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General Methods and Materials 

1H NMR and 13C NMR spectra were recorded on a Bruker Advance 400M NMR spectrometers at ambient temperature in 

CDCl3 at 400 and 101 MHz. The chemical shifts are given in ppm relative to tetramethylsilane [1H: (SiMe4)= 0.00 ppm] as 

an internal standard or relative to the resonance of the solvent [1H: δ(CDCl3)= 7.26, 13C: δ(CDCl3)= 77.16 ppm]. 

Multiplicities were given as: s (singlet); d (doublet); t (triplet); q (quartet); dd (doublet of doublets); dt (doublet of triplets); 

m (multiplets), etc. Coupling constants are reported as J values in Hz. High resolution mass spectral analysis (HRMS) was 

performed on Waters XEVO G2 Q-TOF. HPLC was performed on ThermoUltiMate 3000. Flash chromatography was 

performed using 200-300 mesh silica gel with the indicated solvent system. 

All the reagents and starting materials, unless otherwise noted, were purchased from commercial vendors and used without 

further purification. Compounds 1ae,1 2ae,2 2ae-1,2 2ae-22 and 2ae-32 are known compounds and their NMR-data are 

consistent with these reported in the literature. 
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General Procedure for the Synthesis of Alkenes with Tethered Aryl Halides 

(1) Preparation of alkenes1a-1h 

Procedure for Synthesis of S-1 and S′-13 

 

 

 

To an ice-cooled solution of tetramethylethylenediamine (8 mL, 53 mmol, 5.3 equiv) in Et2O (30 mL) was added n-BuLi 

(2.5M in hexanes, 16 mL, 40 mmol, 4 equiv). After stirring at room temperature for 1 h, the solution was then cooled to 

0 ℃, 3-methyl-3-buten-1-ol (2 mL, 20 mmol, 2 equiv) and benzyl bromides (10 mmol, 1 equiv) in Et2O (5 mL) were added 

dropwise, successively. The reaction mixture was allowed to warm up to room temperature and stirred for 6 h, before it was 

quenched with saturated aq. NH4Cl and diluted with H2O. The aqueous phase extracted three times by Et2O and the 

combined organic layers was washed successively with 1 M aq. HCl and brine, dried over MgSO4, filtered and concentrated 

in vacuo. Purification by column chromatography (hexane/ethyl acetate= 4:1 to 2:1) gave the pure product S-1 or S′-1.  

 

5-(2-Bromophenyl)-3-methylenepentan-1-ol (S-1) was isolated as a yellow oil (1.21 g, 48 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.56-7.50 (m, 1H), 7.25-7.20 (m, 2H), 7.10-7.02 (m, 

1H), 4.95 (d, J = 1.5 Hz, 1H), 4.89 (d, J = 1.6 Hz, 1H), 3.75 (t, J = 6.4 Hz, 2H), 2.90-2.83 (m, 

2H), 2.39-2.29 (m, 4H) ppm; 13C NMR (101 MHz, CDCl3) δ= 145.3, 141.1, 132.8, 130.3, 

127.7, 127.5, 124.4, 112.3, 60.4, 39.3, 35.9, 34.9 ppm. HRMS (ESI): calcd. For C12H16BrO 

[M+H]+: 255.0379, found: 255.0382. 

 

5-(2-Iodophenyl)-3-methylenepentan-1-ol (S′-1) was isolated as a yellow oil (1.51 g, 50% 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.81 (dd, J = 7.9, 1.3 Hz, 1H), 7.30-7.24 (m, 1H), 

7.22 (dd, J = 7.6, 1.9 Hz, 1H), 6.95-6.86 (m, 1H), 4.97 (d, J = 1.5 Hz, 1H), 4.90 (d, J = 1.6 

Hz, 1H), 3.77 (t, J = 6.3 Hz, 2H), 2.89-2.80 (m, 2H), 2.42-2.36 (m, 2H), 2.33-2.26 (m, 2H) 

ppm; 13C NMR (101 MHz, CDCl3) δ= 145.1, 144.3, 139.5, 129.4, 128.4, 127.9, 112.4, 100.4, 

60.4, 39.5, 39.3, 36.3 ppm. HRMS (ESI): calcd. For C12H16IO [M+H]+: 303.0240, found: 303.0238. 

 

Procedure for Synthesis of Alkenes 1a-d 
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To a stirred solution of S-1or S′-1 (5.0 mmol, 1 equiv) and Et3N (0.80 mL, 5.5 mmol, 1.1 equiv) in Et2O (10 mL) were 

added acyl chlorides (5.0 mmol, 1.0 equiv) at 0 °C. After stirring at this temperature for 1 h and then at room temperature 

for 8.5 h, the reaction mixture was quenched with water and the aqueous phase was extracted twice with EtOAc. The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and evaporated to dryness. The crude residue was 

purified by column chromatography (hexane/ethyl acetate= 20:1) on silica gel to give the products 1a-1d. 

 

5-(2-Bromophenyl)-3-methylenepentyl benzoate (1a) was isolated as a yellow oil (1.53 g, 85% 

yield). 1H NMR (400 MHz, CDCl3) δ= 8.06-8.04 (m, 1H), 8.04-8.01 (m, 1H), 7.57-7.51 (m, 

2H), 7.46-7.39 (m, 2H), 7.24-7.20 (m, 2H), 7.08-7.02 (m, 1H), 4.93 (m, 2H), 4.47 (t, J= 6.8 

Hz, 2H), 3.03-2.80 (m, 2H), 2.56 (t, J= 6.8 Hz, 2H), 2.46-2.25 (m, 2H) ppm;13C NMR (101 

MHz, CDCl3) δ= 166.6, 144.8, 141.1, 132.9, 132.8, 130.34, 130.30, 129.6(2C), 128.4(2C), 

127.7, 127.5, 124.4, 112.1, 63.3, 36.3, 35.2, 34.9 ppm. HRMS (EI): calcd. For C19H19BrO2
 [M]+: 358.0562, found: 358.0560. 

 

5-(2-Bromophenyl)-3-methylenepentyl acetate (1b) was isolated as a yellow oil (1.12 g, 80% 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.53 (dd, J = 7.7, 1.0 Hz, 1H), 7.26-7.19 (m, 2H), 

7.10-7.01 (m, 1H), 4.89 (d, J = 1.5 Hz, 1H), 4.85 (d, J = 1.6 Hz, 1H), 4.21 (t, J = 7.0 Hz, 

2H), 2.92-2.82 (m, 2H), 2.48-2.37 (m, 2H), 2.38-2.25 (m, 2H), 2.05 (s, 3H) ppm; 13C NMR 

(101 MHz, CDCl3) δ= 171.1, 144.7, 141.1, 132.8, 130.3, 127.7, 127.5, 124.4, 111.9, 62.9, 

36.3, 35.0, 34.8, 21.1 ppm. HRMS (ESI): calcd. For C14H18BrO2
 [M+H]+: 297.0485, found: 297.0489.  

 

5-(2-Iodophenyl)-3-methylenepentyl acetate (1b′) was isolated as a yellow oil (1.38g, 80% 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.81 (dd, J= 7.9, 1.3 Hz, 1H), 7.28-7.25 (m, 1H), 

7.21 (dd, J= 7.6, 1.9 Hz, 1H), 6.92-6.84 (m, 1H), 4.91 (d, J= 1.5 Hz, 1H), 4.85 (d, J= 1.5 Hz, 

1H), 4.23 (t, J= 7.0 Hz, 2H), 2.88-2.81 (m, 2H), 2.43 (m, 2H), 2.34-2.26 (m, 2H), 2.06 (s, 3H) 

ppm; 13C NMR (101 MHz, CDCl3) δ= 171.1, 144.6, 144.3, 139.5, 129.4, 128.4, 127.9, 111.9, 

100.4, 62.9, 39.5, 36.7, 35.1, 21.1 ppm. HRMS (ESI): calcd. For C14H18IO2 [M+H]+: 345.0346, found: 345.0343. 

 

5-(2-Bromophenyl)-3-methylenepentyl 4-methoxybenzoate(1c) was isolated 

as a colorless oil (1.67 g, 86% yield). 1H NMR (400 MHz, CDCl3) δ= 8.02-

7.96 (m, 2H), 7.55-7.49 (m, 1H), 7.24-7.20 (m, 2H), 7.08-7.01 (m, 1H), 

6.95-6.83 (m, 2H), 4.96-4.87 (m, 2H), 4.44 (t, J= 6.8 Hz, 2H), 3.84 (s, 3H), 

2.94-2.81 (m, 2H), 2.54 (t, J = 6.8 Hz, 2H), 2.46-2.32 (m, 2H) ppm; 13C 

NMR (101 MHz, CDCl3) δ= 166.3, 163.3, 144.9, 141.1, 132.8, 131.6 (2C), 

130.3, 127.7, 127.5, 124.4, 122.8, 113.6 (2C), 112.0, 63.1, 55.4, 36.3, 35.3, 34.9 ppm. HRMS (ESI): calcd. For C20H22BrO3 

[M+H]+: 389.0747, found: 389.0750. 

