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1. General Information

Chemicals and solvents were purchased from commercial suppliers and used as received. Flash 

column chromatography was carried out using silica gel (Merck, 40−63 μm particle size). 

Petroleum ether used are fractions collected at 40-60 °C. NMR spectra were recorded on Bruker 

Avance 600 and 300 MHz spectrometers, operating at 150.92 or 75.47 MHz for 13C and 600.13 

or 300.13 MHz for 1H nuclei. Chemical shifts are quoted in ppm and are referenced to the 

residual nondeuterated solvent peak. Spectra were acquired at 298 K. 

Infrared spectra were recorded on a Varian UV/Vis Cary 4000 spectrometer equipped with an 

attenuated total reflectance attachment with internal calibration. Mass spectrometry 

measurements were performed on an HPLC system coupled with a triple quadrupole mass 

spectrometer, operating in a positive electrospray ionization (ESI) mode. High resolution mass 

spectrometry (HRMS) was performed on MALDI-TOF Bruker Daltonik Microflex series. 

Melting points were determined using an Electrothermal 9100 apparatus in open capillaries and 

are uncorrected. Enantiomeric ratios were determined on a Shimadzu LC-40 HPLC system with 

PDA detector. 

Substrates, 3-aryl 3-hydroxyisoindolinones Iso-1–Iso-15 and Iso-Me were synthesized in high 

yields from readily available starting materials, by employing addition of a Grignard or an 

organolithium reagent to phthalimide.1 Chiral phosphoric acid catalysts CPA1-CPA9 were 

synthesized according to known procedures.2 Racemic standards were obtained by employing 

phenylphosphonic or p-toluenesulfonic acid instead of the chiral catalyst.
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2. List of Starting Isoindolinone Alcohols
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3. Experimental Procedures and Analytical Data

General procedure 

Chiral phosphoric acid CPA8 (0.005 mmol) was added to a suspension of isoindolinone alcohol 

(0.1 mmol) in toluene (2 mL) at room temperature. After stirring for 5 min, pyrrole derivative 

(0.11 mmol) was added, and the resulting reaction mixture was stirred in an oil bath at 80 °C 

until full consumption of the starting material (monitored by TLC). The reaction mixture was 

cooled to room temperature and directly purified by flash column chromatography on silica gel 

using ethyl acetate/petroleum ether as an eluent system. The solvent was evaporated, and the 

residue triturated with hexane to afford the corresponding product.

(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-phenylisoindolinone (1)

Iso-1 (23 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 1 (29 mg, 96% yield) as a 

colorless solid. Column chromatography eluent: petroleum ether/ethyl 

acetate = 2/3. Reaction time: 15 min. Enantiomeric ratio determined by 

chiral HPLC (Daicel Chiralpack IC-3 (4.6 mm × 250 mm), 20% IPA in 

hexane, flow rate 1.0 mL/min, 230 nm), 92:8 e.r. tR1 =  9.1 min (major), 

tR2 = 14.3 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.31 (s, 1H), 9.28 (s, 1H), 7.68 (d, J = 7.4 Hz, 

1H), 7.64 – 7.52 (m, 2H), 7.52 – 7.43 (m, 3H), 7.40 – 7.24 (m, 3H), 5.20 (s, 1H), 2.07 (s, 3H), 

1.65 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.8, 152.4, 144.7, 132.0, 131.3, 128.5, 128.3, 

128.2, 127.4, 126.9, 126.7, 126.3, 124.8, 123.3, 123.3, 123.2, 119.8, 106.7, 66.9, 12.9, 12.6.

m.p. 270.1-271.3 °C

FT-IR: ν = 3249, 3182, 3041, 1662, 719 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C20H19N2O: 303.1492; found: 303.1485

(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(4-fluorophenyl)isoindolinone (2)

Iso-2 (24 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 2 (30 

mg, 95% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 
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Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 (4.6 mm × 250 mm), 

20% IPA in hexane, flow rate 1.0 mL/min, 230 nm), 92:8 e.r. tR1 =  7.8 min (major), tR2 = 11.5 

min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.29 (s, 1H), 9.26 (s, 1H), 7.64 (d, J = 7.4 Hz, 

1H), 7.61 – 7.52 (m, 1H), 7.53 – 7.39 (m, 4H), 7.13 (t, J = 8.9 Hz, 2H), 5.14 (s, 1H), 2.02 (s, 

3H), 1.62 (s, 3H). 

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.3, 161.1 (d, 1JC-F = 242.2 Hz), 159.5, 151.8, 

140.4, 131.7, 130.7, 128.3, 128.2, 127.8, 124.2, 122.9, 122.8, 122.7, 119.2, 114.9, 114.6, 106.2, 

66.04, 12.4, 12.1.

19F NMR (282 MHz, DMSO) (δ/ppm): -114.8.

m.p. 205.3-206.0 °C

FT-IR: ν = 3355, 3174, 3047, 1681, 1218, 735 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C20H18FN2O: 321.1398; found: 321.1396
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(S)-3-(4-chlorophenyl)-3-(2,5-dimethyl-1H-pyrrol-3-yl)isoindolinone (3)

Iso-3 (26 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 3 (31 

mg, 91% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 91:9 e.r. tR1 =  7.6 min (major), tR2 = 12.0 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.31 (s, 1H), 9.27 (s, 1H), 7.64 (d, J = 7.4 Hz, 

1H), 7.60 – 7.51 (m, 1H), 7.51 – 7.40 (m, 4H), 7.37 (d, J = 8.8 Hz, 2H), 5.14 (s, 1H), 2.02 (s, 

3H), 1.63 (s, 3H). 

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.4, 151.5, 143.4, 131.7, 131.6, 130.7, 128.1, 

128.0, 127.9, 124.2, 123.1, 122.9, 122.8, 118.9, 106.1, 66.1, 12.4, 12.2.

m.p. 230.9-231.7 °C

FT-IR: 3340, 3179, 3037, 1667, 754 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C20H18ClN2O: 337.1102; found: 337.1097
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(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(p-tolyl)isoindolinone (4)

Iso-4 (24 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 4 (30 

mg, 95% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 93:7 e.r. tR1 =  9.3 min (major), tR2 = 15.0 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.25 (s, 1H), 9.18 (s, 1H), 7.62 (d, J = 7.4 Hz, 

1H), 7.59 – 7.50 (m, 1H), 7.50 – 7.38 (m, 2H), 7.30 (d, J = 8.2 Hz, 2H), 7.10 (d, J = 8.0 Hz, 

2H), 5.14 (s, 1H), 2.25 (s, 3H), 2.02 (s, 3H), 1.62 (s, 3H).

