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General consideration: All air-sensitive compounds were handled under an 

atmosphere of argon or in a nitrogen-filled glovebox. 1H NMR and 13C NMR spectra 

were recorded on Bruker AV 500 at ambient temperature with CDCl3 as solvent and 

TMS as internal standard. Chemical shifts (δ) were given in ppm, referenced to the 

residual proton resonance of TMS (0), to the carbon resonance of the CDCl3 (77.23). 

Coupling constants (J) were given in Hertz (Hz). IR spectrums were recorded on 

Perkin-Elmer-983 spectrometer. Column chromatography was performed on silica gel 

(200-300 mesh). All solvents were purified by conventional methods, distilled before 

use. Commercially available reagents were used without further purification. 

Representative procedure for preparation of unfunctionalized tetrasubstituted 

olefins (1a): 

 

To a stirred solution of LDA (40 mL, 1.0 eq, 1.0 M in THF) at -78 oC in a nitrogen 

atmosphere, 1-indanone solution (40 mL, 1.0 M in THF) was slowly added. After 

stirred at -78 oC for 2 h, methyl iodide (5.68 g, 1.0 eq) was then added and this 

solution was stirred overnight at room temperature. A solution of saturated NH4Cl (50 

mL) was added and the mixture was extracted with ethyl acetate (3 × 50 mL). The 

combined organic layers washed with brine (200 mL) and dried over anhydrous 

MgSO4 and the solvent was evaporated under reduced pressure. The residue was 
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purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate 

= 100/1, v/v) to give 2-methyl-1H-indanone (1.85 g, 32% yield). 

Mahapatra, T.; Jana, N.; Nanda, S. Tetrahedron Lett. 2008, 19, 1224-1232. 

Magnesium methyl bromide (15 mL, 1.5 eq, 1.0 M in THF) was slowly added to a 

stirred solution of 2-methyl-1-indanone (20 mL, 3.0 M in THF) at room temperature 

in a nitrogen atmosphere. This mixture was stirred at room temperature overnight. A 

solution of saturated NH4Cl (50 mL) was slowly added and the mixture was extracted 

with ether (3 × 50 mL). The combined organic layers were washed with brine (150 

mL) and dried over anhydrous MgSO4 and the solvent was evaporated under reduced 

pressure. The crude product (0.9500 g, 86% yield) can be used directly for the next 

step. 

Kloetzel, M. C. J. Am. Chem. Soc. 1940, 62, 1708-1713. 

The crude product was dissolved in benzene (25 mL), p-toluene sulfonic acid (0.0100 

g) was added and the mixture was refluxed overnight. The mixture was cooled to 

room temperature and benzene was evaporated under reduced pressure. The residue 

was purified by flash column chromatography on silica gel (petroleum ether) to give 

the desired product 2,3-dimethyl-1H-indene (0.7800 g, 92% yield). 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

Representative procedure for hydrogenation of unfunctionalized tetrasubstituted 

olefins 4a:  
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To a stainless-steel autoclave, was added 2,3-dimethyl-1H-indene (1a) (0.0721 g, 0.5 

mmol), B(C6F5)3 (2a) (0.0256 g, 0.05 mmol), N-methyldiphenylamine (3m) (0.0092 g, 

0.05 mmol), and dry DCM (0.5 mL) in a nitrogen atmosphere glovebox. After being 

sealed, the autoclave was purged three times with H2 and the final pressure of 

hydrogen was adjusted to 40 bar. The reaction mixture was stirred at 120 ºC for 24 h. 

After cooling to ambient temperature, the solvent was removed under reduced 

pressure. The crude residue was purified by column chromatography on silica gel 

(petroleum ether) to give 1,2-dimethyl-2,3-dihydro-1H-indene (4a) as light yellow oil 

(0.0710 g, 97% yield, cis/trans = 96/4). 

Representative procedure for hydrogenation of unfunctionalized tetrasubstituted 

olefins (Scheme 4):  

To a stainless-steel autoclave, was added 2,3-dimethyl-1H-indene (1a) (0.1442 g, 1.0 

mmol), B(C6F5)3 (0.0512 g, 0.1 mmol), N-methyldiphenylamine (0.0183 g, 0.1 mmol), 

and dry DCM (1.0 mL) in a nitrogen atmosphere glovebox. After being sealed, the 

autoclave was purged three times with H2 and the final pressure of hydrogen was 

adjusted to 40 bar. The reaction mixture was stirred at 120 ºC for 24 h. After cooling 

to ambient temperature, the solvent was removed under reduced pressure. The crude 

residue was purified by column chromatography on silica gel using petroleum ether as 

the eluent to give 1,2-dimethyl-2,3-dihydro-1H-indene (4a) as light yellow oil (0.1402 

g, 96% yield, cis/trans = 96/4). 

