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= 8.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 26.5, 36.9, 39.2, 50.1, 101.5, 106.9, 107.2, 108.7, 

110.6, 120.0, 121.4, 123.7, 125.9, 127.4, 133.9, 135.5, 137.5, 146.9, 148.5, 193.5. HRMS (ESI): 

Calcd. for C20H18NO3
+ ([M+H]+): 320.1281, Found: 320.1287. 

 (R)-8-Methyl-8-(naphthalen-2-yl)-7,8-dihydropyrido[1,2-

a]indol-9(6H)-one (5j): Prepared according to the general 

procedure G from 2b (20.0 mg, 0.100 mmol) and 2-chloronaphthalene 4j (32.6 mg, 0.200 mmol). 

The crude product was purified by silica gel chromatography with a CombiFlash system (4 g 

column, 100:0→80:20 hexanes/EtOAc) to give 5j as a yellow solid in 95% yield (31.1 mg, 0.0956 

mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 23.2 min 

(major); tR 37.0 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 98:2, 1.0 mL/min] to be 99% ee. [α]D
24 = +24.4° (c 0.57, CHCl3). 1H NMR (600 

MHz, CDCl3) δ 1.72 (s, 3H), 2.62 (ddd, J = 14.6, 12.8, 4.5 Hz, 1H), 2.94 (ddd, J = 14.6, 3.6, 3.6 

m, 1H), 3.90 (ddd, J = 12.2, 12.2, 3.6 Hz, 1H), 4.28 (ddd, J = 12.2, 4.5, 3.6 Hz, 1H), 7.14 (t, J = 

7.4 Hz, 1H), 7.21 – 7.23 (m, 1H), 7.32 (t, J = 7.4 Hz, 1H), 7.42 – 7.49 (m, 4H), 7.65 (s, 1H), 7.71 

– 7.78 (m, 3H), 7.83 (d, J = 8.6 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 26.2, 36.8, 39.3, 50.6, 

106.9, 110.6, 121.4, 123.7, 124.3, 125.9, 125.9, 126.4, 126.6, 127.4, 127.7, 128.4, 129.1, 132.6, 

133.6, 134.0, 137.5, 139.1, 193.7. HRMS (ESI): Calcd. for C23H20NO+ ([M+H]+): 326.1539, 

Found: 326.1543. 

 (R)-8-Methyl-8-phenyl-7,8-dihydropyrido[1,2-a]indol-9(6H)-one 

(5k): Prepared according to the general procedure G from 2b (20.0 mg, 

0.100 mmol) and chlorobenzene 4k (22.6 mg, 0.200 mmol). The crude product was purified by 

silica gel chromatography with a CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) 

to give 5k as a yellow solid in 99% yield (27.4 mg, 0.0995 mmol). The enantiomeric excess was 
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determined by HPLC analysis (254 nm, 25 °C) tR 16.7 min (major); tR 21.7 min (minor) [Chiracel 

AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 98:2, 1.0 mL/min] to 

be 98% ee. [α]D
23 = +148.7° (c 0.54, CHCl3). 1H NMR (400 MHz, CDCl3) δ 1.62 (s, 3H), 2.54 

(ddd, J = 14.2, 12.0, 4.8 Hz, 1H), 2.79 (ddd, J = 14.2, 3.4, 3.4 Hz, 1H), 3.86 (ddd, J = 12.0, 12.0, 

3.4 Hz, 1H), 4.24 (ddd, J = 12.0, 4.8, 3.4 Hz, 1H), 7.13 (t, J = 7.6 Hz, 1H), 7.18 – 7.34 (m, 7H), 

7.41 (s, 1H), 7.72 (d, J = 8.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 26.3, 36.7, 39.2, 50.3, 106.7, 

110.6, 121.4, 123.6, 125.9, 126.6, 127.3, 127.4, 129.2, 134.0, 137.4, 141.7, 193.7. HRMS (ESI): 

Calcd. for C19H18NO+ ([M+H]+): 276.1383, Found: 276.1388. 

 (R)-7-(3-Methoxyphenyl)-7-methyl-6,7-dihydroindolizin-8(5H)-one 

(5l): Prepared according to the general procedure F from 2k (20.0 mg, 

0.134 mmol) and 1-chloro-3-methoxybenzene 4d (38.2 mg, 0.268 mmol). The crude product was 

purified by silica gel chromatography with a CombiFlash system (4 g column, 100:0→80:20 

hexanes/EtOAc) to give 5l as a colorless oil in 70% yield (28.7 mg, 0.0939 mmol). The 

enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 27.2 min (major); tR 

31.7 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 98:2, 1.0 mL/min] to be 91% ee. [α]D
25 = +123.4° (c 0.87, CHCl3). 1H NMR (400 MHz, 

CDCl3) δ 1.56 (s, 3H), 2.44 (ddd, J = 14.2, 12.0, 4.6 Hz, 1H), 2.60 (ddd, J = 14.2, 3.4, 3.4 Hz, 1H), 

3.76 (s, 3H), 3.86 (ddd, J = 12.0, 12.0, 3.4 Hz, 1H), 4.03 (ddd, J = 12.0, 4.6, 3.4 Hz, 1H), 6.25 (dd, 

J = 4.0, 2.4 Hz, 1H), 6.74 – 6.86 (m, 4H), 7.11 (dd, J = 4.0, 1.4 Hz, 1H), 7.22 (t, J = 8.0 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 26.3, 37.6, 42.6, 49.3, 55.5, 111.1, 112.0, 113.3, 115.2, 119.1, 

125.8, 130.0, 130.8, 144.1, 160.1, 190.4. HRMS (ESI): Calcd. for C16H18NO2
+ ([M+H]+): 

256.1332, Found: 256.1335. 
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 (S)-2-Methyl-2-phenyl-2,3-dihydro-1H-pyrrolo[1,2-a]indol-1-one (9a): 

Prepared according to the general procedure H from 2a (37.0 mg, 0.200 

mmol) and 1-chloro-3-methoxybenzene 8a (63.0 mg, 0.399 mmol). The 

mixture was purified by flash column chromatography (98:2 hexane:EtOAc) to give 9a as a white 

solid in 78% yield (40.7 mg, 0.156 mmol).  The enantiomeric excess was determined by HPLC 

analysis (254 nm, 25 C) tR 12.82 min (major); tR 18.51 min (minor) [Chiracel (AS-H) (from Diacel 

Chemical Ind., Ltd.) hexane/i-PrOH 95:5, 1.0 ml/min] to be 99% ee. []D
24 = -228.9  (c 0.59, 

CHCl3). The NMR data is consistent with the data available in literature.94 1H NMR (400 MHz, 

CDCl3)  1.84 (s, 3H), 4.48 (d, J = 11.0 Hz, 1H), 4.76 (d, J = 11.0 Hz, 1H), 7.14 (s, 1H), 7.21 - 

7.30 (m, 2H), 7.31 - 7.35 (m, 4H), 7.38 - 7.46 (m, 2H), 7.81 (ddd, J = 8.4, 1.2, 1.2 Hz, 1H). 13C 

NMR (101 MHz, CDCl3)  22.6, 56.9, 57.5, 101.0, 111.0, 121.9, 124.6, 125.7, 126.2, 127.7, 129.2, 

132.7, 132.8, 135.6, 142.5, 196.3. 

(S)-2-(3-Methoxyphenyl)-2-methyl-2,3-dihydro-1H-pyrrolo[1,2-

a]indol-1-one (9b): Prepared according to the general procedure H 

from 2a (37.0 mg, 0.199 mmol) and 1-bromo-3-methoxybenzene 8b 

(74.7 mg, 0.399 mmol). The crude product was purified by silica gel chromatography with a 

CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) to give a mixture of 9b and 

possibly, its rotameric isomer in 85:15 ratio, as a yellow solid in 44% combined yield (25.7 mg, 

0.0882 mmol). The enantiomeric excess was determined by HPLC analysis (220 nm, 25 °C) tR 

32.7 min (major); tR 50.0 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical 

Ind., Ltd.) hexane/i-PrOH, 98:2, 1.0 mL/min] to be 99% ee. [α]D
24 = -193.5° (c 0.15, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 1.81 (s, 3H), 3.77 (s, 3H), 4.47 (d, J = 11.0 Hz, 1H), 4.75 (d, J = 11.0 

Hz, 1H), 6.79 – 6.81 (s, 1H), 6.88 – 6.90 (m, 2H), 7.12 (s, 1H), 7.20 – 7.26 (m, 2H), 7.37 – 7.45 
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(m, 2H), 7.80 (d, J = 8.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 23.6, 55.6, 56.9, 57.4, 101.1, 

111.0, 112.5, 112.9, 118.6, 121.9, 124.6, 125.7, 130.2, 132.7, 134.8, 135.7, 144.1, 160.2, 196.2. 

HRMS (ESI): Calcd. for C19H18NO2
+ ([M+H]+): 292.1332, Found: 292.1334. The extra peaks in 

1H and 13C NMR might have resulted due to the presence of rotameric isomer of 9b. 