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.4, 152.1, 141.2, 135.9, 131.4, 130.8, 128.6, 

127.6, 126.1, 124.2, 122.8, 122.6, 119.3, 106.3, 66.3, 20.5, 12.5, 12.2.

m.p. 241.6-242.3 °C

FT-IR: ν = 3245, 3179, 3048, 1667, 739 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C21H21N2O: 317.1648; found: 317.1644
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(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(4-(trifluoromethyl)phenyl)isoindolinone (5)

Iso-5 (29 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 5 (32 

mg, 86% yield) as a colorless solid. Reaction time: 10 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 15% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 94:6 e.r. tR1 =  7.0 min (major), tR2 = 12.8 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.35 (s, 1H), 9.36 (s, 1H), 7.74 – 7.62 (m, 5H), 

7.62 – 7.42 (m, 3H), 5.14 (s, 1H), 2.03 (s, 3H), 1.61 (s, 3H).

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.4, 151.1, 149.1, 131.8, 130.8, 128.1, 126.9, 

125.1 (q, 3JC-F = 3.8 Hz), 124.2, 123.2, 123.0, 122.9, 118.6, 106.1, 66.3, 12.4, 12.1.

19F NMR (282 MHz, DMSO) (δ/ppm): -59.5.

m.p. 230.4-230.8 °C

FT-IR: ν = 3355, 3169, 3053, 1677, 1328, 1118, 739 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C21H18F3N2O: 371.1366; found: 371.1363
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(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(4-methoxyphenyl)isoindolinone (6)

Iso-6 (25 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 6 (30 

mg, 91% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 88:12 e.r. tR1 =  14.2 min (major), tR2 = 21.1 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.29 (s, 1H), 9.22 (s, 1H), 7.67 (d, J = 7.4 Hz, 

1H), 7.62 – 7.55 (m, 1H), 7.49 (dd, J = 12.9, 6.9 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 

8.8 Hz, 2H), 5.20 (s, 1H), 3.77 (s, 3H), 2.07 (s, 3H), 1.68 (s, 3H).

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.3, 158.1, 152.3, 136.1, 131.5, 130.8, 127.5, 

127.37, 124.1, 122.8, 122.6, 119.5, 113.3, 106.3, 66.1, 54.9, 12.5, 12.2.

m.p. 228.5-229.5 °C

FT-IR: ν = 3255, 3178, 3032, 1661, 1249, 755 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C21H21N2O2: 333.1598; found: 333.1594
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(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(m-tolyl)isoindolinone (7)

Iso-7 (24 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 7 (30 

mg, 95% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 67:33 e.r. tR1 =  9.2 min (major), tR2 = 14.7 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.30 (s, 1H), 9.23 (s, 1H), 7.67 (d, J = 7.4 Hz, 

1H), 7.64 – 7.54 (m, 1H), 7.49 (dd, J = 14.2, 7.1 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 7.15 (d, J = 

8.0 Hz, 2H), 5.19 (s, 1H), 2.31 (s, 3H), 2.07 (s, 3H), 1.67 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.9, 152.6, 141.8, 136.4, 131.9, 131.3, 129.1, 

128.1, 126.6, 124.7, 123.3, 123.3, 123.1, 119.8, 106.8, 80.7, 66.8, 20.9, 12.9, 12.7.

m.p. 247.7-248.9 °C

FT-IR: ν = 3255, 3178, 3037, 1667, 749 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C21H21N2O: 317.1648; found: 317.1645
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(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(o-tolyl)isoindolinone (8)

Iso-8 (24 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 8 (30 

mg, 95% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 57:43 e.r. tR1 =  8.8 min (major), tR2 = 10.2 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.23 (s, 1H), 9.08 (s, 1H), 7.71 (d, J = 7.4 Hz, 

1H), 7.68 – 7.56 (m, 1H), 7.56 – 7.46 (m, 1H), 7.43 (d, J = 7.6 Hz, 1H), 7.24 – 7.07 (m, 4H), 

5.31 (s, 1H), 2.13 (s, 3H), 2.08 (s, 3H), 1.83 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 169.2, 152.4, 141.2, 137.6, 132.9, 132.0, 131.4, 

128.1, 127.9, 127.4, 125.9, 125.2, 124.1, 123.2, 121.7, 120.4, 105.3, 67.8, 21.5, 13.0, 12.7.

m.p. 207.7-208.7 °C

FT-IR: ν = 3275, 2916, 2856, 1687, 704 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C21H21N2O: 317.1648; found: 317.1647
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(S)-3-(3,5-difluorophenyl)-3-(2,5-dimethyl-1H-pyrrol-3-yl)isoindolinone (9)

Iso-9 (26 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 9 (27 

mg, 80% yield) as a colorless solid. Reaction time: 1 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 98.5:1.5 e.r. tR1 =  5.6 min (major), tR2 = 6.5 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.36 (s, 1H), 9.31 (s, 1H), 7.71 – 7.54 (m, 3H), 

7.53 – 7.43 (m, 1H), 7.21 – 7.03 (m, 3H), 5.13 (s, 1H), 2.03 (s, 3H), 1.63 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.3, 162.1 (d, 1JC-F = 247.6 Hz), 162.1 (d, 1JC-F 

= 246.1 Hz), 150.6, 149.2, 131.9, 130.7, 128.2, 124.3, 123.3, 123.0, 122.9, 118.3, 109.6, 109.4, 

106.0, 102.6, 66.1, 12.4, 12.0.

19F NMR (282 MHz, DMSO) (δ/ppm): -108.0.

m.p. 243.7-244.4 °C

[α]D = +104 ° (c 0.87, EtOAc) for 98.5:1.5 e.r.