 



S4 

 

Characterization of substrates 

 

2,3-Dimethyl-1H-indene (1a): light yellow oil (petroleum ether); 1H NMR (500 

MHz, CDCl3, ppm): δ 7.35 (d, J = 7.5 Hz, 1H), 7.28-7.23 (m, 1H), 7.21 (d, J = 7.5 Hz, 

1H), 7.14-7.08 (m, 1H), 3.26 (s, 2H), 2.06 (s, 3H), 2.03 (s, 3H); 13C NMR (500 MHz, 

CDCl3, ppm): δ 147.8, 142.5, 138.2, 132.7, 126.3, 123.8, 123.2, 118.1, 42.7, 14.1, 

10.3. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

 

3-Ethyl-2-methyl-1H-indene (1b): yellow oil (petroleum ether); 1H NMR (500 MHz, 

CDCl3, ppm): δ 7.37 (d, J = 7.5 Hz, 1H), 7.27-7.23 (m, 2H), 7.13-7.07 (m, 1H), 3.26 

(s, 2H), 2.53 (q, J = 7.5 Hz, 2H), 2.06 (s, 3H), 1.14 (t, J = 7.5 Hz, 3H); 13C NMR (500 

MHz, CDCl3, ppm): δ 146.7, 142.9, 138.9, 137.7, 126.2, 123.6, 123.4, 118.3, 42.7, 

18.6, 14.0, 13.6. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 
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2-Methyl-3-octyl-1H-indene (1c): yellow oil (petroleum ether), IR (film): 2926, 

2854, 1464 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.36 (d, J = 7.5 Hz, 1H), 

7.28-7.22 (m, 2H), 7.14-7.06 (m, 1H), 3.26 (s, 2H), 2.50 (t, J = 7.5 Hz, 2H), 2.05 (s, 

3H), 1.58-1.50 (m, 2H), 1.39-1.21 (m, 10H), 0.88 (t, J = 7.0 Hz, 3H); 13C NMR (500 

MHz, CDCl3, ppm): δ 147.1, 142.9, 138.3, 137.5, 126.1, 123.6, 123.3, 118.4, 42.7, 

32.1, 30.0, 29.8, 29.6, 28.9, 25.5, 22.9, 14.3, 14.2; HRMS (EI) calcd. for C18H26 [M]+: 

242.2035, Found: 242.2032. 

 

2-Methyl-3-phenyl-1H-indene (1d): light yellow oil (petroleum ether/DCM = 20/1); 

1H NMR (500 MHz, CDCl3, ppm): δ 7.48-7.38 (m, 5H), 7.37-7.32 (m, 1H), 7.24-7.20 

(m, 2H), 7.18-7.11 (m, 1H), 3.44 (s, 2H), 2.13 (s, 3H); 13C NMR (500 MHz, CDCl3, 

ppm): δ 146.6, 142.6, 140.8, 138.8, 135.7, 129.3, 128.6, 127.2, 126.4, 124.2, 123.6, 

119.5, 43.3, 15.0. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

 

2-Ethyl-3-methyl-1H-indene (1e): yellow oil (petroleum ether); 1H NMR (500 MHz, 
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CDCl3, ppm): δ 7.38 (d, J = 7.5 Hz, 1H), 7.30-7.21 (m, 2H), 7.14-7.07 (m, 1H), 3.29 

(s, 2H), 2.48 (q, J = 7.5 Hz, 2H), 2.04 (s, 3H), 1.14 (t, J = 7.5 Hz, 3H); 13C NMR (500 

MHz, CDCl3, ppm): δ 147.8, 144.4, 142.6, 131.9, 126.3, 123.8, 123.3, 118.3, 39.9, 

21.8, 14.4, 10.3. 

Biosca, M.; Salomó, E.; Cruz-Sánchez, P.; Riera, A.; Verdaguer, X.; Pàmies, O.; 

Diéguez, M. Org. Lett. 2019, 21, 807−811. 

 

2,3-Diethyl-1H-indene (1f): light yellow oil (petroleum ether), IR (film): 2931, 2874, 

1462 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.39 (d, J = 7.5 Hz, 1H), 7.29-7.23 

(m, 2H), 7.15-7.08 (m, 1H), 3.29 (s, 2H), 2.53 (q, J = 7.5 Hz, 2H), 2.48 (q, J = 7.5 Hz, 

2H), 1.15 (t, J = 7.5 Hz, 3H), 1.14 (t, J = 7.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, 

ppm): δ 146.7, 144.0, 143.0, 138.2, 126.2, 123.7, 123.6, 118.5, 39.9, 21.7, 18.5, 14.8, 

14.0; HRMS (EI) calcd. for C13H16 [M]+: 172.1252, Found: 172.1253. 

 

2-Ethyl-3-phenyl-1H-indene (1g): light yellow oil (petroleum ether/DCM = 20/1), 

IR (film): 2965, 2876, 1461cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.49-7.42 (m, 

3H), 7.41-7.33 (m, 3H), 7.26-7.13 (m, 3H), 3.48 (s, 2H), 2.53 (q, J = 7.5 Hz, 2H), 

1.17 (t, J = 7.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 146.9, 146.6, 142.6, 

138.3, 135.8, 129.3, 128.6, 127.2, 126.4, 124.2, 123.7, 119.7, 40.3, 22.3, 14.9; HRMS 



S7 

 

(EI) calcd. for C17H16 [M]+: 220.1252, Found: 220.1255. 