 (S)-2-Methyl-2-(4-(trifluoromethyl)phenyl)-2,3-dihydro-1H-

pyrrolo[1,2-a]indol-1-one (9c): Prepared according to the general 

procedure H from 2a (37.0 mg, 0.199 mmol) and 1-bromo-4-

(trifluoromethyl)benzene 8c (89.9 mg, 0.399 mmol). The crude product 

was purified by silica gel chromatography with a CombiFlash system (4 g column, 100:0→80:20 

hexanes/EtOAc) to give a mixture of 9c and possibly its rotameric isomer in 86:14 ratio, as a light 

yellow solid in 68% combined yield (44.6 mg, 0.135 mmol). The enantiomeric excess was 

determined by HPLC analysis (220 nm, 25 °C) tR 13.0 min (major); tR 15.8 min (minor) [Chiracel 

AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 95:5, 1.0 mL/min] to 

be 99% ee. [α]D
25 = -133.3° (c 0.85, CHCl3). 1H NMR (600 MHz, CDCl3) δ 1.86 (s, 3H), 4.52 (d, 

J = 11.0 Hz, 1H), 4.75 (d, J = 11.0 Hz, 1H), 7.15 (s, 1H), 7.24 (ddd, J = 8.2, 6.7, 1.1 Hz, 1H), 7.40 

– 7.48 (m, 4H), 7.59 (d, J = 8.2 Hz, 2H), 7.82 (d, J = 8.2 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 

23.8, 56.5, 57.5, 101.6, 111.0, 122.2, 124.3 (q, J = 271.8 Hz, 1C), 124.8, 126.1, 126.2 (q, J = 4.5 

Hz, 1C), 126.8, 130.0 (q, J = 33.2 Hz, 1C), 132.8, 134.4, 135.8, 146.4 (q, J = 1.5 Hz, 1C), 195.3. 

19F NMR (CDCl3, 376 MHz): δ -62.9 (s, 3F). HRMS (ESI): Calcd. for C19H15F3NO+ ([M+H]+): 

330.1100, Found: 330.1107.  

The extra peaks in 1H and 13C NMR might have resulted due to the presence of rotameric isomer 

of 9c. Variable-temperature NMR measurements (Bruker 400 MHz) on a sample of 9c in DMSO-

d6 at temperatures ranging from 20 °C to 135 °C, upper limit of the instrument, did not show 
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coalescence of peaks. Additional NMR studies (1-D selective chemical-exchange NMR) were 

carried out to confirm the presence of rotameric isomer.95 However, the results were inconclusive. 

(S)-2-Methyl-2-phenyl-2,3-dihydro-1H-pyrrolizin-1-one (9d): Prepared 

according to the general procedure I from 2m (27.0 mg, 0.200 mmol) and 1-

bromobenzene 8a (63.0 mg, 0.399 mmol). The crude product was purified by flash 

column chromatography (98:2 hexane:EtOAc) to give 9d as a white solid in 80% yield (33.8 mg, 

0.160 mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 C) tR 28.04 

min (major); tR 46.36 min (minor) [Chiracel OJ-H (0.46 cm x 25 cm) (from Diacel Chemical Ind., 

Ltd.) hexane/i-PrOH 80:20, 1.0 ml/min] to be 99% ee. []D
24 = -262.4 (c 0.78, CHCl3). The NMR 

data is consistent with the data available in literature.94 1H NMR (400 MHz, CDCl3)  1.74 (s, 

3H), 4.33 (d, J = 11.8 Hz, 1H), 4.56 (d, J = 11.8 Hz, 1H), 6.58 (dd, J = 4.0, 2.4 Hz, 1H), 6.82 (dd, 

J = 4.0, 0.6 Hz, 1H), 7.05 – 7.06 (m, 1H), 7.21 - 7.25 (m, 1H), 7.27 – 7.33 (m, 4H). 13C NMR (101 

MHz, CDCl3)  23.2, 57.1, 58.7, 109.2, 117.3, 123.0, 125.9, 127.2, 128.8, 131.3, 142.6, 192.6. 

 (S)-2-Methyl-2-(4-(trifluoromethyl)phenyl)-2,3-dihydro-1H-pyrrolizin-1-

one (9e): Prepared according to the general procedure I from 2m (27.0 mg, 0.199 

mmol) and 1-bromo-4-(trifluoromethyl)benzene 8b (89.9 mg, 0.399 mmol). The 

crude product was purified by silica gel chromatography with a CombiFlash 

system (4 g column, 100:0→80:20 hexanes/EtOAc) to give 9e as a light yellow solid in 90% yield 

(50.0 mg, 0.179 mmol). The enantiomeric excess was determined by HPLC analysis (220 nm, 25 

°C) tR 21.0 min (major); tR 29.1 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel 

Chemical Ind., Ltd.) hexane/i-PrOH, 98:2, 1.0 mL/min] to be 99% ee. [α]D
23 = -68.0° (c 0.62, 

CHCl3). 1H NMR (600 MHz, CDCl3) δ 1.78 (s, 3H), 4.38 (d, J = 11.8 Hz, 1H), 4.57 (d, J = 11.8 

Hz, 1H), 6.62 (dd, J = 4.0, 2.2 Hz, 1H), 6.86 (dd, J = 4.0, 1.0 Hz, 1H), 7.10 (d, J = 2.2 Hz, 1H), 
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7.43 (d, J = 8.4 Hz, 2H), 7.58 (d, J = 8.4 Hz, 2H). 13C NMR (151 MHz, CDCl3) δ 23.6, 57.4, 58.6, 

110.0, 118.1, 123.6, 124.3 (q, J = 271.8 Hz, 1C), 126.1 (q, J = 4.5 Hz, 1C), 126.8, 129.8 (q, J = 

33.2 Hz, 1C), 131.3, 146.8, 191.5. 19F NMR (CDCl3, 376 MHz): δ -62.9 (s, 3F). HRMS (ESI): 

Calcd. for C15H13F3NO+ ([M+H]+): 280.0944, Found: 280.0949. 

(S)-2-Methyl-2-(3-(trifluoromethyl)phenyl)-2,3-dihydro-1H-pyrrolizin-

1-one (9f): Prepared according to the general procedure I from 2m (27.0 mg, 

0.199 mmol) and 1-bromo-3-(trifluoromethyl)benzene 8d (89.9 mg, 0.399 

mmol). The crude product was purified by silica gel chromatography with a CombiFlash system 

(4 g column, 100:0→80:20 hexanes/EtOAc) to give 9f as a yellow oil in 88% yield (49.0 mg, 0.175 

mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 17.5 min 

(major); tR 25.0 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 98:2, 1.0 mL/min] to be 99% ee. [α]D
23 = -67.3° (c 0.74, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 1.78 (s, 3H), 4.39 (d, J = 11.8 Hz, 1H), 4.56 (d, J = 11.8 Hz, 1H), 6.62 (dd, J = 

4.0, 2.0 Hz, 1H), 6.86 (dd, J = 4.0, 1.0 Hz, 1H), 7.10 (dd, J = 2.0, 1.0 Hz, 1H), 7.42 – 7.53 (m, 

3H), 7.58 (s, 1H). 13C NMR (101 MHz, CDCl3) δ 23.8, 57.3, 58.6, 110.0, 118.1, 123.1 (q, J = 4.0 

Hz, 1C), 123.7, 124.3 (q, J = 273.7 Hz, 1C), 124.5 (q, J = 4.0 Hz, 1C), 129.7, 129.9 (q, J = 2.0 Hz, 

1C), 131.3, 131.4 (q, J = 32.3 Hz, 1C), 143.8, 191.6. 19F NMR (CDCl3, 376 MHz): δ -62.8 (s, 3F). 

HRMS (ESI): Calcd. for C15H13F3NO+ ([M+H]+): 280.0944, Found: 280.0947. 

(S)-2-(3-Fluorophenyl)-2-methyl-2,3-dihydro-1H-pyrrolizin-1-one (9g): 

Prepared according to the general procedure I from 2m (27.0 mg, 0.199 mmol) 

and 1-bromo-3-fluorobenzene 8e (69.9 mg, 0.399 mmol). The crude product 

was purified by silica gel chromatography with a CombiFlash system (4 g column, 100:0→80:20 

hexanes/EtOAc) to give 9g as a light yellow oil in 92% yield (42.3 mg, 0.184 mmol). The 
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enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 25.2 min (major); tR 

35.5 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 98:2, 1.0 mL/min] to be 99% ee. [α]D
24 = -80.6° (c 0.84, CHCl3). 1H NMR (400 MHz, 

CDCl3) δ 1.74 (s, 3H), 4.35 (d, J = 11.8 Hz, 1H), 4.55 (d, J = 11.8 Hz, 1H), 6.60 (dd, J = 4.0, 2.4 

Hz, 1H), 6.85 (dd, J = 4.0, 0.8 Hz, 1H), 6.92 – 6.97 (m, 1H), 7.01 – 7.09 (m, 3H), 7.27 – 7.31 (m, 

1H). 13C NMR (101 MHz, CDCl3) δ 23.5, 57.2, 58.8, 109.9, 113.6 (d, J = 23.2 Hz, 1C), 114.5 (d, 

J = 21.2 Hz, 1C), 117.9, 121.9 (d, J = 3.0 Hz, 1C), 123.5, 130.6 (d, J = 9.1 Hz, 1C), 131.4, 145.4 

(d, J = 7.1 Hz, 1C), 163.3 (d, J = 247.4 Hz, 1C), 191.8. 19F NMR (CDCl3, 376 MHz): δ -112.3 (m, 

1F). HRMS (EI): Calcd. for C14H13FNO+ ([M+H]+): 230.0976, Found: 230.0979. 

