hz, 1H), 2.64 (d, J = 16.2 Hz, 1H), 2.49 – 2.30 (m, 1H), 2.15 – 

2.04 (m, 1H), 1.33 (s, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 177.2, 171.7, 138.2, 129.6, 128.8, 120.9, 51.7, 45.2, 43.7, 41.5, 30.2, 

23.3 ppm. 

HRMS (ESI-TOF) calcd for [C14H16ClNO3+H]+ 281.0891, found 281.0896. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 1.0 mL/min, uv-vis λ = 250 

nm, tR1 = 25. 2 min (minor), tR2 = 30.4 min (major). 
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methyl (S)-2-(3-methyl-2-oxo-1-(4-(trifluoromethyl)phenyl)pyrrolidin-3-yl)acetate (7d) 

65% yield (21.2 mg), 95.5:4.5 er; White solid; m.p. 81 – 83 oC; Rf = 0.3 (PE/EA = 10/1); []
20 

D  = -

16 (c = 0.044, EA). 

1H NMR (300 MHz, CDCl3) δ 7.93 – 7.75 (m, 2H), 7.74 – 7.60 (m, 2H), 3.96 – 3.75 (m, 2H), 3.70 

(s, 3H), 2.80 (d, J = 16.3 Hz, 1H), 2.64 (d, J = 16.3 Hz, 1H), 2.40 (dt, J = 12.8, 8.5 Hz, 1H), 2.08 

(ddd, J = 12.8, 7.1, 4.2 Hz, 1H), 1.32 (s, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 177.7, 171.6, 142.5, 126.0, 126.0, 119.2, 51.7, 45.0, 43.8, 41.5, 30.1, 

23.4 ppm. 

19F NMR (282 MHz, CDCl3) δ -62.14 ppm. 

HRMS (ESI-TOF) calcd for [C15H16F3NO3+H]+ 316.1155, found 316.1162. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 1.0 mL/min, uv-vis λ = 

250 nm, tR1 = 7.5 min (minor), tR2 = 8.6 min (major). 
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methyl (S)-2-(3-methyl-2-oxo-1-(m-tolyl)pyrrolidin-3-yl)acetate (7e) 

70% yield (18.3 mg), 95.5:4.5 er; Colorless oil; Rf = 0.3 (PE/EA = 10/1); []
20 

D  = -14 (c = 0.056, 

EA). 

1H NMR (300 MHz, CDCl3) δ 7.93 – 7.75 (m, 2H), 7.74 – 7.60 (m, 2H), 3.96 – 3.75 (m, 2H), 3.70 

(s, 3H), 2.80 (d, J = 16.3 Hz, 1H), 2.64 (d, J = 16.3 Hz, 1H), 2.40 (dt, J = 12.8, 8.5 Hz, 1H), 2.08 

(ddd, J = 12.8, 7.1, 4.2 Hz, 1H), 1.32 (s, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 177.0, 171.7, 139.5, 138.7, 128.6, 125.4, 120.8, 116.9, 51.6, 45.3, 

43.8, 41.5, 30.4, 23.1, 21.6 ppm. 

HRMS (ESI-TOF) calcd for [C15H19NO3+H]+ 262.1438, found 262.1442. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 1.0 mL/min, uv-vis λ = 250 

nm, tR1 = 14.0 min (minor), tR2 = 16.4 min (major). 
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methyl (S)-2-(1-(3-chlorophenyl)-3-methyl-2-oxopyrrolidin-3-yl)acetate (7f) 

75% yield (21.1 mg), 95.5:4.5 er; Colorless oil; Rf = 0.3 (PE/EA = 10/1); []
20 

D  = -21 (c = 0.048, 

EA). 