 

2-Isopropyl-3-methyl-1H-indene (1h): light yellow oil (petroleum ether), IR (film): 

2960, 2927, 2869, 1467 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.38 (d, J = 7.5 Hz, 

1H), 7.29-7.19 (m, 2H), 7.15-7.09 (m, 1H), 3.27 (d, J = 1.0 Hz, 2H), 3.10-3.01 (m, 

1H), 2.04 (t, J = 2.0 Hz, 3H), 1.15 (s, 3H), 1.14 (s, 3H); 13C NMR (500 MHz, CDCl3, 

ppm): δ 148.6, 147.7, 142.4, 131.0, 126.3, 123.8, 123.4, 118.3, 36.2, 27.5, 22.9, 10.2; 

HRMS (EI) calcd. for C13H16 [M]+: 172.1252, Found: 172.1251. 

 

3-Ethyl-2-isopropyl-1H-indene (1i): colorless oil (petroleum ether), IR (film): 2962, 

2929, 2872, 1465 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.40 (d, J = 7.5 Hz, 1H), 

7.30-7.24 (m, 2H), 7.15-7.09 (m, 1H), 3.28 (s, 2H), 3.11-3.01 (m, 1H), 2.55 (q, J = 7.5 

Hz, 2H), 1.19-1.13 (m, 9H); 13C NMR (500 MHz, CDCl3, ppm): δ 148.3, 146.7, 142.8, 

137.3, 126.2, 123.7, 123.6, 118.5, 36.1, 27.4, 23.3, 18.5, 14.1; HRMS (EI) calcd. for 

C14H18 [M]+: 186.1409, Found: 186.1411. 

 

2-Isopropyl-3-phenyl-1H-indene (1j): colorless oil (petroleum ether/DCM = 20/1), 

IR (film): 2959, 1465 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.48-7.43 (m, 3H), 
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7.39-7.33 (m, 3H), 7.24-7.20 (m, 1H), 7.19-7.13 (m, 2H), 3.47 (s, 2H), 3.10-3.01 (m, 

1H), 1.18 (s, 3H), 1.16 (s, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 151.3, 146.7, 

142.4, 137.4, 135.9, 129.4, 128.6, 127.2, 126.4, 124.2, 123.8, 119.7, 36.2, 27.7, 23.5; 

HRMS (EI) calcd. for C18H18 [M]+: 234.1409, Found: 234.1412. 

 

3-Methyl-2-phenyl-1H-indene (1k): white solid (petroleum ether); 1H NMR (500 

MHz, CDCl3, ppm): δ 7.51-7.45 (m, 3H), 7.44-7.37 (m, 3H), 7.36-7.32 (m, 1H) 

7.31-7.26 (m, 1H), 7.24-7.20 (m, 1H), 3.74 (d, J = 2.0 Hz, 2H), 2.31 (t, J = 2.0 Hz, 

3H); 13C NMR (500 MHz, CDCl3, ppm): δ 147.7, 142.6, 140.5, 137.8, 134.9, 128.6, 

128.5, 126.9, 126.6, 125.0 123.6, 119.3, 41.2, 12.2. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

 

2-Benzyl-3-methyl-1H-indene (1l): colorless oil (petroleum ether); 1H NMR (500 

MHz, CDCl3, ppm): δ 7.32 (d, J = 7.0 Hz, 1H), 7.30-7.24 (m, 4H), 7.21-7.16 (m, 3H), 

7.15-7.10 (m, 1H), 3.80 (s, 2H), 3.20 (s, 2H), 2.17 (s, 3H); 13C NMR (500 MHz, 

CDCl3, ppm): δ 142.9, 141.0, 140.9, 133.9, 128.8, 128.7, 126.3, 126.2, 124.2, 123.4 

118.7, 40.6, 35.0, 10.7. 

Ganellin, C. R.; Loynes, J. M.; Ridley, H. F.; Spickett, R. G. W. J. Med. Chem. 1967, 
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10, 826-833. 

 

2-Benzyl-3-phenyl-1H-indene (1m): white solid (petroleum ether/DCM = 20/1), m.p. 

94-97 oC, IR (film): 3025, 2896, 1601, 1492, 1460 cm-1; 1H NMR (500 MHz, CDCl3, 

ppm): δ 7.52-7.44 (m, 4H), 7.42-7.36 (m, 2H), 7.30-7.22 (m, 4H), 7.22-7.13 (m, 4H), 

3.85 (s, 2H), 3.38 (s, 2H); 13C NMR (500 MHz, CDCl3, ppm): δ 146.3, 143.1, 143.0, 

140.9, 140.3, 135.4, 129.3, 128.9, 128.8, 128.7, 127.5, 126.4, 126.3, 124.6, 123.8, 

120.1, 40.8, 35.4; HRMS (EI) calcd. for C22H18 [M]+: 282.1409, Found: 282.1404. 

 

5-Methoxy-2,3-dimethyl-1H-indene (1n): yellow solid (petroleum ether/DCM = 

20/1), m.p. 45-47 oC, IR (film): 2910, 1619, 1583, 1474 cm-1; 1H NMR (500 MHz, 

CDCl3, ppm): δ 7.23 (d, J = 8.0 Hz, 1H), 6.80-6.74 (m, 1H), 6.69-6.63 (m, 1H), 3.84 

(s, 3H), 3.20 (s, 2H), 2.05 (s, 3H), 2.00 (s, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 

159.1, 149.3, 139.9, 134.6, 132.6, 123.5, 109.1, 104.4, 55.7, 41.9, 14.3, 10.4; HRMS 

(EI) calcd. for C12H14O [M]+: 174.1045, Found: 174.1043. 