 (S)-2-(3-Methoxyphenyl)-2-methyl-2,3-dihydro-1H-pyrrolizin-1-one 

(9h): Prepared according to the general procedure I from 2m (27.0 mg, 0.199 

mmol) and 1-bromo-3-methoxybenzene 8c (74.7 mg, 0.399 mmol). The 

crude product was purified by silica gel chromatography with a CombiFlash system (4 g column, 

100:0→80:20 hexanes/EtOAc) to give 9h as a light yellow oil in 99% yield (48.0 mg, 0.199 mmol). 

The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 25.6 min (major); 

tR 28.6 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 95:5, 1.0 mL/min] to be 98% ee. [α]D
24 = -95.1° (c 0.95, CHCl3). 1H NMR (600 MHz, 

CDCl3) δ 1.74 (s, 3H), 3.77 (s, 3H), 4.33 (d, J = 11.6 Hz, 1H), 4.56 (d, J = 11.6 Hz, 1H), 6.59 (dd, 

J = 4.0, 2.2 Hz, 1H), 6.79 (ddd, J = 8.2, 2.2, 0.8 Hz, 1H), 6.83 (dd, J = 4.0, 0.8 Hz, 1H), 6.88 – 

6.85 (m, 2H), 7.06 – 7.07 (m, 1H), 7.24 (t, J = 8.2 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 23.5, 

55.6, 57.4, 59.0, 109.6, 112.3, 112.8, 117.7, 118.6, 123.3, 130.1, 131.7, 144.5, 160.2, 192.5. 

HRMS (ESI): Calcd. for C15H16NO2
+ ([M+H]+): 242.1176, Found: 242.1180. 
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 (S)-2-(4-Methoxyphenyl)-2-methyl-2,3-dihydro-1H-pyrrolizin-1-one (9i): 

Prepared according to the general procedure I from 2m (27.0 mg, 0.199 mmol) 

and 1-bromo-4-methoxybenzene 8f (74.2 mg, 0.399 mmol). The crude product 

was purified by silica gel chromatography with a CombiFlash system (4 g 

column, 100:0→80:20 hexanes/EtOAc) to give 9i as a yellow oil in 52% yield (25.0 mg, 0.104 

mmol). The enantiomeric excess was determined by HPLC analysis (220 nm, 25 °C) tR 18.0 min 

(major); tR 25.0 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 90:10, 1.0 mL/min] to be 99% ee. [α]D
25 = -87.7° (c 0.36, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 1.73 (s, 3H), 3.78 (s, 3H), 4.33 (d, J = 11.6 Hz, 1H), 4.54 (d, J = 11.6 Hz, 1H), 

6.59 (dd, J = 4.0, 2.2 Hz, 1H), 6.82 – 6.86 (m, 3H), 7.06 (m, 1H), 7.20 – 7.22 (m, 2H). 13C NMR 

(101 MHz, CDCl3) δ 23.6, 55.6, 56.8, 59.1, 109.5, 114.5, 117.6, 123.2, 127.4, 131.7, 134.9, 158.9, 

193.0. HRMS (ESI): Calcd. for C15H16NO2
+ ([M+H]+): 242.1176, Found: 242.1180. 

 (S)-2-Methyl-2-(naphthalen-2-yl)-2,3-dihydro-1H-pyrrolizin-1-one (9j): 

Prepared according to the general procedure I from 2m (27.0 mg, 0.199 mmol) 

and 2-bromonaphthalene 8g (82.7 mg, 0.399 mmol). The crude product was 

purified by silica gel chromatography with a CombiFlash system (4 g column, 

100:0→80:20 hexanes/EtOAc) to give 9j as a light yellow solid in 96% yield (50.3 mg, 0.192 

mmol). The enantiomeric excess was determined by HPLC analysis (220 nm, 25 °C) tR 24.1 min 

(major); tR 36.0 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 95:5, 1.0 mL/min] to be 99% ee. [α]D
23 = -287.1° (c 0.81, CHCl3). 1H NMR (400 

MHz, CDCl3) δ 1.87 (s, 3H), 4.42 (d, J = 11.8 Hz, 1H), 4.66 (d, J = 11.8 Hz, 1H), 6.62 (dd, J = 

4.0, 2.2 Hz, 1H), 6.88 (dd, J = 4.0, 1.0 Hz, 1H), 7.10 (dd, J = 2.2, 1.0 Hz, 1H), 7.31 (dd, J = 8.6, 

2.0 Hz, 1H), 7.43 – 7.50 (m, 2H), 7.77 – 7.82 (m, 4H). 13C NMR (101 MHz, CDCl3) δ 23.6, 57.6, 
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58.9, 109.6, 117.8, 123.4, 124.4, 125.1, 126.4, 126.7, 127.8, 128.5, 129.1, 131.8, 132.7, 133.5, 

140.1, 192.7. HRMS (ESI): Calcd. for C18H16NO+ ([M+H]+): 262.1226, Found: 262.1231. 

 (S)-2-Benzyl-2-phenyl-2,3-dihydro-1H-pyrrolizin-1-one (9k): Prepared 

according to the modified version of  the general procedure I from 2n (42.0 mg, 

0.199 mmol) and bromobenzene 8a (63.0 mg, 0.398 mmol) at 10 °C.  The mixture 

was purified by flash column chromatography (98:2 hexane:EtOAc) to give 9k as a white solid in 

69% yield (39.6 mg, 0.138 mmol). The enantiomeric excess was determined by HPLC analysis 

(254 nm, 25 C) tR 35.24 min (major); tR 48.92 min (minor) [Chiracel OJ-H (0.46 cm x 25 cm) 

(from Diacel Chemical Ind., Ltd.) hexane/i-PrOH 80:20, 1.0 ml/min] to be 99% ee. []D
24 = -

219.1 (c 0.78, CHCl3). 1H NMR (600 MHz, CDCl3)  3.33 (d, J = 13.8 Hz, 1H), 3.63 (d, J = 13.8 

Hz, 1H), 4.53 (d, J =12.0 Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 6.45 (dd, J = 4.2, 2.4 Hz, 1H), 6.73 

(dd, J = 4.2, 1.2 Hz, 1H), 6.90 (m, 1H), 7.05 – 7.08 (m, 2H), 7.14 – 7.20 (m, 3H), 7.25 – 7.29 (m, 

1H), 7.34 (t, J = 8.0 Hz, 2H), 7.43 (d, J = 8.0 Hz, 2H). 13C NMR (101 MHz, CDCl3)  43.2, 53.5, 

62.0, 109.3, 117.4, 123.3, 126.7, 127.2, 127.3, 128.3, 129.1, 130.5, 132.2, 136.7, 141.9, 191.3. 

HRMS (ESI): Calcd. for C20H18NO+ ([M+H]+): 288.1383, found 288.1390. 

 (S)-2-(4-Methoxybenzyl)-2-phenyl-2,3-dihydro-1H-pyrrolizin-1-one 

(9l): Prepared according to the general procedure I from 2o (48.0 mg, 0.199 

mmol) and bromobenzene 8a (63.0 mg, 0.398 mmol).  The mixture was 

purified by flash column chromatography (98:2 hexane:EtOAc) to give 9l as 

a white solid in 91% yield (57.6 mg, 0.181 mmol). []D
24 = -81.2 (c 1.22, CHCl3)  The 

enantiomeric excess was determined by HPLC analysis (254 nm, 25 C) tR 29.37 min (major); tR 

42.10 min (minor) [Chiracel AD-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 95:5, 1.0 ml/min] to be 99%.   1H NMR (400 MHz, CDCl3)  3.15 (d, J = 14.0 Hz, 1H), 
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3.51 (d, J = 14.0 Hz, 1H), 3.65 (s, 3H), 4.43 (d, J = 11.8 Hz, 1H), 4.48 (d, J = 11.8 Hz, 1H) 6.37 

(dd, J = 4.0, 2.2 Hz, 1H), 6.61 - 6.65 (m, 3H), 6.82 – 6.83 (m, 1H), 6.89 (d, J = 8.6 Hz, 2H), 7.16 

– 7.20 (m, 1H), 7.25 (t, J = 7.2 Hz, 2H), 7.34 (d, J = 8.6 Hz, 2H).  13C NMR (101 MHz, CDCl3)  

42.4, 53.5, 55.5, 62.2, 109.2, 114.0, 117.4, 123.3, 126.7, 127.5, 128.6, 129.0, 131.5, 132.3, 142.1, 

158.7, 191.5. HRMS (ESI) Calcd. for C21H20NO2
+ ([M+H]+):  318.1489, found 318.1494. 

