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1. General information 

Unless otherwise noted, all reactions were carried out under N2 atmosphere in sealed 

tube with magnetic stirring. All reagents were purchased from commercial suppliers 

with the highest purity grade, and used directly without further purification. 1H NMR, 

13C NMR and 19F NMR spectra were recorded on Bruker AVANCE III 400 MHz, 500 

MHz, or 600 MHz using CDCl3 as solvent with TMS as internal standard. Melting 

points were measured on a Büchi Melting Point B-545 apparatus and uncorrected. 

HRMS were recorded on Thermo Scientific LTQ Orbitrap XL or Agilent 6210 TOF 

LC/MS mass spectrometer. GC analyses were performed using Agilent 7820A Gas 

Chromatograph System. Optical rotations were determined using a Rudolph Autopol IV 

polarimeter. HPLC analyses were performed using Agilent 1260 chromatography. 

Chiralpak AD-H, OD-H, OJ-H and AS-H columns were purchased from Daicel 

Chemical Industries, LTD. Cellulose-1, Cellulose-2 and Amylose-2 columns were 

purchased from Phenomenex. Solvents were purified prior to use according to 

conventional procedures. Reactions were monitored by thin layer chromatography (TLC) 

using silica gel plates. For reactions that require heating, a heating mantle was used as 

the heat source. Column chromatography was carried out using silica gel (200-300 

mesh). 

2. Chromatographic conditions for GC analyses 

Each sample was analyzed by Agilent 7820A Gas Chromatograph System. The 

operational conditions were as follows: air flow rate of 400 mL/min; hydrogen flow rate 

of 30 mL/min; nitrogen flow rate of 25 mL/min; injector temperature at 300 ℃; split 

ratio of 7.6923:1, split flow rate of 50 mL/min; injection volume of 1 μL; column oven 

temperature initially held at 50 ℃ for 2 min, raised from 50 ℃ to 300 ℃ at the rate of 

20 ℃/min and maintained for 2 min. The retention time of the benzophenone was 6.787 

min; the retention time of 1a was 9.106 min; the retention time of 2a was 9.644 min. 

3. Table S1 Time-controlling experiments 
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Entry t Conv. (%) Yield (%) Ee (%) 

1 6 86 64(52) 95 

2 8 90 77 95 

3 10 95 89(83) 95 

4 12 97 73 95 

5 16 98 69 95 

6 24 99 43(29) 95 

4. Synthesis of enamine substrates 

4.1 General procedure for the preparation of enamine 1a-1w and 1z[1]: 

 

 

Synthesis of S2: 

To a 100 mL oven-dried flask equipped with a stir bar was added 2-iodobenzoic acid 

S1 (1.0 equiv.) and solvent DCM (0.5 M) with 2 drops of DMF. Then the flask was 

stirred at an ice-water bath. Oxalyl chloride (1.5 equiv.) was slowly added to the solution. 

The mixture was allowed to warm to room temperature and stirred overnight. After the 

reaction was completed, the solvent was removed under reduced pressure. The obtained 

product S2 was used for the next step without further purification. 

Synthesis of S4: 

To a 100 mL oven-dried flask equipped with a stir bar was charged with CH3NH2 (8 

M in EtOH, 4.0 equiv.), ketone S3 (1.0 equiv.), and KOH (50 mg/mmol) and stirred 

overnight at room temperature. After the reaction was completed, the mixture was 

extracted with DCM (3 times) and the combined organic phases were dried over 

anhydrous Na2SO4. Solid were filtered and the filtrate were concentrated under reduced 

pressure to give S4. 
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Synthesis of 1a-1w and 1z: 

To a 100 mL oven-dried flask was charged with S4, NEt3 (1.5 equiv.), and anhydrous 

DCM. The flask was put in an ice-water bath and stirred at 0 oC. Then S2 (1.2 equiv.) 

was added into the mixture slowly. The resulting mixture was allowed to warm to room 

temperature and stirred overnight. After the reaction was completed, the mixture was 

extracted with DCM (3 times) and the combined organic phases were dried over 

anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified 

by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether to give 

compounds 1a-1w and 1z. 

4.2 General procedure for preparation of enamine 1x: 

 

To a 100 mL oven-dried flask equipped with a stir bar was charged with anhydrous 

DCM, 0.4 mL acetone, CH3NH2 (8.0 M in EtOH, 4.0 equiv.), and 4Å MS (2.5 g) 

activated with a heat gun for half an hour under nitrogen atmosphere. The resulting 

mixture was stirred at room temperature. After 6 hours, Et3N (5.5 mmol, 1.1 equiv.) was 

added to the system. Then 2-iodobenzoyl chloride was slowly added under an ice-water 

bath, and the reaction was stirred at room temperature for another 2 hours. After the 

reaction was completed, the solvent was removed under reduced pressure to obtain the 

crude product, which was purified by column chromatography to yield the substrates 1x 

(PE/EA v/v = 10:1). 

4.3 General procedure for the preparation of enamine 1y[2]: 

 

Synthesis of S6[3]: 

N-vinyl formamide (5.0 mmol, 1.0 equiv.), Et3N (6.0 mmol, 1.2 equiv.), DMAP (5.0 

mol%, 30.1 mg) and anhydrous THF (30 mL) were added to a three-necked round-
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bottomed flask equipped with an addition funnel under nitrogen balloon. The mixture 

was cooled to 0 ℃ in an ice-water bath. Freshly distilled 2-iodobenzoyl chloride (5.75 

mmol, 1.15 equiv.) was added into the addition funnel and slowly added into the reaction 

mixture at a rate keeping the temperature below 5 ℃ over 1 h. After the droping was 

finished, the reaction was allowed to stir for additional 16 hours. A solution of 5 N 

NaOH (15 mmol/3 mL H2O) was then slowly added at 0-5 ℃ over 2 hours. Then the 

mixture was extracted with EA (3 times) and the combined organic phases were washed 

with saturated NaCl aqueous solution, dried over anhydrous Na2SO4, and concentrated 

under reduced pressure using rotary evaporation to give the crude product, which was 

purified by flash chromatography on silica gel with petroleum ether/ethyl acetate (PE: 

EA= 10:1 - 3:1) to give a white solid S6. The solid was further dried in a vacuum oven. 

Synthesis of 1y: 

To a 100 mL oven-dried flask equipped with a stirring bar was charged with S6 and 

anhydrous THF under nitrogen atmosphere. The flask was put in an ice-water bath and 

stirred at 0 oC. Then NaH (1.1 equiv.) was added into the mixture slowly and the 

resulting mixture was allowed to warm to room temperature and stirred for 1 hour. The 

mixture was cooled to 0 ℃ in an ice-water bath again and MeI (1.5 equiv.) was added 

dropwise. After stirring at room temperature for 2 hours, the reaction mixture was 

quenched with water. The solution was extracted with DCM (3 times) and the combined 

organic phases were dried over anhydrous Na2SO4 and concentrated under reduced 

pressure. The residue was purified by flash chromatography on silica gel, eluting with 

ethyl acetate/petroleum ether to give compound 1y (PE: EA = 20:1). 

Characterization data of compounds 1a-1z: 

2-Iodo-N-methyl-N-(1-phenylvinyl)benzamide (1a): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 110-111 °C; 40% yield, 8.3:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.86 (d, J = 8.4 Hz, 

0.11H), 7.71 (d, J = 8.4 Hz, 0.90H), 7.58-7.57 (m, 0.27H), 7.46-7.42 (m, 0.27H), 7.30 
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(s, 4.48H), 7.17-7.09 (m, 0.32H), 7.03-7.01 (m, 0.88H), 6.96-6.95 (m, 0.90H), 6.89-6.86 

(m, 0.89H), 5.79 (s, 0.11H), 5.54 (s, 0.11H), 5.31 (s, 0.89H), 5.30 (s, 0.89H), 3.35 (s, 

2.68H), 2.98 (s, 0.33H). 13C NMR (150 MHz, CDCl3): δ 170.5, 148.0, 142.2, 139.1, 

136.4, 130.2, 129.7, 128.7, 128.6, 128.5, 127.2, 127.0, 126.7, 125.8, 112.7, 112.3, 94.3, 

38.8, 36.3. HRMS m/z (ESI+): Calculated for C16H15INO+
 ([M+H]+): 364.0193, found 

364.0188. 

2-Bromo-N-methyl-N-(1-phenylvinyl)benzamide (1a’): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 94-95 °C; 52% yield, 9.1:1 ratio 

of isomers (for the last step); 1H NMR (400 MHz, CDCl3): δ 7.45-7.37 (m, 1.60H), 7.34-

7.28 (m, 4.34H), 7.08-7.00 (m, 2.61H), 5.80 (s, 0.10H), 5.49 (s, 0.10H), 5.31 (s, 0.90H), 

5.27 (s, 0.90H), 3.34 (s, 2.70H), 3.01 (s, 0.30H). 13C NMR (100 MHz, CDCl3): δ 169.3, 

147.9, 138.4, 136.2, 132.9, 132.6, 130.4, 129.8, 128.8, 128.6, 127.1, 126.6, 125.8, 120.3, 

112.7, 112.0, 36.0. HRMS (ESI+) m/z: calculated for C16H15BrNO+[M+H]+: 316.0332, 

found 316.0329. 

2-Iodo-4-methoxy-N-methyl-N-(1-phenylvinyl)benzamide (1b): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow oil; 40% yield, 11.5:1 ratio of atropisomers 

(for the last step); 1H NMR (600 MHz, CDCl3): δ 7.54-7.41 (m, 0.31H), 7.36-7.29 (m, 

4.89H), 7.23 (s, 0.92H), 6.95 (s, 0.07H), 6.88 (d, J = 8.4 Hz, 0.90H), 6.54 (d, J = 8.4 Hz, 

0.91H), 5.76 (s, 0.08H), 5.49 (s, 0.08H), 5.30 (s, 0.92H), 5.22 (s, 0.92H), 3.79 (s, 0.24H), 

3.67 (s, 2.76H), 3.32 (s, 2.76H), 2.99 (s, 0.24H). 13C NMR (150 MHz, CDCl3): δ 170.6, 

159.4, 148.3, 136.5, 134.5, 128.64, 128.55, 127.5, 125.7, 124.5, 113.0, 112.0, 94.7, 55.3, 

36.4. HRMS m/z (ESI+): Calculated for C17H17INO2
+

 ([M+H]+): 394.0298, found 

394.0293. 
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2-Iodo-N,4-dimethyl-N-(1-phenylvinyl)benzamide (1c): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 85-87 °C; 43% yield, 7.7:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.73-7.68 (m, 0.17H), 

7.56 (s, 0.88H), 7.42-7.37 (m, 0.58H), 7.31 (s, 4.45H), 7.24 (s, 0.17H), 6.87-6.82 (m, 

1.75H), 5.78 (s, 0.12H), 5.52 (s, 0.12H), 5.31 (s, 0.88H), 5.27 (s, 0.88H), 3.32 (s, 2.65H), 

2.98 (s, 0.35H), 2.34 (s, 0.35H), 2.19 (s, 2.65H). 13C NMR (150 MHz, CDCl3): δ 170.8, 

148.1, 140.0, 139.7, 139.4, 136.4, 128.7, 128.6, 128.0, 126.4, 125.9, 112.3, 94.3, 36.2, 

20.6. HRMS m/z (ESI+): Calculated for C17H17INO+
 ([M+H]+): 378.0349, found 

378.0346. 