FT-IR: ν = 3320, 3174, 3017, 1661, 1117, 755 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C20H17F2N2O: 339.1303; found: 339.1304
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(S)-3-(3,5-dichlorophenyl)-3-(2,5-dimethyl-1H-pyrrol-3-yl)isoindolinone (10)

Iso-10 (29 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 10 

(35 mg, 94% yield) as a colorless solid. Reaction time: 1 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3.. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 15% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 98:2 e.r. tR1 =  6.8 min (major), tR2 = 8.5 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.39 (s, 1H), 9.34 (s, 1H), 7.73 – 7.44 (m, 5H), 

7.40 (d, J = 1.9 Hz, 2H), 5.14 (s, 1H), 2.03 (s, 3H), 1.64 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.3, 150.4, 148.7, 133.9, 132.1, 130.6, 128.3, 

126.8, 125.0, 124.3, 123.4, 122.9, 118.1, 106.0, 65.9, 12.4, 12.1.

m.p. 248.8-249.5 °C

[α]D = +90 ° (c 0.73, EtOAc) for 98:2 e.r.

FT-IR: ν = 3345, 3174, 3047, 1672, 709 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C20H17Cl2N2O: 371.0712; found: 371.0710
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(S)-3-(3,5-dimethoxyphenyl)-3-(2,5-dimethyl-1H-pyrrol-3-yl)isoindolinone (11)

Iso-11 (28 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 11 

(30 mg, 83% yield) as a colorless solid. Reaction time: 1 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 1/2. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 30% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 96:4 e.r. tR1 =  7.8 min (major), tR2 = 9.6 min (minor).

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 10.30 (d, J = 1.4 Hz, 1H), 9.23 (s, 1H), 7.67 (d, J 

= 7.5 Hz, 1H), 7.63 – 7.53 (m, 2H), 7.49 (t, J = 7.3 Hz, 1H), 6.61 (d, J = 2.2 Hz, 2H), 6.45 (t, J 

= 2.3 Hz, 1H), 5.19 (dd, J = 2.7, 0.7 Hz, 1H), 3.73 (s, 6H), 2.07 (s, 3H), 1.70 (s, 3H).

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.4, 160.1, 151.6, 146.6, 131.5, 130.8, 127.7, 

124.27, 122.9, 122.8, 122.7, 118.9, 106.2, 104.9, 98.1, 66.5, 55.1, 12.5, 12.1.

m.p. 249.9-250.5 °C

[α]D = +90 ° (c 0.73, EtOAc) for 96:4 e.r.

FT-IR: ν = 3345, 3174, 3047, 1672, 709 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C22H23N2O3: 363.1703; found: 363.1699
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(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(3,5-dimethylphenyl)isoindolinone (12)

Iso-12 (25 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 12 

(32 mg, 96% yield) as a colorless solid. Reaction time: 45 min.  Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 95:5 e.r. tR1 =  7.8 min (major), tR2 = 11.0 min (minor).

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 10.28 (s, 1H), 9.18 (s, 1H), 7.67 (d, J = 7.5 Hz, 

1H), 7.58 (t, J = 7.4 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.09 (s, 2H), 

6.91 (s, 1H), 5.17 (d, J = 2.1 Hz, 1H), 2.27 (s, 6H), 2.07 (s, 3H), 1.66 (s, 3H).

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.4, 152.0, 144.1, 136.9, 131.4, 130.8, 128.3, 

127.58, 124.3, 123.9, 122.9, 122.7, 122.6, 119.3, 106.2, 66.4, 21.1, 12.5, 12.2.

m.p. 238.1-238.7 °C

[α]D = +115 ° (c 0.67, EtOAc) for 95:5 e.r.

FT-IR: ν = 3285, 3189, 2927, 1667, 704 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C22H23N2O: 331.1805; found: 331.1803
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(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(naphthalen-1-yl)isoindolinone (13)

Iso-13 (28 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 13 

(34 mg, 96% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 88:12 e.r. tR1 =  10.8 min (major), tR2 = 17.2 min (minor).

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 10.15 (s, 1H), 9.33 (d, J = 10.8 Hz, 1H), 8.17 (s, 

1H), 7.91 (d, J = 8.1 Hz, 1H), 7.86 (s, 1H), 7.70 (s, 1H), 7.54 (s, 2H), 7.50 – 7.40 (m, 3H), 7.40 

– 7.31 (m, 2H), 5.21 (s, 1H), 2.02 (s, 3H), 1.51 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.5, 134.4, 131.5, 131.1, 130.7, 128.7, 128.5, 

127.9, 126.8, 125.3, 125.1, 124.8, 124.6, 123.7, 123.1, 104.6, 67.1, 12.6, 11.8.

m.p. 246.6-247.7 °C

FT-IR: ν = 3279, 2927, 1692, 755 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C24H21N2O: 353.1648; found: 353.1645
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S17

(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(naphthalen-2-yl)isoindolinone (14)

Iso-14 (28 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 14 (34 

mg, 96% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 84:16 e.r. tR1 =  10.8 min (major), tR2 = 17.3 min (minor).

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 10.20 (s, 1H), 9.39 (s, 1H), 8.24 (s, 1H), 7.96 (d, J 

= 8.1 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.75 (d, J = 7.4 Hz, 1H), 7.59 (s, 2H), 7.56 – 7.45 (m, 

3H), 7.43 – 7.37 (m, 2H), 5.27 (s, 1H), 2.07 (s, 3H), 1.57 (s, 3H).

13C NMR (75 MHz, DMSO-d6) (δ/ppm): 168.5, 134.4, 131.5, 131.1, 130.7, 128.7, 128.5, 

127.9, 126.8, 125.3, 125.1, 124.8, 124.6, 123.7, 123.1, 104.6, 67.1, 12.6, 11.8.

m.p. 253.8-254.9 °C

FT-IR: ν = 3199, 3058, 1702, 785 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C24H21N2O: 353.1648; found: 353.1649
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S18

(S)-3-(2,5-dimethyl-1H-pyrrol-3-yl)-3-(thiophen-2-yl)isoindolinone (15)

Iso-15 (23 mg) and 2,5-dimethylpyrrole (12 µL) afforded product 15 (25 

mg, 82% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 90:10 e.r. tR1 =  9.7 min (major), tR2 = 14.1 min (minor).