 

2,3,5-Trimethyl-1H-indene (1o): light yellow oil (petroleum ether), IR (film): 2925, 

2880, 1482, 1471 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.23 (d, J = 7.5 Hz, 1H), 
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7.02 (s, 1H), 6.92 (d, J = 7.5 Hz, 1H), 3.21 (s, 2H), 2.39 (s, 3H), 2.04 (s, 3H), 2.01 (s, 

3H); 13C NMR (500 MHz, CDCl3, ppm): δ 147.8, 139.4, 138.3, 135.6, 132.3, 124.3, 

122.7, 118.8, 42.1, 21.6, 14.0, 10.1; HRMS (EI) calcd. for C12H14 [M]+: 158.1096, 

Found: 158.1093. 

 

5-Bromo-2,3-dimethyl-1H-indene (1p): light yellow oil (petroleum ether), IR (film): 

2910, 2853, 1597, 1453, 1394 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.33-7.29 

(m, 1H), 7.24-7.17 (m, 2H), 3.20 (s, 2H), 2.06 (s, 3H), 1.99 (s, 3H); 13C NMR (500 

MHz, CDCl3, ppm): δ 150.0, 141.2, 140.3, 132.2, 126.4, 124.5, 121.4, 120.4, 42.3, 

14.2, 10.3; HRMS (EI) calcd. for C11H11
79Br [M]+, C11H11

81Br [M]+: 222.0044, 

224.0024, Found: 222.0042, 224.0024. 

 

3,4-Dimethyl-1,2-dihydronaphthalene (1q): colorless oil (petroleum ether); 1H 

NMR (500 MHz, CDCl3, ppm): δ 7.23 (d, J = 8.0 Hz, 1H), 7.20-7.15 (m, 1H), 

7.12-7.05 (m, 2H), 2.73 (t, J = 8.0 Hz, 2H), 2.22 (t, J = 8.0 Hz, 2H), 2.02 (s, 3H), 1.91 

(s, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 137.4, 135.6, 132.5, 127.2, 126.5, 125.7, 

125.2, 122.6, 30.8, 28.7, 20.6, 14.4. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 
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3-Ethyl-4-methyl-1,2-dihydronaphthalene (1r): colorless oil (petroleum ether); 1H 

NMR (500 MHz, CDCl3, ppm): δ 7.24 (d, J = 7.0 Hz, 1H), 7.21-7.16 (m, 1H), 

7.12-7.05 (m, 2H), 2.72 (t, J = 7.5 Hz, 2H), 2.27 (q, J = 7.5 Hz, 2H), 2.23 (t, J = 7.5 

Hz, 2H), 2.03 (s, 3H), 1.06 (t, J = 7.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 

138.6, 137.6, 135.8, 127.1, 126.5, 125.7, 124.6, 122.8, 29.0, 28.4, 27.6, 13.9, 13.1. 

Christol, H. Bulletin de la Societe Chimique de France 1960, 1696-1699. 

 

7-Methoxy-3,4-dimethyl-1,2-dihydronaphthalene (1s): light yellow oil (petroleum 

ether/DCM = 20/1), IR (film): 2919, 2830, 1607, 1498, 1252 cm-1; 1H NMR (500 

MHz, CDCl3, ppm): δ 7.14 (d, J = 8.5 Hz, 1H), 6.74-6.69 (m, 1H), 6.69-6.66 (m, 1H), 

3.79 (s, 3H), 2.70 (t, J = 8.0 Hz, 2H), 2.20 (t, J = 8.0 Hz, 2H), 1.99 (s, 3H), 1.89 (s, 

3H); 13C NMR (500 MHz, CDCl3, ppm): δ 157.8, 137.3, 130.6, 129.9, 124.7, 123.7, 

113.5, 110.9, 55.5, 30.7, 29.1, 20.4, 14.4; HRMS (EI) calcd. for C13H16O [M]+: 

188.1201, Found: 188.1202. 

 

6-Methoxy-3,4-dimethyl-1,2-dihydronaphthalene (1t): light yellow oil (petroleum 

ether/DCM = 20/1), IR (film): 2924, 2830, 1612, 1492, 1216 cm-1; 1H NMR (500 
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MHz, CDCl3, ppm): δ 7.00 (d, J = 8.0 Hz, 1H), 6.84-6.79 (m, 1H), 6.67-6.60 (m, 1H), 

3.80 (s, 3H), 2.66 (t, J = 7.5 Hz, 2H), 2.20 (t, J = 7.5 Hz, 2H), 2.00 (s, 3H), 1.91 (s, 

3H); 13C NMR (500 MHz, CDCl3, ppm): δ 158.5, 138.6, 133.3, 127.9, 127.6, 125.1, 

109.9, 109.6, 55.5, 31.2, 27.7, 20.7, 14.4; HRMS (EI) calcd. for C13H16O [M]+: 

188.1201, Found: 188.1202. 