 (S)-2-(4-Chlorobenzyl)-2-phenyl-2,3-dihydro-1H-pyrrolizin-1-one (9m): 

Prepared according to the general procedure I from 2p (49.0 mg, 0.199 mmol) 

and bromobenzene 8a (63.0 mg, 0.399 mmol).  The mixture was purified by 

flash column chromatography (98:2 hexane:EtOAc) to give 9m as a white solid 

in 84% yield (54.0 mg, 0.168 mmol).  The enantiomeric excess was determined by HPLC analysis 

(254 nm, 25 C) tR 21.01 min (major); tR 24.97 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) 

(from Diacel Chemical Ind., Ltd.) hexane/i-PrOH 95:5, 1.0 ml/min] to be 99%. []D
24 = -70.1 (c 

0.68, CHCl3).  1H NMR (600 MHz, CDCl3)  3.28 (d, J = 13.8 Hz, 1H), 3.58 (d, J = 13.8 Hz, 1H), 

4.47 (d, J = 12.0 Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 6.47 (dd, J = 3.6, 1.8 Hz, 1H), 6.73 (d, J = 

3.6 Hz, 1H), 6.92 (m, 1H), 6.99 (d, J = 8.0 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 7.24 - 7.29 (m, 1H), 

7.34 (t, J = 7.8 Hz, 2H), 7.40 (d, J = 7.8 Hz, 2H). 13C NMR (101 MHz, CDCl3)  42.6, 53.4, 61.9, 

109.5, 117.6, 123.4, 126.7, 127.7, 128.7, 129.2, 131.8, 132.1, 133.1, 135.1, 141.6, 191.0. HRMS 

(ESI) Calcd. for C20H17ClNO+ ([M+H]+): 322.0993, found 322.0998. 
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General Procedure J: Synthesis of (R)-8-Methyl-8-(pyridin-2-yl)-7,8-dihydropyrido[1,2-

a]indol-9(6H)-one (7a) 

 
 

In a nitrogen-filled glovebox, 8-methyl-7,8-dihydropyrido[1,2-a]indol-9(6H)-one (2b) 

(0.100 mmol, 1.0 equiv), Ni(COD)2 (2.8 mg, 0.0100 mmol, 0.10 equiv), (R)-DIFLUORPHOS (9.2 

mg, 0.0120 mmol, 0.12 equiv), NaOtBu (19.3 mg, 0.200 mmol, 2.0 equiv), 2-chloropyridine 6a 

(0.200 mmol, 2.0 equiv), a magnetic stirring bar, and toluene (0.5 mL) were added to a 1-dram 

vial. The vial was sealed with a cap containing a PTFE septum and removed from the glovebox. 

The reaction mixture was stirred at 80 °C in an oil bath for 48 h.  The vial was removed from the 

oil bath and allowed to cool to room temperature.  The reaction mixture was filtered through short 

plug of silica gel (eluting with 20 mL of 3:2 hexanes:EtOAc). The crude reaction mixture was 

concentrated under reduced pressure. The crude product was purified with a CombiFlash system 

with 5-20% ethyl acetate in hexanes as eluent to give (R)-8-methyl-8-(pyridin-2-yl)-7,8-

dihydropyrido[1,2-a]indol-9(6H)-one (7a).  
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General Procedure K: Synthesis of (R)-8-Heteroaryl-8-methyl-7,8-dihydropyrido[1,2-

a]indol-9(6H)-ones (7b-i) 

 

 

 
In a nitrogen-filled glovebox, 8-methyl-7,8-dihydropyrido[1,2-a]indol-9(6H)-one (2b) 

(0.100 mmol, 1.0 equiv), Ni(COD)2 (2.8 mg, 0.0100 mmol, 0.10 equiv), (R)-DIFLUORPHOS (9.2 

mg, 0.0120 mmol, 0.12 equiv), NaOtBu (19.3 mg, 0.200 mmol, 2.0 equiv), the appropriate 

heteroaryl chloride 6b-i (0.200 mmol, 2.0 equiv), a magnetic stirring bar, and toluene (0.5 mL) 

were added to a 1-dram vial. The vial was sealed with a cap containing a PTFE septum and 

removed from the glovebox. The reaction mixture was stirred at 85 °C in an oil bath for 48 h.  The 

vial was removed from the oil bath and allowed to cool to room temperature.  The reaction mixture 

was filtered through short plug of silica gel (eluting with 20 mL of 3:2 hexanes:EtOAc).  The crude 

reaction mixture was concentrated under reduced pressure. The crude product was purified with a 

CombiFlash system with 5-10% ethyl acetate in hexanes as eluent to give the appropriate (R)-8-

heteroaryl-8-methyl-7,8-dihydropyrido[1,2-a]indol-9(6H)-ones (7b-i).  
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General Procedure L: Synthesis of (R)-2-Heteroaryl-2-methyl-2,3-dihydro-1H-pyrrolizin-1-

one (11a-d) and (S)-2-Methyl-2-(6-(trifluoromethyl)pyridin-3-yl)-2,3-dihydro-1H-

pyrrolizin-1-one (11f) 

 

 
In a nitrogen-filled glovebox, 2-methyl-2,3-dihydro-1H-pyrrolizin-1-one (2m) (0.200 

mmol, 1.0 equiv), Ni(COD)2 (5.5 mg, 0.0200 mmol, 0.10 equiv), (R)-DIFLUORPHOS (18.4 mg, 

0.0240 mmol, 0.12 equiv),  NaOtBu (38.4 mg, 0.400 mmol, 2.0 equiv), benzonitrile (41.2 mg, 

0.400 mmol, 2.0 equiv), the appropriate heteroaryl bromide 10a-f (0.400 mmol, 2.0 equiv), a 

magnetic stirring bar, and toluene (1.0 mL) were added to a 1-dram vial. The vial was sealed with 

a cap containing a PTFE septum and removed from the glovebox. The reaction mixture was stirred 

at 25 °C for 48 h.  The vial was removed from the oil bath and allowed to cool to room temperature.  

The reaction mixture was filtered through short plug of silica gel (eluting with 20 mL of 3:2 

hexanes:EtOAc).  The crude reaction mixture was concentrated under reduced pressure. The crude 

product was purified with a CombiFlash system with 5-20% ethyl acetate in hexanes as eluent to 

give the appropriate (R)-2-heteroaryl-2-methyl-2,3-dihydro-1H-pyrrolizin-1-one (11a-d) and (S)-

2-methyl-2-(6-(trifluoromethyl)pyridin-3-yl)-2,3-dihydro-1H-pyrrolizin-1-one (11f).  
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 (R)-8-Methyl-8-(pyridin-2-yl)-7,8-dihydropyrido[1,2-a]indol-

9(6H)-one (7a): Prepared according to the general procedure J from 2b 

(20.0 mg, 0.100 mmol) and 2-chloropyridine 6a (22.8 mg, 0.200 mmol). 

The crude product was purified by silica gel chromatography with a CombiFlash system (4 g 

column, 100:0→80:20 hexanes/EtOAc) to give 7a as a light yellow solid in 72% yield (20.0 mg, 

0.0724 mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 

21.2 min (major); tR 28.5 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical 

Ind., Ltd.) hexane/i-PrOH, 99:1, 1.0 mL/min] to be 99% ee. [α]D
23 = -79.2° (c 0.78, CHCl3). 1H 

NMR (600 MHz, CDCl3) δ 1.66 (s, 3H), 2.49 (ddd, J = 13.8, 11.6, 5.0 Hz, 1H), 3.24 (ddd, J = 

13.8, 3.2, 3.2 Hz, 1H), 4.01 (ddd, J = 11.6, 11.6, 3.2 Hz, 1H), 4.29 (ddd, J = 11.6, 5.0, 3.2 Hz, 1H), 

7.12 – 7.15 (m, 2H), 7.25 – 7.28 (m, 2H), 7.33 (ddd, J = 8.4, 6.8, 1.2 Hz, 1H), 7.40 (s,  1H), 7.57 

(ddd, J = 8.4, 8.4, 1.2 Hz, 1H), 7.71 (dt, J = 8.2, 0.8 Hz, 1H), 8.57 (m, 1H). 13C NMR (151 MHz, 

CDCl3) δ 25.4, 35.5, 39.5, 52.7, 106.8, 110.7, 121.4, 122.2, 122.5, 123.7, 125.9, 127.4, 133.8, 

137.3, 137.6, 149.6, 160.7, 193.2. HRMS (ESI): Calcd. for C18H17N2O
+ ([M+H]+): 277.1335, 

Found: 277.1339. 