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 10.36 (s, 1H), 9.43 (s, 1H), 7.69 (d, J = 7.5 Hz, 

1H), 7.64 (t, J = 7.3 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.52 (t, J = 7.4 Hz, 1H), 7.42 (d, J = 5.1 

Hz, 1H), 7.05 (d, J = 2.7 Hz, 1H), 7.03 – 6.96 (m, 1H), 5.29 (s, 1H), 2.08 (s, 3H), 1.76 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.1, 151.9, 149.2, 131.7, 130.4, 128.0, 126.8, 

124.8, 123.9, 123.2, 122.9, 122.7, 118.8, 105.9, 64.1, 12.4, 12.1.

m.p. 257.0-257.5 °C

FT-IR: ν = 3255, 3174, 3037, 1657, 704 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C18H17N2OS: 309.1056; found: 309.1054
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S19

(S)-3-(3,5-difluorophenyl)-3-(2,5-diphenyl-1H-pyrrol-3-yl)isoindolinone (16)

Iso-9 (26 mg) and 2,5-diphenylpyrrole (24 mg) afforded product 16 (34 

mg, 73% yield) as a colorless solid. Reaction time: 8 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 1/1. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 25% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 71:29 e.r. tR1 =  5.1 min (major), tR2 = 9.7 min (minor).

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 11.33 (s, 2H), 9.39 (s, 2H), 7.52 (d, J = 7.2 Hz, 

7H), 7.49 – 7.41 (m, 3H), 7.40 – 7.30 (m, 5H), 7.22 (t, J = 7.6 Hz, 5H), 7.12 – 6.94 (m, 19H), 

6.93 – 6.80 (m, 3H), 5.93 (s, 2H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 169.0, 162.4 (d, 1JC-F = 246.1 Hz), 162.3 (d, 1JC-F 

= 247.6 Hz), 151.2, 148.7, 134.8, 133.3, 132.5, 132.2, 131.1, 130.1, 129.9, 129.1, 128.8, 127.6, 

127.2, 126.4, 124.9, 124.2, 123.4, 123.3, 122.3, 110.4, 110.2, 107.8, 102.8, 66.5.

19F NMR (282 MHz, DMSO) (δ/ppm): -108.4.

m.p. 185.7-186.8 °C 

FT-IR: ν = 3174, 3058, 3022, 1682, 1298, 740 cm-1

HRMS (ESI): m/z [M+H]+ calcd C30H21F2N2O: 463.1616; found: 463.1619
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S20

(S)-3-(3,5-dichlorophenyl)-3-(2,5-diphenyl-1H-pyrrol-3-yl)isoindolinone (17)

Iso-10 (29 mg) and 2,5-diphenylpyrrole (24 mg) afforded product 17 

(39 mg, 80% yield) as a colorless solid. Reaction time: 8 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 1/1. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 20% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 65:35 e.r. tR1 =  5.7 min (major), tR2 = 12.3 min (minor).

1H NMR (600 MHz, DMSO) (δ/ppm): 11.48 (d, J = 2.4 Hz, 1H), 9.56 (s, 1H), 7.68 (d, J = 6.8 

Hz, 1H), 7.65 (d, J = 7.4 Hz, 2H), 7.56 (d, J = 7.0 Hz, 1H), 7.53 – 7.45 (m, 2H), 7.42 (d, J = 

1.9 Hz, 2H), 7.38 – 7.31 (m, 3H), 7.23 – 7.12 (m, 6H), 6.04 (d, J = 2.9 Hz, 1H).

13C NMR (151 MHz, DMSO) (δ/ppm): 167.9, 150.1, 146.9, 132.9, 132.2, 131.6, 131.3, 131.2, 

123.0, 129.8, 128.9, 128.0, 127.8, 126.5, 126.2, 125.9, 125.3, 124.6, 123.7, 123.1, 122.3, 121.1, 

106.5, 65.3.

m.p.  180.3-181.7 °C 

HRMS (ESI): m/z [M+H]+ calcd C30H21Cl2N2O: 495.1026; found: 495.1025
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S21

(S)-3-(2,5-diphenyl-1H-pyrrol-3-yl)-3-(4-methoxyphenyl)isoindolinone (18)

Iso-6 (25 mg) and 2,5-diphenylpyrrole (24 mg) afforded product 18 

(40 mg, 88% yield) as a colorless solid. Reaction time: 48 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 35% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 54:46 e.r. tR1 =  7.6 min (major), tR2 = 16.3 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 11.31 (s, 1H), 9.25 (s, 1H), 7.67 – 7.46 (m, 3H), 

7.39 – 7.20 (m, 7H), 7.19 – 7.00 (m, 4H), 6.95 (d, J = 6.6 Hz, 2H), 6.76 (d, J = 8.7 Hz, 2H), 

6.10 (s, 1H), 3.67 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.8, 158.6, 152.3, 136.6, 133.6, 132.7, 131.1, 

131.6, 131.4, 130.3, 129.9, 129.1, 128.0, 128.0, 127.6, 127.0, 126.2, 124.8, 124.1, 123.6, 123.1, 

113.7, 108.4, 66.5, 55.5.

m.p. 265.1-265.5 °C

FT-IR: ν = 3300, 3204, 3048, 1667, 1249, 755 cm-1

HRMS (ESI): m/z [M+H]+ calcd C31H25N2O: 457.1911; found: 457.1908
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S22

(S)-3-(5-isopropyl-2-phenyl-1H-pyrrol-3-yl)-3-(p-tolyl)isoindolinone (19)

Iso-4 (24 mg) and 2-isopropyl-5-phenylpyrrole (21 mg) afforded 

product 19 (38 mg, 95% yield) as a colorless solid. Reaction time: 4 h. 

Column chromatography eluent: petroleum ether/ethyl acetate = 1/1. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB 

N-3 (4.6 mm × 250 mm), 15% IPA in hexane, flow rate 1.0 mL/min, 

230 nm), 55:45 e.r. tR1 =  5.9 min (major), tR2 = 8.3 min (minor).

