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Experimental Section

2-bromo-N-tert-butylanilines (1, 3, 4, 5a–13a) were prepared by N-tert-butylation of the 

corresponding 2-bromoanilines as follows, according to the literature procedures.1,2

1. Representative Procedures for Peparation of N-Alkyl-2-bromoanilines.

1) Preparation of 2-Bromo-N-tert-butylaniline: Method A1, 2

To a solution of condensed isobutylene (18 mL) in dioxane (18 mL) were added 2-bromoaniline 

(17.4 mmol, 3.0 g) and 47% HBr (19.2 mmol, 2.26 mL) at –78 °C in a pressure tube. The tube was 

sealed and heated for 4 days at 110 °C. After cooling, the mixture was neutralized with 1N NaOH. 

The mixture was diluted with ethyl acetate, washed with saturated NaHCO3 and brine, dried over 

MgSO4, and concentrated in vacuo. The crude material was purified by flash chromatography with 

hexane/ethyl acetate (30:1) to afford the 2-bromo-N-tert-butylaniline (2.18 g, 60 % yield).

1’) Preparation of 2-Bromo-N-tert-butylaniline: Method B3

To a solution of 2-bromoaniline (23.3 mmol, 4.0 g) in cyclohexane (30 mL) were added tert-butyl 

2,2,2-trichloroacetimidate (58.2 mmol, 10.4 mL) and BF3·OEt2 (25.8 mL /mol, 600 µL) at room 

temperature under argon. The mixture was stirred at room temperature for 6 h. The mixture was 

diluted with ethyl acetate, washed with saturated NaHCO3 and brine, dried over MgSO4, and 

concentrated in vacuo. The crude material was purified by flash chromatography with hexane/ethyl 

acetate (30:1) to afford the 2-bromo-N-tert-butylaniline (2.68 g, 51 % yield).

2) Preparation of Methyl 2-Bromophenyl(tert-butyl)carbamate 1 

A mixture of 2-bromo-N-tert-butylaniline (1.0 g, 4.38 mmol) in methyl chloroformate (20 mL) was 

heated under reflux for 4 h. The mixture was poured into water and extracted with chloroform. The 

organic extract was, dried over MgSO4, and concentrated in vacuo. The crude material was purified 

by flash chromatography with hexane/ethyl acetate (20:1) to afford the methyl 

2-bromophenyl(tert-butyl)carbamate 1 (1.21 g, 97% yield).

Representative procedure (Table 1, entry 10): Xylene (2.0 mL) was added to a flask containing 

2-bromo-N-tert-butylaniline 1 (57.2 mg, 0.20 mmol), Pd(OAc)2 (1.35 mg, 3 mol %), PCy3·HBF4

(4.42 mg, 6 mol %), Cs2CO3 (98.8 mg, 0.28 mmol) and t-BuCO2H (6.18 mg, 0.06 mmol) under an 

argon atmosphere. The mixture was stirred at 140 °C for 2 h. After cooling, the reaction mixture 

was concentrated in vacuo. The crude material was purified by flash chromatography with 

hexane/ethyl acetate (20:1) to afford the indoline 2 (40.3 mg, 98%).

1. Bacque, E.; Qacemi, M. El.; Zard, S. Org. Lett. 2005, 7, 3817.

2. Gage, J. R.; Wagner, J. M. J. Org. Chem. 1995, 60, 2613. 

3. Bourgeois, M.-J.; Montaudon, E.; Maillard, B. Tetrahedron 1993, 49, 2477.
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2. Characterization Data for Indolines 2, 6b–17c.

Methyl 2,2-Dimethylindoline-1-carboxylate (2): Colorless oil; IR (ATR) cm-1: 

1700 (C=O), 1372 (NAr); 1H NMR (500 MHz, CDCl3) δ 1.56 (s, 6H; 2 × CH3), 

3.02 (s, 2H; CH2), 3.84 (s, 3H; CO2Me), 6.95 (t, J = 7.8, 7.3 Hz, 1H; Ar), 7.11 (d, J

= 7.3 Hz, 1H; Ar), 7.16 (dd, J = 7.8, 7.3 Hz, 1H; Ar), 7.74 (br, 1H; Ar); 13C NMR 

(125 MHz, CDCl3) δ 27.2 (2C), 45.6, 52.0, 64.6, 115.6, 122.5, 124.6, 127.5, 128.7, 142.4, 154.0; 

HRMS (FAB): calcd for C12H15NO2 (M+) 205.1103; found: 205.1153.