Characterization of products 

 

1,2-Dimethyl-2,3-dihydro-1H-indene (4a): 0.0710 g, 97% yield, cis:trans = 96:4, 

light yellow oil (petroleum ether); 1H NMR (500 MHz, CDCl3, ppm): δ 7.21-7.10 (m, 

4H), 3.19-3.10 (m, 1H), 3.01-2.92 (m, 1H), 2.62-2.52 (m, 2H), 1.12 (d, J = 7.0 Hz, 

3H), 0.96 (d, J = 6.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 149.0, 143.1, 

126.3, 126.2, 124.7, 123.8, 42.6, 39.6, 38.0, 15.4, 14.8. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

 

1-Ethyl-2-methyl-2,3-dihydro-1H-indene (4b): 0.0706 g, 87%, cis:trans = 90:10, 

light yellow oil (petroleum ether); 1H NMR (500 MHz, CDCl3, ppm): δ 7.21-7.10 (m, 

4H), 2.97-2.86 (m, 2H), 2.66-2.51 (m, 2H), 1.68-1.54 (m, 2H), 1.01 (t, J = 7.0 Hz, 

3H), 0.94 (d, J = 6.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 147.3, 143.7, 
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126.3, 125.9, 124.8, 124.4, 49.9, 39.9, 37.5, 21.5, 14.9, 12.5. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

 

2-Methyl-1-octyl-2,3-dihydro-1H-indene (4c): 0.1025 g, 84% yield, cis:trans = 

86:14, light yellow oil (petroleum ether), IR (film): 2924, 2855, 1457, 1375 cm-1; 1H 

NMR (500 MHz, CDCl3, ppm): δ 7.21-7.09 (m, 4H), 3.02-2.89 (m, 2H), 2.63-2.50 (m, 

2H), 1.62-1.45 (m, 2H), 1.44-1.37 (m, 2H), 1.36-1.23 (m, 10H), 0.93 (d, J = 7.0 Hz, 

3H), 0.89 (t, J = 7.0 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 147.5, 143.6, 

126.2, 125.9, 124.8, 124.3, 48.1, 39.9, 37.7, 32.1, 30.3, 29.9, 29.6, 28.6, 28.0, 22.9, 

15.1, 14.3; HRMS (EI) calcd. for C18H28 [M]+: 244.2191, Found: 244.2188. 

 

2-Methyl-1-phenyl-2,3-dihydro-1H-indene (4d): 0.0902 g, 87% yield, cis:trans > 

99:1, colorless oil (petroleum ether/DCM = 20/1); 1H NMR (500 MHz, CDCl3, ppm): 

δ 7.31-7.09 (m, 7H), 6.98 (d, J = 7.0 Hz, 2H), 4.38 (d, J = 7.5 Hz, 1H), 3.06 (dd, J = 

15.5 Hz, 7.5 Hz, 1H), 2.88-2.78 (m, 1H), 2.68 (dd, J = 15.5, 7.5 Hz, 1H), 0.71 (d, J = 

7.0 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 146.4, 144.3, 141.8, 129.4, 128.2, 

126.9, 126.7, 126.4, 125.7, 124.8, 55.5, 39.9, 39.7, 17.0. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 



S14 

 

4916-4917. 

 

2-Ethyl-1-methyl-2,3-dihydro-1H-indene (4e): 0.0835 g, 96% yield, cis:trans = 

96:4, light yellow oil (petroleum ether); 1H NMR (500 MHz, CDCl3, ppm): δ 

7.21-7.08 (m, 4H), 3.24-3.13 (m, 1H) 2.90 (dd, J = 15.0, 7.5 Hz, 1H), 2.61 (dd, J = 

15.5, 9.0 Hz, 1H), 2.37-2.27 (m, 1H), 1.59-1.50 (m, 1H), 1.43-1.33 (m, 1H), 1.05 (d, J 

= 7.0 Hz, 3H), 0.98 (t, J = 7.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 150.0, 

142.9, 126.3, 126.2, 124.6, 123.8, 45.8, 41.8, 36.6, 23.1, 15.5, 13.1. 

Biosca, M.; Salomó, E.; Cruz-Sánchez, P.; Riera, A.; Verdaguer, X.; Pàmies, O.; 

Diéguez, M. Org. Lett. 2019, 21, 807−811. 

 

1,2-Diethyl-2,3-dihydro-1H-indene (4f): 0.0785 g, 90% yield, cis:trans = 90:10, 

light yellow oil (petroleum ether), IR (film): 2927, 2858, 1459, 1377 cm-1; 1H NMR 

(500 MHz, CDCl3, ppm): δ 7.22-7.16 (m, 2H), 7.16-7.08 (m, 2H), 2.95-2.82 (m, 2H), 

2.62 (dd, J = 15.0, 8.0 Hz, 1H), 2.40-2.29 (m, 1H), 1.66-1.53 (m, 2H), 1.43-1.31 (m, 

2H), 1.00-0.92 (m, 6H); 13C NMR (500 MHz, CDCl3, ppm): δ 148.0, 143.6, 126.3, 

125.7, 124.9, 124.7, 48.9, 46.3, 36.9, 22.6, 21.5, 13.2, 12.3; HRMS (EI) calcd. for 