 (R)-8-(5-Fluoropyridin-2-yl)-8-methyl-7,8-dihydropyrido[1,2-

a]indol-9(6H)-one (7b): Prepared according to the general 

procedure K from 2b (20.0 mg, 0.100 mmol) and 2-chloro-5-fluoropyridine (6b) (26.4 mg, 0.200 

mmol). The crude product was purified by silica gel chromatography with a CombiFlash system 

(4 g column, 100:0→80:20 hexanes/EtOAc) to give 7b as a yellow oil in 82% yield (24.2 mg, 

0.0822 mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 

20.0 min (major); tR 26.1 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical 

Ind., Ltd.) hexane/i-PrOH, 99:1, 1.0 mL/min] to be 98% ee. [α]D
23 = +112.0° (c 0.52, CHCl3). 1H 
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NMR (400 MHz, CDCl3) δ 1.64 (s, 3H), 2.48 (ddd, J = 13.9, 11.6, 5.0 Hz, 1H), 3.20 (ddd, J = 

13.9, 3.6, 3.6 Hz, 1H), 4.03 (ddd, J = 11.6, 11.6, 3.6 Hz, 1H), 4.30 (ddd, J = 11.6, 5.0, 3.6 Hz, 1H), 

7.14 (ddd, J = 8.0, 6.8, 1.0 Hz, 1H), 7.28 – 7.30 (m, 3H), 7.34 (ddd, J = 8.4, 6.8, 1.0 Hz, 1H), 7.40 

(s, 1H), 7.72 (d, J = 8.0 Hz, 1H), 8.41 (t, J = 1.6 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 25.5, 

35.4, 39.4, 52.2, 107.1, 110.7, 121.5, 123.1 (d, J = 4.2 Hz, 1C), 123.7, 124.0 (d, J = 18.3 Hz, 1C), 

126.1, 127.4, 133.5, 137.6, 137.8, 156.7 (d, J = 3.7 Hz, 1C), 158.8 (d, J = 257.2 Hz, 1C), 193.0. 

19F NMR (CDCl3, 376 MHz): δ -129.4 (m, 1F). HRMS (ESI): Calcd. for C18H16FN2O
+ ([M+H]+): 

295.1241, Found: 295.1243. 

 (R)-6-(8-Methyl-9-oxo-6,7,8,9-tetrahydropyrido[1,2-a]indol-8-

yl)nicotinonitrile (7c): Prepared according to the general 

procedure K from 2b (20.0 mg, 0.100 mmol) and 6-chloronicotinonitrile 6c (27.8 mg, 0.200 

mmol). The crude product was purified by silica gel chromatography with a CombiFlash system 

(4 g column, 100:0→80:20 hexanes/EtOAc) to give 7c as a light yellow solid in 93% yield (28.1 

mg, 0.0932 mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) 

tR 22.5 min (major); tR 38.9 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical 

Ind., Ltd.) hexane/i-PrOH, 90:10, 1.0 mL/min] to be 33% ee. [α]D
25 = +4.2° (c 0.95, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 1.67 (s, 3H), 2.51 (ddd, J = 14.0, 11.0, 5.0 Hz, 1H), 3.24 (ddd, J = 

14.0, 3.9, 3.9 Hz, 1H), 4.05 (ddd, J = 12.6, 11.0, 3.9 Hz, 1H), 4.32 (ddd, J = 12.6, 5.0, 3.9 Hz, 1H), 

7.16 (ddd, J = 8.2, 6.9, 0.8 Hz, 1H), 7.29 (dd, J = 8.4, 0.8 Hz, 1H), 7.37 (ddd, J = 8.4, 6.9, 1.0 Hz, 

1H), 7.41 (s, 1H), 7.46 (dd, J = 8.4, 0.8 Hz, 1H), 7.72 (ddd, J = 8.2, 0.8, 0.8 Hz, 1H), 7.86 (dd, J 

= 8.4, 2.2 Hz, 1H), 8.83 (dd, J = 2.2, 0.8 Hz, 1H). 13C NMR (151 MHz, CDCl3) δ 25.3, 35.0, 39.3, 

53.0, 107.7, 108.8, 110.7, 116.8, 121.7, 122.4, 123.8, 126.4, 127.4, 133.2, 137.8, 140.2, 152.3, 

165.5, 191.8. HRMS (ESI): Calcd. for C19H16N3O
+ ([M+H]+): 302.1288, Found: 302.1296. 



81 

 

 

 (R)-8-Methyl-8-(5-(trifluoromethyl)pyridin-2-yl)-7,8-

dihydropyrido[1,2-a]indol-9(6H)-one (7d): Prepared according 

to the general procedure K from 2b (20.0 mg, 0.100 mmol) and 2-

chloro-5-(trifluoromethyl)pyridine 6d (36.4 mg, 0.200 mmol). The crude product was purified by 

silica gel chromatography with a CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) 

to give 7d as a yellow oil in 55% yield (19.0 mg, 0.0552 mmol). The enantiomeric excess was 

determined by HPLC analysis (254 nm, 25 °C) tR 17.5 min (major); tR 19.9 min (minor) [Chiracel 

AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 98:2, 0.5 mL/min] to 

be 65% ee. [α]D
23 = +34.0° (c 0.76, CHCl3). 1H NMR (400 MHz, CDCl3) δ 1.68 (s, 3H), 2.51 (ddd, 

J = 13.9, 11.6, 5.0 Hz, 1H), 3.26 (ddd, J = 13.9, 3.8, 3.8 Hz, 1H), 4.05 (ddd, J = 12.2, 11.6, 3.8 Hz, 

1H), 4.32 (ddd, J = 12.2, 5.0, 3.8 Hz, 1H),  7.15 (ddd, J = 8.0, 6.8, 0.8 Hz, 1H), 7.28 – 7.30 (m, 

1H), 7.36 (ddd, J = 8.0, 6.8, 0.6 Hz, 1H), 7.41 (s, 1H), 7.43 – 745 (m, 1H), 7.72 (d, J = 8.4 Hz, 

1H), 7.81 (dd, J = 8.4, 2.0 Hz, 1H), 8.83 (d, J = 2.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 25.4, 

35.2, 39.4, 52.8, 107.4, 110.7, 121.6, 122.0, 123.7, 123.8 (q, J = 273.6 Hz, 1C), 125.5 (q, J = 33.3 

Hz, 1C), 126.2, 127.4, 133.4, 134.3 (q, J = 4.0 Hz, 1C), 137.7, 146.5 (q, J = 4.0 Hz, 1C), 164.9 (q, 

J = 2.0 Hz, 1C), 192.3. 19F NMR (CDCl3, 376 MHz): δ -62.7 (s, 3F). HRMS (ESI): Calcd. for 

C19H16F3N2O
+ ([M+H]+): 345.1209, Found: 345.1218. 

  (R)-8-Methyl-8-(6-methylpyridin-2-yl)-7,8-dihydropyrido[1,2-

a]indol-9(6H)-one (7e): Prepared according to the general procedure 

K from 2b (20.0 mg, 0.100 mmol) and 2-chloro-6-methylpyridine 6e 

(25.6 mg, 0.200 mmol). The crude product was purified by silica gel chromatography with a 

CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) to give 7e as a yellow solid in 
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72% yield (21.0 mg, 0.0723 mmol). The enantiomeric excess was determined by HPLC analysis 

(254 nm, 25 °C) tR 12.2 min (major); tR 17.6 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from 

Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 99:1, 1.0 mL/min] to be 75% ee. [α]D
25 = +171.8° (c 

0.74, CHCl3). 1H NMR (400 MHz, CDCl3) δ 1.63 (s, 3H), 2.43 (ddd, J = 13.8, 11.8, 5.2 Hz, 1H), 

2.51 (s, 3H), 3.29 (ddd, J = 13.8, 3.8, 3.8 Hz, 1H), 4.04 (ddd, J = 11.8, 11.8, 3.8 Hz, 1H), 4.27 

(ddd, J = 11.8, 5.2, 3.8 Hz, 1H), 6.96 – 7.03 (m, 2H), 7.13 (ddd, J = 7.8, 6.7, 1.2 Hz, 1H), 7.26 – 

7.35 (m, 2H), 7.37 (s, 1H), 7.41 (t, J = 7.8 Hz, 1H), 7.71 (d, J = 8.0, 1H). 13C NMR (101 MHz, 

CDCl3) δ 25.0, 25.5, 35.2, 39.6, 52.6, 106.6, 110.6, 118.9, 121.3, 121.9, 123.6, 125.7, 127.3, 133.9, 

137.2, 137.5, 158.4, 159.7, 193.6. HRMS (ESI): Calcd. for C19H19N2O
+ ([M+H]+): 291.1492, 

Found: 291.1495. 