 

5-(2-Bromophenyl)-3-methylenepentyl 4-fluorobenzoate (1d) was isolated as a 

colorless oil (1.32 g, 70% yield). 1H NMR (400 MHz, CDCl3) δ=8.09-8.00 (m, 

2H), 7.52 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 4.3 Hz, 2H), 7.12-7.00 (m, 3H), 4.93 

(d, J = 1.6 Hz, 1H), 4.92 (d, J = 1.6 Hz, 1H),4.46 (t, J = 6.8 Hz, 2H), 2.96-2.80 

(m, 2H), 2.55 (t, J = 6.8 Hz, 2H), 2.39 (dd, J = 9.9, 6.5 Hz, 2H) ppm;13C NMR 

(101 MHz, CDCl3) δ= 165.7 (d, J = 253.7 Hz), 165.6, 144.7, 141.0, 132.8, 

132.1 (d, J = 9.3 Hz, 2C), 130.3, 127.7, 127.5, 126.6 (d, J = 3.0 Hz), 124.4, 115.5 (d, J = 22.0 Hz, 2C), 112.1, 63.4, 36.3, 

35.2, 34.9 ppm; 19F NMR (376 MHz, CDCl3) δ= −105.69-−105.91 (m, 1F) ppm. HRMS (EI): calcd. For C19H18BrFO2 [M]+: 

376.0468, found: 376.0462. 
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Procedure for Synthesis of 5-(2-Bromophenyl)-3-methylenepentyl furan-2-carboxylate (1e) 

 

 

 

To a solution of the homoallylic alcohol S1 (1.3g, 5.0 mmol, 1 equiv), 2-furoic acid (1.1 g, 10.0 mmol, 2 equiv) and DMAP 

(61 mg, 0.5 mmol, 10 mol/%) in CH2Cl2 (35 mL) was added a solution of DCC (2.0 g, 10.0 mmol, 2 equiv) in CH2Cl2 (15 

mL). After stirring at room temperature for 12 h, the reaction mixture was filtered through a pad of silica gel. The filtrate 

was concentrated, and the crude residue was purified by column chromatography (hexane/ethyl acetate= 10:1) on silica gel 

to give the title product 1e as a colorless oil (1.40 g, 80 % yield).1H NMR (400 MHz, CDCl3) δ= 7.61-7.56 (m, 1H), 7.53 (d, 

J = 8.0 Hz, 1H), 7.22 (d, J = 4.4 Hz, 2H), 7.17 (d, J = 3.5 Hz, 1H), 7.05 (m, 1H), 6.50 (dd, J = 3.5, 1.7 Hz, 1H),  4.92-4.89 

(m, 2H), 4.45 (t, J = 7.0 Hz, 2H), 2.96-2.82 (m, 2H), 2.54 (t, J = 7.0 Hz, 2H), 2.42-2.31 (m, 2H) ppm; 13C NMR (101MHz, 

CDCl3) δ= 158.7, 146.3, 144.7, 144.5, 141.0, 132.8, 130.3, 127.7, 127.5, 124.4, 117.9, 112.2, 111.8, 63.4, 36.4, 35.1, 34.8 

ppm. HRMS (ESI): calcd. For C17H18BrO3 [M+H]+: 349.0434, found: 349.0435. 

 

 

Procedure for Synthesis of 5-(2-Bromophenyl)-3-methylenepentyl 4-methylbenzenesulfonate (1f) 

 

 

 

To a stirred solution of the homoallylic alcohol S1 (1.3 g, 5.0 mmol, 1 equiv) and Et3N (0.56 g, 5.5 mmol, 1.1 equiv) in 

CH2Cl2 (10 mL) was added tosyl chloride (0.95 g, 5.0 mmol, 1 equiv) at 0 ℃ dropwise. The reaction mixture was allowed 

to warm to room temperature and then stirred overnight. The resulting suspension was passed through a pad of Celite and 

the filtrate was concentrated. The residue was purified by column chromatography (hexane/ethyl acetate= 20:1) on silica gel 

to give the product 1f as a colorless oil (1.94 g, 95% yield). 1H NMR (400 MHz, CDCl3) δ= 7.83-7.76 (m, 2H), 7.51 (dd, J 

= 8.0, 1.2 Hz, 1H), 7.33 (d, J = 8.0 Hz, 2H), 7.25-7.19 (m, 1H), 7.17 (d, J = 1.9 Hz, 1H), 7.05 (m, 1H), 4.87 (d, J = 1.5 Hz, 

1H), 4.78 (d, J = 1.4 Hz, 1H), 4.15 (t, J = 6.9 Hz, 2H), 2.81-2.73 (m, 2H), 2.49-2.38 (m, 2H), 2.43 (s, 3H), 2.27-2.17 (m, 2H) 

ppm; 13C NMR (101 MHz, CDCl3) δ= 144.8, 143.2, 140.8, 133.1, 132.8, 130.3, 129.9(2C), 127.9(2C), 127.8, 127.5, 124.3, 

112.8, 68.7, 36.1, 35.2, 34.7, 21.7 ppm. HRMS (ESI): calcd. For C19H22BrO3S [M+H]+: 409.0468, found: 409.0466. 

 

 

Procedure for Synthesis of Alkenes1g and 1g′ 
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To a stirred solution of the homoallylic alcohols S-1 or S′-1 (8.0 mmol, 1 equiv), Et3N (1.3 mL, 8.8 mmol, 1.1 equiv) and 

DMAP (50 mg, 0.4 mmol, 5 mol/%) in CH2Cl2 (25 mL), TBDPSCl (1.32 g, 8.8 mmol, 1.1 equiv) was added at room 

temperature. After stirring for 12 h, water was added (30 mL), and the aqueous layer was extracted twice with CH2Cl2. The 

combine organic layers were washed with brine, dried over anhydrous Na2SO4, filtered, and evaporated to dryness. The 

crude residue was purified by column chromatography (hexane/ethyl acetate= 20:1) on silica gel to give the product 1g or 

1g′. 

 

((5-(2-Bromophenyl)-3-methylenepentyl)oxy)(tert-butyl)diphenylsilane (1g) was 

isolated as a colorless oil (1.97g, 50 % yield).1H NMR (400 MHz, CDCl3) δ= 7.71-

7.64 (m, 4H), 7.50 (dd, J = 7.9, 1.2 Hz, 1H), 7.42-7.30 (m, 6H), 7.23-7.08 (m, 2H), 

7.07-6.98 (m, 1H), 4.81 (d, J = 1.7 Hz, 1H), 4.78 (d, J = 1.6 Hz, 1H), 3.87-3.70 (m, 

2H), 2.90-2.74 (m, 2H), 2.47-2.31 (m, 2H), 2.29-2.18 (m, 2H), 1.05 (s, 9H) ppm; 13C 

NMR (101MHz, CDCl3) δ= 145.9, 141.3, 135.6 (4C), 133.9 (2C), 132.8, 130.3, 129.6 (2C), 127.7(4C), 127.6, 127.4, 124.4, 

111.5, 63.0, 39.3, 36.5, 34.9, 26.9 (3C), 19.3 ppm. HRMS (ESI): calcd. For C28H34BrOSi [M+H]+: 493.1557, found: 

493.1555.  

 

 

((5-(2-Iodophenyl)-3-methylenepentyl)oxy)(tert-butyl)diphenylsilane (1g′) was isolated 

as a colorless oil (2.16 g, 50 % yield).1H NMR (400 MHz, CDCl3) δ= 7.79 (dd, J = 7.9, 

1.3 Hz, 1H), 7.73-7.64 (m, 4H), 7.44-7.32 (m, 6H), 7.26-7.21 (m, 1H), 7.13 (dd, J = 

7.6, 1.8 Hz, 1H), 6.86 (d, J = 1.7 Hz, 1H), 4.83 (d, J = 1.6 Hz, 1H), 4.79 (d, J = 1.6 Hz, 

1H), 3.80 (t, J = 7.0 Hz, 2H), 2.83-2.68 (m, 2H), 2.44-2.28 (m, 2H), 2.27-2.10 (m, 2H), 

1.05 (s, 9H) ppm; 13C NMR (101 MHz, CDCl3) δ= 145.8, 144.6, 139.4 (2C), 135.6(4C), 134.0, 129.6 (2C), 129.4, 128.3, 

127.71, 127.66 (4C), 111.5, 100.5, 63.0, 39.6, 39.3, 36.8, 26.9 (3C), 19.3 ppm. HRMS (ESI): calcd. For C28H34IOSi [M+H]+: 

541.1418, found: 541.1419. 