4-Chloro-2-iodo-N-methyl-N-(1-phenylvinyl)benzamide (1d): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 105-106 °C; 38% yield, 10.0:1 

ratio of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.87-7.84 (m, 

0.09H), 7.70 (d, J = 1.8 Hz, 0.91H), 7.56-7.54 (m, 0.18H), 7.44-7.34 (m, 0.46H), 7.32-

7.29 (m, 2.72H), 7.28-7.27 (m, 1.82H), 7.00-6.98 (m, 0.92H), 6.87-6.85 (m, 0.91H), 

5.78 (s, 0.09H), 5.51 (s, 0.09H), 5.33 (s, 0.91H), 5.28 (s, 0.91H), 3.35 (s, 2.73H), 2.98 

(s, 0.28H). 13C NMR (150 MHz, CDCl3): δ 169.5, 147.8, 140.6, 138.4, 136.2, 134.4, 

128.8, 128.6, 127.7, 127.3, 127.2, 125.6, 112.6, 112.3, 94.3, 92.2, 38.7, 36.3. HRMS 

m/z (ESI+): Calculated for C16H14ClINO+
 ([M+H]+): 397.9803, found 397.9799. 

4-Fluoro-2-iodo-N-methyl-N-(1-phenylvinyl)benzamide (1e): 
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Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 132-133 °C; 33% yield, 10.0:1 

ratio of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.66-7.55 (m, 

0.54H), 7.43 (d, J = 8.4 Hz, 0.91H), 7.32-7.26 (m, 4.54H), 7.18-7.04 (m, 0.18H), 6.92-

6.90 (m, 0.91H), 6.75-6.72 (m, 0.91H), 5.79 (s, 0.09H), 5.52 (s, 0.09H), 5.33 (s, 0.91H), 

5.28 (s, 0.91H), 3.37 (s, 2.72H), 2.99 (s, 0.27H). 13C NMR (150 MHz, CDCl3): δ 169.9, 

161.4 (d, J = 252.0 Hz), 148.3, 138.5, 136.6, 128.9, 128.7, 128.0 (d, J = 9.0 Hz), 126.3 

(d, J = 22.5 Hz), 125.7, 114.5 (d, J = 21.0 Hz), 112.3, 94.0, 38.9, 36.6. 19F NMR (377 

MHz, CDCl3): δ -110.1, -110.8. HRMS m/z (ESI+): Calculated for C16H14FINO+ 

([M+H]+): 382.0099, found 382.0093. 

2-Iodo-N-methyl-N-(1-phenylvinyl)-4-(trifluoromethyl)benzamide (1f): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); yellow oil; 37% yield, 11.1:1 ratio of atropisomers 

(for the last step); 1H NMR (600 MHz, CDCl3): δ 8.11 (d, J = 6.0 Hz, 0.08H), 7.94 (d, 

J = 6.0 Hz, 0.90H), 7.71-7.69 (m, 0.08H), 7.57-7.55 (m, 0.17H), 7.50-7.48 (m, 0.08H), 

7.39-7.36 (m, 0.25H), 7.29-7.26 (m, 5.46H), 7.04-7.02 (m, 0.92H), 5.80 (s, 0.08H), 5.54 

(s, 0.08H), 5.33 (s, 0.92H), 5.31 (s, 0.92H), 3.36 (s, 2.75H), 2.97 (s, 0.25H). 13C NMR 

(150 MHz, CDCl3): δ 169.3, 169.2, 147.7, 146.6, 146.0, 145.7, 136.1, 136.0 (t, J = 3.0 

Hz), 135.8 (q, J = 4.5 Hz), 131.3 (q, J = 33.0 Hz), 129.0, 128.7, 128.5, 128.4, 127.3, 

126.7, 125.8, 125.7, 124.1 (q, J = 4.5 Hz), 122.3 (q, J = 271.5 Hz), 112.8, 112.5, 93.9, 

91.9, 38.6, 36.3. 19F NMR (377 MHz, CDCl3): δ -62.9, -63.0. HRMS m/z (ESI+): 

Calculated for C17H14F3INO+
 ([M+H]+): 432.0067, found 432.0062. 

2-Iodo-5-methoxy-N-methyl-N-(1-phenylvinyl)benzamide (1g): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid, Mp = 71-72 °C; 42% yield, 9.1:1 ratio of 
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atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.71 (d, J = 8.4 Hz, 

0.10H), 7.58-7.56 (m, 0.23H), 7.54 (d, J = 9.0 Hz, 0.90H), 7.40-7.37 (m, 0.27H), 7.33-

7.29 (m, 4.50H), 6.91 (s, 0.10H), 6.71-6.66 (m, 0.10H), 6.48-6.44 (m, 1.79H), 5.79 (s, 

0.10H), 5.55 (s, 0.10H), 5.36 (s, 0.90H), 5.35 (s, 0.90H), 3.83 (s, 0.30H), 3.41 (s, 2.70H), 

3.37 (s, 2.70H), 3.00 (s, 0.30H). 13C NMR (150 MHz, CDCl3): δ 170.4, 158.8, 148.0, 

143.0, 140.1, 139.9, 139.7, 136.8, 128.7, 128.6, 125.9, 125.8, 117.1, 116.6, 113.2, 112.7, 

112.5, 112.1, 82.6, 80.4, 55.5, 55.0, 38.8, 36.5. HRMS m/z (ESI+): Calculated for 

C17H17INO2
+

 ([M+H]+): 394.0298, found 394.0294. 

2-Iodo-N,5-dimethyl-N-(1-phenylvinyl)benzamide (1h): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 65-67 °C; 42% yield, 6.7:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.71 (d, J = 7.8 Hz, 

0.13H), 7.58-7.57 (m, 0.26H), 7.54-7.53 (m, 0.87H), 7.40-7.34 (m, 0.39H), 7.30-7.27 

(m, 2.61H), 7.25-7.23 (m, 1.73H), 7.17 (s, 0.13H), 6.92 (d, J = 7.8 Hz, 0.13H), 6.68-

6.67 (m, 1.74H), 5.79 (s, 0.13H), 5.54 (s, 0.13H), 5.33 (s, 0.87H), 5.29 (s, 0.87H), 3.37 

(s, 2.60H), 3.00 (s, 0.39H), 2.35 (s, 0.39H), 1.98 (s, 2.61H). 13C NMR (150 MHz, 

CDCl3): δ 170.7, 148.2, 142.1, 139.0, 138.7, 137.2, 137.0, 131.3, 130.6, 128.6, 128.5, 

127.9, 125.8, 112.7, 112.1, 89.9, 87.9, 38.8, 36.5, 20.9, 20.5. HRMS m/z (ESI+): 

Calculated for C17H17INO+
 ([M+H]+): 378.0349, found 378.0344. 

5-Bromo-2-iodo-N-methyl-N-(1-phenylvinyl)benzamide (1i): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 107-108 °C; 41% yield, 8.3:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.70 (d, J = 8.4 Hz, 

0.11H), 7.55-7.54 (m, 0.32H), 7.51-7.50 (m, 0.89H), 7.40-7.34 (m, 0.43H), 7.31-7.30 

(m, 2.67H), 7.23-7.21 (m, 1.78H), 6.98-6.97 (m, 1.77H), 5.79 (s, 0.11H), 5.53 (s, 0.11H), 
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5.33 (s, 0.89H), 5.32 (s, 0.89H), 3.39 (s, 2.67H), 3.00 (s, 0.33H). 13C NMR (150 MHz, 

CDCl3): δ 168.9, 148.1, 146.7, 143.9, 140.7, 140.3, 136.7, 135.1, 133.4, 132.7, 130.1, 

129.9, 128.9, 128.7, 128.6, 125.8, 125.7, 122.9, 121.5, 112.8, 112.2, 92.0, 90.1, 38.7, 

36.7. HRMS m/z (ESI+): Calculated for C16H14BrINO+
 ([M+H]+): 441.9298, found 

441.9293. 

5-Chloro-2-iodo-N-methyl-N-(1-phenylvinyl)benzamide (1j): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 80-82 °C; 34% yield, 6.3:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.79 (d, J = 8.4 Hz, 

0.14H), 7.60 (d, J = 8.4 Hz, 0.86H), 7.42-7.36 (m, 0.96H), 7.33-7.25 (m, 5.17H), 7.12-

7.10 (m, 0.13H), 6.87-6.85 (m, 1.72H), 5.82 (s, 0.14H), 5.55 (s, 0.14H), 5.35 (s, 0.86H), 

5.34 (s, 0.86H), 3.40 (s, 2.57H), 3.02 (s, 0.41H). 13C NMR (150 MHz, CDCl3): δ 169.0, 

148.0, 143.6, 140.4, 140.1, 136.6, 135.1, 135.0, 133.6, 130.4, 129.8, 128.9, 128.6, 127.1, 

125.8, 125.7, 112.8, 112.2, 91.2, 38.7, 36.6. HRMS m/z (ESI+): Calculated for 

C16H14ClINO+
 ([M+H]+): 397.9803, found 397.9800. 

5-Fluoro-2-iodo-N-methyl-N-(1-phenylvinyl)benzamide (1k): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 87-88 °C; 32% yield, 9.1:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.83-7.80 (m, 0.10H), 

7.65-7.63 (m, 0.90H), 7.56-7.55 (m,0.19H), 7.41-7.36 (m, 0.30H), 7.33-7.26 (m, 4.50H), 

7.15-7.09 (m, 0.10H), 6.89-6.88 (m, 0.10H), 6.67-6.63 (m, 1.80H), 5.80 (s, 0.10H), 5.54 

(s, 0.10H), 5.34 (s, 0.90H), 5.32 (s, 0.90H), 3.37 (s, 2.70H), 3.00 (s, 0.30H). 13C NMR 

(150 MHz, CDCl3): δ 169.2, 161.9 (d, J = 247.5 Hz), 148.0, 144.0 (d, J = 6.0 Hz), 140.6 

(d, J = 7.5 Hz), 136.4, 129.0, 128.9, 128.8, 128.7, 125.9, 125.8, 117.3 (d, J = 22.5 Hz), 

114.5 (d, J = 24.0 Hz), 112.9, 112.4, 87.3, 38.8, 36.5. 19F NMR (377 MHz, CDCl3): δ -
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112.4, -114.0. HRMS m/z (ESI+): Calculated for C16H14FINO+
 ([M+H]+): 382.0099, 

found 382.0093. 

2-Iodo-4,5-dimethoxy-N-methyl-N-(1-phenylvinyl)benzamide (1l): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow oil, 36% yield (for the last step); 1H NMR (500 

MHz, CDCl3): δ 7.28 (s, 5H), 7.07 (s, 1H), 6.33 (s, 1H), 5.35 (s, 1H), 5.32 (s, 1H), 3.78 

(s, 3H), 3.38 (s, 3H), 3.34 (s, 3H). 13C NMR (150 MHz, CDCl3): δ 170.3, 149.0, 148.0, 

147.9, 136.9, 134.5, 128.5, 128.4, 125.4, 121.0, 112.2, 110.1, 82.4, 55.9, 55.1, 36.6. 

HRMS m/z (ESI+): Calculated for C18H19INO3
+

 ([M+H]+): 424.0404, found 424.0400. 