 (R)-8-(6-Methoxypyridin-2-yl)-8-methyl-7,8-dihydropyrido[1,2-

a]indol-9(6H)-one (7f): Prepared according to the general procedure 

K from 2b (20.0 mg, 0.100 mmol) and 2-chloro-6-methoxypyridine 

6f (28.8 mg, 0.200 mmol). The crude product was purified by silica gel chromatography with a 

CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) to give 7f as a light yellow solid 

in 75% yield (23.1 mg, 0.0754 mmol). The enantiomeric excess was determined by HPLC analysis 

(254 nm, 25 °C) tR 12.0 min (major); tR 15.6 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from 

Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 98:2, 1.0 mL/min] to be 95% ee. [α]D
23 = +183.8° (c 

0.54, CHCl3). 1H NMR (400 MHz, CDCl3) δ 1.65 (s, 3H), 2.46 (ddd, J = 13.8, 12.0, 5.0 Hz, 1H), 

3.14 (ddd, J = 13.8, 3.8, 3.0 Hz, 1H), 3.81 (s, 3H), 3.98 (ddd, J = 12.0, 12.0, 3.8 Hz, 1H), 4.29 

(ddd, J = 12.0, 5.0, 3.0 Hz, 1H), 6.57 (dd, J = 8.2, 0.6 Hz, 1H), 6.78 (dd, J = 7.4, 0.6 Hz, 1H), 7.14 

(ddd, J = 8.2, 6.8, 1.2 Hz, 1H), 7.26 – 7.36 (m, 2H), 7.38 (s, 1H), 7.43 (dd, J = 8.2, 7.4 Hz, 1H), 

7.72 (ddd, J = 8.2, 1.2, 1.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 24.8, 35.8, 39.5, 52.4, 53.5, 
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106.4, 109.4, 110.6, 114.5, 121.3, 123.6, 125.8, 127.4, 134.1, 137.5, 139.6, 158.6, 163.8, 193.2. 

HRMS (ESI): Calcd. for C19H19N2O2
+ ([M+H]+): 307.1441, Found: 307.1445. 

 (R)-8-(4-Methoxypyridin-2-yl)-8-methyl-7,8-

dihydropyrido[1,2-a]indol-9(6H)-one (7g): Prepared according to 

the general procedure K from 2b (20.0 mg, 0.100 mmol) and 2-

chloro-4-methoxypyridine 6g (28.8 mg, 0.200 mmol). The crude product was purified by silica gel 

chromatography with a CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) to give 

7g as a white solid in 50% yield (15.3 mg, 0.0499 mmol). The enantiomeric excess was determined 

by HPLC analysis (220 nm, 25 °C) tR 11.9 min (major); tR 14.4 min (minor) [Chiracel AS-H (0.46 

cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 95:5, 1.0 mL/min] to be 86% ee. 

[α]D
25 = +17.2° (c 0.46, CHCl3). 1H NMR (400 MHz, CDCl3) δ 1.63 (s, 3H), 2.45 (ddd, J = 13.8, 

11.8, 5.1 Hz, 1H), 3.23 (ddd, J = 13.8, 3.2, 3.2 Hz, 1H), 3.74 (s, 3H), 4.03 (ddd, J = 11.8, 11.8, 3.2 

Hz, 1H), 4.28 (ddd, J = 11.8, 5.1, 3.2 Hz, 1H), 6.65 (dd, J = 5.8, 2.4 Hz, 1H), 6.76 (d, J = 2.4 Hz, 

1H), 7.13 (ddd, J = 8.0, 7.0, 0.6 Hz, 1H), 7.28 – 7.35 (m, 2H), 7.39 (s, 1H), 7.71 (d, J = 8.0 Hz, 

1H), 8.38 (d, J = 5.8 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 25.4, 35.4, 39.6, 52.7, 55.4, 106.8, 

108.3, 108.6, 110.7, 121.3, 123.6, 125.9, 127.4, 133.8, 137.6, 150.8, 162.4, 166.6, 193.3. HRMS 

(ESI): Calcd. for C19H19N2O2
+ ([M+H]+): 307.1441, Found: 307.1443. 

 (R)-8-Methyl-8-(6-(trifluoromethyl)pyridin-3-yl)-7,8-

dihydropyrido[1,2-a]indol-9(6H)-one (7h): Prepared according 

to the general procedure K from 2b (20.0 mg, 0.100 mmol) and 5-chloro-2-

(trifluoromethyl)pyridine 6h (36.4 mg, 0.200 mmol). The crude product was purified by silica gel 

chromatography with a CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) to give 

7h as a yellow solid in 80% yield (27.7 mg, 0.0804 mmol). The enantiomeric excess was 
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determined by HPLC analysis (254 nm, 25 °C) tR 16.1 min (major); tR 33.5 min (minor) [Chiracel 

AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 90:10, 1.0 mL/min] 

to be 99% ee. [α]D
23 = +65.7° (c 1.03, CHCl3). 1H NMR (600 MHz, CDCl3) δ 1.72 (s, 3H), 2.63 

(ddd, J = 14.6, 10.1, 4.8 Hz, 1H), 2.89 (ddd, J = 14.6, 4.8, 4.8 Hz, 1H), 3.99 (ddd, J = 12.5, 10.1, 

4.8 Hz, 1H), 4.35 (ddd, J = 12.5, 4.8, 4.8 Hz, 1H), 7.18 (ddd, J = 8.4, 6.6, 0.6 Hz, 1H), 7.29 – 7.30 

(m, 1H), 7.39 (ddd, J = 8.4, 6.6, 0.8 Hz, 1H), 7.46 (s, 1H), 7.61 (d, J = 8.4 Hz, 1H), 7.74 (d, J = 

8.4 Hz, 1H), 7.78 (dd, J = 8.4, 2.0 Hz, 1H), 8.76 (d, J = 2.0 Hz, 1H). 13C NMR (151 MHz, CDCl3) 

δ 25.3, 36.4, 38.9, 48.9, 108.1, 110.6, 120.7 (q, J = 2.7 Hz, 1C), 121.7 (q, J = 274.0 Hz, 1C), 121.9, 

123.9, 126.7, 127.4, 133.0, 136.4, 137.8, 141.2, 147.3 (q, J = 35.0 Hz, 1C), 148.6, 191.4. 19F NMR 

(CDCl3, 565 MHz): δ -68.5 (s, 3F). HRMS (ESI): Calcd. for C19H16F3N2O
+ ([M+H]+): 345.1209, 

Found: 345.1213. 

 (R)-8-Methyl-8-(thiophen-3-yl)-7,8-dihydropyrido[1,2-a]indol-

9(6H)-one (7i): Prepared according to the general procedure K from 2b 

(20.0 mg, 0.100 mmol) and 3-chlorothiophene 6i (23.8 mg, 0.200 mmol). The crude product was 

purified by silica gel chromatography with a CombiFlash system (4 g column, 100:0→80:20 

hexanes/EtOAc) to give 7i as a light yellow solid in 92% yield (27.2 mg, 0.0924 mmol). The 

enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 23.0 min (major); tR 

27.9 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 98:2, 1.0 mL/min] to be 94% ee. [α]D
23 = +84.2° (c 0.55, CHCl3). 1H NMR (400 MHz, 

CDCl3) δ 1.63 (s, 3H), 2.55 (ddd, J = 14.0, 11.8, 4.6 Hz, 1H), 2.70 (ddd, J = 14.0, 3.6, 3.6 Hz, 1H), 

3.94 (ddd, J = 11.8, 11.8, 3.6 Hz, 1H), 4.29 (ddd, J = 11.8, 4.6, 3.6 Hz, 1H), 6.96 (d, J = 1.4 Hz, 

1H), 7.04 (dd, J = 5.0, 1.4 Hz, 1H), 7.15 (t, J = 7.4 Hz, 1H), 7.25 – 7.36 (m, 3H), 7.41 (s, 1H), 7.73 

(d, J = 8.1 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 25.8, 37.1, 39.2, 48.1, 107.1, 110.6, 121.4, 
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121.6, 123.7, 126.0, 126.1, 126.7, 127.4, 133.5, 137.5, 142.6, 192.6. HRMS (ESI): Calcd. for 

C17H16NOS+ ([M+H]+): 282.0947, Found: 282.0951. 

 (R)-2-Methyl-2-(pyridin-2-yl)-2,3-dihydro-1H-pyrrolizin-1-one (11a): 

Prepared according to the general procedure L from 2m (27.0 mg, 0.199 mmol) 

and 2-bromopyridine 10a (63.1 mg, 0.399 mmol). The crude product was purified 

by silica gel chromatography with a CombiFlash system (4 g column, 100:0→80:20 

hexanes/EtOAc) to give 11a as a light yellow oil in 99% yield (42.0 mg, 0.198 mmol). The 

enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 10.6 min (major); tR 

13.7 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 90:10, 1.0 mL/min] to be 97% ee. [α]D
25 = -136.8° (c 0.89, CHCl3). 1H NMR (400 MHz, 

CDCl3) δ 1.77 (s, 3H), 4.24 (d, J = 11.4 Hz, 1H), 5.31 (d, J = 11.4 Hz, 1H), 6.55 (dd, J = 4.0, 2.2 

Hz, 1H), 6.78 (dd, J = 4.0, 1.0 Hz, 1H), 7.09 (m, 1H), 7.16 (ddd, J = 7.2, 4.8, 1.2 Hz, 1H), 7.61 – 

7.69 (m, 2H), 8.51 (ddd, J = 4.8, 1.7, 1.2 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 24.6, 55.8, 60.0, 

109.3, 117.5, 121.5, 122.5, 123.6, 131.4, 137.1, 149.3, 160.7, 191.9. HRMS (ESI): Calcd. for 

C13H13N2O
+ ([M+H]+): 213.1022, Found: 213.1024. 