1H NMR (300 MHz, CDCl3) δ 7.76 (t, J = 2.1 Hz, 1H), 7.66 – 7.51 (m, 1H), 7.34 – 7.26 (m, 1H), 

7.13 (m, 1H), 3.88 – 3.77 (m, 2H), 3.69 (s, 3H), 2.77 (d, J = 16.2 Hz, 1H), 2.62 (d, J = 16.2 Hz, 1H), 

2.37 (dt, J = 12.9, 8.5 Hz, 1H), 2.05 (ddd, J = 12.8, 7.2, 4.1 Hz, 1H), 1.30 (s, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 177.3, 171.6, 140.7, 134.6, 129.8, 124.4, 119.8, 117.6, 51.7, 45.1, 

43.8, 41.5, 30.1, 23.3 ppm. 

HRMS (ESI-TOF) calcd for [C14H16ClNO3+H]+ 282.0891, found 282.0897. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 80/20, flow rate = 1.0 mL/min, uv-vis λ = 

250 nm, tR1 = 5.9 min(minor), tR2 = 6.5 min (major). 
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ethyl (S)-2-(3-methyl-2-oxo-1-phenylpyrrolidin-3-yl)acetate (7g) 

78% yield (20.3 mg), 96:4 er; Colorless oil; Rf = 0.3 (PE/EA = 10/1); []
20 

D  = -11 (c = 0.044, EA). 
1H NMR (300 MHz, CDCl3) δ 7.69 (dd, J = 8.8, 1.1 Hz, 1H), 7.40 (dd, J = 8.6, 7.3 Hz, 2H), 7.21 – 

7.15 (m, 1H), 4.17 (q, J = 7.1 Hz, 2H), 3.92 – 3.80 (m, 2H), 2.77 (d, J = 15.9 Hz, 1H), 2.63 (d, J = 

16.0 Hz, 1H), 2.51 – 2.30 (m, 1H), 2.07 (ddd, J = 12.8, 7.5, 3.7 Hz, 1H), 1.33 (s, 3H), 1.27 (t, J = 

7.1 Hz, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 177.1, 171.3, 139.6, 128.9, 124.5, 119.9, 60.5, 45.2, 43.8, 41.9, 30.3, 

23.2, 14.2 ppm. 

HRMS (ESI-TOF) calcd for [C15H19NO3+H]+ 262.1438, found 262.1443. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 1.0 mL/min, uv-vis λ = 250 

nm, tR1 = 20.0 min (minor), tR2 = 22.7 min (major). 
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propyl (S)-2-(3-methyl-2-oxo-1-phenylpyrrolidin-3-yl)acetate (7h) 

74% yield (20.3 mg), 95.5:4.5 er; Colorless oil; Rf = 0.4 (PE/EA = 10/1); []
20 

D  = -5 (c = 0.124, EA). 
1H NMR (300 MHz, CDCl3) δ 7.71 – 7.68 (m, 2H), 7.41 (dd, J = 8.7, 7.3 Hz, 2H), 7.17 – 7.15 (m, 

1H), 4.08 (t, J = 6.7 Hz, 2H), 3.90 – 3.82 (m, 2H), 2.79 (d, J = 15.9 Hz, 1H), 2.65 (d, J = 16.0 Hz, 

1H), 2.45 – 2.35 (m 1H), 2.11 – 2.03 (m, 1H), 1.67 (q, J = 7.1 Hz, 2H), 1.34 (s, 3H), 0.96 (t, J = 7.4 

Hz, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 177.1, 171.4, 139.6, 128.8, 124.5, 119.8, 66.2, 45.2, 43.8, 41.8, 30.4, 

23.2, 22.0, 10.4 ppm. 

HRMS (ESI-TOF) calcd for [C16H21O3H]+ 276.1594, found 276.1596. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate = 1.0 mL/min, uv-vis λ = 

250 nm, tR1 =10.1 min (minor), tR2 = 11.6 min (major). 
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2-(trimethylsilyl)ethyl (S)-2-(3-methyl-2-oxo-1-phenylpyrrolidin-3-yl)acetate (7i) 

68% yield (22.6 mg), 95.5:4.5 er; Colorless oil; Rf = 0.6 (PE/EA = 10/1); []
20 

D  = -48 (c = 0.044, 

EA). 