4,5-Difluoro-2-iodo-N-methyl-N-(1-phenylvinyl)benzamide (1m): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 75-76 °C; 38% yield, 14.3:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.66-7.63 (m, 0.07H), 

7.54-7.52 (m, 0.13H), 7.49-7.46 (m, 0.93H), 7.44-7.37 (m, 0.26H), 7.34-7.30 (m, 2.79H), 

7.26-7.24 (m, 1.86H), 6.75-6.72 (m, 0.93H), 5.79 (s, 0.07H), 5.52 (s, 0.07H), 5.36 (s, 

0.93H), 5.31 (s, 0.93H), 3.38 (s, 2.79H), 3.00 (s, 0.20H). 13C NMR (150 MHz, CDCl3): 

δ 168.4, 150.2 (dd, J = 13.5 Hz, 6.0 Hz), 148.5 (dd, J = 13.5 Hz, 3.0 Hz), 147.9, 138.9 

(t, J = 4.5 Hz), 136.4, 135.0, 132.1, 128.9, 128.7, 128.3 (d, J = 4.5 Hz), 127.8 (d, J = 

19.5 Hz), 125.7, 125.5, 115.9 (d, J = 19.5 Hz), 112.7, 112.2, 86.3, 36.6, 33.8. 19F NMR 

(377 MHz, CDCl3): δ -133.8 (d, J = 22.62 Hz), -134.5 (d, J = 18.85 Hz), -135.8 (d, J = 

18.85 Hz), -137.5 (d, J = 18.85 Hz). HRMS m/z (ESI+): Calculated for C16H13F2INO+
 

([M+H]+): 400.0004, found 400.0001. 
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2-Iodo-N-(1-(4-methoxyphenyl)vinyl)-N-methylbenzamide (1n): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid, Mp = 80-81 °C; 40% yield, 10.0:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.87 (d, J = 7.8 Hz, 

0.09H), 7.73 (d, J = 7.8 Hz, 0.91H), 7.52-7.35 (m, 0.63H), 7.26-7.24 (m, 1.81H), 7.06-

7.04 (m, 0.91H), 6.99-6.97 (m, 0.91H), 6.91-6.84 (m, 2.75H), 5.69 (s, 0.09H), 5.43 (s, 

0.09H), 5.198 (s, 0.91H), 5.195 (s, 0.91H), 3.82 (s, 2.73H), 3.33 (s, 2.73H), 2.98 (s, 

0.27H), 1.71 (s, 0.27H). 13C NMR (150 MHz, CDCl3): δ 170.6, 160.1, 147.6, 142.4, 

139.2, 129.7, 128.8, 127.21, 127.18, 126.5, 114.0, 110.6, 94.4, 55.3, 36.1. HRMS m/z 

(ESI+): Calculated for C17H17INO2
+

 ([M+H]+): 394.0298, found 394.0295. 

2-Iodo-N-methyl-N-(1-(p-tolyl)vinyl)benzamide (1o): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 137-139 °C; 40% yield, 9.1:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.85 (d, J = 8.4 Hz, 

0.10H), 7.71 (d, J = 7.8 Hz, 0.89H), 7.47-7.34 (m, 0.70H), 7.22-7.21 (m, 1.81H), 7.13-

7.12 (m, 1.80H), 7.04-6.98 (m, 1.81H), 6.89-6.86 (m, 0.90H), 5.74 (s, 0.10H), 5.48 (s, 

0.10H), 5.27 (s, 0.90H), 5.23 (s, 0.90H), 3.31 (s, 2.70H), 2.97 (s, 0.29H), 2.34 (s, 3.00H). 

13C NMR (150 MHz, CDCl3): δ 170.5, 147.8, 142.3, 139.1, 138.8, 133.3, 130.1, 129.6, 

129.3, 128.4, 127.2, 127.0, 126.5, 125.9, 125.7, 111.7, 111.5, 94.3, 38.8, 36.0, 21.1. 

HRMS m/z (ESI+): Calculated for C17H17INO+
 ([M+H]+): 378.0349, found 378.0346. 

N-(1-(4-ethylphenyl)vinyl)-2-iodo-N-methylbenzamide (1p): 
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Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 104-106 °C; 39% yield, 8.3:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.86 (d, J = 7.8 Hz, 

0.11H), 7.72 (d, J = 7.8 Hz, 0.88H), 7.50-7.35 (m, 0.54H), 7.24-7.23 (m, 1.79H), 7.16-

7.14 (m, 1.78H), 7.11-7.09 (m, 0.21H), 7.04-6.98 (m, 1.78H), 6.89-6.87 (m, 0.89H), 

5.76 (s, 0.11H), 5.49 (s, 0.11H), 5.27 (s, 0.89H), 5.23 (s, 0.89H), 3.32 (s, 2.68H), 2.98 

(s, 0.32H), 2.64 (q, J = 7.8 Hz, 2.00H), 1.23 (t, J = 7.8 Hz, 3.00H). 13C NMR (150 MHz, 

CDCl3): δ 170.6, 147.9, 145.2, 142.3, 139.2, 133.6, 130.2, 129.7, 128.5, 128.1, 127.2, 

126.6, 125.9, 111.8, 111.5, 94.4, 38.9, 36.1, 28.5, 15.4. HRMS m/z (ESI+): Calculated 

for C18H19INO+
 ([M+H]+): 392.0506, found 392.0500. 

N-(1-(4-fluorophenyl)vinyl)-2-iodo-N-methylbenzamide (1q): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 116-117 °C; 54% yield, 7.1:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.87 (d, J = 7.8 Hz, 

0.13H), 7.71 (d, J = 7.8 Hz, 0.87H), 7.57-7.56 (m, 0.25H), 7.45-7.44 (m, 0.24H), 7.35-

7.33 (m, 0.25H), 7.27-7.23 (m, 1.75H), 7.06-7.04 (m, 0.90H), 7.00-6.97 (m, 1.76H), 

6.94-6.88 (m, 1.74H), 6.84-6.82 (m, 0.12H), 5.72 (s, 0.12H), 5.51 (s, 0.12H), 5.29 (s, 

0.88H), 5.24 (s, 0,88H), 3.36 (s, 2.63H), 2.99 (s, 0.37H). 13C NMR (150 MHz, CDCl3): 

δ 170.5, 162.8 (d, J = 247.5 Hz), 147.3, 142.3, 142.1, 139.22, 139.15, 132.9 (d, J = 3.0 

Hz), 129.8, 129.7, 127.6 (d, J = 7.5 Hz), 127.2, 127.0, 126.7, 126.5, 115.6 (d, J = 22.5 

Hz), 114.5, 112.1, 110.4,  94.3, 94.1, 36.4, 36.1. 19F NMR (377 MHz, CDCl3): δ -112.3, 

-112.9. HRMS m/z (ESI+): Calculated for C16H14FINO+
 ([M+H]+): 382.0099, found 

382.0093. 

2-Iodo-N-(1-(3-methoxyphenyl)vinyl)-N-methylbenzamide (1r): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid, Mp = 98-99 °C; 37% yield, 7.1:1 ratio of 
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atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.87 (d, J = 8.4 Hz, 

0.12H), 7.72 (d, J = 7.8 Hz, 0.88H), 7.45-7.43 (m, 0.12H), 7.36-7.29 (m, 0.36H), 7.24-

7.21 (m, 0.89H), 7.17-7.10 (m, 0.36H), 7.06-7.04 (m, 0.88H), 6.99-6.97 (m, 0.88H), 

6.90-6.83 (m, 2.63H), 6.80-6.79 (m, 0.88H), 5.79 (s, 0.12H), 5.54 (s, 0.12H), 5.30 (s, 

0.88H), 5.29 (s, 0.88H), 3.83 (s, 0.36H), 3.78 (s, 2.64H), 3.35 (s, 2.64H), 2.99 (s, 0.36H). 

13C NMR (150 MHz, CDCl3): δ 170.6, 159.8, 148.0, 142.2, 139.2, 138.0, 130.2, 129.72, 

129.66, 128.5, 127.2, 127.0, 126.8, 118.4, 114.1, 112.9, 112.5, 111.7, 94.3, 55.3, 38.9, 

36.3. HRMS m/z (ESI+): Calculated for C17H17INO2
+

 ([M+H]+): 394.0298, found 

394.0294. 

2-Iodo-N-methyl-N-(1-(m-tolyl)vinyl)benzamide (1s): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 104-106 °C; 38% yield, 8.3:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 7.88-7.86 (m, 0.11H), 

7.70 (d, J = 10.2 Hz, 0.89H), 7.45-7.26 (m, 0.75H), 7.20-7.17 (m, 0.89H), 7.11-7.02 (m, 

3.57H), 6.98-6.97 (m, 0.89H), 6.89-6.86 (m, 0.89H), 5.78 (s, 0.11H), 5.51 (s, 0.11H), 

5.29 (s, 0.89H), 5.27 (s, 0.89H), 3.35 (s, 2.67H), 2.98 (s, 0.32H), 2.38 (s, 0.32H), 2.33 

(s, 2.67H). 13C NMR (150 MHz, CDCl3): δ 170.6, 148.2, 142.2, 139.2, 138.3, 136.4, 

130.2, 129.7, 129.6, 128.5, 127.2, 126.7, 126.5, 123.0, 112.5, 112.0, 94.3, 38.9, 36.4, 

21.4. HRMS m/z (ESI+): Calculated for C17H17INO+
 ([M+H]+): 378.0349, found 

378.0345. 

N-(1-(3,5-dimethylphenyl)vinyl)-2-iodo-N-methylbenzamide (1t): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 107-108 °C; 44% yield, 10.0:1 

ratio of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.86 (d, J = 7.8 

Hz, 0.09H), 7.70 (d, J = 7.8 Hz, 0.91H), 7.46-7.35 (m, 0.18H), 7.20 (s, 0.18H), 7.13-
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7.08 (m, 0.18H), 7.06-7.03 (m, 0.92H), 7.00-6.98 (m, 0.92H), 6.93-6.86 (m, 3.65H), 

5.75 (s, 0.09H), 5.48 (s, 0.09H), 5.26 (s, 0.91H), 5.23 (s, 0.91H), 3.35 (s, 2.73H), 2.98 

(s, 0.27H), 2.34 (s, 0.54H), 2.28 (s, 5.46H). 13C NMR (150 MHz, CDCl3): δ 170.5, 

148.3, 142.2, 139.1, 138.1, 136.4, 130.5, 130.2, 129.6, 128.4, 127.1, 126.7, 123.7, 123.5, 

111.7, 112.2, 94.3, 38.9, 36.3, 21.2. HRMS m/z (ESI+): Calculated for C18H19INO+ 

([M+H]+): 392.0506, found 392.0499. 