 

 

Procedure for Synthesis ofN-(5-(2-bromophenyl)-3-methylenepentyl)-4-methylbenzenesulfonamide (1h) 

 

 

 

To a stirred solution of tert-butyl tosylcarbamate (6.1 g, 22.5 mmol, 1.5 equiv), the homoallylic alcohol S-1 (3.81g, 15.0 

mmol, 1 equiv), and triphenylphosphine (11.8 g, 45 mmol, 3 equiv) in THF (75 mL),DIAD (7.6 g, 37.5 mmol, 2.5 equiv) 

was added at 0 °C. After stirring at room temperature overnight, the mixture was quenched with water and the aqueous 

phase was extracted with ethyl acetate. The combined organic layerswere washed with brine, dried over anhydrous sodium 

sulfate, filtered and concentrated. The residue wasdissolved in DCM and then trifluoroacetic acid (8.55 g, 75 mmol, 5 equiv) 

was added in one portion at room temperature.After stirring at room temperature for 2 h,the mixture was concentrated in 

vacuo. The residue was purified by column chromatography (hexane/ethyl acetate= 5:1) on silica gel to give the alkene 1h 

as a yellow oil (4.9 g, 80 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.78-7.72 (m, 2H), 7.50 (dd, J = 8.0, 1.3 Hz, 1H), 7.32-

7.28 (m, 2H), 7.24-7.19 (m, 1H), 7.17-7.11 (m, 1H), 7.09-7.01 (m, 1H), 4.88 (d, J = 1.5 Hz, 1H), 4.75 (d, J = 1.5 Hz, 1H), 
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4.50 (m, 1H), 3.09 (q, J = 6.5 Hz, 2H), 2.81-2.68 (m, 2H), 2.40 (s, 3H), 2.23 (t, J = 6.7 Hz, 2H), 2.20-2.08 (m, 2H) ppm; 13C 

NMR (101 MHz, CDCl3) δ= 144.6, 143.5, 140.7, 136.8, 132.8, 130.2, 129.7 (2C), 127.8, 127.5, 127.1 (2C), 124.3, 112.8, 

40.7, 35.7, 35.4, 34.7, 21.5 ppm. HRMS (ESI): calcd. For C19H23BrNO2S [M+H]+: 408.0627, found: 408.0629. 

 

(2) Preparation of alkenes 1i-1s, 1ad and 1aj 

 

 

Step 1: A solution of alkyl bromides (15 mmol, 1 equiv) in dry tetrahydrofuran (30 mL) was added dropwise to a mixture of 

magnesium turnings (0.72 g, 30 mmol, 1 equiv), dry tetrahydrofuran (10 mL) and a crystal of iodine under nitrogen, The 

mixture was stirred at room temperature for about 2 h, which was then added dropwise at 0 °C into the solution of the 

Weinreb-amide S-24 (7.5 mmol, 1 equiv) in dry tetrahydrofuran (15 mL). After stirring at room temperature for 10 h, the 

mixture was quenched with water and the aqueous phase was extracted with ethyl acetate. The combined organic layers 

were washed with brine, dried over anhydrous sodium sulfate, filtered and concentrated to give the crude ketones S-3. 

Step 2: To a dry tetrahydrofuran (15 mL) solution of methyltriphenylphosphonium bromide (3.35 g, 9.4 mmol, 1.25 equiv)a 

was added n-butyllithium (2.5M in hexane, 3.4 mL, 8.3 mmol, 1.1 equiv) at 0℃. After the mixture was stirred at room 

temperature for 30 min, a tetrahydrofuransolution of the crude ketonesS-3 (7.5 mmol, 1equiv) was added dropwise at 0℃. 

After stirring at room temperature for 14 h, the mixture was quenched with water, and the aqueous layer was extracted with 

ethyl acetate. The combined organic phases were washed with brine, dried over MgSO4, filtered and concentrated in vacuo. 

The residue was purified by column chromatography (hexane/ethyl acetate=50:1) on silica gel to give the alkenes 1i-s sand 

1ac. 

aIn the case of 1ac d3-methyltriphenylphosphonium bromide was used instead.  

 

1-Bromo-2-(3-methylenenonyl)benzene (1i) was isolated as a colorless oil (1.78 g, 80 % yield). 

1H NMR (400 MHz, CDCl3) δ=  7.52 (d, J = 8.0 Hz, 1H), 7.23-7.17 (m, 2H), 7.08-6.99 (m, 1H), 

4.77 (s, 2H), 2.90-2.77 (m, 2H), 2.32-2.23 (m, 2H), 2.08 (t, J = 7.7 Hz, 2H), 1.49-1.41 (m, 2H), 

1.35-1.26 (m, 6H), 0.91-0.86 (m, 3H) ppm; 13C NMR (101MHz, CDCl3) δ= 149.3, 141.6, 132.8, 

130.3, 127.5, 127.4, 124.4, 109.3, 36.3, 36.2, 35.0, 31.8, 29.1, 27.8, 22.7, 14.2 ppm. HRMS (EI): 

calcd. For C16H23Br [M]+: 294.0977, found: 294.0978. 

 

 

5-(5-(2-Bromophenyl)-3-methylenepentyl)-2,3-dihydrobenzofuran (1j) was isolated 

as a white solid (2.01 g,75% yield). 1H NMR (400 MHz, CDCl3) δ= 7.53 (dd, J = 

7.8, 1.1 Hz, 1H), 7.24-7.17 (m, 2H), 7.10-7.02 (m, 2H), 6.93 (dd, J = 8.1, 1.8 Hz, 

1H),6.70 (d, J = 8.1 Hz, 1H), 4.82 (s, 2H), 4.54 (t, J = 8.6 Hz, 2H), 3.18 (t, J = 8.6 

Hz, 2H), 3.02-2.80 (m, 2H), 2.75-2.63 (m, 2H), 2.47-2.21 (m, 4H) ppm; 13C NMR 

(101 MHz, CDCl3) δ= 158.3, 148.6, 141.4, 134.2, 132.8, 130.4, 127.7, 127.6, 127.5, 126.9, 124.9, 124.4, 109.9, 108.9, 71.2, 

38.7, 36.5, 35.1, 33.9, 29.9 ppm. HRMS (ESI): calcd. For C20H22BrO [M+H]+: 357.0849, found: 357.0846. 
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1-Bromo-2-(3-cyclopentylbut-3-en-1-yl)benzene (1k) was isolated as a colorless oil (1.36 g, 65 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.52 (d, J= 7.8 Hz, 1H), 7.24-7.21 (m, 2H), 7.11-6.94 (m, 

1H), 4.83 (m, 1H), 4.78 (m, 1H), 2.99-2.80 (m, 2H), 2.57-2.41 (m, 1H), 2.38-2.28 (m, 2H), 1.89-

1.80 (m, 2H), 1.74-1.63 (m, 2H), 1.63-1.52 (m, 2H), 1.47-1.33 (m, 2H) ppm; 13C NMR (101 

MHz, CDCl3) δ= 152.5, 141.7, 132.8, 130.3, 127.5, 127.4, 124.4, 107.2, 46.3, 35.6, 35.4, 31.6 

(2C), 25.0 (2C) ppm. HRMS (EI): calcd. For C15H19Br [M]+: 278.0665, found: 278.0664. 

 

1-Bromo-2-(3-cyclohexylbut-3-en-1-yl)benzene (1l) was isolated as a colorless oil (1.23 g, 56 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.52 (d, J = 7.9 Hz, 1H), 7.22 (d, J = 4.4 Hz, 2H), 7.08-

7.00 (m, 1H), 4.79 (s, 1H), 4.77 (s, 1H), 2.89-2.80 (m, 2H), 2.33-2.27 (m, 2H), 1.95-1.86 (m, 1H), 

1.83-1.74 (m, 4H), 1.72-1.63 (m, 1H), 1.30-1.13 (m, 5H) ppm; 13C NMR (101 MHz, CDCl3) δ= 

154.6, 141.7, 132.8, 130.3, 127.5, 127.4, 124.4, 107.3, 44.4, 35.4, 35.0, 32.5 (2C), 26.7 (2C), 

26.4 ppm. HRMS (EI): calcd. For C16H21Br [M]+: 292.0821, found: 292.0823. 