1H NMR (300 MHz, CDCl3) δ 7.70 (dt, J = 8.0, 1.1 Hz, 2H), 7.47 – 7.35 (m, 2H), 7.24 – 7.12 (m, 

1H), 4.23 – 4.17 (m, 2H), 3.90 – 3.79 (m, 2H), 2.73 (s, 1H), 2.62 (d, J = 16.0 Hz, 1H), 2.45 – 2.40 

(m, 1H), 2.08 (ddd, J = 12.8, 7.4, 3.9 Hz, 1H), 1.34 (s, 3H), 1.11 – 0.89 (m, 2H), 0.07 (s, 9H) ppm. 

13C NMR (75 MHz, CDCl3) δ 178.6, 173.0, 141.1, 130.3, 126.0, 121.3, 64.3, 46.7, 45.3, 43.4, 31.9, 

24.7, 18.9, 0.0 ppm. 

HRMS (ESI-TOF) calcd for [C18H27NO3Si+H]+ 334.1833, found 334.1837. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, uv-vis λ = 250 

nm, tR1 = 21.5 min (minor), tR2 = 22.5 min (major). 
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pent-4-en-1-yl (S)-2-(3-methyl-2-oxo-1-phenylpyrrolidin-3-yl)acetate (7j) 

74% yield (20.3 mg), 96:4 er; Colorless oil; Rf = 0.4 (PE/EA = 10/1); []
20 

D  = -45 (c = 0.04, EA). 
1H NMR (300 MHz, CDCl3) δ 7.72 – 7.68 (m, 2H), 7.44 – 7.38 (m, 2H), 7.31 – 7.19 (m, 1H), 5.81 

(ddt, J = 16.9, 10.2, 6.6 Hz, 1H), 5.17 – 4.97 (m, 1H), 4.13 (t, J = 6.6 Hz, 2H), 3.99 – 3.74 (m, 2H), 

2.79 (d, J = 15.9 Hz, 1H), 2.66 (d, J = 15.9 Hz, 1H), 2.41 (dt, J = 12.9, 8.4 Hz, 1H), 2.23 – 2.00 (m, 

2H), 1.76 (t, J = 7.4 Hz, 2H), 1.34 (s, 3H) ppm. 

13C NMR (75 MHz, CDCl3) δ 177.0, 171.3, 139.6, 137.4, 128.8, 124.5, 119.8, 115.4, 64.0, 54.4, 

45.2, 43.8, 41.8, 30.4, 27.7, 23.2 ppm. 

HRMS (ESI-TOF) calcd for [C18H23NO3+H]+ 302.1751, found 302.1750. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 90/10, flow rate = 1.0 mL/min, uv-vis λ = 

250 nm, tR1 = 10.4 min (minor), tR2 = 12.8 min (major). 
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cyclopropyl (S)-2-(3-methyl-2-oxo-1-phenylpyrrolidin-3-yl)acetate (7k) 

75% yield (20.5 mg), 95.5:4.5 er; Colorless oil; Rf = 0.6 (PE/EA = 10/1); []
20 

D  = -23 (c = 0.048, 

EA). 

1H NMR (300 MHz, CDCl3) δ 7.67 – 7.61 (m, 2H), 7.37 – 7.32 (m, 2H), 7.15 – 7.10 (m, 1H), 4.11 

(dt, J = 6.4, 2.5 Hz, 1H), 3.87 – 3.70 (m, 2H), 2.68 (dd, J = 16.0, 1.3 Hz, 1H), 2.55 (dd, J = 16.0, 1.2 

Hz, 1H), 2.33 (dt, J = 12.7, 8.4 Hz, 1H), 2.02 (m, 1H), 1.27 (s, 3H). 0.66 (dt, J = 5.3, 3.3 Hz, 4H) 

ppm. 

13C NMR (75 MHz, CDCl3) δ 176.8, 172.1, 139.5, 128.8, 124.5, 119.8, 48.9, 45.1, 43.7, 41.7, 30.3, 

23.1, 5.0, 4.9 ppm. 

HRMS (ESI-TOF) calcd for [C16H19NO3+H]+ 274.1438, found 274.1438. 