N-(1-(benzo[d][1,3]dioxol-5-yl)vinyl)-2-iodo-N-methylbenzamide (1u): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid, Mp = 101-102 °C; 45% yield, 6.3:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.86 (d, J = 8.4 Hz, 

0.14H), 7.72 (d, J = 8.4 Hz, 0.86H), 7.44-7.43 (m, 0.14H), 7.34-7.33 (m, 0.14H), 7.11-

7.05 (m, 1.41H), 7.00-6.99 (m, 0.86H), 6.91-6.88 (m, 0.86H), 6.81-6.73 (m, 2.60H), 

5.96 (s, 2.00H), 5.66 (s, 0.14H), 5.43 (s, 0.14H), 5.19 (s, 0.86H), 5.17 (s, 0.86H), 3.32 

(s, 2.58H), 2.97 (s, 0.42H). 13C NMR (150 MHz, CDCl3): δ 170.6, 148.2, 148.0, 147.7, 

142.2, 139.2, 130.8, 129.8, 128.5, 127.2, 126.6, 120.0, 111.0, 108.3, 106.4, 106.2, 101.4, 

101.3, 94.3, 38.9, 36.3. HRMS m/z (ESI+): Calculated for C17H15INO3
+ ([M+H]+): 

408.0091, found 408.0086. 

2-Iodo-N-methyl-N-(1-(naphthalen-2-yl)vinyl)benzamide (1v): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 116-118 °C; 34% yield, 9.1:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3):
 δ 8.06-8.04 (m, 0.10H), 

7.89-7.68 (m, 4.89H), 7.53-7.45 (m, 2.22H), 7.42-7.37 (m, 0.90H), 7.16-7.10 (m, 0.16H), 

7.00-6.98 (m, 0.93H), 6.94-6.91 (m, 0.90H), 6.84-6.81 (m, 0.90H), 5.93 (s, 0.10H), 5.63 

(s, 0.10H), 5.47 (s, 0.90H), 5.42 (s, 0.90H), 3.42 (s, 2.69H), 3.04 (s, 0.30H). 13C NMR 

(150 MHz, CDCl3): δ 170.7, 148.0, 142.2, 139.3, 139.2, 133.5, 133.3, 133.0, 130.3, 
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129.8, 128.5, 128.3, 127.5, 127.2, 126.7, 126.60, 126.55, 126.3, 125.1, 123.7, 123.4, 

113.2, 113.0, 94.3, 39.0, 36.4. HRMS m/z (ESI+): Calculated for C20H17INO+
 ([M+H]+): 

414.0349, found 414.0342. 

2-Iodo-N-methyl-N-(1-(thiophen-3-yl)vinyl)benzamide (1w): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 134-136 °C; 44% yield, 7.1:1 ratio 

of atropisomers (for the last step); 1H NMR (600 MHz, CDCl3): δ 7.88-7.86 (m, 0.12H), 

7.74 (d, J = 24.6 Hz, 0.88H), 7.47-7.41 (m, 0.26H), 7.35-7.26 (m, 2.21H), 7.09-7.07 (m, 

1.02H), 7.02-7.00 (m, 1.66H), 6.93-6.90 (m, 0.87H), 5.74 (s, 0.12H), 5.45 (s, 0.12H), 

5.28 (s, 0.88H), 5.26 (s, 0.88H), 3.36 (s, 2.63H), 3.03 (s, 0.37H). 13C NMR (150 MHz, 

CDCl3): δ 170.4, 143.7, 142.2, 139.2, 138.8, 130.3, 129.8, 128.5, 127.2, 126.7, 126.6, 

126.4, 125.4, 122.7, 112.1, 94.2, 36.0. HRMS m/z (ESI+): Calculated for C14H13INOS+ 

([M+H]+): 369.9757, found 369.9754. 

2-Iodo-N-methyl-N-(prop-1-en-2-yl)benzamide (1x): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:10 (v/v); white solid, Mp = 106-107 °C; 34% yield, 3.3:1 ratio 

of atropisomers (for the last step); 1H NMR (500 MHz, CDCl3): δ 7.80 (d, J = 8.0 Hz, 

1.00H), 7.38-7.30 (m, 0.99H), 7.18-7.01 (m, 1.99H), 4.93 (s, 1.24H), 4.74 (s, 0.75H), 

3.22 (s, 2.30H), 2.97 (s, 0.69H), 2.13 (s, 0.73H), 1.82 (s, 2.30H). 13C NMR (125 MHz, 

CDCl3): δ 169.4, 144.5, 142.7, 139.1, 129.7, 127.3, 127.0, 113.8, 93.6, 33.7, 20.5. 

HRMS m/z (ESI+): Calculated for C11H12INNaO+ ([M+Na]+): 323.9856, found 

323.9848. 
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2-Iodo-N-methyl-N-vinylbenzamide (1y): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:20 (v/v); yellow oil; 87% yield, 3.0:1 ratio of atropisomers 

(for the last step); 1H NMR (500 MHz, CDCl3): δ 7.84 (dd, J = 8.0 Hz, 1.0 Hz, 0.97H), 

7.70-7.65 (m, 0.24H), 7.43-7.39 (m, 1.00H), 7.24-7.21 (m, 0.99H), 7.12-7.09 (m, 0.99H), 

6.41 (dd, J = 15.5 Hz, 9.0 Hz, 0.74H), 4.63 (dd, J = 6.5 Hz, 1.0 Hz, 0.25H), 4.60 (s, 

0.25H), 4.54 (dd, J = 15.5 Hz, 1.5 Hz, 0.75H), 4.27 (dd, J = 9.0 Hz, 1.0 Hz, 0.75H), 3.27 

(s, 2.25H), 2.93 (s, 0.75H). 13C NMR (125 MHz, CDCl3): δ 169.8, 169.2, 142.1, 141.5, 

139.3, 139.2, 134.6, 132.1, 130.6, 130.5, 128.4, 128.3, 127.7, 127.2, 95.8, 94.3, 92.6, 

92.1, 33.1, 28.6. HRMS m/z (ESI+): Calculated for C10H11INO+ ([M+H]+): 287.9880, 

found 287.9884. 

2-Iodo-N-methyl-N-(1-phenylprop-1-en-1-yl)benzamide (1z): 

 

Purified by column chromatography on silica gel, eluting with ethyl acetate/petroleum 

ether 1:10 (v/v); white solid, Mp = 75-76 °C; 51% yield, 5.0:1 ratio of isomers (for the 

last step); 1H NMR (500 MHz, CDCl3): δ 7.85 (dd, J = 8.0 Hz, 1.5 Hz, 0.16H), 7.70 (dd, 

J = 8.0 Hz, 1.5 Hz, 0.82H), 7.51-7.39 (m, 0.83H), 7.30-7.22 (m, 2.84H), 7.07-7.01 (m, 

2.60H), 6.90-6.83 (m, 1.70H), 6.11 (q, J = 7.5 Hz, 0.16H), 5.92 (q, J = 7.5 Hz, 0.84H), 

3.38 (s, 2.51H), 2.86 (s, 0.49H), 1.91 (d, J = 7.0 Hz, 0.50H), 1.63 (d, J = 7.5 Hz, 2.52H). 

13C NMR (125 MHz, CDCl3): δ 170.7, 142.9, 141.0, 139.2, 139.0, 136.1, 135.3, 130.0, 

129.4, 129.1, 128.4, 128.3, 128.2, 127.9, 127.8, 127.2, 127.1, 127.0, 125.1, 124.6, 94.0, 

92.1, 38.5, 37.2, 14.2. HRMS (ESI+) m/z: calculated for C17H16INNaO+ ([M+Na]+): 

400.0169, found 400.0196. 
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5. General procedure for the Cu-catalyzed enantioselective arylboration reaction 

 

General procedure for the Cu-catalyzed enantioselective arylboration reaction of 1a-

1w: In an N2-filled glovebox, to an oven-dried Schlenk tube equipped with a stir bar was 

charged with CuI (10 mol%), (R)-xyl-BINAP (12 mol%), and KOtBu (0.3 mmol, 1.5 

equiv.). The tube was sealed with cap and removed from the glovebox. Toluene (2.0 

mL) was then introduced via syringe. The mixture was stirred at 40 oC for 1 h. Then 

B2pin2 (0.3 mmol, 1.5 equiv.) and 1a-1w were added into the mixture and warmed to 40 

oC. The reaction was stirred at 40 oC for 6-48 h. When the reaction was completed, the 

mixture was extracted with EA. The combined organic phases were dried over 

anhydrous Na2SO4 and concentrated under reduced pressure. The residue was purified 

by flash chromatography on silica gel eluenting with petroleum ether/EtOAc to afford 

the products 2. 

(R)-2-Methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)isoin-

dolin-1-one (2a): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow solid; Mp = 108-110 °C; 83% yield; [α]D
26 = -

58.25 (c 0.5, CH2Cl2), 95% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 254 nm; tminor = 17.77 min, tmajor = 20.81 min]; 

1H NMR (600 MHz, CDCl3): δ 7.87-7.85 (m, 1H), 7.46-7.43 (m, 1H), 7.42-7.39 (m, 

1H), 7.33-7.27 (m, 3H), 7.25-7.21 (m, 3H), 2.88 (s, 3H), 2.17 (d, J = 18.0 Hz, 1H), 1.96 

(d, J = 17.4 Hz, 1H), 0.97 (d, J = 17.4 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 168.5, 

151.2, 141.4, 131.6, 131.5, 128.7, 127.8, 127.6, 126.0, 123.1, 122.2, 83.2, 68.4, 24.9, 
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24.5, 24.4. HRMS m/z (ESI+): Calculated for C22H27BNO3
+

 ([M+H]+): 364.2079, found 

364.2077. 

 

 

 

 

(R)-5-Methoxy-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

methyl)isoindolin-1-one (2b): 

 



 

S19 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:3 (v/v); white solid; Mp = 138-139 °C; 57% yield; [α]D
23 = -

57.65 (c 0.5, CH2Cl2), 92% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 254 nm; tminor = 26.91 min, tmajor = 34.19 min]; 

1H NMR (400 MHz, CDCl3):
 δ 7.75 (d, J = 8.4 Hz, 1H), 7.32-7.24 (m, 3H), 7.23-7.19 

(m, 2H), 6.92-6.90 (m, 1H), 6.69 (d, J = 2.0 Hz, 1H), 3.77 (s, 3H), 2.83 (s, 3H), 2.11 (d, 

J = 14.8 Hz, 1H), 1.89 (d, J = 14.8 Hz, 1H), 0.99 (d, J = 9.6 Hz, 12H). 13C NMR (150 

MHz, CDCl3): δ 168.2, 162.7, 153.4, 141.5, 128.7, 127.6, 126.0, 124.4, 124.3, 114.4, 

107.1, 83.2, 68.1, 55.5, 24.8, 24.52, 24.51. HRMS m/z (ESI+): Calculated for 

C23H29BNO4
+

 ([M+H]+): 394.2184, found 394.2182. 
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(R)-2,5-dimethyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-

isoindolin-1-one (2c): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow oil; 61% yield; [α]D
23 = -81.30 (c 0.5, CH2Cl2), 

95% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), n-hexane/i-PrOH = 

95/05, 0.7 mL/min, 254 nm; tminor = 17.74 min, tmajor = 20.56 min]; 1H NMR (600 MHz, 

CDCl3):
 δ 7.70 (d, J = 7.8 Hz, 1H), 7.30-7.27 (m, 2H), 7.25-7.22 (m, 1H), 7.20-7.17 (m, 

3H), 6.983-6.980 (m, 1H), 2.83 (s, 3H), 2.32 (s, 3H), 2.11 (d, J = 14.4 Hz, 1H), 1.89 (d, 

J = 14.4 Hz, 1H), 0.95 (d, J = 22.8 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 168.6, 

151.5, 142.0, 141.6, 129.0, 128.8, 128.6, 127.5, 126.0, 122.9, 122.6, 83.2, 68.2, 24.8, 

24.49, 24.45, 21.9. HRMS m/z (ESI+): Calculated for C23H29BNO3
+

 ([M+H]+): 

378.2235, found 378.2233. 
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(R)-5-Chloro-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)me-

thyl)isoindolin-1-one (2d): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 112-113 °C; 42% yield; [α]D
20 = -

64.70 (c 0.5, CH2Cl2), 87% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 230 nm; tminor = 15.32 min, tmajor = 17.89 min]; 

1H NMR (600 MHz, CDCl3): δ 7.75 (d, J = 8.4 Hz, 1H), 7.37-7.35 (m, 1H), 7.32-7.29 

(m, 2H), 7.27-7.26 (m, 1H), 7.19-7.16 (m, 3H), 2.83 (s, 3H), 2.12 (d, J = 15.0 Hz, 1H), 

1.89 (d, J = 14.4 Hz, 1H), 0.99 (d, J = 10.8 Hz, 12H). 13C NMR (100 MHz, CDCl3): δ 

167.4, 152.8, 140.6, 137.7, 130.1, 128.9, 128.4, 127.9, 126.0, 124.3, 122.8, 83.4, 68.2, 
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24.9, 24.53, 24.49. HRMS m/z (ESI+): Calculated for C22H26BClNO3
+

 ([M+H]+): 

398.1689, found 398.1690. 