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 10.69 (d, J = 2.4 Hz, 1H), 9.14 (s, 1H), 7.59 – 7.55 

(m, 1H), 7.36 – 7.31 (m, 2H), 7.32 – 7.30 (m, 1H), 7.30 – 7.28 (m, 1H), 7.28 – 7.25 (m, 1H), 

7.09 – 7.00 (m, 5H), 6.93 – 6.92 (m, 1H), 6.92 – 6.90 (m, 1H), 5.43 (d, J = 2.9 Hz, 1H), 2.89 – 

2.83 (m, 1H), 2.23 (s, 3H), 1.20 (d, J = 1.5 Hz, 3H), 1.19 (d, J = 1.5 Hz, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.4, 152.1, 141.6, 137.3, 135.8, 133.9, 131.3, 

130.9, 128.9, 128.3, 127.9, 127.5, 127.1, 126.2, 125.9, 124.4, 122.5, 120.3, 105.0, 66.5, 26.5, 

22.7, 20.5.

m.p. 225.6-226.4 °C

FT-IR: ν = 3279, 2957, 2921, 1692, 1318, 759 cm-1

HRMS (ESI): m/z [M+H]+ calcd C28H27N2O: 407.2118; found: 407.2115
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S23

(S)-3-(5-isopropyl-2-phenyl-1H-pyrrol-3-yl)-3-(4-(trifluoromethyl)phenyl)isoindolinone 

(20)

Iso-5 (29 mg) and 2-isopropyl-5-phenylpyrrole (21 mg)  afforded 

product 20 (44 mg, 95% yield) as a colorless solid. Reaction time: 12 

h. Column chromatography eluent: petroleum ether/ethyl acetate = 1/1. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB 

N-3 (4.6 mm × 250 mm), 15% IPA in hexane, flow rate 1.0 mL/min, 

230 nm), 51:49 e.r. tR1 =  5.8 min (major), tR2 = 10.4 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.79 (s, 1H), 9.46 (s, 1H), 7.64 (d, J = 8.2 Hz, 

3H), 7.54 – 7.33 (m, 5H), 7.10 – 6.93 (m, 5H), 5.32 (s, 1H), 2.97 – 2.75 (m, 1H), 1.19 (d, J = 

6.8 Hz, 6H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 169.0, 151.9, 148.9, 138.2, 133.9, 132.2, 131.2, 

129.6, 129.0, 128.4, 127.5, 127.0, 126.4, 125.0 (3JC-F = 3,8 Hz), 124.8, 123.2, 120.0, 104.9, 

67.0, 26.9, 23.1, 22.9.

19F NMR (282 MHz, DMSO) (δ/ppm): -59.6.

m.p. 181.9-182.6 °C

FT-IR: ν = 3385, 3285, 3058, 1672, 1324, 1117, 749 cm-1

HRMS (ESI): m/z [M+H]+ calcd C28H24F3N2O: 461.1835; found: 461.1834
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S24

(S)-3-(5-ethyl-1H-pyrrol-2-yl)-3-(p-tolyl)isoindolinone (21)

Iso-4 (24 mg) and 2-ethylpyrrole (11 µL) afforded product 21 (29 mg, 

93% yield) as a colorless solid. Reaction time: 2 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB 

N-3 (4.6 mm × 250 mm), 5% IPA in hexane, flow rate 1.0 mL/min, 

230 nm), 95.5:4.5 e.r. tR1 =  8.4 min (minor), tR2 = 9.1 min (major).

1H NMR (300 MHz, (CD3)2CO) (δ/ppm): 9.47 (s, 1H), 8.03 (s, 1H), 7.59 (d, J = 7.4 Hz, 1H), 

7.50 – 7.40 (m, 2H), 7.39 – 7.32 (m, 1H), 7.11 (d, J = 8.2 Hz, 2H), 6.99 (d, J = 8.1 Hz, 2H), 

5.65 (s, 1H), 5.58 (s, 1H), 2.41 (q, J = 7.6 Hz, 2H), 2.16 (s, 3H), 1.01 (t, J = 7.6 Hz, 3H).

13C NMR (151 MHz, (CD3)2CO) (δ/ppm): 168.5, 150.6, 140.0, 137.2, 135.3, 131.7, 131.1, 

130.5, 128.8, 128.1, 126.6, 124.2, 123.2, 107.7, 103.3, 66.3, 20.5, 20.0, 13.3.

m.p. 223.6-224.9 °C

[α]D = -82 ° (c 0.76, EtOAc) for 95.5:4.5 e.r.

FT-IR: ν = 3386, 3174, 3053, 2972, 1672, 759 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C21H21N2O: 317.1648; found: 317.1645
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S25

(S)-3-(4-chlorophenyl)-3-(5-ethyl-1H-pyrrol-2-yl)isoindolinone (22)

Iso-3 (26 mg) and 2-ethylpyrrole (11 µL) afforded product 22 (31 mg, 

92% yield) as a colorless solid. Reaction time: 2 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB 

N-3 (4.6 mm × 250 mm), 10% IPA in hexane, flow rate 1.0 mL/min, 

230 nm), 96:4 e.r. tR1 =  5.7 min (minor), tR2 = 6.9 min (major).

1H NMR (300 MHz, (CD3)2CO) (δ/ppm): 9.56 (s, 1H), 8.21 (s, 1H), 7.59 (d, J = 7.4 Hz, 1H), 

7.54 – 7.42 (m, 2H), 7.42 – 7.32 (m, 1H), 7.29 – 7.18 (m, 4H), 5.66 (s, 1H), 5.59 (s, 1H), 2.41 

(q, J = 7.5 Hz, 2H), 1.01 (t, J = 7.6 Hz, 3H).

13C NMR (151 MHz, (CD3)2CO) (δ/ppm): 168.6, 150.1, 142.0, 135.7, 133.1, 132.0, 131.0, 

129.9, 128.5, 128.5, 128.3, 124.2, 123.4, 107.9, 103.5, 66.1, 20.5, 13.3.

m.p. 228.1-228.9 °C

[α]D = -90 ° (c 0.67, EtOAc) for 96:4 e.r.