C13H18 [M]+: 174.1409, Found: 174.1411. 
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2-Ethyl-1-phenyl-2,3-dihydro-1H-indene (4g): 0.0643 g, 58% yield, cis:trans > 

99:1, light yellow oil (petroleum ether/DCM = 20/1); IR (film): 2958, 2930, 1600, 

1453 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.29 (d, J = 7.5 Hz, 1H), 7.26-7.07 

(m, 6H), 6.93 (d, J = 7.0 Hz, 2H), 4.37 (d, J = 8.5 Hz, 1H), 3.04 (dd, J = 15.5, 7.5 Hz, 

1H), 2.75 (dd, J = 15.5, 9.5 Hz, 1H), 2.66-2.57 (m, 1H), 1.25-1.16 (m, 1H), 0.96-0.88 

(m, 1H), 0.86 (t, J = 7.0 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 147.3, 143.9, 

142.4, 129.3, 128.2, 126.9, 126.8, 126.3, 125.5, 124.7, 54.9, 47.3, 37.4, 24.7, 13.1; 

HRMS (EI) calcd. for C17H18 [M]+: 222.1409, Found: 222.1406. 

 

2-Isopropyl-1-methyl-2,3-dihydro-1H-indene (4h): 0.0823 g, 94% yield, cis:trans > 

99:1, light yellow oil (petroleum ether); IR (film): 2957, 2934, 2869, 1459 cm-1; 1H 

NMR (500 MHz, CDCl3, ppm): δ 7.21-7.15 (m, 2H), 7.15-7.09 (m, 2H), 3.22-3.13 (m, 

1H), 2.85 (dd, J = 15.0 Hz, 7.5 Hz, 1H), 2.62 (dd, J = 15.0, 11.5 Hz, 1H), 2.05-1.95 

(m, 1H), 1.79-1.70 (m, 1H), 1.01 (t, J = 6.5 Hz, 6H), 0.97 (d, J = 6.5 Hz, 3H); 13C 

NMR (500 MHz, CDCl3, ppm): δ 150.7, 142.8, 126.3, 126.2, 124.6, 123.8, 52.3, 41.0, 

35.3, 28.8, 22.1, 22.0, 15.7; HRMS (EI) calcd. for C13H18 [M]+: 174.1409, Found: 

174.1411. 
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1-Ethyl-2-isopropyl-2,3-dihydro-1H-indene (4i): 0.0779 g, 83% yield, cis:trans > 

99:1, light yellow oil (petroleum ether); IR (film): 2956, 1477, 1458 cm-1; 1H NMR 

(500 MHz, CDCl3, ppm): δ 7.24-7.17 (m, 2H), 7.17-7.07 (m, 2H), 2.92-2.85 (m, 1H), 

2.82 (dd, J = 15.0, 7.5 Hz, 1H), 2.62 (dd, J = 15.0, 11.5 Hz, 1H), 2.06-1.97 (m, 1H), 

1.85-1.77 (m, 1H), 1.72-1.63 (m, 1H), 1.21-1.13 (m, 1H), 1.00 (d, J = 6.5 Hz, 3H), 

0.96 (d, J = 6.5 Hz, 3H), 0.90 (t, J = 7.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): 

δ 148.2, 143.4, 126.0, 125.2, 125.1, 124.4, 53.2, 47.7, 35.6, 28.2, 21.9, 21.7, 20.8, 

11.9; HRMS (EI) calcd. for C14H20 [M]+: 188.1565, Found: 188.1566. 

 

2-Isopropyl-1-phenyl-2,3-dihydro-1H-indene (4j): 0.1031 g, 88% yield, cis:trans > 

99:1, white solid (petroleum ether/DCM = 20/1), m.p. 66-69 oC, IR (film): 2955, 2867, 

1492, 1452 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.29 (d, J = 7.5 Hz, 1H), 

7.23-7.12 (m, 4H), 7.12-7.08 (m, 1H), 7.05 (d, J = 7.5 Hz, 1H), 6.99 (d, J = 7.0 Hz, 

2H), 4.33 (d, J = 8.0 Hz, 1H), 3.05-2.89 (m, 2H), 2.43-2.33 (m, 1H), 1.36-1.25 (m, 

1H), 0.90 (d, 3H), 0.89 (d, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 148.7, 143.3, 

142.9, 129.3, 128.2, 126.9, 126.8, 126.2, 125.3, 124.7, 54.0, 53.9, 36.9, 29.0, 22.1, 

22.0; HRMS (EI) calcd. for C18H20 [M]+: 236.1565, Found: 236.1566. 
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1-Methyl-2-phenyl-2,3-dihydro-1H-indene (4k): 0.0634 g, 61% yield, cis:trans > 

99:1, light yellow oil (petroleum ether); 1H NMR (500 MHz, CDCl3, ppm): δ 

7.31-7.24 (m, 3H), 7.23-7.18 (m, 4H), 7.16 (d, J = 7.5 Hz, 2H), 3.76 (q, J = 8.0 Hz, 