HPLC: Daicel Chiralcel AD-H, n-hexane/isopropanol 95/5, flow rate = 0.5mL/min, uv-vis λ = 250 

nm, tR1 = 43.1 min (minor), tR2 = 45.0 min (major). 
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6. Further Study of the Reaction 

Table S4 Condition Screening for phenylboronic acid  

 

Entry [Pd] Ligand Solvent Yield of 3ac % er of 3ac 

1 Pd(OAc)2 L1 PhCl trace - 

2 Pd(OAc)2 L2 PhCl n.d. - 

3 Pd(OAc)2 L3 PhCl n.d. - 

4 Pd(OAc)2 L4 PhCl n.d. - 

5 Pd(OAc)2 L5 PhCl 42% 67.5:32.5 

6 Pd(OAc)2 L6 PhCl trace - 

7 Pd(OAc)2 L7 PhCl 38 70.5:29.5 

8 Pd(OAc)2 L8 PhCl 65 79:21 

9 Pd(OAc)2 L5 THF 55 91:9 

10 Pd(OAc)2 L5 EA 7 70:30 

11 Pd(OAc)2 L5 PhMe trace 76.5:23.5 

12 Pd(OAc)2 L5 MeCN 52 75:25 

13 Pd(OAc)2 L5 Acetone 43 86.5:13.5 

14 Pd(dba)2 L5 THF 56 67.5:32.5 

15 Pd2(dba)3 L5 THF 49 66.5:33.5 

16 Pd(dba)2 L5 THF 52 70:40 
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a) Reaction conditions: 1a (0.1 mmol), PhB(OH)2 (0.3 mmol), [Pd] (10 mol %), L (20 mol %), K2HPO4 (0.3 mmol) in 1.0 mL 

solvent, 80 oC (oil bath temperature), 30 h, CO balloon. b) Isolated yields are given. c) Determined by HPLC analysis. n.d. = Not 

determined. 

 

(S)-1-methyl-3-(2-oxo-2-phenylethyl)-3-phenylindolin-2-one (3ab)  

55% yield (18.8 mg); 91:9 er; White solid; m.p. 102 – 104 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -53 

(c = 0.1, EA). 

1H NMR (300 MHz, CDCl3) δ 7.90 – 7.82 (m, 2H), 7.55 – 7.27 (m, 10H), 7.07 (td, J = 7.5, 1.0 Hz, 

1H), 6.97 (dd, J = 7.7, 1.0 Hz, 1H), 4.29 – 3.94 (m, 2H), 3.32 (s, 3H) ppm. 
13C NMR (75 MHz, CDCl3) δ 195.8, 178.6, 144.8, 139.6, 136.4, 133.3, 131.6, 128.7, 128.6, 128.4, 

128.0, 127.6, 126.8, 124.1, 122.2, 108.5, 53.1, 47.0, 26.8 ppm. 

HRMS (ESI-TOF) calcd for [C23H19NO2+H]+ 342.1489, found 342.1492. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 70/30, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 25.1 min (major), tR2 = 35.4 min (minor). 
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An oven-dried 350 mL Schlenk tube was charged with the substrate 1a (0.951 g, 3.5 

mmol), Pd(OAc)2 (39.3 mg, 5 mol %), L1 (203.9 mg, 10 mol %), and K2HPO4 (1.829 

g, 10.5 mmol). The vial is thoroughly flushed with CO, and MeOH (424 μL, 10.5 mmol), 

as well as PhCl/acetone (9/1, 35 mL) was added under balloon pressure of CO. Then 

the reaction mixture was stirred at room temperature for 30 seconds, then raise to 80 oC 

(oil bath temperature) for 36 h with stirring. After the reaction vessel was cooled to 

room temperature, the reaction mixture was diluted with EA (50 mL) and filtered 

through a plug of celite. The solution was concentrated under reduced pressure and 

purified by flash column chromatography on silica gel (PE/EA = 5/1) to afford the 

desired product 3a in 98% yield (1.012 g). 