FT-IR: ν = 3275, 3164, 2967, 2931, 1651, 744 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C20H18ClN2O: 337.1102; found: 337.1099
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S26

(S)-3-(5-ethyl-1H-pyrrol-2-yl)-3-(4-(trifluoromethyl)phenyl)isoindolinone (23)

Iso-5 (29 mg) and 2-ethylpyrrole (11 µL) afforded product 23 (19 mg, 

51% yield) as a colorless solid. Reaction time: 10 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB 

N-3 (4.6 mm × 250 mm), 5% IPA in hexane, flow rate 1.0 mL/min, 

230 nm), 96:4 e.r. tR1 =  7.1 min (minor), tR2 = 10.5 min (major).

1H NMR (300 MHz, (CD3)2CO) (δ/ppm): 9.59 (s, 1H), 8.26 (s, 1H), 7.65 – 7.45 (m, 7H), 7.44 

– 7.35 (m, 1H), 5.67 (s, 1H), 5.61 (s, 1H), 2.41 (q, J = 7.6 Hz, 2H), 1.01 (t, J = 7.6 Hz, 3H).

13C NMR (151 MHz, (CD3)2CO) (δ/ppm): 168.6, 149.7, 147.7, 135.8, 132.1, 131.3, 129.6, 

128.6, 127.5, 125.3 (q, 3JC-F = 3.1 Hz) , 124.2, 123.5, 108.2, 103.6, 66.3, 20.5, 13.3.

19F NMR (282 MHz, (CD3)2CO) (δ/ppm): -61.6.

m.p. 197.4-198.2 °C 

[α]D = -18 ° (c 0.86, EtOAc) for 96:4 e.r.

FT-IR: ν = 3290, 3164, 2962, 2917, 1646, 1102, 744 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C21H18F3N2O: 371.1366; found: 371.1364

N
H

O

NH

Et

F3C



S27

(S)-3-(4-methoxyphenyl)-3-(5-methyl-1H-pyrrol-2-yl)isoindolinone (24)

Iso-6 (25 mg) and 2-methylpyrrole (10 µL) afforded product 24 (30 

mg, 95% yield) as a colorless solid. Reaction time: 1 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack 

IB N-3 (4.6 mm × 250 mm), 10% IPA in hexane, flow rate 1.0 

mL/min, 230 nm), 93:7 e.r. tR1 =  9.2 min (minor), tR2 = 10.0 min (major).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.29 (s, 1H), 9.19 (s, 1H), 7.68 (d, J = 7.4 Hz, 

1H), 7.64 – 7.54 (m, 2H), 7.53 – 7.43 (m, 1H), 7.14 (d, J = 8.8 Hz, 2H), 6.88 (d, J = 8.8 Hz, 

2H), 5.69 (s, 1H), 5.59 (s, 1H), 3.72 (s, 3H), 2.12 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.7, 159.1, 150.8, 135.1, 132.3, 131.3, 130.7, 

128.7, 128.6, 128.3, 124.6, 123.5, 114.0, 107.6, 105.0, 66.2, 55.6, 13.3.

m.p. 214.9-215.5 °C

FT-IR: ν = 3300, 3239, 2921, 1642, 1238, 744 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C20H19N2O2: 319.1441; found: 319.1439
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S28

(S)-3-(4-chlorophenyl)-3-(5-methyl-1H-pyrrol-2-yl)isoindolinone (25)

Iso-3 (26 mg) and 2-methylpyrrole (10 µL) afforded product 25 (31 

mg, 96% yield) as a colorless solid. Reaction time: 1 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB 

N-3 (4.6 mm × 250 mm), 5% IPA in hexane, flow rate 1.0 mL/min, 

230 nm), 97:3 e.r. tR1 =  10.9 min (minor), tR2 = 12.6 min (major).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.34 (s, 1H), 9.30 (s, 1H), 7.69 (d, J = 7.4 Hz, 

1H), 7.66 – 7.56 (m, 2H), 7.56 – 7.46 (m, 1H), 7.40 (d, J = 8.6 Hz, 2H), 7.26 (d, J = 8.6 Hz, 

2H), 5.70 (s, 1H), 5.61 (s, 1H), 2.12 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.7, 150.1, 142.2, 132.8, 132.5, 131.3, 130.1, 

129.1, 129.0, 128.9, 128.7, 124.5, 123.7, 107.8, 105.2, 66.2, 13.3.

m.p. 272.2-272.8 °C

[α]D = -104 ° (c 0.80, EtOAc) for 97:3 e.r.

FT-IR: ν = 3315, 3264, 3159, 1652, 749 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C19H16ClN2O: 323.0946; found: 323.0944
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S29

(S)-3-(4-fluorophenyl)-3-(5-methyl-1H-pyrrol-2-yl)isoindolinone (26)

Iso-2 (24 mg) and 2-methylpyrrole (10 µL) afforded product 26 (30 mg, 

96% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB 

N-3 (4.6 mm × 250 mm), 5% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 95:5 e.r. tR1 =  10.8 min (minor), tR2 = 11.5 min (major).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 10.33 (s, 1H), 9.27 (s, 1H), 7.79 – 7.45 (m, 4H), 

7.35 – 7.07 (m, 4H), 5.68 (s, 1H), 5.60 (s, 1H), 2.11 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.7, 161.9 (d, 1JC-F = 244.6 Hz), 150.4, 139.3, 

132.5, 131.3, 130.3, 129.2, 129.1, 128.9, 128.8, 124.6, 123.6, 115.5, 115.4, 107.8, 105.1, 66.1, 

13.2.

19F NMR (282 MHz, DMSO) (δ/ppm): -113.9.

m.p. 263.4-265.2 °C

[α]D = -72 ° (c 0.73, EtOAc) for 95:5 e.r.

FT-IR: ν = 3320, 3245, 2922, 1642, 1213, 744 cm-1

HRMS (ESI): m/z [M+H]+ calcd for C19H16FN2O: 307.1241; found: 307.1238

N
H

O

NH

Me

F



S30

(S)-3-(3,5-difluorophenyl)-3-(5-ethyl-1H-pyrrol-2-yl)isoindolinone (27)

Iso-9 (26 mg) and 2-ethylpyrrole (11 µL) afforded product 27 (18 mg, 

53% yield) as a colorless solid. Reaction time: 15 min. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IB N-

3 (4.6 mm × 250 mm), 15% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 53:47 e.r. tR1 =  4.4 min (major), tR2 = 4.8 min (minor).