 

 

 

 

(R)-5-Fluoro-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)me-

thyl)isoindolin-1-one (2e): 
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Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 127-129 °C; 64% yield; [α]D
23 = -

76.15 (c 0.5, CH2Cl2), 91% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 254 nm; tminor = 13.86 min, tmajor = 16.93 min]; 

1H NMR (600 MHz, CDCl3):
  δ 7.82-7.80 (m, 1H), 7.32-7.26 (m, 3H), 7.19-7.17 (m, 

2H), 7.09-7.06 (m, 1H), 6.90-6.88 (m, 1H), 2.84 (s, 3H), 2.11 (d, J = 15.0 Hz, 1H), 1.91 

(d, J = 14.4 Hz, 1H), 0.99 (d, J = 12.0 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 167.4, 

165.1 (d, J = 249.0 Hz), 153.7 (d, J = 9.0 Hz), 140.8, 128.8, 127.9, 127.6 (d, J = 3.0 Hz), 

125.9, 125.0 (d, J = 10.5 Hz), 115.6 (d, J = 22.5 Hz), 109.7 (d, J = 24.0 Hz), 83.3, 68.2, 

25.0, 24.52, 24.50. 19F NMR (377 MHz, CDCl3): δ -107.4. HRMS m/z (ESI+): 

Calculated for C22H26BFNO3
+

 ([M+H]+): 382.1984, found 382.1981. 
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(R)-2-Methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-5-(t-

rifluoromethyl)isoindolin-1-one (2f): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow oil; 36% yield; [α]D
20 = -55.20 (c 0.5, CH2Cl2), 

82% ee [Phenomenex Lux 5u Amylose-2 column (25 cm × 0.46 cm ID), n-hexane/i-

PrOH = 98/02, 0.7 mL/min, 230 nm; tminor = 19.33 min, tmajor = 22.18 min]; 1H NMR 

(600 MHz, CDCl3):
 δ 7.95 (d, J = 7.8 Hz, 1H), 7.68-7.67 (m, 1H), 7.50 (s, 1H), 7.33-

7.27 (m, 3H), 7.19-7.17 (m, 2H), 2.85 (s, 3H), 2.19 (d, J = 15.0 Hz, 1H), 1.89 (d, J = 

15.0 Hz, 1H), 0.96 (d, J = 10.2 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 167.0, 151.7, 

140.1, 135.0, 133.4 (q, J = 33.0 Hz), 128.9, 128.1, 126.0, 125.2 (q, J = 3.0 Hz), 123.8 

(q, J = 271.5 Hz), 123.6, 119.7 (q, J = 4.5 Hz), 83.4, 68.7, 24.9, 24.48, 24.46. 19F NMR 

(377 MHz, CDCl3): δ -62.3. HRMS m/z (ESI+): Calculated for C23H26BF3NO3
+

 

([M+H]+): 432.1952, found 432.1950. 
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(R)-6-Methoxy-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

methyl)isoindolin-1-one (2g): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:3 (v/v); white solid; Mp = 118-120 °C; 90% yield; [α]D
20 = -

103.35 (c 0.5, CH2Cl2), 95% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 90/10, 0.7 mL/min, 210 nm; tminor = 12.98 min, tmajor = 17.06 min]; 

1H NMR (600 MHz, CDCl3):
 δ 7.35 (d, J = 2.4 Hz, 1H), 7.30-7.27 (m, 2H), 7.25-7.22 

(m, 1H), 7.20-7.18 (m, 2H), 7.12-7.10 (m, 1H), 7.00-6.99 (m, 1H), 3.85 (s, 3H), 2.86 (s, 

3H), 2.13 (d, J = 15.0 Hz, 1H), 1.91 (d, J = 15.0 Hz, 1H), 0.98 (d, J = 13.8 Hz, 12H). 
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13C NMR (150 MHz, CDCl3): δ
 168.3, 159.8, 143.7, 141.6, 132.9, 128.6, 127.5, 125.9, 

123.1, 119.7, 105.9, 83.2, 68.0, 55.7, 25.0, 24.50, 24.45. HRMS m/z (ESI+): Calculated 

for C23H29BNO4
+

 ([M+H]+): 394.2184, found 394.2185. 
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(R)-2,6-diMethyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)i-

soindolin-1-one (2h): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 98-100 °C; 78% yield; [α]D
20 = -

95.50 (c 0.5, CH2Cl2), 93% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 90/10, 0.7 mL/min, 254 nm; tminor = 12.44 min, tmajor = 14.03 min]; 

1H NMR (400 MHz, CDCl3):
 δ 7.65-7.64 (m, 1H), 7.30-7.23 (m, 4H), 7.20-7.18 (m, 2H), 

7.10-7.08 (m, 1H), 2.85 (s, 3H), 2.40 (s, 3H), 2.13 (d, J = 14.4 Hz, 1H), 1.90 (d, J = 14.8 

Hz, 1H), 0.96 (d, J = 13.2 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 168.5, 148.6, 141.6, 

137.7, 132.5, 131.6, 128.6, 127.5, 125.9, 123.2, 121.9, 83.1, 68.2, 24.8, 24.5, 24.4, 21.2. 

HRMS m/z (ESI+): Calculated for C23H29BNO3
+

 ([M+H]+): 378.2235, found 378.2232. 
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(R)-6-Bromo-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)me-

thyl)isoindolin-1-one (2i): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 109-110 °C; 59% yield; [α]D
20 = -

93.85 (c 0.5, CH2Cl2), 94% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 90/10, 0.7 mL/min, 280 nm; tminor = 12.74 min, tmajor = 20.01 min]; 

1H NMR (600 MHz, CDCl3): δ 7.98 (d, J = 1.8 Hz, 1H), 7.55-7.53 (m, 1H), 7.32-7.29 

(m, 2H), 7.27 (s, 1H), 7.18-7.17 (m, 2H), 7.10-7.08 (m, 1H), 2.85 (s, 3H), 2.12 (d, J = 

15.0 Hz, 1H), 1.92 (d, J = 15.0 Hz, 1H), 0.99 (d, J = 10.8 Hz, 12H). 13C NMR (150 

MHz, CDCl3): δ 166.9, 150.0, 140.6, 134.4, 133.6, 128.8, 127.8, 126.1, 125.9, 123.9, 

121.8, 83.3, 68.3, 25.0, 24.47, 24.46. HRMS m/z (ESI+): Calculated for C22H26BBrNO3
+

 

([M+H]+): 442.1184, found 442.1181. 

 



 

S29 

 

 

 

 

(R)-6-Chloro-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)me-

thyl)isoindolin-1-one (2j): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 97-99 °C; 66% yield; [α]D
20 = -

84.60 (c 0.5, CH2Cl2), 90% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 260 nm; tminor = 11.99 min, tmajor = 18.68 min]; 

1H NMR (600 MHz, CDCl3):
 δ 7.80 (d, J = 1.8 Hz, 1H), 7.38-7.36 (m, 1H), 7.30-7.27 

(m, 2H), 7.25-7.23 (m, 1H), 7.17-7.12 (m, 3H), 2.83 (s, 3H), 2.11 (d, J = 15.0 Hz, 1H), 

1.91 (d, J = 15.0 Hz, 1H), 0.98 (d, J = 10.8 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 
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167.0, 149.5, 140.7, 134.0, 133.4, 131.6, 128.8, 127.8, 125.9, 123.6, 123.1, 83.3, 68.3, 

25.0, 24.49, 24.47. HRMS m/z (ESI+): Calculated for C22H26BClNO3
+

 ([M+H]+): 

398.1689, found 398.1687. 

 

 

 

 

(R)-6-Fluoro-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)me-

thyl)isoindolin-1-one (2k): 
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Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 124-126 °C; 60% yield; [α]D
20 = -

87.60 (c 0.5, CH2Cl2), 92% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 254 nm; tminor = 16.83 min, tmajor = 21.56 min]; 

1H NMR (600 MHz, CDCl3):
 δ 7.51-7.49 (m, 1H), 7.31-7.28 (m, 2H), 7.24-7.23 (m, 1H), 

7.18-7.15 (m, 3H), 7.13-7.09 (m, 1H), 2.84 (s, 3H), 2.12 (d, J = 15.0 Hz, 1H), 1.92 (d, 

J = 15.0 Hz, 1H), 0.97 (d, J = 10.8 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 167.3, 

162.7 (d, J = 244.5 Hz), 146.8 (d, J = 1.5 Hz), 141.0, 133.7 (d, J = 7.5 Hz), 128.8, 127.8, 

125.9, 123.9 (d, J = 7.5 Hz), 118.9 (d, J = 22.5 Hz), 109.7 (d, J = 22.5 Hz), 83.3, 68.2, 

25.1, 24.6, 24.5. 19F NMR (377 MHz, CDCl3): δ -113.8. HRMS m/z (ESI+): Calculated 

for C22H26BFNO3
+

 ([M+H]+): 382.1984, found 382.1982. 
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(R)-5,6-diMethoxy-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)methyl)isoindolin-1-one (2l): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:3 (v/v); white solid; Mp = 138-140 °C; 87% yield; [α]D
23 = -

59.10 (c 0.5, CH2Cl2), 95% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 90/10, 0.7 mL/min, 230 nm; tmajor = 11.73 min, tminor = 14.66 min]; 

1H NMR (600 MHz, CDCl3):
 δ 7.30-7.27 (m, 2H), 7.26 (s, 1H), 7.24-7.23 (m, 1H), 7.17-

7.15 (m, 2H), 6.68 (s, 1H), 3.92 (s, 3H), 3.81 (s, 3H), 2.80 (s, 3H), 2.08 (d, J = 15.0 Hz, 

1H), 1.85 (d, J = 14.4 Hz, 1H), 0.98 (d, J = 9.6 Hz, 12H). 13C NMR (150 MHz, CDCl3): 

δ 168.4, 152.5, 149.5, 144.9, 141.4, 128.6, 127.5, 126.0, 123.9, 104.64, 104.56, 83.1, 