 

 

An oven-dried 10 mL Schlenk tube equipped with a magnetic stirring bar was charged 

with 3a (59.1 mg, 0.2 mmol) and 9-BBN (4 mL, 0.5 M in THF, 2 mmol). The tube was 

evacuated and back-filled with argon three times. The tube sealed tightly with a stopper, 
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and the reaction mixture was heated at 65 ºC (oil bath temperature) for 18 h with stirring. 

After cooling the tube, the mixture was concentrated under reduced pressure and 

purified by flash column chromatography on silica gel (PE/EA = 4/1) to afford the 

desired product 8 in 95% yield (48.1 mg). 

 

 

To a solution of 3a (59.1 mg, 0.2 mmol) in 0.75 mL of MeOH, was added a solution of 

NaOH (40 mg, 1 mmol) in water (0.25 mL). The mixture was stirred at 50 oC (oil bath 

temperature) for 1.5 h. After cooling to 0 oC, the mixture was treated with an aqueous 

solution of 1 N HCl to pH = 1 and extracted with EA (3×10 mL). The combined organic 

layers were washed with brine (15 mL), dried over Na2SO4, filtrated, and evaporated to 

dryness under reduced pressure. The resultant crude product 9 was purified by flash 

column chromatography on silica gel using PE/EA 1:2, delivering product in 98% yield 

(54.9 mg). 

 

 

To a solution of 9 (56.3 mg, 0.2 mmol) and DIPEA (42 μL, 0.24 mmol) in THF (1 mL), 

was added the Castros reagent (BOP) (106.2 mg, 0.24 mmol). The solution was stirred 

at r.t. for 10 min. Then NaBH4 (3×7.6 mg, 3×0.2 mmol) was added every 5 min, the 

TLC method to detect the response process. Then the reaction solution was neutralized 

with 1 N HCl, and water was added to the reaction solution followed by extraction with 

chloroform. The obtained chloroform layer was dried over Na2SO4, filtered, and 

concentrated under reduced pressure. The resultant crude product was purified by flash 

column chromatography on silica gel using PE/EA = 2:1 to give 10 in 85% yield (45.2 

mg). 

 

 

To a solution of 9 (56.3 mg, 0.2 mmol) and DIPEA (70 μL, 0.4 mmol) in CH2Cl2 (2 

mL), was added HATU (91.3 mg, 0.24 mmol) at room temperature. The resulting 
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solution was stirred for 30 min. Then aniline (20 μL, 0.22 mmol) was added and the 

reaction mixture was stirred for another 24 h. The mixture was concentrated under 

reduced pressure and purified by flash column chromatography on silica gel (PE/EA = 

5/1) to afford the desired product 11 in 82% yield (58.2 mg). 

 

 

To a solution of 9 (56.3 mg, 0.2 mmol) and SOCl2 (0.1 mL, 1.38 mmol) in CH2Cl2 (2 

mL), was added DMF (1 drop) at room temperature. Then the reaction mixture was 

allowed to 45 oC (oil bath temperature) for 1 h. The solvent was removed under reduced 

pressure; The another dichloromethane (8 mL) and aluminum chloride (AlCl3; 266.7 

mg, 2 mmol) were added to the resulting mixture at 0 °C, followed by refluxing under 

heating for 6 h. After the completion of the reaction, the mixture was treated with ice 

water and then extracted twice with 10 mL of CH2Cl2. The combined organic phase was 

washed with water (10 mL) and saturated brine (10 mL), dried with Na2SO4 and 

concentrated under reduced pressure to give a crude product. The crude product was 

purified by flash column chromatography on silica gel (PE/EA = 6/1) to give 12 in 90% 

yield (47.6 mg). 