 

1-Bromo-2-(3-phenylbut-3-en-1-yl)benzene (1m) was isolated as a colorless oil (1.51 g, 70 % yield). 

1H NMR (400 MHz, CDCl3) δ= 7.53 (dd, J = 7.9, 1.3 Hz, 1H), 7.50-7.44 (m, 2H), 7.39-7.33 (m, 

2H), 7.32-7.26 (m, 1H), 7.25-7.18 (m, 1H), 7.19-7.14 (m, 1H), 7.08-7.00 (m, 1H), 5.32 (d, J= 1.3 

Hz, 1H), 5.09 (d, J= 1.3 Hz, 1H), 2.92-2.84 (m, 2H), 2.84-2.75 (m, 2H) ppm; 13C NMR (101 MHz, 

CDCl3) δ= 147.6, 141.2, 140.9, 132.8, 130.5, 128.4 (2C), 127.7, 127.5, 127.4, 126.2 (2C), 124.4, 

112.9, 35.5, 35.4 ppm. HRMS (EI): calcd. For C16H15Br [M]+: 286.0351, found: 286.0351. 

 

2-(4-(2-Bromophenyl)but-1-en-2-yl)naphthalene (1n)was isolated as a white solid (1.77 g, 

70 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.91 (d, J = 1.7 Hz, 1H), 7.84-7.75 (m, 3H), 

7.65-7.58 (m, 1H), 7.56-7.50 (m, 1H), 7.50-7.38 (m, 2H), 7.22-7.12 (m, 2H), 7.07-6.97 (m, 

1H), 5.47 (d, J = 1.2 Hz, 1H), 5.19 (d, J = 1.2 Hz, 1H), 2.96-2.86 (m, 4H) ppm; 13C NMR 

(101 MHz, CDCl3) δ= 147.3, 141.2, 138.0, 133.5, 132.92, 132.88, 130.7, 128.3, 128.0, 127.8, 

127.6, 127.5, 126.2, 125.9, 124.9, 124.7, 124.4, 113.5, 35.6 (2C) ppm. HRMS (EI): calcd. For 

C20H17Br [M]+: 336.0508, found: 336.0504. 

 

1-Bromo-2-(3-(2-methoxyphenyl)but-3-en-1-yl)benzene (1o) was isolated as a colorless oil (2.02 

g, 85 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.49 (dd, J = 7.9, 1.2 Hz, 1H), 7.29-7.22 (m, 

1H), 7.21-7.13 (m, 3H), 7.05-6.99 (m, 1H), 6.97-6.90 (m, 1H), 6.87 (dd, J = 8.3, 1.0 Hz, 1H), 

5.18 (d, J = 1.6 Hz, 1H), 5.07 (d, J = 1.9 Hz, 1H), 3.82 (s, 3H), 2.79 (s, 4H) ppm; 13C NMR 

(101 MHz, CDCl3) δ= 156.6, 148.3, 141.5, 132.7, 131.7, 130.4, 130.3, 128.6, 127.5, 127.3, 

124.5, 120.6, 114.7, 110.6, 55.4, 36.3, 35.3 ppm. HRMS (ESI): calcd. For C17H18BrO [M+H]+: 

317.0536, found: 317.0535. 

 

1-Bromo-2-(3-(4-(tert-butyl)phenyl)but-3-en-1-yl)benzene (1p) was isolated as a 

colorless oil (1.6 g, 80 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.53 (dd, J = 7.9, 1.2 

Hz, 1H), 7.46-7.39 (m, 2H), 7.40-7.33 (m, 2H), 7.24-7.14 (m, 2H), 7.09-7.00 (m, 1H), 

5.33 (d, J = 1.3 Hz, 1H), 5.05 (d, J = 1.5 Hz, 1H), 3.00-2.85 (m, 2H), 2.84-2.72 (m, 2H), 

1.33 (s, 9H) ppm; 13C NMR (101 MHz, CDCl3) δ= 150.5, 147.2, 141.3, 137.8, 132.8, 

130.6, 127.7, 127.4, 125.8 (2C), 125.3 (2C), 124.4, 112.2, 35.6, 35.4, 34.6, 31.4 (3C) ppm. HRMS (EI): calcd. For C20H23Br 

[M]+: 342.0977, found: 342.0976. 
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1-Bromo-2-(3-(4-methoxyphenyl)but-3-en-1-yl)benzene (1q) was isolated as a white 

solid (2.02 g, 85 % yield). 1H NMR (400 MHz, CDCl3) δ=7.52 (d, J = 1.2 Hz, 1H), 7.46-

7.36 (m, 2H), 7.17 (d, J = 1.9 Hz, 2H), 7.08-7.01 (m, 1H), 6.93-6.83 (m, 2H), 5.25 (d, J 

= 1.3 Hz, 1H), 5.00 (d, J = 1.6 Hz, 1H), 3.83 (s, 3H), 2.92-2.85 (m, 2H), 2.82-2.71 (m, 

2H) ppm;13C NMR (101 MHz, CDCl3) δ= 153.8, 141.5, 135.9, 127.9, 127.5, 125.3, 

122.4, 122.1, 122.0 (2C), 119.1, 108.4 (2C), 106.0, 50.0, 30.3, 30.2 ppm. HRMS (ESI): calcd. For C17H18BrO [M+H]+: 

317.0536, found: 317.0539. 

 

 

1-Bromo-2-(3-(3-fluorophenyl)but-3-en-1-yl)benzene (1r) was isolated as a colorless oil 

(1.83 g, 80 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.52 (dd, J = 7.9, 1.3 Hz, 1H), 7.32-

7.26 (m, 1H), 7.25-7.18 (m, 2H), 7.18-7.12 (m, 2H), 7.08-7.02 (m, 1H), 7.01-6.94 (m, 1H), 

5.34 (d, J = 1.1 Hz, 1H), 5.12 (d, J = 1.3 Hz, 1H), 2.91-2.84 (m, 2H), 2.81-2.72 (m, 2H) 

ppm; 13C NMR (101 MHz, CDCl3) δ= 163.0 (d, J = 245.0 Hz), 146.5 (d, J = 2.2 Hz), 143.2 

(d, J = 7.4 Hz), 140.9, 132.9, 130.6, 129.8 (d, J = 8.4 Hz), 127.8 , 127.5, 124.4, 121.8 (d, J = 2.8 Hz), 114.3 (d, J = 21.2 Hz), 

114.0, 113.2 (d, J = 21.7 Hz), 35.4 (2C) ppm; 19 F NMR (376 MHz, CDCl3) δ= −113.51 - −113.52 (m, 1F) ppm. HRMS (EI): 

calcd. For C16H14BrF [M]+: 304.0257, found: 304.0262. 

 

 

1-Bromo-2-(3-(4-fluorophenyl)but-3-en-1-yl)benzene (1s) was isolated as a colorless oil 

(1.83 g, 80 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.52 (dd, J = 8.0, 1.3 Hz, 1H), 7.45-

7.39 (m, 2H), 7.24-7.18 (m, 1H), 7.14 (dd, J = 7.6, 1.9 Hz, 1H), 7.07-6.98 (m, 3H), 5.26 (d, 

J = 1.1 Hz, 1H),  5.07 (d, J = 1.3 Hz, 1H), 2.89-2.83 (m, 2H), 2.80-2.73 (m, 2H) ppm;13C 

NMR (101 MHz, CDCl3) δ= 162.4(d, J = 246.3 Hz), 146.6, 141.0 , 136.9 (d, J = 3.4 Hz), 

132.9, 130.5, 127.8 , 127.7 (d, J = 7.6 Hz,2C), 127.4, 124.4, 115.2 (d, J = 21.3 Hz, 2C), 112.9 (d, J = 1.4 Hz), 35.6, 35.4 

ppm.19F NMR (376 MHz, CDCl3) δ= −115.04 - −115.22 (m, 1F) ppm. HRMS (EI): calcd. For C16H14BrF [M]+: 304.0257, 

found: 304.0258. 

 

1- Bromo-2-(9-chloro-3-(methylene-d2)nonyl)benzene (1ad) was isolated as a colorless oil 

(1.98 g, 80 % yield, 93% D%); 1H NMR (400 MHz, CDCl3) δ= 7.55-7.50 (m, 1H), 7.24-7.20 

(m, 2H), 7.08-7.01 (m, 1H),  2.89-2.79 (m, 2H), 2.35-2.23 (m, 2H), 2.13-2.01 (m, 2H), 1.51-

1.41 (m, 2H), 1.36-1.22 (m, 6H), 0.94-0.84 (m, 3H). ppm; 13C NMR (101 MHz, CDCl3) δ= 

149.1, 141.6, 132.8, 130.3, 127.5, 127.4, 124.4, 108.7 (quintet, J= 23.2 Hz), 36.2, 36.1, 35.0, 

31.8, 29.1, 27.8, 22.7, 14.1 ppm. HRMS (EI): calcd. For C16H21D2Br [M]+: 296.1102, found: 296.1101. 