1-(2,2-Dimethylindolin-1-yl)-2,2,2-trifluoroethanone (6b): Brown oil; IR (ATR)

cm-1: 1678 (CO), 1410 (NAr), 1220 (CF); 1H NMR (500 MHz, CDCl3) δ 1.61 (s, 

6H; 2 × CH3), 3.01 (s, 2H; CH2), 7.10 (dd, J = 7.4, 7.4 Hz, 1H; Ar), 7.18-7.22 (m,

2H; Ar), 7.30 (br, 1H; Ar); 13C NMR (125 MHz, CDCl3) δ 25.5 (2C), 45.2, 70.3, 

115,7, 116.2 (q), 125.1, 125.5, 127.5, 131.0, 139.6, 154.7 (q); HRMS (EI): calcd for C12H12FNO 

(M+) 243.0871; found: 243.0868.

Methyl 2,2,5-Trimethylindoline-1-carboxylate (7b): Colorless oil; IR (ATR)

cm-1: 1702 (CO), 1310 (NAr); 1H NMR (500 MHz, CDCl3) δ 1.55 (s, 6H; 2 × 

CH3), 2.28 (s, 3H; ArCH3), 2.97 (s, 2H; CH2), 3.83 (s, 3H; CO2Me), 6.92-6.97 (m, 

2H; Ar), 7.63 (br, 1H; Ar); 13C NMR (125 MHz, CDCl3) δ 20.8 (2C), 27.2, 45.6, 

51.9, 64.6, 115.3, 125.3, 127.9, 128.7, 132.0, 140.1, 154.0; Anal. calcd for C13H17NO2: C, 71.21; H, 

7.81; N, 6.39. Found: C, 71.10; H, 8.00; N, 6.23.

Methyl 2,2,5,7-Tetramethylindoline-1-carboxylate (8b): Colorless oil; IR (ATR)

cm-1: 1703 (CO) 1360 (NAr); 1H NMR (500 MHz, CDCl3) δ 1.48 (s, 6H; 2 × CH3), 

2.12 (s, 3H; ArCH3), 2.26 (s, 3H; ArCH3), 2.89 (s, 2H; CH2), 3.77 (s, 3H; CO2Me), 

6.80 (br, 2H; Ar); 13C NMR (125 MHz, CDCl3) δ 20.0 (2C), 20.8, 27.1, 46.1, 51.9, 

66.2, 122.6, 126.3, 130.6, 131.5, 133.0, 139.0, 153.7; HRMS (FAB): calcd for C14H19NO2 (M+)

233.1416; found: 233.1586.

Methyl 5-Fluoro-2,2-dimethylindoline-1-carboxylate (9b): Brown oil; IR 

(ATR) cm-1: 1697 (CO), 1316 (NAr), 1219 (ArF); 1H NMR (500 MHz, CDCl3) δ
1.55 (s, 6H; 2 × CH3), 2.99 (s, 2H; CH2), 3.84 (s, 3H; CO2Me), 6.81-6.86 (m, 

2H; Ar), 7.79 (br, 1H; Ar); 13C NMR (125 MHz, CDCl3) δ 27.2 (2C), 45.4, 52.1, 

65.0, 111.7 (d), 113.6 (d), 116.2 (d), 130.4, 138.5, 153.9, 158.8 (d); HRMS (FAB): calcd for 

C12H14FNO2 (M+) 223.0977; found: 223.1451.

Methyl 2,2-Dimethyl-6-(trifluoromethyl)indoline-1-carboxylate (10b): 

Brown oil; IR (ATR) cm-1: 1705 (CO), 1318 (NAr), 1234 (CF); 1H NMR (500 

MHz, CDCl3) δ 1.57 (s, 6H; 2 × CH3), 3.06 (s, 2H; CH2), 3.87 (s, 3H; CO2Me), 
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7.20 (m, 2H; Ar), 8.04 (br, 1H; Ar); 13C NMR (125 MHz, CDCl3) δ 27.2 (2C), 45.3, 52.3, 65.3, 

112.4 (d), 120.0 (d), 124.3 (q), 124.7, 130.0 (q), 132.6, 142.8, 153.8; Anal. calcd for C13H14F3NO2: 

C, 57.14; H, 5.16; N, 5.13. Found: C, 57.33; H, 5.28; N, 5.05.