1H NMR (300 MHz, (CD3)2CO) (δ/ppm): 9.60 (s, 1H), 8.20 (s, 1H), 7.62 (d, J = 7.4 Hz, 1H), 

7.58 – 7.47 (m, 2H), 7.46 – 7.36 (m, 1H), 6.97 – 6.75 (m, 3H), 5.68 (s, 1H), 5.61 (s, 1H), 2.41 

(q, J = 7.5 Hz, 2H), 1.01 (t, J = 7.6 Hz, 3H).

13C NMR (151 MHz, (CD3)2CO) (δ/ppm): 169.3, 163.8 (d, 1JC-F = 247.6 Hz), 163.7 

(d, 1JC-F = 247.6 Hz), 150.2, 148.8, 136.8, 135.1, 133.1, 131.8, 130.0, 129.7, 125.1, 124.4, 123.8, 

110.9 (d, 2JC-F = 21.1 Hz), 110.8 (d, 2JC-F = 21.1 Hz), 109.1, 104.5, 103.8, 66.9, 21.4, 14.2.

19F NMR (282 MHz, (CD3)2CO) (δ/ppm): -109.2.

m.p. 244.2-245.7 °C

FT-IR: ν = 3310, 3249, 3168, 2916, 1651,1122, 744 cm-1

HRMS (ESI): m/z [M+H]+ calcd C20H17F2N2O: 339.1303; found: 339.1300

N
H

O

F

F
NH

Et
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(S)-3-(3,5-dichlorophenyl)-3-(5-ethyl-1H-pyrrol-2-yl)isoindolinone (28)

Iso-10 (29 mg) and 2-ethylpyrrole (11 µL) afforded product 28 (19 mg, 

52% yield) as a colorless solid. Column chromatography eluent: 

petroleum ether/ethyl acetate = 2/3. Reaction time: 15 min. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-3 

(4.6 mm × 250 mm), 15% IPA in hexane, flow rate 1.0 mL/min, 230 

nm), 60:40 e.r. tR1 =  4.0 min (minor), tR2 = 4.7 min (major).

1H NMR (300 MHz, (CD3)2CO) (δ/ppm): 9.63 (s, 1H), 8.19 (s, 1H), 7.63 (d, J = 7.4 Hz, 1H), 

7.58 – 7.50 (m, 2H), 7.43 (s, 1H), 7.29 (d, J = 1.8 Hz, 1H), 7.24 (d, J = 1.8 Hz, 2H), 5.68 (d, J 

= 2.9 Hz, 1H), 5.62 (s, 1H), 2.42 (q, J = 7.6 Hz, 2H), 1.02 (t, J = 7.6 Hz, 3H).

13C NMR (75 MHz, (CD3)2CO) (δ/ppm): 167.8, 148.6, 146.9, 135.6, 134.1, 131.8, 130.5, 

128.5, 128.3, 127.1, 125.0, 123.7, 123.1, 122.4, 121.8, 107.8, 103.2, 65.3, 19.9, 12.8.

m.p. 299.0-300.0 °C

FT-IR: ν =3345, 3234, 2962, 2921, 1687, 724 cm-1

HRMS (ESI): m/z [M+H]+ calcd C20H17Cl2N2O: 371.0712; found: 371.0710

N
H

O

Cl

Cl
NH

Et
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(S)-3-(3,5-dimethyl-1H-pyrrol-2-yl)-3-(4-(trifluoromethyl)phenyl)isoindolinone (29)

Iso-5 (29 mg) and 2,4-dimethylpyrrole (12 µL) afforded product 29 

(26 mg, 70% yield) as a colorless solid. Reaction time: 10 h. Column 

chromatography eluent: petroleum ether/ethyl acetate = 2/3. 

Enantiomeric ratio determined by chiral HPLC (Daicel Chiralpack IC-

3 (4.6 mm × 250 mm), 15% IPA in hexane, flow rate 1.0 mL/min, 230 nm), 95:5 e.r. tR1 =  5.8 

min (major), tR2 = 7.2 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 9.82 (s, 1H), 9.50 (s, 1H), 7.76 (t, J = 7.8 Hz, 3H), 

7.70 – 7.53 (m, 5H), 5.55 (s, 1H), 2.09 (s, 3H), 1.51 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 168.7, 149.9, 148.1, 132.8, 131.5, 129.0, 128.7, 

128.5, 128.3, 127.9, 127.4, 126.4, 125.8, 125.8 (q, 3JC-F = 3.1 Hz), 125.6, 124.8, 124.1, 123.8, 

123.6, 115.9, 109.9, 66.9, 13.0, 12.9. 

19F NMR (282 MHz, DMSO-d6) (δ/ppm): -69.83.

m.p. 178.6-179.7 °C

[α]D = -36 ° (c 0.53, EtOAc) za 95:5 e.r.

FT-IR: ν = 3280, 3184, 2927, 1672, 1314, 1057, 739 cm-1

HRMS (ESI): m/z [M+H]+ calcd C21H18F3N2O: 371.1371; found: 371.1364

N
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Me Me
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3-(2,5-dimethyl-1H-pyrrol-3-yl)-2-methyl-3-phenylisoindolin-1-one (rac-32)

Iso-Me (24 mg), p-toluenesulfonic acid (1,0 mg) and 2,5-dimethylpyrrole 

(12 µL) afforded product rac-32 (27 mg, 85% yield) as a colorless solid. 

Reaction time: 2 h. Column chromatography eluent: petroleum ether/ethyl 

acetate = 2/3. 