1H), 3.54-3.46 (m, 1H), 3.31-3.18 (m, 2H), 0.85 (d, J = 7.0 Hz, 3H); 13C NMR (500 

MHz, CDCl3, ppm): δ 148.6, 142.8, 142.6, 128.4, 128.3, 126.7, 126.6, 126.4, 124.5, 

123.9, 49.6, 44.0, 36.6, 16.3. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

 

2-Benzyl-1-methyl-2,3-dihydro-1H-indene (4l): 0.0984 g, 90% yield, cis:trans = 

95:5, colorless oil (petroleum ether), IR (film): 3023, 2958, 2931, 1453 cm-1; 1H NMR 

(500 MHz, CDCl3, ppm): δ 7.31-7.27 (m, 2H), 7.25-7.10 (m, 7H), 3.30-3.20 (m, 1H), 

2.88 (dd, J = 13.5, 5.5 Hz, 1H), 2.83-2.73 (m, 2H), 2.72-2.64 (m, 1H), 2.55 (dd, J = 

13.5, 9.5 Hz, 1H), 1.18 (d, J = 7.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 

149.3, 142.5, 141.8, 129.0, 128.5, 126.5, 126.4, 126.0, 124.7, 123.7, 45.2, 42.1, 36.5, 

36.3, 15.5. HRMS (EI) calcd. for C17H18 [M]+: 222.1409, Found: 222.1406. 
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2-Benzyl-1-phenyl-2,3-dihydro-1H-indene (4m): 0.1278 g, 90% yield, cis:trans > 

99:1, white solid (petroleum ether/DCM = 20/1), m.p. 89-92 oC, IR (film): 2932, 2842, 

1601, 1452 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ7.29-7.10 (m, 10H), 7.05 (d, J 

= 7.0 Hz, 2H), 6.98 (d, J = 7.5 Hz, 2H), 4.47 (d, J = 8.0 Hz, 1H), 3.11-3.01 (m, 1H), 

2.89-2.76 (m, 2H), 2.52 (dd, J = 14.0, 5.0 Hz, 1H), 2.10 (dd, J = 13.5, 10.5 Hz, 1H); 

13C NMR (500 MHz, CDCl3, ppm): δ 146.7, 143.6, 141.7, 141.6, 129.4, 129.0, 128.4, 

128.3, 127.0, 126.9, 126.6, 125.9, 125.5, 124.8, 55.0, 46.6, 37.9, 37.2; HRMS (EI) 

calcd. for C22H20 [M]+: 284.1565, Found: 284.1562. 

 

6-Methoxy-1,2-dimethyl-2,3-dihydro-1H-indene (4n): 0.0800 g, 90% yield, 

cis:trans = 97:3, light yellow oil (petroleum ether/DCM = 20/1), IR (film): 2958, 

1610, 1491, 1462 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.07 (d, J = 8.0 Hz, 1H), 

6.77-6.70 (m, 1H), 6.70-6.64 (m, 1H), 3.79 (s, 3H), 3.17-3.06 (m, 1H), 2.89 (dd, J = 

14.5, 7.0 Hz, 1H), 2.61-2.52 (m, 1H), 2.47 (dd, J = 14.5, 6.5 Hz, 1H), 1.11 (d, J = 7.5 

Hz, 3H), 0.96 (d, J = 7.0 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 158.9, 150.6, 

135.1, 125.1, 111.7, 109.7, 55.6, 42.9, 38.7, 38.6, 15.4, 14.8; HRMS (EI) calcd. for 

C12H16O [M]+: 176.1201, Found: 176.1200. 

 

1,2,6-Trimethyl-2,3-dihydro-1H-indene (4o): 0.0797 g, 98% yield, cis:trans = 96:4, 
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light yellow oil (petroleum ether), IR (film): 2959, 2928, 1610, 1491 cm-1; 1H NMR 

(500 MHz, CDCl3, ppm): δ 7.07 (d, J = 8.0 Hz, 1H), 6.98 (s, 1H), 6.94 (d, J = 7.5 Hz, 

1H), 3.14-3.06 (m, 1H), 2.91 (dd, J = 14.5, 6.5 Hz, 1H), 2.58-2.47 (m, 2H), 2.33 (s, 

3H), 1.11 (d, J = 7.0 Hz, 3H), 0.96 (d, J = 7.0 Hz, 3H); 13C NMR (500 MHz, CDCl3, 

ppm): δ 149.2, 140.1, 135.8, 127.0, 124.5, 124.4, 42.5, 39.2, 38.2, 21.6, 15.4, 14.8; 

HRMS (EI) calcd. for C12H16 [M]+: 160.1252, Found: 160.1253. 

 

6-Bromo-1,2-dimethyl-2,3-dihydro-1H-indene (4p): 0.0657 g, 58% yield, cis:trans 

= 90:10, light yellow oil (petroleum ether), IR (film): 2960, 2930, 1472 cm-1; 1H 

NMR (500 MHz, CDCl3, ppm): δ 7.27 (s, 1H), 7.25-7.22 (m, 1H), 7.04 (d, J = 8.0 Hz, 

1H), 3.17-3.10 (m, 1H), 2.90 (dd, J = 15.0, 7.0 Hz, 1H), 2.61-2.51 (m, 1H), 2.48 (dd, 

J = 15.0, 6.0 Hz, 1H), 1.11 (d, J = 7.5 Hz, 3H), 0.94 (d, J = 7.0 Hz, 3H); 13C NMR 

(500 MHz, CDCl3, ppm): δ 151.4, 142.1, 129.2, 127.0, 126.2, 120.0, 42.7, 39.1, 38.3, 

15.2, 14.6; HRMS (EI) calcd. for C11H13
79Br [M]+, C11H13

81Br [M]+: 224.0201, 

226.0180, Found: 224.0196, 226.0184. 