 (R)-2-Methyl-2-(6-methylpyridin-2-yl)-2,3-dihydro-1H-pyrrolizin-1-one 

(11b): Prepared according to the general procedure L from 2m (27.0 mg, 0.199 

mmol) and 2-bromo-6-methylpyridine 10b (68.7 mg, 0.399 mmol). The crude 

product was purified by silica gel chromatography with a CombiFlash system (4 g 

column, 100:0→80:20 hexanes/EtOAc) to give 11b as a light yellow oil in 71% yield (32.0 mg, 

0.141 mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 8.00 

min (major); tR 10.2 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., 

Ltd.) hexane/i-PrOH, 90:10, 1.0 mL/min] to be 95% ee. [α]D
23 = -53.2° (c 0.53, CHCl3). 1H NMR 



86 

 

(400 MHz, CDCl3) δ 1.74 (s, 3H), 2.47 (s, 3H), 4.20 (d, J = 11.4 Hz, 1H), 5.41 (d, J = 11.4 Hz, 

1H), 6.54 (dd, J = 4.0, 2.2 Hz, 1H), 6.77 (dd, J = 4.0, 1.0 Hz, 1H), 7.00 – 7.01 (m, 1H), 7.08 (m, 

1H), 7.41 – 7.43 (m, 1H), 7.53 (t, J = 7.6 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 24.89, 24.92, 

55.6, 59.9, 109.0, 117.2, 118.3, 121.9, 123.4, 131.5, 137.2, 158.0, 159.8, 192.3. HRMS (ESI): 

Calcd. for C14H15N2O
+ ([M+H]+): 227.1179, Found: 227.1179. 

 (R)-2-(6-Methoxypyridin-2-yl)-2-methyl-2,3-dihydro-1H-pyrrolizin-1-one 

(11c): Prepared according to the general procedure L from 2m (27.0 mg, 0.199 

mmol) and 2-bromo-6-methoxypyridine 10c (75.1 mg, 0.399 mmol). The crude 

product was purified by silica gel chromatography with a CombiFlash system (4 g 

column, 100:0→80:20 hexanes/EtOAc) to give 11c as a light yellow oil in 51% yield (24.8 mg, 

0.102 mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 8.92 

min (major); tR 11.5 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., 

Ltd.) hexane/i-PrOH, 90:10, 1.0 mL/min] to be 95% ee. [α]D
23 = -60.2° (c 0.80, CHCl3). 1H NMR 

(400 MHz, CDCl3) δ 1.74 (s, 3H), 3.77 (s, 3H), 4.21 (d, J = 11.2 Hz, 1H), 5.16 (d, J = 11.2 Hz, 

1H), 6.55 (dd, J = 4.0, 2.2 Hz, 1H), 6.60 (dd, J = 8.2, 0.6 Hz, 1H), 6.78 (dd, J = 4.0, 1.0 Hz, 1H), 

7.07 – 7.08 (m, 1H), 7.10 (dd, J = 7.4, 0.6 Hz, 1H), 7.54 (dd, J = 8.2, 7.4 Hz, 1H). 13C NMR (101 

MHz, CDCl3) δ 23.4, 53.4, 56.1, 59.9, 109.1, 109.5, 113.7, 117.3, 123.2, 131.7, 139.6, 158.4, 

163.5, 191.9. HRMS (ESI): Calcd. for C14H15N2O2
+ ([M+H]+): 243.1128, Found: 243.1131. 

 (R)-2-(5-Fluoropyridin-2-yl)-2-methyl-2,3-dihydro-1H-pyrrolizin-1-one 

(11d): Prepared according to the general procedure L from 2m (27.0 mg, 0.199 

mmol) and 2-bromo-5-fluoropyridine 10d (70.3 mg, 0.399 mmol). The crude 

product was purified by silica gel chromatography with a CombiFlash system (4 g 

column, 100:0→80:20 hexanes/EtOAc) to give 11d as a colorless oil in 48% yield (22.0 mg, 
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0.0955 mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 

10.1 min (major); tR 12.9 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical 

Ind., Ltd.) hexane/i-PrOH, 90:10, 1.0 mL/min] to be 95% ee. [α]D
25 = -113.6° (c 0.81, CHCl3). 1H 

NMR (400 MHz, CDCl3) δ 1.75 (s, 3H), 4.24 (d, J = 11.6 Hz, 1H), 5.29 (d, J = 11.6 Hz, 1H), 6.56 

(dd, J = 4.0, 2.2 Hz, 1H), 6.79 (dd, J = 4.0, 1.0 Hz, 1H), 7.09 – 7.10 (m, 1H), 7.38 (ddd, J = 8.8, 

8.2, 3.0 Hz, 1H), 7.66 (ddd, J = 8.8, 4.0, 0.4 Hz, 1H), 8.34 (d, J = 3.0 Hz, 1H). 13C NMR (101 

MHz, CDCl3) δ 24.9, 55.7, 59.5 (d, J = 1.0 Hz, 1C), 109.5, 117.6, 122.5 (d, J = 5.0 Hz, 1C), 123.7 

(d, J = 2.0 Hz, 1C), 123.9, 131.1, 137.3 (d, J = 24.2 Hz, 1C), 156.5 (d, J = 4.0 Hz, 1C), 158.9 (d, 

J = 257.5 Hz, 1C), 191.5. 19F NMR (CDCl3, 376 MHz): δ -129.7 (s, 1F). HRMS (ESI): Calcd. for 

C13H12FN2O
+ ([M+H]+): 231.0928, Found: 231.0931.  

 (S)-2-Methyl-2-(6-(trifluoromethyl)pyridin-3-yl)-2,3-dihydro-1H-

pyrrolizin-1-one (11f): Prepared according to the general procedure L from 2m 

(27.0 mg, 0.199 mmol) and 5-bromo-2-(trifluoromethyl)pyridine 10f (90.3 mg, 

0.399 mmol). The crude product was purified by silica gel chromatography with 

a CombiFlash system (4 g column, 100:0→80:20 hexanes/EtOAc) to give 11f as a colorless oil in 

23% yield (13.0 mg, 0.046 mmol). The enantiomeric excess was determined by HPLC analysis 

(254 nm, 25 °C) tR 21.7 min (major); tR 26.2 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from 

Daicel Chemical Ind., Ltd.) hexane/i-PrOH, 90:10, 1.0 mL/min] to be 92% ee. [α]D
25 = -51.9° (c 

0.38, CHCl3). 1H NMR (400 MHz, CDCl3) δ 1.82 (s, 3H), 4.45 (d, J = 11.8 Hz, 1H), 4.62 (d, J = 

11.8 Hz, 1H), 6.63 (dd, J = 4.0, 2.2 Hz, 1H), 6.88 (dd, J = 4.0, 0.6 Hz, 1H), 7.12 (m, 1H), 7.65 (d, 

J = 8.2 Hz, 1H), 7.89 (dd, J = 8.2, 2.0 Hz, 1H), 8.68 (d, J = 2.0 Hz, 1H). 13C NMR (101 MHz, 

CDCl3) δ 24.0, 55.9, 57.7, 110.6, 118.5, 120.7 (q, J = 2.7 Hz, 1C), 121.7 (q, J = 275.0 Hz, 1C), 
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124.0, 130.8, 135.5, 141.7, 147.4 (q, J = 35.1 Hz, 1C), 148.3, 190.2. 19F NMR (CDCl3, 376 MHz): 

δ -68.2 (s, 3F). HRMS (ESI): Calcd. for C14H12F3N2O
+ ([M+H]+): 281.0896, Found: 281.0896. 

Identification of Reaction Conditions for One-pot Synthesis of (R)-8-(3-Methoxyphenyl)-8-

methyl-7,8-dihydropyrido[1,2-a]indol-9(6H)-one (5d) via Sequential Hydroacylation/-

Arylation 

 
 Hydroacylationd -Arylation 

Entr

y 

Mesitylen

e 

(mL) 

Conva 

of 1b 

(%) 

Catalyst 

loading 

(x mol %) 

Toluen

e (mL) 

Final 

conc  

(M) 

Conva 

of 2b 

(%) 

Yieldb 

5d 
(%) 

eec 

(%) 

1e 0.50 99 10 0.50 0.10 20 15 n.d 

2f 0.50 99 10 0.50 0.10 22 19 n.d 

3 0.50 99 10 0.50 0.10 43 40 

(40) 

98 

4 0.50 99 10 0 0.20 0 0 -- 

5 0.25 99 10 0.50 0.13 45 40 n.d 

6 0.13 99 10 0.50 0.16 50 40 n.d 

7 0.25 99 10 0.25 0.20 30 10 n.d 

8 0.13 99 10 0.37 0.20 50 30 n.d 

9 0.50 99 15 0.50 0.10 70 54 

(51) 

99 

10 0.50 99 20 0.50 0.10 99 75 

(70) 

98 

Reaction conditions: 1b (0.100 mmol), 4d (0.200 mmol), NaOtBu (0.200 mmol) a Conversion of 

1b and 2b were determined by 1H NMR spectroscopy. b NMR yield using dibromomethane as 

internal standard, isolated yield of 5d is shown in parentheses. c Determined by chiral HPLC 

analysis. d The crude reaction mixture was exposed to air for 5-10 mins before addition of reagents 

for –arylation under inert atmosphere. e The crude reaction mixture was not exposed to air before 

addition of reagents for –arylation. f  Bubbled N2 for 15 mins before addition of reagents for –

arylation under inert atmosphere. n.d = Not determined 
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Procedure for One-pot Synthesis of (R)-8-(3-Methoxyphenyl)-8-methyl-7,8-

dihydropyrido[1,2-a]indol-9(6H)-one (5d) 

 
In a nitrogen-filled glovebox, 1-(but-3-en-1-yl)-1H-indole-2-carboxaldehyde (1b) (20.0 

mg, 0.100 mmol, 1.0 equiv) was added to a 1-dram vial containing solution of Ni(COD)2 (1.4 mg, 

0.00500 mmol, 0.050 equiv) and IAd (2.0 mg, 0.00600 mmol, 0.060 equiv) in mesitylene (0.5 

mL).  The vial was sealed with a PTFE/silicone-lined septum cap and removed from the glovebox. 