1H NMR (600 MHz, DMSO-d6) (δ/ppm): 10.41 (s, 1H), 7.68 (d, J = 7.5 Hz, 1H), 7.50 (m, 

1H), 7.45 – 7.38 (m, 2H), 7.37 – 7.32 (m, 2H), 7.32 – 7.25 (m, 3H), 5.16 (s, 1H), 2.75 (s, 3H), 

2.05 (s, 3H), 1.49 (s, 3H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 166.7, 151.6, 141.4, 131.7, 129.9, 128.5, 127.7, 

127.3, 126.5, 123.9, 123.7, 123.6, 122.5, 115.3, 106.9, 71.2, 25.3, 12.5, 12.4.

m.p. 196.3-197.8 °C

HRMS (ESI): m/z [M+H]+ calcd C21H21N2O: 317.1648; found: 317.1645

N
Me
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N
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Me
Me
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(S)-tert-butyl 3-(1-(3,5-dimethoxyphenyl)-3-oxoisoindolin-1-yl)-2,5-dimethyl-1H-pyrrole-

1-carboxylate (33)

Iso-11 (28 mg) and N-Boc-2,5-dimethylpyrrole (23 µL) afforded product 

33 (8 mg, 16% yield) as a colorless solid. Reaction time: 7 days. Column 

chromatography eluent: petroleum ether/ethyl acetate = 1/2. Enantiomeric 

ratio determined by chiral HPLC (Daicel Chiralpack IC-3 (4.6 mm × 250 

mm), 30% IPA in hexane, flow rate 1.0 mL/min, 230 nm), 77:23 e.r. tR1 =  9.1 min (major), tR2 

= 11.2 min (minor).

1H NMR (300 MHz, DMSO-d6) (δ/ppm): 9.41 (s, 1H), 7.72 (d, J = 7.3 Hz, 1H), 7.69 – 7.50 

(m, 3H), 6.54 (s, 2H), 6.49 (s, 1H), 5.44 (s, 1H), 3.75 (s, 6H), 2.27 (s, 3H), 1.94 (s, 3H), 1.58 

(s, 9H).

13C NMR (151 MHz, DMSO-d6) (δ/ppm): 169.0, 160.9, 151.1, 150.1, 146.4, 132.4, 131.1, 

128.8, 128.6, 128.0, 124.8, 123.9, 123.5, 111.5, 104.9, 98.8, 84.3, 66.4, 55.6, 27.9, 16.1, 14.7.

m.p. 198.1-199.3 °C

FT-IR: ν = 3184, 2927, 1697, 1314, 1127, 728 cm-1

HRMS (ESI): m/z [M+H]+ calcd C27H31N2O5: 463.2227; found: 463.2226

N
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MeO
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Boc

Me
Me
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4. Structure Elucidation of Regioisiomers 19 and 27

(S)-3-(5-isopropyl-2-phenyl-1H-pyrrol-3-yl)-3-(p-tolyl)isoindolinone (19)

HSQC and HMBC NMR experiements were used to confirm the structure of the resulting 

regioisomer. Based on the HSQC spectrum, the pyrrole H4 proton and the corresponding C4 

carbon were detected. In HMBC spectrum, a strong interaction between pyrrole C4 and the 

methine proton in the isopropyl group H6 is also observed, which strongly supports the 

formation of regioisomer 19a. Weak interaction between the amide proton H8 and the pyrrole 

carbon C2 is observed, which would not be observable in regioisomer 19b.
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 (S)-3-(3,5-dimethyl-1H-pyrrol-2-yl)-3-(4-(trifluoromethyl)phenyl)isoindolinone (29)

For compound 29, the structure of regioisomer 29b has been confirmed. From HMBC spectrum, 

the couplings of H3 proton to C6 and C7 methyl carbons are clearly visible in equal intensities, 

which is in favour of regioisomer 29b. In case of structure 29a, proton H5 would not interact 

with C7. The low interaction observed between quaternary carbon C8 and proton H1 also 

supports the formation of regioisomer 29b.
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6. Racemization test

Chiral phosphoric acid CPA8 (7.2 mg, 0.0095 mmol) was added to a suspension of 

isoindolinone alcohol Iso-9 (50 mg, 0.19 mmol) in toluene (4 mL) at room temperature. After 

stirring for 5 min, 2,5-diphenylpyrrole (46 mg, 0.21 mmol) was added, and the resulting 

reaction mixture was stirred in an oil bath at 80 °C. The product was first detected by TLC in 

the reaction mixture after 1 hour, and Iso-9 was completely consumed after 8 hours (also 

detected by TLC). After 1, 2, 3, 4, 5, 6, 7, 8, 24, 72 and 168 hours, a 360 µL aliquot was taken 

from the reaction mixture, and filtered through a short column of silica gel using ethyl acetate-

petroleum ether 1:1 as eluent. The enantiomeric ratio was determined by chiral HPLC (Daicel 

Chiralpack IC-3 (4.6 mm × 250 mm), 25% IPA in hexane, flow rate 1.0 mL/min, 230 nm).

Entry Time / h e.r.

1 1 69:31

2 2 69:31

3 3 69:31

4 4 68:32

5 5 69:31

6 6 69:31

7 7 70:30

8 8 70:30

9 24 71:29

10 72 71:29

11 168 71:29



S40



S41

5. X-ray Crystallography

Single crystal measurement was performed on an Rigaku XtaLAB Synergy S (microfocus Cu 

tube) at room temperature [293(2) K]. Friedel pairs were measured to unambiguously establish 

absolute configuration of the stereogenic centre. Program package CrysAlis PRO [CrysAlis] 

was used for data reduction and multi-scan absorption correction. The crystal structure was 

solved by direct methods using SHELXT.3 Non-hydrogen atoms were refined isotropically 

followed by anisotropic refinement by full matrix least-squares calculations based on F2 using 

SHELXL.4 Hydrogen atoms were first located in the Fourier difference map, then positioned 

geometrically and allowed to ride on their respective parent atoms. Diagrams and publication 

materials were generated using OLEX25 and Mercury®. 

Absolute configuration of the product ent-16 was determined by solving its crystal structure. 

Flack parameter6 x = 0.044 (0.087) calculated using 1644 Parsons' quotients [(I+)-(I-)]/[(I+)+(I-

)]7 confirms assigned absolute configuration. Colourless crystals of ent-16 suitable for 

crystallographic analysis were obtained by evaporation method from hexane-2-propanol 9:1. 

The crystal structure has been deposited at the Cambridge Crystallographic Centre (deposition 

number: CCDC 2215386). The data can be obtained free of charge at 

www.ccdc.cam.ac.uk/getstructures

http://www.ccdc.cam.ac.uk/getstructures
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7. NMR Spectra
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Traces of ethyl acetate observable in spectra.
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