 

1,2-Dimethyl-1,2,3,4-tetrahydronaphthalene (4q): 0.0657 g, 81% yield, cis:trans = 

75:25, colorless oil (petroleum ether); 1H NMR (500 MHz, CDCl3, ppm): δ 7.21 (d, J 

= 7.5 Hz, 0.31H), 7.17-7.03 (m, 3.66H), 2.87-2.78 (m, 2.24H), 2.75 (t, J = 6.5 Hz, 
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0.52H), 2.54-2.46 (m, 0.26H), 2.02-1.94 (m, 0.80H), 1.93-1.86 (m, 0.30H), 1.67-1.61 

(m, 1.53H), 1.61-1.57 (m, 0.23H), 1.49-1.43 (m, 0.29H), 1.30 (d, J = 7.0 Hz, 0.75H), 

1.11 (d, J = 7.5 Hz, 2.25H), 1.06 (d, J = 7.0 Hz, 0.77H), 1.00 (d, J = 7.0 Hz, 2.22H); 

13C NMR (500 MHz, CDCl3, ppm): δ 143.5, 141.8, 136.8, 136.2, 129.2, 129.1, 129.0, 

128.7, 125.9, 125.6, 125.6, 125.4, 40.2, 37.9, 35.8, 32.3, 29.3, 29.0, 28.3, 26.0, 22.2, 

20.6, 18.7, 17.6. 

Troutman, M. V.; Appella, D. H.; Buchwald, S. L. J. Am. Chem. Soc. 1999, 121, 

4916-4917. 

 

2-Ethyl-1-methyl-1,2,3,4-tetrahydronaphthalene (4r): 0.0748 g, 86% yield, 

cis:trans = 91:9, colorless oil (petroleum ether), IR (film): 2960, 2925, 2872, 1462 

cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.19-7.08 (m, 4H), 3.01-2.92 (m, 1H), 

2.92-2.80 (m, 2H), 1.78-1.59 (m, 3H), 1.52-1.32 (m, 2H), 1.13 (d, J = 7.5 Hz, 3H), 

1.03 (t, J = 7.5 Hz, 3H); 13C NMR (500 MHz, CDCl3, ppm): δ 143.8, 136.4, 129.4, 

129.1, 125.7 125.6, 39.6, 36.2, 29.7, 26.1, 23.6, 17.6, 12.1; HRMS (EI) calcd. for 

C13H18 [M]+: 174.1409, Found: 174.1408. 

 

6-Methoxy-1,2-dimethyl-1,2,3,4-tetrahydronaphthalene (4s): 0.0869 g, 90% yield, 

cis:trans = 90:10, light yellow oil (petroleum ether/DCM = 20/1), IR (film): 2958, 
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2923, 1609, 1500 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 7.04 (d, J = 8.5 Hz, 1H), 

6.74-6.67 (m, 1H), 6.64-6.57 (m, 1H), 3.77 (s, 3H), 2.82-2.75 (m, 3H),2.01-1.91 (m, 

1H), 1.67-1.58 (m, 2H), 1.08 (d, J = 7.5 Hz, 3H), 0.98 (d, J = 7.0 Hz, 3H); 13C NMR 

(500 MHz, CDCl3, ppm): δ 157.5, 137.3, 135.8, 130.0, 113.4, 112.1, 55.4, 37.1, 32.6, 

29.6, 26.0, 18.6, 17.7; HRMS (EI) calcd. for C13H18O [M]+: 190.1358, Found: 

190.1355. 

 

7-Methoxy-1,2-dimethyl-1,2,3,4-tetrahydronaphthalene (4t): 0.0847 g, 88% yield, 

cis:trans = 94:6, light yellow oil (petroleum ether/DCM = 20/1), IR (film): 2957, 

2834, 1611, 1502, 1463 cm-1; 1H NMR (500 MHz, CDCl3, ppm): δ 6.98 (d, J = 8.5 Hz, 

1H), 6.71-6.65 (m, 2H), 3.78 (s, 3H), 2.83-2.67 (m, 3H), 2.02-1.91 (m, 1H), 1.66-1.59 

(m, 2H), 1.12 (d, J = 7.0 Hz, 3H), 0.98 (d, J = 6.5 Hz, 3H); 13C NMR (500 MHz, 

CDCl3, ppm): δ 157.6, 144.7, 129.9, 128.3, 114.0, 111.8, 55.5, 38.2, 32.3, 28.4 26.3, 

18.5, 17.5; HRMS (EI) calcd. for C13H18O [M]+: 190.1358, Found: 190.1361. 

  



S22 

 

Copies of NMR spectra 
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