67.9, 56.2, 56.1, 24.8, 24.5, 24.4. HRMS m/z (ESI+): Calculated for C24H31BNO5
+

 

([M+H]+): 424.2290, found 424.2287. 
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(R)-5,6-diFluoro-2-methyl-3-phenyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)methyl)isoindolin-1-one (2m): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow oil; 23% yield; [α]D
25 = -57.98 (c 0.5, CH2Cl2), 

80% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), n-hexane/i-PrOH = 

95/05, 0.7 mL/min, 280 nm; tminor = 12.37 min, tmajor = 14.70 min]; 1H NMR (400 MHz, 

CDCl3): δ 7.65-7.61 (m, 1H), 7.35-7.32 (m, 1H), 7.31-7.28 (m, 2H), 7.18-7.15 (m, 2H), 

7.05-7.01 (m, 1H), 2.84 (s, 3H), 2.11 (d, J = 14.8 Hz, 1H), 1.91 (d, J = 14.8 Hz, 1H), 

1.02 (d, J = 4.8 Hz, 12H). 13C NMR (125 MHz, CDCl3): δ 166.6, 154.0 (d, J = 13.75 

Hz), 151.9 (dd, J = 23.75 Hz, 13.75 Hz), 149.8 (d, J = 13.75 Hz), 147.6 (dd, J = 7.5 Hz, 

3.75 Hz), 140.3, 128.9, 128.0, 127.8 (dd, J = 7.5 Hz, 2.5 Hz), 125.8, 111.7 (t, J = 17.5 

Hz), 83.4, 68.2, 25.1, 24.51, 24.48. 19F NMR (377 MHz, CDCl3): δ -130.7 (d, J = 18.85 

Hz), -137.0 (d, J = 22.62 Hz). HRMS m/z (ESI+): Calculated for C22H25BF2NO3
+

 

([M+H]+): 400.1890, found 400.1890. 
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(R)-3-(4-Methoxyphenyl)-2-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

methyl)isoindolin-1-one (2n): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:3 (v/v); yellow oil; 50% yield; [α]D
20 = -65.50 (c 0.5, CH2Cl2), 
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94% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), n-hexane/i-PrOH = 

95/05, 0.7 mL/min, 210 nm; tminor = 24.04 min, tmajor = 27.81 min]; 1H NMR (400 MHz, 

CDCl3):
 δ 7.84-7.81 (m, 1H), 7.44-7.36 (m, 2H), 7.20-7.18 (m, 1H), 7.12-7.08 (m, 2H), 

6.82-6.78 (m, 2H), 3.76 (s, 3H), 2.84 (s, 3H), 2.10 (d, J = 14.8 Hz, 1H), 1.91 (d, J = 14.8 

Hz, 1H), 0.94 (d, J = 11.6 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 168.3, 159.0, 151.5, 

133.2, 131.5, 127.7, 127.3, 123.0, 122.1, 113.9, 83.2, 68.0, 55.2, 24.8, 24.7, 24.48, 24.45. 

HRMS m/z (ESI+): Calculated for C23H29BNO4
+

 ([M+H]+): 394.2184, found 394.2178. 
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(R)-2-Methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-3-(p-tolyl)iso-

indolin-1-one (2o): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 122-124 °C; 68% yield; [α]D
20 = -

69.60 (c 0.5, CH2Cl2), 93% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 90/10, 0.7 mL/min, 254 nm; tminor = 9.16 min, tmajor = 12.78 min]; 

1H NMR (400 MHz, CDCl3):
 δ 7.82 (d, J = 7.6 Hz, 1H), 7.42-7.34 (m, 2H), 7.19-7.17 

(m, 1H), 7.10-7.05 (m, 4H), 2.84 (s, 3H), 2.28 (s, 3H), 2.12 (d, J = 14.8 Hz, 1H), 1.90 

(d, J = 14.4 Hz, 1H), 0.93 (d, J = 12.0 Hz, 12H). 13C NMR (100 MHz, CDCl3): δ 168.4, 

151.3, 138.2, 137.3, 131.5, 131.4, 129.3, 127.7, 125.8, 123.0, 122.1, 83.1, 68.2, 24.8, 

24.43, 24.40, 20.9. HRMS m/z (ESI+): Calculated for C23H29BNO3
+

 ([M+H]+): 

378.2235, found 378.2233. 
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(R)-3-(4-Ethylphenyl)-2-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)met-

hyl)isoindolin-1-one (2p): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow oil; 69% yield; [α]D
20 = -79.20 (c 0.5, CH2Cl2), 

96% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), n-hexane/i-PrOH = 

95/05, 0.7 mL/min, 254 nm; tminor = 13.11 min, tmajor = 17.56 min]; 1H NMR (500 MHz, 

CDCl3):
 δ 7.83-7.81 (m, 1H), 7.42-7.35 (m, 2H), 7.21-7.19 (m, 1H), 7.12-7.08 (m, 4H), 

2.85 (s, 3H), 2.59 (q, J = 7.5 Hz, 2H), 2.13 (d, J = 14.5 Hz, 1H), 1.91 (d, J = 14.5 Hz, 

1H), 1.19 (t, J = 7.5 Hz, 3H), 0.94 (d, J = 15.0 Hz, 12H). 13C NMR (125 MHz, CDCl3): 

δ 168.4, 151.4, 143.6, 138.6, 131.54, 131.50, 128.1, 127.7, 125.9, 123.0, 122.2, 83.2, 

68.3, 28.2, 24.9, 24.48, 24.45, 15.2. HRMS m/z (ESI+): Calculated for C24H31BNO3
+

 

([M+H]+): 392.2392, found 392.2390. 
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(R)-3-(4-Fluorophenyl)-2-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)m-

ethyl)isoindolin-1-one (2q): 
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Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 118-120 °C; 57% yield; [α]D
20 = -

64.85 (c 0.5, CH2Cl2), 95% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 230 nm; tminor = 16.68 min, tmajor = 18.78 min]; 

1H NMR (500 MHz, CDCl3):
 δ 7.84-7.82 (m, 1H), 7.45-7.38 (m, 2H), 7.19-7.14 (m, 3H), 

6.98-6.94 (m, 2H), 2.84 (s, 3H), 2.10 (d, J = 15.0 Hz, 1H), 1.90 (d, J = 14.5 Hz, 1H), 

0.94 (d, J = 13.5 Hz, 12H). 13C NMR (125 MHz, CDCl3): δ 168.3, 162.1 (d, J = 245.0 

Hz), 151.1, 137.2 (d, J = 2.5 Hz), 131.7, 131.5, 127.94 (d, J = 7.5 Hz), 127.85, 123.2, 

122.1, 115.5 (d, J = 21.25 Hz), 83.3, 67.9, 24.7, 24.48, 24.45. 19F NMR (377 MHz, 

CDCl3): δ -114.8. HRMS m/z (ESI+): Calculated for C22H26BFNO3
+

 ([M+H]+): 

382.1984, found 382.1983. 
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(R)-3-(3-Methoxyphenyl)-2-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

methyl)isoindolin-1-one (2r): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:3 (v/v); white solid; Mp = 130-132 °C; 77% yield; [α]D
20 = -

90.90 (c 0.25, CH2Cl2), 92% ee [Phenomenex Lux 5u Cellulose-1 column (25 cm × 0.46 

cm ID), n-hexane/i-PrOH = 90/10, 0.7 mL/min, 260 nm; tminor = 9.27 min, tmajor = 11.29 

min]; 1H NMR (500 MHz, CDCl3):
 δ 7.83-7.82 (m, 1H), 7.44-7.36 (m, 2H), 7.22-7.19 

(m, 2H), 6.80-6.73 (m, 3H), 3.73 (s, 3H), 2.87 (s, 3H), 2.12 (d, J = 14.5 Hz, 1H), 1.91 

(d, J = 14.5 Hz, 1H), 0.94 (d, J = 15.0 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ
 168.5, 

159.9, 151.1, 143.2, 131.6, 131.5, 129.7, 127.8, 123.1, 122.1, 118.3, 112.5, 112.3, 83.2, 

68.4, 55.2, 25.0, 24.49, 24.46. HRMS m/z (ESI+): Calculated for C23H29BNO4
+

 

([M+H]+): 394.2184, found 394.2184. 
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(R)-2-Methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-3-(m-tolyl)iso-

indolin-1-one (2s): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 120-122 °C; 77% yield; [α]D
20 = -

100.10 (c 0.5, CH2Cl2), 93% ee [Phenomenex Lux 5u Cellulose-1 column (25 cm × 0.46 

cm ID), n-hexane/i-PrOH = 95/05, 0.7 mL/min, 260 nm; tminor = 10.81 min, tmajor = 12.17 

min]; 1H NMR (500 MHz, CDCl3):
 δ 7.84-7.82 (m, 1H), 7.43-7.36 (m, 2H), 7.21-7.17 

(m, 2H), 7.06-7.04 (m, 2H), 6.94-6.93 (m, 1H), 2.86 (s, 3H), 2.26 (s, 3H), 2.14 (d, J = 

14.5 Hz, 1H), 1.91 (d, J = 14.5 Hz, 1H), 0.94 (d, J = 15.0 Hz, 12H). 13C NMR (150 
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MHz, CDCl3): δ 168.5, 151.3, 141.3, 138.4, 131.54, 131.49, 128.6, 128.4, 127.7, 126.5, 

123.1, 123.0, 122.2, 83.2, 68.4, 24.9, 24.48, 24.45, 21.5. HRMS m/z (ESI+): Calculated 

for C23H29BNO3
+

 ([M+H]+): 378.2235, found 378.2234. 
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(R)-3-(3,5-diMethylphenyl)-2-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-y-

l)m-ethyl)isoindolin-1-one (2t): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 120-121 °C; 71% yield; [α]D
22 = -

83.75 (c 0.5, CH2Cl2), 90% ee [Phenomenex Lux 5u Cellulose-2 column (25 cm × 0.46 

cm ID), n-hexane/i-PrOH = 97/03, 0.7 mL/min, 230 nm; tmajor = 24.73 min, tminor = 27.41 

min]; 1H NMR (400 MHz, CDCl3):
  δ 7.83-7.81 (m, 1H), 7.43-7.34 (m, 2H), 7.21-7.19 

(m, 1H), 6.85-6.79 (m, 3H), 2.85 (s, 3H), 2.22 (s, 6H), 2.13 (d, J = 14.8 Hz, 1H), 1.88 

(d, J = 14.8 Hz, 1H), 0.93 (d, J = 11.2 Hz, 12H). 13C NMR (125 MHz, CDCl3): δ 168.6, 

151.4, 141.2, 138.2, 131.50, 131.48, 129.3, 127.7, 123.7, 123.0, 122.1, 83.1, 68.4, 24.9, 

24.5, 24.4, 21.4. HRMS m/z (ESI+): Calculated for C24H31BNO3
+

 ([M+H]+): 392.2392, 

found 392.2389. 
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(R)-3-(Benzo[d][1,3]dioxol-5-yl)-2-methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborola-

n-2-yl)methyl)isoindolin-1-one (2u): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:3 (v/v); white solid; Mp = 55-57 °C; 42% yield; [α]D
22 = -

59.65 (c 0.5, CH2Cl2), 94% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 90/10, 0.7 mL/min, 254 nm; tminor = 15.22 min, tmajor = 18.24 min]; 