 

 

An oven-dried 10 mL Schlenk tube was charged with the substrate 1q (0.024 g, 0.1 

mmol), Pd(OAc)2 (1.1 mg, 5 mol %), (R)-L1 (5.8 mg, 10 mol %), and K2HPO4 (52.3 

mg, 0.3 mmol). The vial is thoroughly flushed with CO, and MeOH (12 μL, 0.3 mmol), 

as well as PhCl/acetone (9/1, 1 mL) was added under balloon pressure of CO. Then the 

reaction mixture was stirred at room temperature for 30 seconds, then raise to 80 oC (oil 

bath temperature) for 30 h with stirring. After the reaction vessel was cooled to room 

temperature, the reaction mixture was diluted with EA (10 mL) and filtered through a 

plug of celite. The solution was concentrated under reduced pressure and purified by 

flash column chromatography on silica gel (PE/EA = 4/1) to afford the desired product 

(S)-3q in 91% yield (24.0 mg). 
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To a solution of (S)-3q (26.3 mg, 0.1 mmol) in THF (2 mL), was added LiAlH4 (11.4 

mg, 0.3 mmol) at 0 oC. The resulting solution was stirred for 2 h at 0 oC. Then the 

reaction solution was neutralized with H2O, and then extracted twice with 10 mL of EA. 

The combined organic phase was washed with saturated brine (10 mL), dried over 

Na2SO4 and concentrated to give a crude product. The crude product was purified by 

flash column chromatography on silica gel (PE/EA = 10/1) to give 13 in 90% yield 

(40.1 mg). 

 

 

(S)-2-(1-methyl-3-phenylindolin-3-yl)ethan-1-ol (8) 

95% yield (48.1mg); > 99% ee; Colorless oil; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = -12 (c = 0.23, EA). 
1H NMR (300 MHz, CDCl3) δ 7.43 – 7.40 (m, 2H), 7.31 (t, J = 7.5 Hz, 2H), 7.24 – 7.17 (m, 2H), 

6.98 (d, J = 7.3 Hz, 1H), 6.85 – 6.80 (m, 1H), 6.67 (d, J = 7.9 Hz, 1H), 3.63 – 3.56 (m, 2H), 3.35 – 

3.27 (m, 2H), 3.11 (br, 1H), 2.78 (s, 3H), 2.64 – 2.54 (m, 1H), 2.15 (dt, J = 13.9, 4.8 Hz, 1H) ppm. 

13C NMR (75 MHz, CDCl3) δ 153.0, 146.3, 134.9, 128.4, 128.2, 126.9, 126.5, 124.8, 119.5, 109.1, 

70.8, 60.3, 51.5, 42.4, 36.5 ppm. 

HRMS (ESI-TOF) calcd for [C17H19NO+H]+ 254.1545, found 254.1543. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 95/5, flow rate = 1 mL/min, uv-vis λ = 250 

nm, tR1 = 25.3 min (major), tR2 =29.7 min (minor). 
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(S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)acetic acid (9) 

98% yield (54.9 mg); White solid; m.p. 164 – 166 oC; Rf = 0.5 (EA); []
20 

D  = -117 (c = 0.22, EA). 
1H NMR (300 MHz, DMSO-d6) δ 12.18 (s, 1H), 7.40 – 7.20 (m, 7H), 7.08 – 7.03 (m, 2H), 3.36 (s, 

2H), 3.14 (s, 3H) ppm. 

13C NMR (75 MHz, DMSO-d6) δ 178.0, 171.3, 144.8, 140.5, 132.4, 129.0, 128.7, 127.7, 126.8, 

124.5, 122.5, 109.0, 53.4, 41.4, 26.9 ppm. 

 

 

(S)-3-(2-hydroxyethyl)-1-methyl-3-phenylindolin-2-one (10) 

85% yield (45.2 mg); > 99% ee; White solid; m.p. 80 – 82 oC; Rf = 0.1 (PE/EA = 4/1); []
20 

D  = -42 

(c = 0.18, EA). 

1H NMR (300 MHz, DMSO-d6) δ 7.36 – 7.21 (m, 7H), 7.09 (t, J = 6.9 Hz, 2H), 4.48 (t, J = 5.2 Hz, 

1H), 3.15 – 3.01 (m, 5H), 2.53 – 2.35 (m, 2H) ppm. 

13C NMR (75 MHz, DMSO-d6) δ 178.0, 144.0, 141.2, 132.2, 128.9, 128.6, 127.5, 126.9, 124.8, 

122.8, 109.2, 57.7, 54.6, 39.8, 26.6 ppm. 