Dimethyl 2,2-Dimethylindoline-1,5-dicarboxylate (11b): Yellow solid: 

mp 114–115 °C; IR (ATR) cm-1: 1704 (CO), 1613 (CO), 1362 (NAr); 1H 

NMR (500 MHz, CDCl3) δ 1.57 (s, 6H; 2 × CH3), 3.04 (s, 2H; CH2), 3.87 (s, 

3H; CO2Me), 3.88 (s, 3H; CO2Me), 7.78 (s, br, 2H; Ar), 7.89 (d, J = 8.6 Hz, 

1H; Ar); 13C NMR (125 MHz, CDCl3) δ 27.1 (2C), 44.9, 51.8, 52.3, 65.5, 114.8 124.2, 126.0, 128.8, 

130.0, 146.4, 153.8, 166.9; Anal. calcd for C14H17NO4: C, 63.87; H, 6.51; N, 5.32. Found: C, 63.57; 

H, 6.56; N, 5.27.

Methyl 2,2-Dimethyl-6-nitroindoline-1-carboxylate (12b): Yellow solid: mp 

107–108 °C; IR (ATR) cm-1: 1704 (CO), 1522 (NO), 1344-1389 (NO), 1328 

(NAr); 1H NMR (500 MHz, CDCl3) δ 1.60 (s, 6H; 2 × CH3), 3.10 (s, 2H; CH2), 

3.91 (s, 3H; CO2Me), 7.22 (d, J = 8.2, Hz, 1H; Ar), 7.85 (dd, J = 8.2, 2.2 Hz, 

1H; Ar) 8.55 (br, 1H; Ar); 13C NMR (125 MHz, CDCl3) δ 27.2 (2C), 45.2, 52.6, 66.0, 110.6, 118.2, 

124.6, 136.2, 143.4, 148.2, 153.7; Anal. calcd for C12H14N2O4: C, 57.59; H, 5.64; N, 11.19. Found: 

C, 57.30; H, 5.70; N, 11.0.

Methyl 2,2-Dimethyl-2,3-dihydro-1H-pyrrolo[3,2-b]pyridine-1-carboxylate 

(13b): Yellow oil; IR (ATR) cm-1: 1701 (CO), 1369 (NAr); 1H NMR (500 MHz, 

CDCl3) δ 1.61 (s, 6H; 2 × CH3), 3.16 (s, 2H; CH2), 3.87 (s, 3H; CO2Me), 7.07 (dd, 

J = 8.2, 4.4 Hz, 1H; Ar), 7.94 (br, 1H; Ar), 8.12 (d, J = 4.4 Hz, 1H; Ar); 13C NMR 

(125 MHz, CDCl3) δ 27.5 (2C), 47.5, 52.3, 63.6, 122.0, 122.1, 136.9, 143.1, 151.1, 154.1; HRMS 

(FAB): calcd for C11H14N2O2 (M+) 206.1055; found: 206.0949.

Methyl 2-Methylindoline-1-carboxylate (14b)4: Pale yellow oil; IR (ATR) cm-1: 

1705 (CO), 1389 (NAr); 1H NMR (500 MHz, CDCl3) δ 1.30 (d, J = 6.4 Hz, 3H; 

CH3), 2.63 (dd, J = 15.9, 2.1 Hz, 1H; CHH), 3.36 (dd, J = 15.9, 9.5 Hz, 1H; CHH), 

3.84 (s, 3H; CO2Me), 4.50-4.59 (m, 1H; 2-H), 6.96 (t, J = 7.4 Hz, 1H; Ar), 7.15 (d, J

= 7.4 Hz, 1H; Ar), 7.18 (dd, J = 7.7, 7.7 Hz, 1H; Ar), 7.80 (br, 1H; Ar); 13C NMR (125 MHz, 

CDCl3) δ 21.1, 35.8, 52.3, 55.3, 115.3, 122.6, 125.0, 127.4, 129.8, 141.4, 153.6; Anal. calcd for 

C11H13NO2: C, 69.09; H, 6.85; N, 7.32. Found: C, 69.06; H, 6.93; N, 7.19.