 

 

2-(4-(2-Bromophenyl)but-1-en-2-yl)thiophene (1aj) was isolated as a yellow oil (2.0 g, 92% 

yield). 1H NMR (400 MHz, CDCl3) δ=7.54 (d, J = 8.0 Hz, 1H), 7.26-16 (m, 3H), 7.13 (d, J = 3.6 

Hz, 1H), 7.10-03 (m, 1H), 7.02-97 (m, 1H), 5.42 (s, 1H), 4.97 (s, 1H), 3.05-92 (m, 2H), 2.82-59 

(m, 2H) ppm; 13C NMR (101 MHz, CDCl3) δ=145.0, 140.9, 140.8, 132.8, 130.6, 127.8, 127.5, 

127.4, 124.4, 124.3, 123.5, 111.5, 35.74, 35.66 ppm. HRMS (ESI): calcd. For C14H14BrS+ 

[M+H]+: 292.9994, found: 292.9989. 

 

1-Bromo-2-(2-methyleneheptyl)benzene (1ak) was isolated as a yellow oil (1.44 g, 70% yield).1H 

NMR (400 MHz, CDCl3) δ= 7.54 (dd, J = 7.9, 1.1 Hz, 1H), 7.27-7.20 (m, 2H), 7.11-7.03 (m, 1H), 
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4.85 (s, 1H), 4.53 (s, 1H), 3.45 (s, 2H), 2.04 (t, J = 7.7 Hz, 2H), 1.57-1.41 (m, 2H), 1.36-1.21 (m, 4H), 0.89 (t, J = 6.9 Hz, 

3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 147.7, 139.3, 132.8, 131.1 127.8, 127.3, 125.2, 111.3, 42.4, 36.2 31.6, 27.5, 22.6, 

14.1 ppm. HRMS (EI): calcd. For C14H19Br [M]+: 266.0664, found: 266.0665. 

(3) Preparation of alkene 1af 

 

 

To a dry tetrahydrofuran (15 mL) solution of ethyltriphenylphosphonium bromide (3.48 g, 9.4 mmol, 1.25 equiv) was added 

n-butyllithium (2.5M in hexane, 3.4 mL, 8.3 mmol, 1.1 equiv) at 0℃. After the mixture was stirred at room temperature for 

30 min, a tetrahydrofuransolution of 3-(2-bromophenyl)propanal S-45 (1.58 g, 7.5 mmol, 1 equiv) was added dropwise at 

0℃. After stirring at room temperature for 14 h, the mixture was quenched with water, and the aqueous layer was extracted 

with ethyl acetate. The combined organic phases were washed with brine, dried over MgSO4, filtered and concentrated in 

vacuo. The residue was purified by column chromatography (hexane/ethyl acetate=50:1) on silica gel to give 1-bromo-2-

(pent-3-en-1-yl)benzene (1af) as a colorless oil (1.43 g, 85 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.54-7.50 (m, 1H), 

7.24-7.18 (m, 2H), 7.08-7.01 (m, 1H), 5.54 -5.35 (m, 2H), 2.83-2.71 (m, 2H), 2.40-2.33 (m, 1.56H) [2.32-2.23 (m, 0.57H)], 

1.68-1.64 (m,0.83H) [1.59-1.53 (m,2.5H)] ppm; Inside the brackets are the chemical shifts of the minor isomer; 13C NMR 

(101 MHz, CDCl3) δ (mixture of two isomers)= 141.4, 141.3, 132.74, 132.73, 130.5, 130.4, 130.2, 129.1, 127.53, 127.47, 

127.3, 125.7, 125.0, 124.5, 36.3, 36.1, 32.8, 27.2, 17.9, 12.7 ppm. HRMS (EI): calcd. For C11H13Br [M]+: 224.0196, found: 

224.0195. 

(4) Preparation of alkene 1t-1w 

 

Step 16: In a round bottle were placed Pd(OAc)2 (157 mg, 0.7 mmol, 10 mol/%), LiCl (0.9 g, 21 mmol, 3 equiv) and dried 

DMF (20 mL). The solution was stirred to afford a yellow suspension, before the successive addition of 

diisopropylethylamine (1.9 mL, 11.2 mmol, 1.6 equiv), the allylic alcohol S-5 (1.13g, 7 mmol, 1 equiv) and 2-bromo-

iodobenzenes S-6 (7.0 mmol, 1 equiv). The reaction mixture was heatedat 80 °C for 18 h, before it was poured into H2O. 

The aqueous phase was extracted with EAOtc andthe combined organic extracts were washed successively with aq. HCl 

(1M), H2O and brine, dried over MgSO4, filtered and evaporated. The residue was passed through a pad of silica gel to give 

the crude products S-7. 

Step 2: To the THF (20 mL) solution of methyltriphenylphosphonium bromide (3.13 g, 8.75 mmol, 1.25 equiv) was added 

n-butyllithium (2.5M in hexanes, 3 mL, 1.1 equiv) at 0 ℃. After the mixture was stirred for 30 min, a THF (10 mL) solution 

of the crude ketones S-7 was added at this temperature. After warming up toroom temperature and stirring for 14 h, the 

mixture was quenched with water. The aqueous layer was extracted with ethyl acetate and the combined organic layers were 
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washed with brine, dried over MgSO4, filtered, and concentrated in vacuo. The residue was purified by column 

chromatography (hexane/ethyl acetate=50:1) on silica gel to give the alkenes1t-1w. 

 

 

1-Bromo-2-(3-methylene-5-phenylpentyl)-4-(trifluoromethyl)benzene (1t) was isolated 

as a colorless oil (1.88 g, 70% yield); 1H NMR (400 MHz, CDCl3) δ= 7.64 (d, J = 8.3 

Hz, 1H), 7.46-7.42 (m, 1H), 7.34-7.25 (m, 3H), 7.23-7.16 (m, 3H), 4.85 (s, 1H), 4.83 (s, 

1H), 2.96-2.88 (m, 2H), 2.83-2.74 (m, 2H), 2.44-2.30 (m, 4H) ppm; 13C NMR (101 

MHz, CDCl3) δ= 147.8, 142.4, 142.1, 133.4, 130.0 (q, J = 32.7 Hz), 128.5 (2C), 128.4 

(2C), 128.3 (d, J = 1.7 Hz), 127.0 (d, J = 3.7 Hz), 126.0, 124.4 (q, J = 3.8 Hz), 124.0 (q, J = 273.2 Hz), 110.5, 38.0, 36.2, 

35.0,34.5 ppm; 19F NMR (376 MHz, CDCl3) δ= −62.58 (s, 3F) ppm. HRMS (EI): calcd. For C19H18BrF3 [M]+: 

382.0539, found: 382.0537. 

 

 

1-Bromo-4-fluoro-2-(3-methylene-5-phenylpentyl)benzene (1u) was isolated as a colorless 

oil (1.64 g, 70 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.51-7.41 (m, 1H), 7.32-7.25 (m, 

2H), 7.25-7.16 (m, 3H), 6.92 (dd, J = 9.4, 3.0 Hz, 1H), 6.84-6.67 (m, 1H), 4.88-4.76 (m, 

2H), 2.91-2.68 (m, 4H), 2.41-2.26 (m, 4H) ppm; 13C NMR (101 MHz, CDCl3) δ= 162.0 

(d, J = 246.3 Hz), 148.0, 143.5 (d, J = 7.3 Hz), 142.1, 133.9 (d, J = 8.1 Hz), 128.4 (4C), 

125.9, 118.5 (d, J = 3.0 Hz), 117.1 (d, J = 22.4 Hz), 114.8 (d, J = 22.4 Hz), 110.4, 38.1, 36.1, 35.1, 34.5 ppm; 19F NMR (376 

MHz, CDCl3) δ= −115.13-−115.23 (m,1F) ppm. HRMS (EI): calcd. For C18H18BrF [M]+: 332.0570, found: 332.0572. 