HPLC: Daicel Chiralcel IA-3, n-hexane/isopropanol 90/10, flow rate = 0.5 mL/min, uv-vis λ = 250 

nm, tR1 = 33.2 min (major), tR2 =37.6 min (minor). 
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(S)-2-(1-methyl-2-oxo-3-phenylindolin-3-yl)-N-phenylacetamide (11) 

82% yield (58.2 mg); > 99% ee; White solid; m.p. 176 – 178 oC; Rf = 0.3 (PE/EA = 4/1); []
20 

D  = -

48 (c = 0.26, EA). 

1H NMR (300 MHz, CDCl3) δ 8.62 (s, 1H), 7.37 – 7.35 (m, 2H), 7.31 – 7.24 (m, 7H), 7.17 (t, J = 

7.7 Hz, 2H), 7.07 (t, J = 7.5 Hz, 1H), 6.99 (t, J = 7.3 Hz, 1H), 6.87 (d, J = 8.0 Hz, 1H), 3.45 (d, J = 

15.3 Hz, 1H), 3.24 (s, 3H), δ 3.19 (d, J = 15.3 Hz, 1H) ppm. 

13C NMR (75 MHz, CDCl3) δ 179.1, 167.1, 143.2, 139.1, 137.8, 131.8, 128.9, 128.8, 128.7, 127.8, 

126.5, 124.6, 124.2, 123.2, 120.1, 108.8, 54.3, 45.0, 26.8 ppm. 

HPLC: Daicel Chiralcel IA-3, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 250 

nm, tR1 = 25.3 min (major), tR2 =30.0 min (minor). 
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(S)-1'-methylspiro[indene-1,3'-indolin]-3(2H)-one (12) 

90% yield (47.6 mg); >99% ee; White solid; m.p. 190 – 192 oC; Rf = 0.4 (PE/EA = 4/1); []
20 

D  = -

50 (c = 0.22, EA). 

1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 7.4 Hz, 1H), 7.54 – 7.44 (m, 2H), 7.36 (t, J = 7.6 Hz, 

1H), 7.06 (t, J = 7.5 Hz, 1H), 7.00 – 6.95 (m, 3H), 3.33 (s, 3H), 3.08 (dd, J = 131.5, 18.6 Hz, 2H) 

ppm. 

13C NMR (101 MHz, CDCl3) δ 203.5, 177.7, 154.5, 143.8, 136.5, 135.6, 132.6, 129.1, 129.0, 124.5, 

124.1, 123.5, 123.3, 108.6, 54.2, 47.5, 26.9 ppm. 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 80/20, flow rate = 0.5 mL/min, uv-vis λ = 

250 nm, tR1 = 25.9 min (major), tR2 =38.7 min (minor). 
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methyl (S)-2-(5-methoxy-1,3-dimethyl-2-oxoindolin-3-yl)acetate ((S)-3q) 

91% yield (24.0 mg); 96:4 er; Rf = 0.1 (PE/EA = 4/1); []
20 

D  = -15 (c = 0.15, EA); 

HPLC: Daicel Chiralcel OD-H, n-hexane/isopropanol 60/40, flow rate = 0.5 mL/min, uv-vis λ = 

254 nm, tR1 = 10.0 min (minor), tR2 = 13.1 min (major). 
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(3aS,8aS)-5-methoxy-3a,8-dimethyl-3,3a,8,8a-tetrahydro-2H-furo[2,3-b]indole (13) 

91% yield (40.1 mg); 96:4 er; yellow oil; Rf = 0.8 (PE/EA = 4/1). 

1H NMR (400 MHz, CDCl3) δ 6.70 – 6.64 (m, 2H), 6.29 (d, J = 8.2 Hz, 1H), 5.04 (s, 1H), 3.95 

(ddd, J = 8.8, 7.1, 1.9 Hz, 1H), 3.75 (s, 3H), 3.47 (ddd, J = 10.8, 8.6, 5.5 Hz, 1H), 2.88 (s, 3H), 2.16 

– 1.99 (m, 2H), 1.45 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 152.7, 145.0, 136.0, 112.1, 110.5, 105.6, 105.3, 67.4, 56.1, 52.5, 

41.5, 31.7, 24.5 ppm. 