1H NMR (400 MHz, CDCl3):
  δ 7.83-7.80 (m, 1H), 7.44-7.36 (m, 2H), 7.20-7.18 (m, 

1H), 6.79-6.71 (m, 2H), 6.51 (d, J = 1.6 Hz, 1H), 5.90 (dd, J = 10.0 Hz, 1.6 Hz, 2H), 

2.84 (s, 3H), 2.05 (d, J = 14.8 Hz, 1H), 1.87 (d, J = 14.4 Hz, 1H), 0.93 (d, J = 12.0 Hz, 

12H). 13C NMR (150 MHz, CDCl3): δ 168.3, 151.3, 148.1, 147.1, 135.4, 131.6, 131.5, 

127.8, 123.1, 122.1, 119.5, 108.0, 106.7, 101.2, 83.2, 68.2, 24.8, 24.48, 24.46. HRMS 

m/z (ESI+): Calculated for C23H27BNO5
+

 ([M+H]+): 408.1977, found 408.1974. 
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(R)-2-Methyl-3-(naphthalen-2-yl)-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

methyl)isoindolin-1-one (2v): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); white solid; Mp = 168-170 °C; 64% yield; [α]D
20 = -
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105.25 (c 0.5, CH2Cl2), 84% ee [Daicel Chiralcel OD-H column (25 cm × 0.46 cm ID), 

n-hexane/i-PrOH = 95/05, 0.7 mL/min, 254 nm; tminor = 13.64 min, tmajor = 15.86 min]; 

1H NMR (600 MHz, CDCl3):
 δ 7.93-7.92 (m, 1H), 7.90-7.87 (m, 1H), 7.84-7.83 (m, 1H), 

7.77-7.76 (m, 1H), 7.68-7.67 (m, 1H), 7.51-7.45 (m, 2H), 7.43-7.39 (m, 2H), 7.23-7.20 

(m, 1H), 6.99-6.97 (m, 1H), 2.88 (s, 3H), 2.28 (d, J = 14.4 Hz, 1H), 2.07 (d, J = 14.4 

Hz, 1H), 0.97 (d, J = 15.6 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 168.5, 151.0, 138.8, 

133.1, 132.6, 131.7, 131.6, 128.6, 128.1, 127.9, 127.4, 126.4, 126.3, 125.2, 124.0, 123.1, 

122.3, 83.2, 68.4, 24.9, 24.50, 24.46. HRMS m/z (ESI+): Calculated for C26H29BNO3
+

 

([M+H]+): 414.2235, found 414.2228. 
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(R)-2-Methyl-3-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-3-(thiophen-3-

yl)-isoindolin-1-one (2w): 

 

Purified by column chromatography on silica gel, eluting with ethyl 

acetate/petroleum ether 1:5 (v/v); yellow oil; 65% yield; [α]D
20 = -62.90 (c 0.25, CH2Cl2), 

97% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm ID), n-hexane/i-PrOH = 

95/05, 0.7 mL/min, 230 nm; tminor = 21.02 min, tmajor = 22.85 min]; 1H NMR (600 MHz, 

CDCl3): 7.83 (d, J = 7.8 Hz, 1H), 7.47-7.39 (m, 2H), 7.28-7.26 (m, 2H), 7.20-7.18 (m, 

1H), 6.55-6.54 (m, 1H), 2.89 (s, 3H), 2.09 (d, J = 15.0 Hz, 1H), 1.96 (d, J = 15.0 Hz, 

1H), 0.94 (d, J = 9.6 Hz, 12H). 13C NMR (150 MHz, CDCl3): δ 168.0, 150.2, 143.8, 

131.53, 131.52, 128.0, 126.5, 126.0, 123.1, 122.2, 122.0, 83.2, 66.3, 24.8, 24.5, 24.4. 

HRMS m/z (ESI+): Calculated for C20H25BNO3S
+

 ([M+H]+): 370.1643, found 370.1643. 
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6. Scale-up experiment and synthetic transformations 

6.1 Scale-up experiment 

 

In an N2-filled glovebox, to an oven-dried Schlenk tube equipped with a stir bar was 

charged with CuI (19 mg), (R)-xyl-BINAP (88 mg), and KOtBu (168 mg). The tube was 

sealed with cap and removed from the glovebox. Toluene (10 mL) was then introduced 

via syringe. The mixture was stirred at 40 oC for 1 h. Then B2pin2 (381 mg) and 1a (363 

mg) were added into the mixture and warmed to 40 oC. The reaction was stirred at 40 

oC for 15 h. When the reaction was completed, the mixture was extracted with EA. The 

combined organic phases were dried over anhydrous Na2SO4 and concentrated under 

reduced pressure. The residue was purified by flash chromatography on silica gel 
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eluenting with petroleum ether/EtOAc (5:1) to afford the products 2a with 81% yield 

and in 92% ee. 

6.2 Synthetic transformations 

Vulcanization of 2a[3]: 

 

To a Schlenk tube equipped with a stirring bar was charged with 2a (0.2 mmol, 1.0 

equiv.), Lawesson's Reagent (0.2 mmol, 1.0 equiv.), and toluene (2.0 mL) under N2 

atmosphere. The reaction was stirred at 60 oC for 5 hours. When the reaction was 

completed, the mixture was concentrated under reduced pressure. The residue was 

purified by flash chromatography on silica gel eluting with petroleum ether/ethyl acetate 

(v/v = 10:1) to afford the products 3. Yellow solid; Mp = 138-140 °C; 64% yield; [α]D
27 

= -161.25 (c 1.0, CH2Cl2), 93% ee [Daicel Chiralcel AD-H column (25 cm × 0.46 cm 

ID), n-hexane/i-PrOH = 95/05, 0.7 mL/min, 254 nm; tminor = 8.02 min, tmajor = 9.19 min]; 

1H NMR (500 MHz, CDCl3):
  δ 8.07-8.05 (m, 1H), 7.46-7.40 (m, 2H), 7.32-7.26 (m, 

3H), 7.20-7.18 (m, 1H), 7.14-7.11 (m, 2H), 3.23 (s, 3H), 2.19 (d, J = 14.5 Hz, 1H), 2.00 

(d, J = 14.5 Hz, 1H), 0.94 (d, J = 22.0 Hz, 12H). 13C NMR (125 MHz, CDCl3): δ 192.7, 

149.7, 139.9, 138.0, 131.6, 128.9, 128.2, 128.1, 125.8, 125.2, 121.6, 83.4, 76.5, 30.4, 

24.50, 24.49. HRMS m/z (ESI+): Calculated for C22H27BNO2S
+

 ([M+H]+): 380.1850, 

found 380.1847. 
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Oxidation of 2a[4]: 

 

To a Schlenk tube equipped with a stirring bar was charged with 2a (0.2 mmol, 1.0 

equiv.), THF (2.0 mL), and H2O (2.0 mL). Then NaBO3•4H2O (0.8 mmol, 4.0 equiv.) 

was added and stirred at room temperature for 4 hours. When the reaction was 

completed, the mixture was quenched with water and extracted with EA (3 times). The 

combined organic phases were dried over anhydrous Na2SO4 and concentrated under 

reduced pressure. The residue was purified by flash chromatography on silica gel, 

eluting with ethyl acetate/petroleum ether (v/v = 1:1) to afford the products 4. White 

solid; Mp = 154-155 °C; 85% yield; [α]D
26 = -68.35 (c 0.5, CH2Cl2), 95% ee [Daicel 

Chiralcel OJ-H column (25 cm × 0.46 cm ID), n-hexane/i-PrOH = 80/20, 0.7 mL/min, 

254 nm; tmajor = 8.56 min, tminor = 11.56 min]; 1H NMR (400 MHz, CDCl3):
  δ 7.55 (d, J 

= 7.6 Hz, 1H), 7.36 (t, J = 7.2 Hz, 1H), 7.28-7.19 (m, 4H), 7.16 (d, J = 7.6 Hz, 1H), 

7.08-7.06 (m, 2H), 4.47 (d, J = 12.0 Hz, 1H), 4.34 (d, J = 11.6 Hz, 1H), 3.43 (s, 1H), 

2.54 (s, 3H). 13C NMR (100 MHz, CDCl3): δ 169.5, 148.1, 137.4, 131.8, 131.7, 129.1, 

128.3, 128.2, 126.1, 123.5, 122.0, 71.6, 63.3, 25.4. HRMS m/z (ESI+): Calculated for 

C16H16NO2
+

 ([M+H]+): 254.1176, found 254.1172. 
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Vinylation of 2a[5]: 

 

To an oven-dried Schlenk tube equipped with a stirring bar was charged with 2a and 

THF (2.0 mL) under N2 atmosphere. The reaction was stirred at room temperature and 

vinylmagnesium bromide (0.8 mmol, 1 M in THF, 4.0 equiv.) was added slowly. After 

30 min, the reaction was cooled to -78 oC and I2 (0.8 mmol, 4.0 equiv.) dissolved in 

methanol (2.0 mL) was added into the mixture. When stirring at -78 oC for 30 min, 

NaOMe (0.32 mmol, 1.6 equiv.) dissolved in methanol (2.0 mL) was added into the 

mixture. The reaction was warmed to room temperature and stirred for 2 hours. When 

the reaction was completed, the mixture was quenched with saturated Na2S2O3 aqueous 

solution and extracted with Et2O (3 times). The combined organic phases were dried 
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over anhydrous Na2SO4 and concentrated reduced pressure. The residue was purified 

by flash chromatography on silica gel, eluting with ethyl acetate/petroleum ether (v/v = 

1:5) to afford the products 5. White solid; Mp = 176-179 °C; 69% yield; [α]D
27 = -172.05 

(c 0.5, CH2Cl2), 94% ee [Daicel Chiralcel AS-H column (25 cm × 0.46 cm ID), n-

hexane/i-PrOH = 90/10, 0.7 mL/min, 254 nm; tmajor = 14.29 min, tminor = 18.28 min]; 1H 

NMR (500 MHz, CDCl3):
  δ 7.87-7.86 (m, 1H), 7.47-7.39 (m, 2H), 7.35-7.27 (m, 3H), 

7.20-7.15 (m, 3H), 5.15-5.07 (m, 1H), 5.03 (dd, J = 17.5 Hz, 2.5 Hz, 1H), 4.92 (dd, J = 

10.0 Hz, 2.0 Hz, 1H), 3.32 (dd, J = 14.0 Hz, 5.5 Hz, 1H), 3.12 (dd, J = 14.0 Hz, 7.5 Hz, 

1H), 2.84 (s, 3H). 13C NMR (125 MHz, CDCl3): δ 168.7, 149.5, 139.7, 131.8, 131.6, 

130.8, 128.9, 128.1, 128.0, 126.1, 123.4, 121.9, 119.5, 69.8, 38.2, 25.0. HRMS m/z 

(ESI+): Calculated for C18H18NO+
 ([M+H]+): 264.1383, found 264.1380. 
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7. Crystal report 

The single crystalsof 4 (CCDC 2350769) was grown in ethyl acetate by slow 

evaporation method. A suitable crystal (0.01mm*0.02mm*0.03mm) was selected and 

mounted on a Bruker D8 Venture diffractometer with MoKα radiation (λ = 0.71073 Å) 