 

2-Bromo-4-fluoro-1-(3-methylene-5-phenylpentyl)benzene(1v) was isolated as a colorless 

oil (1.63 g, 70 % yield). 1H NMR (400 MHz, CDCl3) δ= 7.32-7.25 (m, 3H), 7.22-7.11 (m, 

4H), 6.98-6.90 (m, 1H), 4.83 (d, J = 1.5 Hz, 1H), 4.81 (d, J = 1.6 Hz, 1H), 2.88-2.70 (m, 

4H), 2.41-2.28 (m, 4H) ppm; 13C NMR (101 MHz, CDCl3) δ= 160.8 (d, J = 248.3 Hz), 

148.1, 142.1, 137.2 (d, J = 3.6 Hz), 130.9 (d, J = 8.2 Hz), 128.41 (2C), 128.40 (2C), 125.9, 

124.1 (d, J = 9.3 Hz), 119.9 (d, J = 24.1 Hz), 114.5 (d, J = 20.6 Hz), 110.2, 38.1, 36.5, 34.5, 34.2 ppm; 19F NMR (376 MHz, 

CDCl3) δ= −115.20 - −115.29 (m,1F) ppm. HRMS (EI): calcd. For C18H18BrF [M]+: 332.0570, found: 332.0570. 

 

1-Bromo-4-methoxy-2-(3-methylene-5-phenylpentyl)benzene (1w) was isolated as a 

yellow oil (0.89 g, 70 % yield); 1H NMR (400 MHz, CDCl3) δ= 7.41 (d, J = 8.7 Hz, 

1H), 7.31-7.25 (m, 2H), 7.23-7.17 (m, 3H), 6.77 (d, J = 3.1 Hz, 1H), 6.63 (dd, J = 8.8, 

3.1 Hz, 1H), 4.84-4.83 (m, 2H), 3.77 (s, 3H), 2.86-2.70 (m, 4H), 2.50-2.15 (m, 4H) 

ppm; 13C NMR (101 MHz, CDCl3) δ= 159.0, 148.4, 142.4, 142.2, 133.3, 128.39 (2C), 

128.35 (2C), 125.8, 116.0, 114.9, 113.2, 110.0, 55.5, 38.1, 36.4, 35.3, 34.5 ppm. HRMS (ESI): calcd. For C19H22BrO 

[M+H]+: 345.0849, found: 345.0848. 
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(5) Preparation of alkenes 1x-z, 1ah and 1ai 

 

 

To a suspension of K2CO3 (1.38 g, 10 mmol, 2 equiv) in DMF (20 mL) was added the solution of the 2-bromophenol (5 

mmol, 1 equiv), 2-(bromomethyl)non-1-ene S-87 or (2-(bromomethyl)allyl)benzene S-98 (5.5 mmol, 1.1 equiv) and TBAI 

(10 mg, 0.055 mmol, 1.1 mol/%) in DMF (1mL) at 0 ℃. The mixture was warmed to room temperature and stirred 

overnight, before it was quenched with water. The aqueous layer was extracted three times by EtOAc and the combined 

organic phases were washed with brine, dried over MgSO4, filtered and concentrated in vacuo. The residue was purified by 

column chromatography (hexane/ethyl acetate=50:1) on silica gel to give the products 1x-z, 1ah or 1ai. 

 

1-Bromo-2-((2-methylenenonyl)oxy)benzene (1x) was isolated as a colorless oil (1.34 g, 86 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.57-7.49 (m, 1H), 7.27-7.16 (m, 1H), 6.92-6.86 (m, 1H), 

6.86-6.75 (m, 1H), 5.19 (d, J = 1.8 Hz, 1H), 5.01 (d, J = 1.5 Hz, 1H), 4.52 (s, 2H), 2.16 (t, J = 

7.8 Hz, 2H), 1.58-1.46 (m, 2H), 1.38-1.17 (m, 8H), 0.88 (t, J = 7.2 Hz,3H) ppm; 13C NMR (101 

MHz, CDCl3) δ= 155.1, 144.4, 133.3, 128.3, 121.8, 113.4, 112.3, 111.9, 71.6, 33.1, 31.8, 29.4, 

29.2, 27.6, 22.7, 14.1 ppm. HRMS (ESI): calcd. For C16H24BrO [M+H]+: 311.1005, found: 311.1009. 

 

1-((2-Benzylallyl)oxy)-2-bromobenzene (1y) was isolated as a colorless oil (1.44 g, 95 % yield). 

1H NMR (400 MHz, CDCl3) δ= 7.53 (dd, J = 7.9, 1.6 Hz, 1H), 7.34-7.12 (m, 6H), 6.86-6.72 (m, 

2H), 5.28 (d, J = 1.7 Hz, 1H), 5.07 (d, J = 1.3 Hz, 1H), 4.44 (d, J = 1.4 Hz, 2H), 3.52 (s, 2H) ppm; 

13C NMR (101 MHz, CDCl3) δ= 154.9, 143.6, 138.7, 133.4, 129.1 (2C), 128.5 (2C), 128.3, 126.4, 

121.9, 114.2, 113.4, 112.3, 70.7, 40.0 ppm. HRMS (ESI): calcd. For C16H16BrO [M+H]+: 

303.0379, found: 303.0374. 

 

2-((2-Benzylallyl)oxy)-1-bromo-3-fluorobenzene (1z) was isolated as a colorless oil (1.20 g, 75 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.33-7.27 (m, 3H), 7.27-7.18 (m, 3H), 7.06-6.97 (m, 1H), 

6.93-6.83 (m, 1H), 5.30-5.18 (m, 1H), 5.05-4.91 (m, 1H), 4.51 (s, 2H), 3.60 (s, 2H) ppm; 13C 

NMR (101 MHz, CDCl3) δ= 155.9 (d, J = 250.2 Hz), 144.2, 144.1, 138.9, 129.2 (2C), 128.5 (d, J 
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= 3.3 Hz), 128.4 (2C), 126.3, 124.4 (d, J = 8.2 Hz), 117.7 (d, J = 3.1 Hz), 116.2 (d, J = 19.9 Hz), 115.8, 75.9 (d, J = 5.5 Hz), 

39.8 ppm; 19F NMR (376 MHz, CDCl3) δ= –125.62 - –125.72 (m, 1F) ppm. HRMS (ESI): calcd. For C16H15BrFO [M+H]+: 

321.0285, found: 321.0288. 

 

1-((2-Benzylallyl)oxy)-2-bromo-3-fluorobenzene (1ah) was isolated as a colorless oil (1.28 g, 80 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.32-7.26 (m, 2H), 7.26-7.20 (m, 3H), 7.18-7.09 (m, 1H), 

6.77-6.70 (m, 1H), 6.57- 6.54 (m, 1H), 5.33-5.23 (m, 1H), 5.19-5.04 (m, 1H), 4.45 (s, 2H), 3.52 

(s, 2H) ppm; 13C NMR (101 MHz, CDCl3) δ= 160.2 (d, J = 245.9 Hz), 156.5 (d, J = 4.0 Hz), 

143.3, 138.5, 129.0(2C), 128.5(2C), 128.3 (d, J = 9.8 Hz), 126.4, 114.4, 108.8 (d, J = 22.7 Hz), 

108.5 (d, J = 3.0 Hz), 99.7 , 71.1 , 39.9 ppm; 19F NMR (376 MHz, CDCl3) δ= – 105.24 - –105.34 

(m, 1F) ppm. HRMS (ESI): calcd. For C16H15BrFO [M+H]+: 321.0285, found: 321.0280. 

 

2-((2-Benzylallyl)oxy)-1-bromonaphthalene (1ai) was isolated as white solid (1.11g, 63 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 8.23 (dd, J = 8.6, 1.1 Hz, 1H), 7.78-7.65 (m, 2H), 

7.59-7.50 (m, 1H), 7.41-7.35 (m, 1H), 7.33-7.16 (m, 5H), 7.10 (d, J = 9.0 Hz, 1H), 5.32 (d, J 

= 1.7 Hz, 1H), 5.09 (q, J = 1.2 Hz, 1H), 4.59 (s, 2H), 3.57 (s, 2H) ppm; 13C NMR (101 MHz, 

CDCl3) δ= 152.8, 143.8, 138.7, 133.2, 129.9, 129.1 (2C), 128.7, 128.5 (2C), 128.0, 127.7, 

126.4, 126.2, 124.4, 115.0, 114.5, 109.4, 71.5, 40.0 ppm. HRMS (ESI): calcd. For 

C20H18BrO [M+H]+: 353.0536, found: 353.0535. 

(6) Preparation of alkene 1ag 

 

 

Step 1: (E)-2-butyloct-2-en-1-ol S-109 (0.92 g, 5 mmol, 1 equiv) was dissolved in DCM (10 mL), and the solution was 

cooled to 0 oC. PBr3 (1.49 g, 5.5 mmol, 1.1 equiv) was then dropwise added into it. After stirring at room temperature for 30 

min, the mixture was quenched with water. The aqueous layer was extracted with ethyl acetate, and the combined organic 

phases were washed with brine, dried over MgSO4, filtered and concentrated in vacuo to give the crude (E)-5-

(bromomethyl)undec-5-ene S-11.  