HPLC: Daicel Chiralcel IA-3, n-hexane/isopropanol 95/5, flow rate = 0.5 mL/min, uv-vis λ = 250 

nm, tR1 = 9.2 min (minor), tR2 =10.0 min (major). 
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7. Crystal Structure of 3a and 7d 

 

ORTEP plot of the crystal structure of 3a (50% ellipsoid probability) 

X-ray crystallographic data of 3a 

CCDC number 1999951 

Empirical formula C18H17NO3 

Formula weight 295.32 

Temperature 100 K 

Wavelength 1.54178 Å 

Space group P 21 21 21 

Unit cell dimensions a=9.0567(8)     Å      =90º 

 b=12.5609(12)     Å      =90º 

 c=29.017(3)     Å      =90º 

Volume 3300.9(5) Å 

Z 8 

F(000) 1248.0 

Completeness to theta = 68.347° 1.75/0.99 

Max. and min. transmission 0.753 and 0.665 

R indices (all data) R= 0.0279(5733) 

wR2(reflections)= 0.0731(6021) 

S  1.046 

ellipsoid contour % probability levels 50 
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ORTEP plot of the crystal structure of 7d (50% ellipsoid probability) 

X-ray crystallographic data of 7d 

CCDC number 2047030 

Empirical formula C15H16F3NO3 

Formula weight 315.29 

Temperature 150 K 

Wavelength 1.54178 Å 

Space group P 21 21 21 

Unit cell dimensions a=10.3719 (4)     Å      =90º 

 b=19.0789 (8)     Å      =90º 

 c=22.6118 (9)     Å      =90º 

Volume 4474.5(3) Å 

Z 12 

F(000) 1968.0 

Completeness to theta = 68.347° 1.72/0.96 

Max. and min. transmission 0.959 and 0.904 

R indices (all data) R= 0.0594(6458) 

wR2(reflections)= 0.1653(8774) 

S  1.059 

ellipsoid contour % probability levels 50 
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9. NMR Spectra 

1H NMR of 3a 

 

 

13C NMR of 3a
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1H NMR of 3b 
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1H NMR of 3c 
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1H NMR of 3d 
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1H NMR of 3e 
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1H NMR of 3f
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19F NMR of 3f 
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1H NMR of 3g 
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1H NMR of 3h 
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1H NMR of 3i 
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1H NMR of 3j 

 
13C NMR of 3j 

 

 

 

 

 



S79 

1H NMR of 3k 
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1H NMR of 3l 
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1H NMR of 3m 
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1H NMR of 3n 
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1H NMR of 3o 
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1H NMR of 3p 
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1H NMR of 3q 
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1H NMR of 3r 
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1H NMR of 3s 
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1H NMR of 3t 
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1H NMR of 3u 
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1H NMR of 3v 
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1H NMR of 3w 
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1H NMR of 3x 
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1H NMR of 3y 
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1H NMR of 3z 

 

 

13C NMR of 3z 

 

 

 



S95 

1H NMR of 3aa
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1H NMR of 5b 
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1H NMR of 5c 
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1H NMR of 5d 
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1H NMR of 7a 
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1H NMR of 7b
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1H NMR of 7c 
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1H NMR of 7d 

 

 

13C NMR of 7d 

 

 

 

 



S103 

19F NMR of 7d 
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1H NMR of 7e 
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1H NMR of 7f 
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1H NMR of 7g 
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1H NMR of 7h
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1H NMR of 7i 
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1H NMR of 7j 
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1H NMR of 7k
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1H NMR of 3ab
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1H NMR of 8 
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1H NMR of 9 

 

 

13C NMR of 9 

 

 

 

 



S114 

1H NMR of 10 
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1H NMR of 11 
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1H NMR of 12 
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1H NMR of 13 
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