The reaction mixture was stirred at 165 °C in an oil bath for 10 h. The vial was removed from the 

oil bath and allowed to cool to room temperature. The reaction mixture was allowed to stir in air 

at room temperature for 5-10 min. The vial was taken inside the glove box and Ni(COD)2 (5.6 mg, 

0.0200 mmol, 0.20 equiv), (R)-BINAP (15.0 mg, 0.0240 mmol, 0.24 equiv), NaOtBu (19.3 mg, 

0.200 mmol, 2.0 equiv), 1-chloro-3-methoxybenzene (4d) (28.6 mg, 0.200 mmol, 2.0 equiv), and 

toluene (0.5 mL) were added. The vial was sealed and removed from the glovebox. The reaction 

mixture was stirred at 65 °C in an oil bath for 48 h.  The vial was removed from the oil bath and 

allowed to cool to room temperature.  The reaction mixture was filtered through a short plug of 

silica gel (eluting with 20 mL of 3:2 hexanes:EtOAc). The crude reaction mixture was concentrated 
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under reduced pressure. The crude product was purified with a CombiFlash system with 10% ethyl 

acetate in hexanes as eluent to give (R)-8-(3-methoxyphenyl)-8-methyl-7,8-dihydropyrido[1,2-

a]indol-9(6H)-one (5d) as a light yellow solid in 70% yield (21.5 mg, 0.0704 mmol). The 

enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 30.6 min (major); tR 

41.2 min (minor) [Chiracel AS-H (0.46 cm x 25 cm) (from Daicel Chemical Ind., Ltd.) hexane/i-

PrOH, 99:1, 1.0 mL/min] to be 98% ee. [α]D
24 = +125.4° (c 0.92, CHCl3).  

Absolute Stereochemistry and Structure of 5d 

Single crystal X-ray structure determination of 5d was performed using Cu radiation to 

determine the absolute configuration of the molecule. The systematic absences in the diffraction 

data were consistent for the stated space group. The position of almost all non-hydrogen atoms 

were found by direct methods. The remaining atoms were located in an alternating series of least-

squares cycles on difference Fourier maps. All non-hydrogen atoms were refined in full-matrix 

anisotropic approximation. All hydrogen atoms were placed in the structure factor calculation at 

idealized positions and were allowed to ride on the neighboring atoms with relative isotropic 

displacement coefficients. CCDC 1447403 contains the supplementary crystallographic data for 

this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data 

Centre via http://www.ccdc.cam.ac.uk/data_request/cif. 

http://www.ccdc.cam.ac.uk/data_request/cif
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0.400 mmol), chlorobenzene (40.5 L, 0.400 mmol), 2a (44.5 mg, 0.200 mmol), and toluene (1.00 

mL).  The vial was sealed with a cap containing a PTFE septum and removed from the glovebox. 

The reaction was stirred at 80 °C for 36 h.  Upon completion, the reaction was cooled to room 

temperature.  The reaction was quenched with a saturated aqueous NH4Cl solution and extracted 

with Et2O (2 x 10 mL).  The combined organic layers were dried over Na2SO4, filtered, and 

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

chromatography (98:2, hexanes:EtOAc) to give 6 as a white solid in 65% yield (39.0 mg, 0.130 

mmol). The enantiomeric excess was determined by HPLC analysis (254 nm, 25 °C) tR 27.2 min 

(minor); tR 36.0 min (major) [Chiracel AD-H (0.46 cm x 25 cm)(from Daicel Chemical Ind., Ltd.) 

hexane/i-PrOH, 98:2, 1.0 mL/min] to be 98% ee. NMR data are consistent with known literature 

values.48 
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Experimental Procedures for Competition Experiments: 

 

A competition experiment generating 2-benzyl-2,3-dihydro-1H-inden-1-ones 4b and 4k was 

carried out by the following procedure. A 1-dram vial was charged with o-allylbenzamides 3b 

(36.5 mg, 0.100 mmol) and 3k (41.9 mg, 0.100 mmol), Ni(cod)2 (2.8 mg, 0.010 mmol), SIPr (3.9 

mg, 0.010 mmol), K3PO4 (42.4 mg, 0.200 mmol), H2O (3.6 L, 0.20 mmol), phenylboronic acid 
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pinacol ester (102 mg, 0.500 mmol), and THF (0.10 mL).   The resulting solution was stirred at 60 

°C for 12 hours.  Upon completion of the reaction, the reaction mixture was filtered through a plug 

of silica with hexanes:EtOAc (70:30), and concentrated under reduced pressure. The crude mixture 

was dissolved in CDCl3 with CH2Br2 as internal standard. The ratio of products 4k:4b was 

determined to be 6.8:1 by 1H NMR spectroscopy.  The NMR yields of 4k and 4b were determined 

to be 75% and 11%, respectively. 

 

A competition experiment generating 2-benzyl-2,3-dihydro-1H-inden-1-ones 2p and 2c was 

carried out by the following procedure. A 1-dram vial was charged with o-allylbenzamide 1a (35.1 

mg, 0.100 mmol), Ni(cod)2 (2.8 mg, 0.010 mmol), SIPr (3.9 mg, 0.010 mmol), K3PO4 (42.5 mg, 

0.200 mmol), H2O (3.6 L, 0.20 mmol), 4-tolylboronic acid pinacol ester (109 mg, 0.500 mmol), 

2-tolylboronic acid pinacol ester (109 mg, 0.500 mmol), and THF (0.10 mL).   The resulting 

solution was stirred at 60 °C for 12 hours.  Upon completion of the reaction, the reaction mixture 

was filtered through a plug of silica with hexanes:EtOAc (70:30), and concentrated under reduced 

pressure. The crude mixture was dissolved in CDCl3 with CH2Br2 as internal standard. The ratio 

of products 2p:2c was determined to be 8.3:1 by 1H NMR spectroscopy.  The NMR yields of 2p 

and 2c were determined to be 58% and 7%, respectively. 
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A competition experiment generating 2-benzyl-2,3-dihydro-1H-inden-1-ones 2j and 2c was 

carried out by the following procedure. A 1-dram vial was charged with o-allylbenzamide 1a (35.1 

mg, 0.100 mmol), Ni(cod)2 (2.8 mg, 0.010 mmol), SIPr (3.9 mg, 0.010 mmol), K3PO4 (42.5 mg, 

0.200 mmol), H2O (3.6 L, 0.20 mmol), 4-tolylboronic acid pinacol ester (109 mg, 0.500 mmol), 

4-(trifluoromethyl)phenylboronic acid pinacol ester (136 mg, 0.500 mmol), and THF (0.10 mL).   

The resulting solution was stirred at 60 °C for 12 hours.  Upon completion of the reaction, the 

reaction mixture was filtered through a plug of silica with hexanes:EtOAc (70:30), and 

concentrated under reduced pressure. The crude mixture was dissolved in CDCl3 with CH2Br2 as 

internal standard. The ratio of products 2j:2c was determined to be 10.5:1 by 1H NMR 

spectroscopy.  The NMR yields of 2j and 2c were determined to be 84% and 8%, respectively. 
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and carbon-boron bond in a single transformation that could later be used for further 

functionalization for more complex molecular scaffolds.  Additionally, the investigation of a 

transition-metal catalyzed system that will catalyze the asymmetric intramolecular carboacylation 

of ortho-allylbenzaldehyde and ortho-vinylbenzaldehyde is ongoing in our lab. The development 

of the racemic, three-component, intermolecular carboacylation of benzamides with norbornene 

has shown early promise and further being leveraged as a preliminary result to the study and 

develop intermolecular carboacylation of simple alkenes via amide C-N bond activation. 

Conclusion 

 In conclusion, the synthetic methods detailed in this thesis demonstrates a variety of 

methods to functionalize alkenes to generate a wide variety of products with excellent yields, 

enantio- and regioselectivities. These new catalytic methods represent substantial advancement in 

terms of alkene hydroacylation, and a new class of reaction for the formal alkene carboacylation 

triggered by amide C-N bond activation.  Additionally, the utilization of amide C-N bond 

activation has led to a variety of new developments in the areas of boroacylation and the 

development of asymmetric intra- and intermolecular carboacylation reactions. 

 