Step 2: To a suspension of K2CO3 (1.38 g, 10 mmol, 2 equiv) in DMF (20 mL) was added the solution of 2-bromophenol 

(0.86 g, 5 mmol, 1 equiv), the crude allylic bromide S-11 (5 mmol, 1 equiv) and TBAI (10 mg, 0.055 mmol, 1.1 mol/%) in 

DMF (1mL) at 0 ℃. The mixture was warmed to room temperature and stirred overnight, before it was quenched with water. 

The aqueous layer was extracted three times by EtOAc and the combined organic phases were washed with brine, dried 

over MgSO4, filtered and concentrated in vacuo. The residue was purified by column chromatography (hexane/ethyl 

acetate=50:1) on silica gel to give (E)-1-Bromo-2-((2-butyloct-2-en-1-yl)oxy)benzene (1ag) as a colorless oil (1.22 g, 72 % 

yield). 1H NMR (400 MHz, CDCl3) δ= 7.31-7.24 (m, 1H), 6.97-6.88 (m, 3H), 5.53 (t, J = 7.2 Hz, 1H), 4.41 (q, J = 1.0 Hz, 

2H), 2.16 (t, J = 8.0 Hz, 2H), 2.07 (q, J = 7.3 Hz, 2H), 1.46-1.25 (m, 10H), 0.95-0.84 (m, 6H) ppm; 13C NMR (101 MHz, 

CDCl3) δ= 159.1, 135.1, 129.8, 129.3(2C), 120.5, 114.9(2C), 72.3, 31.6, 30.6, 29.3, 27.9, 27.6, 22.9, 22.6, 14.1, 14.0 ppm. 
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HRMS (ESI): calcd. For C18H28BrO [M+H]+: 339.1318, found: 339.1316. 

(7) Preparation of alkene 1aa 

 

Step 1: The solution of 4-bromo-3-hydroxybenzoic acid (1.09 g, 5 mmol, 1 equiv) in a mixture of DCM (11 mL) and 

DMF(7mL) was cooled at 0 ℃, to which oxaly chloride(0.95 g, 7.5 mmol, 1.5 equiv) was added dropwise. The resultant 

mixture was warmed to room temperature and stirred at this temperature for 1.5 h, before it was diluted with water. The 

aqeous layer was extracted three times by EtOAc and the combined organic layers were washed successively with 1 M HCl 

and brine, dried over MgSO4, filtered and concentrated in vacuo, to give the crude product S-12, which was used in the next 

step without purification. 

Step 2: To a suspension of K2CO3 (1.4 g,10 mmol, 2 equiv) in DMF (20 mL) was added the solution of crude S-12, the 

bromide S-9 (1.2 g, 5.5 mmol, 1.1 equiv) and TBAI (10 mg, 0.06 mmol, 1.1 mol/%) in DMF (1 mL) at 0 ℃. The mixture 

was warmed to room temperature and stirred overnight, before it was quenched with water. The aqueous layer was extracted 

three times by EtOAc and the combined organic phases were concentrated in vacuo. The residue was purified by column 

chromatography (hexane/ethyl acetate=5:1) on silica gel to  give the product 1aa as a yellow oil (1.97 g, 95 %yield).1H 

NMR (400 MHz, CDCl3) δ= 7.55 (d, J = 8.5 Hz, 1H), 7.30-7.18 (m, 5H), 6.87-6.77 (m, 2H), 5.29 (d, J = 1.7 Hz, 1H), 5.08 

(d, J = 1.2 Hz, 1H), 4.46 (s, 2H), 3.78-3.57 (m, 2H), 3.51 (s, 2H), 3.27 (s, 2H), 1.72-1.56 (m, 4H), 1.52-1.36 (m, 2H) ppm; 

13C NMR (101 MHz, CDCl3) δ= 169.1, 154.9, 143.2, 138.5, 136.8, 133.3, 129.0 (2C), 128.5 (2C), 126.4, 120.0, 114.4, 

113.4, 111.9, 70.8, 48.7, 43.2, 39.9, 26.6, 25.6, 24.6 ppm. HRMS (ESI): calcd. For C22H24BrNNaO2 [M+Na]+: 436.0883, 

found: 436.0885. 

(8) Preparation of alkenes 1ab and 1ac 

 

 

Step 1: To a solution of the amines (8.0 mmol, 1 equiv) in DCM (20 mL) at room temperature, TsCl (2.3 g, 12.0 mmol, 1.5 

equiv) and a solution of triethylamine (1.7 mL, 12 mmol, 1.5 equiv) in 10 mL DCM were added dropwise under vigorous 

stirring. The mixture was stirred at room temperature overnight and then washed three times with DCM. The organic layer 

was dried over Na2SO4, filtered and concentrated to afford the crude sulfonamide S-13 or S-14, which were used in the next 

step without further purification. 

Step 2: To the suspension of NaH (0.48 g, 60 %, 12 mmol, 1.5 equiv) in DMF (20 mL) was added the solution of the crude 



S15 
 

sulfonamide S-13 or S-14 in DMF (10 mL), followed by the bromide S-9 (2.11 g, 10 mmol, 1.25 equiv) at the ambient 

temperature. After stirring at room temperature for 14 h, the mixture was quenched with water. The aqueous layer was 

extracted with ethyl acetate and the combined organic phases were washed with brine, dried over MgSO4, filtered, and 

concentrated in vacuo. The residue was purified by column chromatography (hexane/ethyl acetate= 5:1) on silica gel to give 

the alkenes 1ab or 1ac. 

 

 

N-(2-Benzylallyl)-N-(2-bromophenyl)-4-methylbenzenesulfonamide (1ab) was isolated as a 

yellow solid (1.96 g, 86 % yield).1H NMR (400 MHz, CDCl3) δ= 7.62-7.56 (m, 3H), 7.27-7.23 

(m, 5H), 7.21-7.16 (m, 2H), 7.15-7.12 (m, 2H), 7.11-7.08 (m, 1H), 4.76 (s, 1H), 4.71 (d, J = 1.5 

Hz, 1H), 4.25-4.14 (m, 1H), 4.06-3.91 (m, 1H), 3.47 (s, 2H), 2.43 (s, 3H) ppm; 13C NMR (101 

MHz, CDCl3) δ= 143.7, 143.1, 138.8, 137.8, 136.1, 134.1, 131.9, 129.6, 129.5 (2C), 129.3 (2C), 

128.3 (2C), 128.1 (2C), 127.8, 126.2, 125.7, 117.3, 55.2, 40.2, 21.6 ppm. HRMS (ESI): calcd. 

For C23H23BrNO2S [M+H]+: 456.0627, found: 456.0628. 

 

. 

N-(2-Benzylallyl)-N-(2-bromobenzyl)-4-methylbenzenesulfonamide (1ac) was isolated as a 

yellow oil (2.0 g, 86 % yield); 1H NMR (400 MHz, CDCl3) δ= 7.71 (d, J = 8.3 Hz, 2H), 7.57-

7.54 (m, 1H), 7.50-7.43 (m, 1H), 7.34-7.27 (m, 3H), 7.25-7.20 (m, 2H), 7.20-7.16 (m, 1H), 

7.15-7.09 (m, 1H), 7.00-6.92 (m, 2H), 4.84 (d, J = 1.2 Hz, 1H), 4.63 (d, J = 1.5 Hz, 1H), 4.45 

(s, 2H), 3.73 (s, 2H), 3.16 (s, 2H), 2.44 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 143.5, 

142.9, 138.5, 136.4, 135.7, 132.6, 130.1, 129.8 (2C), 129.1 (2C), 128.9, 128.3 (2C), 127.6, 127.4, 126.2(2C), 123.1, 115.8, 

53.8, 51.7, 39.9, 21.6 ppm. HRMS (ESI): calcd. For C24H25BrNO2S [M+H]+: 470.0784, found: 470.0782.  