Methyl trans-2,3,4,4a-Tetrahydro-1H-carbazole-9(9aH)-carboxylate (15b)5: 

Pale yellow oil; IR (ATR) cm-1: 1705 (CO), 1360 (NAr); 1H NMR (500 MHz, 

CDCl3): δ = 1.43 (m, 3H; 3-CH2, 4-CHH), 1.64 (m, 1H; 1-CHH), 1.93 (m, 2H; 

2-CH2), 2.35 (m, 1H; 4-CHH), 2.71 (dd, J = 11.7, 9.7, Hz, 1H; 4a-H), 2.90 (dd, J

= 11.7, 2.9, 2.4, Hz, 1H; 1-CHH), 3.42 (ddd, J = 11.7, 11.7, 3.0 Hz, 1H; 9a-H), 
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3.83 (s, 3H; CO2Me), 6.98 (ddd, J = 7.9, 7.3, 0.9 Hz, 1H; Ar), 7.10 (d, J = 7.3 Hz, 1H; Ar), 7.17 (dd, 

J = 8.0, 7.9, 1.3 Hz, 1H; Ar), 7.74 (d, J = 8.0 Hz, 1H; Ar); 13C NMR (125 MHz, CDCl3): δ = 25.3, 

25.9, 27.2, 31.7, 48.4, 52.2, 69.5, 114.9, 121.4, 122.6, 127.3, 133.5, 143.5, 155.3; Anal. calcd for

C14H17NO2: C, 72.70; H, 7.41; N, 6.06. Found: C, 72.79; H, 7.57; N, 5.80.

Methyl 2-Ethylindoline-1-carboxylate (16b): Colorless oil; IR (ATR) cm-1: 1699

(CO), 1392 (NAr); 1H NMR (500 MHz, CDCl3) δ 0.88 (t, J = 7.4 Hz, 3H; CH3), 

1.58 (m, 1H; CH3CHH), 1.77 (br, 1H; CH3CHH), 2.76 (dd, J = 16.0, 2.1 Hz, 1H; 

3-CHH), 3.28 (dd, J = 16.0, 9.6 Hz, 1H; 3-CHH), 3.83 (s, 3H; CO2Me), 4.38 (s, 

1H; 2-H), 6.95 (ddd, J = 7.7, 7.3, 0.9 Hz, 1H; Ar), 7.14 (d, J = 7.3 Hz, 1H; Ar), 7.17 (dd, J = 7.7, 

7.7 Hz, 1H; Ar), 7.75 (br, 1H; Ar); 13C NMR (125 MHz, CDCl3) δ 9.0, 27.3, 32.9, 52.4, 60.6, 115.2, 

122.7, 124.8, 127.3, 130.4, 142.1, 153.8 ; Anal. calcd for C12H15NO2: C, 70.22; H, 7.37; N, 6.82. 

Found: C, 70.32; H, 7.42; N, 6.74.

Methyl Indoline-1-carboxylate (17b)4: Pale yellow oil; IR (ATR) cm-1: 1700 (CO), 

1317 (NAr); 1H NMR (500 MHz, CDCl3) δ 3.07 (t, J = 8.9 Hz, 2H; 3-CH2), 3.84 (br, 

3H; CO2Me), 3.96 (br, 2H; 2-CH2), 6.93 (ddd, J = 7.7, 7.2, 1.1 Hz, 1H; Ar), 7.12 (d, 

J = 7.2 Hz, 1H; Ar), 7.15 (dd, J = 7.7 Hz, 1H; Ar), 7.86 (br, 1H; Ar); 13C NMR (125 

MHz, CDCl3) δ 27.2, 47.1, 52.2, 114.4, 122.2, 124.4, 127.1, 130.6, 142.4, 153.3; Anal. calcd for 

C10H11NO2: C, 67.78; H, 6.26; N, 7.90. Found: C, 67.55; H, 6.09; N, 8.01.

Methyl Ethyl(phenyl)carbamate (17c)6: colorless oil; IR (ATR) cm-1: 1695 (CO), 

1388 (NAr); 1H NMR (500 MHz, CDCl3) δ 1.14 (t, J = 7.2 Hz, 3H; CH3), 3.66 (br, 

3H; CO2Me), 3.71 (q, J = 7.2 Hz, 2H; CH2), 7.18 (d, J = 7.4 Hz, 2H; Ar), 7.24 (t, J = 

7.4 Hz, 1H; Ar), 7.35 (t, J = 7.4 Hz, 2H; Ar); 13C NMR (125 MHz, CDCl3) δ 13.5, 

45.3, 52.6, 126.5, 127.3 (2C), 128.9 (2C), 141.7, 155.8; HRMS (FAB): calcd for C10H13NO2 (M+)

179.0946; found: 179.0447.

4. Ito, Y.; Ushitora, H. Tetrahedron 2006, 62, 226.

5. Kawasaki, T.; Somei, M. Heterocycles 1990, 31, 1605.

6. Sawyer, J. S.; Narayanan, B. A. Synth. Commun. 1983, 13, 135. 

7. Guo, Z.; Schultz, A. G. J. Org. Chem. 2001, 66, 2154. 
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