(or CuKα radiation (λ = 1.54178 Å) or CaKα radiation (λ = 1.34139 Å) for cell 

determination and subsequent data collection at 169 K. Using Olex2, the structure was 

solved with the ShelXT structure solution program using Intrinsic Phasing and refined 

with the ShelXL refinement package using Least Squares minimisation. See below for 

other details. 
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Crystal report of compounds 4： 

 

Figure S1. Ortep drawing of compound 4 with 50% ellipsoids 
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9. Copies of NMR spectra 

 

Figure S2. 1H NMR spectrum of compound 1a (600 MHz, CDCl3) 
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Figure S3. 13C NMR spectrum of compound 1a (150 MHz, CDCl3) 
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Figure S4. 1H NMR spectrum of compound 1a’ (400 MHz, CDCl3) 
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Figure S5. 13C NMR spectrum of compound 1a’ (100 MHz, CDCl3) 
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Figure S6. 1H NMR spectrum of compound 1b (600 MHz, CDCl3) 
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Figure S7. 13C NMR spectrum of compound 1b (150 MHz, CDCl3) 
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Figure S8. 1H NMR spectrum of compound 1c (600 MHz, CDCl3) 
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Figure S9. 13C NMR spectrum of compound 1c (150 MHz, CDCl3) 
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Figure S10. 1H NMR spectrum of compound 1d (600 MHz, CDCl3) 
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Figure S11. 13C NMR spectrum of compound 1d (150 MHz, CDCl3) 
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Figure S12. 1H NMR spectrum of compound 1e (600 MHz, CDCl3) 
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Figure S13. 13C NMR spectrum of compound 1e (150 MHz, CDCl3) 
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Figure S14. 19F NMR spectrum of compound 1e (377 MHz, CDCl3) 
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Figure S15. 1H NMR spectrum of compound 1f (600 MHz, CDCl3) 
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Figure S16. 13C NMR spectrum of compound 1f (150 MHz, CDCl3) 
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Figure S17. 19F NMR spectrum of compound 1f (377 MHz, CDCl3) 
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Figure S18. 1H NMR spectrum of compound 1g (600 MHz, CDCl3) 
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Figure S19. 13C NMR spectrum of compound 1g (150 MHz, CDCl3) 
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Figure S20. 1H NMR spectrum of compound 1h (600 MHz, CDCl3) 
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Figure S21. 13C NMR spectrum of compound 1h (150 MHz, CDCl3) 
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Figure S22. 1H NMR spectrum of compound 1i (600 MHz, CDCl3) 
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Figure S23. 13C NMR spectrum of compound 1i (150 MHz, CDCl3) 
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Figure S24. 1H NMR spectrum of compound 1j (600 MHz, CDCl3) 
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Figure S25. 13C NMR spectrum of compound 1j (150 MHz, CDCl3) 
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Figure S26. 1H NMR spectrum of compound 1k (600 MHz, CDCl3) 
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Figure S27. 13C NMR spectrum of compound 1k (150 MHz, CDCl3) 
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Figure S28. 19F NMR spectrum of compound 1k (377 MHz, CDCl3) 
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Figure S29. 1H NMR spectrum of compound 1l (500 MHz, CDCl3) 
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Figure S30. 13C NMR spectrum of compound 1l (150 MHz, CDCl3) 
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Figure S31. 1H NMR spectrum of compound 1m (600 MHz, CDCl3) 
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Figure S32. 13C NMR spectrum of compound 1m (150 MHz, CDCl3) 
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Figure S33. 19H NMR spectrum of compound 1m (377 MHz, CDCl3) 
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Figure S34. 1H NMR spectrum of compound 1n (600 MHz, CDCl3) 
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Figure S35. 13C NMR spectrum of compound 1n (150 MHz, CDCl3) 
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Figure S36. 1H NMR spectrum of compound 1o (600 MHz, CDCl3) 
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Figure S37. 13C NMR spectrum of compound 1o (150 MHz, CDCl3) 
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Figure S38. 1H NMR spectrum of compound 1p (600 MHz, CDCl3) 
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Figure S39. 13C NMR spectrum of compound 1p (150 MHz, CDCl3) 
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Figure S340. 1H NMR spectrum of compound 1q (600 MHz, CDCl3) 
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Figure S41. 13C NMR spectrum of compound 1q (150 MHz, CDCl3) 
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Figure S42. 19F NMR spectrum of compound 1q (377 MHz, CDCl3) 
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Figure S43. 1H NMR spectrum of compound 1r (600 MHz, CDCl3) 
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Figure S44. 13C NMR spectrum of compound 1r (150 MHz, CDCl3) 
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Figure S45. 1H NMR spectrum of compound 1s (600 MHz, CDCl3) 
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Figure S46. 13C NMR spectrum of compound 1s (150 MHz, CDCl3) 
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Figure S47. 1H NMR spectrum of compound 1t (600 MHz, CDCl3) 
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Figure S48. 13C NMR spectrum of compound 1t (150 MHz, CDCl3) 
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Figure S49. 1H NMR spectrum of compound 1u (600 MHz, CDCl3) 
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Figure S50. 13C NMR spectrum of compound 1u (150 MHz, CDCl3) 
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Figure S51. 1H NMR spectrum of compound 1v (600 MHz, CDCl3) 
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Figure S52. 13C NMR spectrum of compound 1v (150 MHz, CDCl3) 
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Figure S53. 1H NMR spectrum of compound 1w (600 MHz, CDCl3) 
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Figure S54. 13C NMR spectrum of compound 1w (150 MHz, CDCl3) 
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Figure S55. 1H NMR spectrum of compound 1x (500 MHz, CDCl3) 
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Figure S56. 13C NMR spectrum of compound 1x (125 MHz, CDCl3) 
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Figure S57. 1H NMR spectrum of compound 1y (500 MHz, CDCl3) 
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Figure S58. 13C NMR spectrum of compound 1y (125 MHz, CDCl3) 
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Figure S59. 1H NMR spectrum of compound 1z (500 MHz, CDCl3) 
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Figure S60. 13C NMR spectrum of compound 1z (125 MHz, CDCl3) 
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Figure S61. 1H NMR spectrum of compound 2a (600 MHz, CDCl3) 
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Figure S62. 13C NMR spectrum of compound 2a (150 MHz, CDCl3) 



 

S119 

 

 

Figure S63. 1H NMR spectrum of compound 2b (400 MHz, CDCl3) 
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Figure S64. 13C NMR spectrum of compound 2b (150 MHz, CDCl3) 
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Figure S65. 1H NMR spectrum of compound 2c (600 MHz, CDCl3) 
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Figure S66. 13C NMR spectrum of compound 2c (150 MHz, CDCl3) 
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Figure S67. 1H NMR spectrum of compound 2d (600 MHz, CDCl3) 
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Figure S68. 13C NMR spectrum of compound 2d (100 MHz, CDCl3) 
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Figure S69. 1H NMR spectrum of compound 2e (600 MHz, CDCl3) 
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Figure S70. 13C NMR spectrum of compound 2e (150 MHz, CDCl3) 
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Figure S71. 19F NMR spectrum of compound 2e (377 MHz, CDCl3) 
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Figure S72. 1H NMR spectrum of compound 2f (600 MHz, CDCl3) 
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Figure S73. 13C NMR spectrum of compound 2f (150 MHz, CDCl3) 
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Figure S74. 19F NMR spectrum of compound 2f (377 MHz, CDCl3) 
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Figure S75. 1H NMR spectrum of compound 2g (600 MHz, CDCl3) 
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Figure S76. 13C NMR spectrum of compound 2g (150 MHz, CDCl3) 
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Figure S77. 1H NMR spectrum of compound 2h (400 MHz, CDCl3) 
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Figure S78. 13C NMR spectrum of compound 2h (150 MHz, CDCl3) 
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Figure S79. 1H NMR spectrum of compound 2i (600 MHz, CDCl3) 
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Figure S80. 13C NMR spectrum of compound 2i (150 MHz, CDCl3) 
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Figure S81. 1H NMR spectrum of compound 2j (600 MHz, CDCl3) 
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Figure S82. 13C NMR spectrum of compound 2j (150 MHz, CDCl3) 
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Figure S83. 1H NMR spectrum of compound 2k (600 MHz, CDCl3) 
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Figure S84. 13C NMR spectrum of compound 2k (150 MHz, CDCl3) 
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Figure S85. 19F NMR spectrum of compound 2k (377 MHz, CDCl3) 
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Figure S86. 1H NMR spectrum of compound 2l (600 MHz, CDCl3) 
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Figure S87. 13C NMR spectrum of compound 2l (150 MHz, CDCl3) 
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Figure S88. 1H NMR spectrum of compound 2m (400 MHz, CDCl3) 
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Figure S89. 13C NMR spectrum of compound 2m (125 MHz, CDCl3) 
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Figure S90. 19F NMR spectrum of compound 2m (377 MHz, CDCl3) 
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Figure S91. 1H NMR spectrum of compound 2n (400 MHz, CDCl3) 
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Figure S92. 13C NMR spectrum of compound 2n (150 MHz, CDCl3) 
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Figure S93. 1H NMR spectrum of compound 2o (400 MHz, CDCl3) 
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Figure S94. 13C NMR spectrum of compound 2o (100 MHz, CDCl3) 
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Figure S95. 1H NMR spectrum of compound 2p (500 MHz, CDCl3) 
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Figure S96. 13C NMR spectrum of compound 2p (125 MHz, CDCl3) 
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Figure S97. 1H NMR spectrum of compound 2q (500 MHz, CDCl3) 
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Figure S98. 13C NMR spectrum of compound 2q (125 MHz, CDCl3) 
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Figure S99. 19F NMR spectrum of compound 2q (377 MHz, CDCl3) 
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Figure S100. 1H NMR spectrum of compound 2r (500 MHz, CDCl3) 
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Figure S101. 13C NMR spectrum of compound 2r (150 MHz, CDCl3) 



 

S158 

 

 

Figure S102. 1H NMR spectrum of compound 2s (500 MHz, CDCl3) 
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Figure S103. 13C NMR spectrum of compound 2s (150 MHz, CDCl3) 
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Figure S104. 1H NMR spectrum of compound 2t (400 MHz, CDCl3) 
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Figure S105. 13C NMR spectrum of compound 2t (125 MHz, CDCl3) 
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Figure S106. 1H NMR spectrum of compound 2u (400 MHz, CDCl3) 
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Figure S107. 13C NMR spectrum of compound 2u (150 MHz, CDCl3) 
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Figure S108. 1H NMR spectrum of compound 2v (600 MHz, CDCl3) 
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Figure S109. 13C NMR spectrum of compound 2v (150 MHz, CDCl3) 
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Figure S110. 1H NMR spectrum of compound 2w (600 MHz, CDCl3) 
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Figure S111. 13C NMR spectrum of compound 2w (150 MHz, CDCl3) 
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Figure S112. 1H NMR spectrum of compound 3 (500 MHz, CDCl3) 
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Figure S113. 13C NMR spectrum of compound 3 (125 MHz, CDCl3) 
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Figure S114. 1H NMR spectrum of compound 4 (400 MHz, CDCl3) 
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Figure S115. 13C NMR spectrum of compound 4 (100 MHz, CDCl3) 
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Figure S116. 1H NMR spectrum of compound 5 (500 MHz, CDCl3) 
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Figure S117. 13C NMR spectrum of compound 5 (125 MHz, CDCl3) 