Optimization of the Reaction Conditions 

 

entry metal ligand solvent Recovered 1a (%)b 2a-1 (%)b yield 2a (%)b ee (%)c 
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1 NiBr2 L1 DMA 63 34 trace n.d.d 

2 NiBr2 L2 DMA 77 21 trace n.d.d 

3 NiBr2 L3 DMA 98 0 trace n.d.d 

4 NiBr2 L4 DMA 98 0 trace n.d.d 

5 NiBr2 L5 DMA 80 0 20 92 

6 NiBr2 L6 DMA 90 0 10 60 

7 NiBr2 L7 DMA 75 0 25 94 

8 Ni(acac)2 L7 DMA 100 0 0 - 

9 Ni(dme)Br2 L7 DMA 70 0 30 90 

10 Ni(BF4)2•6H2O L7 DMA 49 0 51 94 

11 Ni(BF4)2•6H2O L7 DMF 46 0 54 92 

12 Ni(BF4)2•6H2O L7 THF 98 0 trace n.d.d 

13 Ni(BF4)2•6H2O L7 MeOH 50 0 50 94 

14 Ni(BF4)2•6H2O L7 iPrOH 2 0 98 94 

15e Ni(BF4)2•6H2O L7 iPrOH 29 0 71 88 

16f Ni(BF4)2•6H2O L7 iPrOH 2 0 98 94 

17f,g Ni(BF4)2•6H2O L7 iPrOH 10 0 90 94 

18f,h Ni(BF4)2•6H2O L7 iPrOH 18 0 82 94 

a Unless otherwise specified, reactions were performed on a 0.2 mmol scale of the aryl bromide 1a using 1.5 equiv H2O, 15 mol% Ni-salt, 15 

mol% ligand and 3 equiv Zn at 55︒C in 0.5 mL solvent for 10 h under N2 atmosphere (Set-up in glove-box). b Yields of the isolated product 

after flash chromatography. c Determined by HPLC-analysis on chiral stationary phase. d Not Determined. e Mn was used as reductant instead of 

Zn. f Reaction was performed without H2O. f Reaction was performed with 10 mol% catalyst loading. g Reaction was performed with 5 mol% 

catalyst loading. 

General Procedure for the Ni-Catalyzed Asymmetric Intramolecular 

Reductive Heck Reaction of Unactivated Alkenes 

 

 

A sealed test tube charged with ligand L7 (6.0 mg, 0.03 mmol, 15 mol%) and a stir bar was evacuated and filled with 

nitrogen (three cycles), and then NiBF4•6H2O (10.2 mg, 0.03 mmol, 15 mol%) and Zn-powder(39 mg, 0.6 mmol, 3.0 equiv) 

were added in the glovebox. Subsequently, i-PrOH (0.5 mL) was added to the mixture under nitrogen atmosphere. Then the 

reaction mixture was heated to 55 °C, before alkenes 1 (0.2 mmol, 1.0 equiv) were added and the resulting mixture was 

stirred at this temperature for 10 h. The mixture was then filtered through a pad of Celite and concentrated under reduced 

pressure. The residue was purified through column chromatography on silica gel (petroleum ether/ethyl acetate) to afford 

the corresponding products 2.  

Analytical Data for the Products 2 

The products 2l,2b 2m,10 2q,11 2y12 and 2aa12 are known compounds and their NMR-data are consistent with these reported 

in the literature. 

(S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl benzoate (2a) was isolated through column 
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chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and ethyl acetate (50:1) as a 

colorless oil (55 mg, 98% yield, 94 %ee). 1H NMR (400 MHz, CDCl3) δ= 8.01-7.94 (m, 2H), 7.58-7.50 (m, 1H), 7.45-7.38 

(m, 2H), 7.23-7.12 (m, 4H), 4.43-4.27 (m, 2H), 2.93 (t, J = 7.3 Hz, 2H), 2.21-2.01 (m, 3H), 2.00-1.88 (m, 1H), 1.34 (s, 3H) 

ppm;13C NMR (101 MHz, CDCl3) δ= 166.6, 150.4, 142.9, 132.1, 130.4, 129.5 (2C), 128.3 (2C), 126.6, 126.4, 124.7, 122.5, 

62.8, 46.2, 39.4, 38.9, 30.3, 27.1 ppm; The ee was determined by HPLC analysis (Chiralpak IA column, λ= 225 nm, 

hexane/isopropanol= 98/2, flow rate= 0.5 mL/min): tR(minor)= 14.7 min, tR(major)= 15.6min; HRMS (EI): calcd. for 

C19H20O2 [M]+: 280.1458, found: 280.1459. 

 

(S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl acetate (2b) was isolated through column 

chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and 

ethyl acetate (20:1) as a yellow oil (40 mg, 92 % yield, 95 %ee).1H NMR (400 MHz, CDCl3) δ= 

7.24-7.07 (m, 4H), 4.19-3.97 (m, 2H), 2.90 (t, J = 7.3 Hz, 2H), 2.15-2.03 (m, 1H), 1.99 (s, 

3H),1.98-1.83 (m, 3H), 1.28 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 171.1, 150.3, 142.9, 

126.6, 126.4, 124.7, 122.5, 62.2, 46.0, 39.2, 38.8, 30.2, 27.0, 21.0 ppm. The ee was determined by HPLC analysis (Chiral 

MD column, λ= 210 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tR(minor)= 11.3 min, tR(major)=17.3 min; 

HRMS (ESI): calcd. for C14H19O2 [M+H]+:219.1380, found: 219.1383. 

 

(S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl 4-methoxybenzoate (2c) was 

isolated through column chromatography on silica gel with petroleum ether to 

the mixture eluent of petroleum ether and ethyl acetate (50:1) as a colorless oil 

(51 mg, 81 % yield, 94 %ee).1H NMR (400 MHz, CDCl3) δ= 7.96-7.90 (m, 2H), 

7.21-7.12 (m, 4H), 6.89 (d, J = 8.9 Hz, 2H), 4.38-4.23 (m, 2H), 3.84 (s, 3H), 2.92 

(t, J= 7.3 Hz, 2H), 2.20-2.11 (m, 1H), 2.10-1.99 (m, 2H), 1.98-1.87 (m, 1H), 1.33 

(s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 166.4, 163.3, 150.5, 142.9, 131.5 (2C), 126.6, 126.4, 124.7, 122.9, 122.6, 

113.6 (2C), 62.4, 55.4, 46.2, 39.5, 38.9, 30.3, 27.1 ppm; The ee was determined by HPLC analysis (Chiral MD column, λ= 

254 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tR(minor)= 23.4 min, tR(major)= 28.2 min; HRMS (EI): calcd. 

for C20H22O3 [M]+: 310.1564, found: 310.1565. 

 

(S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl 4-fluorobenzoate (2d) was isolated 

through column chromatography on silica gel with petroleum ether as a colorless oil 

(45 mg, 75 % yield, 93 %ee).1H NMR (400 MHz, CDCl3) δ= 7.99-7.93 (m, 2H), 

7.22-7.12 (m, 4H), 7.08 (t, J = 8.7 Hz, 2H), 4.41-4.26 (m, 2H), 2.93 (t, J = 7.3 Hz, 

2H), 2.21-2.01 (m, 3H), 1.99-1.87 (m, 1H), 1.34 (s, 3H) ppm; 13C NMR (101 MHz, 

CDCl3) δ= 165.70 (d, J = 253.6 Hz), 165.65, 150.4, 142.9, 132.1 (d, J = 9.3 Hz, 2C), 

126.63 (d, J = 2.8 Hz), 126.60, 126.5, 124.7, 122.5, 115.4 (d, J = 22.0 Hz, 2C), 62.9, 46.1, 39.4, 38.9, 30.3, 27.2 ppm; 19F 

NMR (376 MHz, CDCl3) δ= −105.92 - −106.02 (m, 1F) ppm; The ee was determined by HPLC analysis (Chiral MD 

column, λ= 225 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tR(major = 11.1min, tR(minor)= 11.9min; HRMS 

(EI): calcd. for C19H19FO2 [M]+: 298.1364, found: 298.1360.  

 

 (S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl furan-2-carboxylate (2e) was isolated 

through column chromatography on silica gel with petroleum ether to the mixture eluent 

of petroleum ether and ethyl acetate (50:1) as a yellow oil (45 mg, 83 % yield, 93 %ee). 

1H NMR (400 MHz, CDCl3) δ= 7.56 (m, 1H), 7.22-7.13 (m, 4H), 7.10 (d, J = 3.5 Hz, 1H), 

7.12-7.08 (m, 1H), 4.38-4.24 (m, 2H), 2.92 (t, J = 7.3 Hz, 2H),2.09 (m, 3H), 1.93 (m, 1H), 

1.32 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 158.7, 150.3, 146.2, 144.8, 142.9, 

126.6, 126.4, 124.7, 122.5, 117.7, 111.8, 62.7, 46.1, 39.3, 38.8, 30.2, 27.1 ppm. The ee was determined by HPLC analysis 
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(Chiral MD column, λ= 254 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tR(minor)=16.0 min, tR(major)= 17.9 

min; HRMS (ESI): calcd. for C17H19O3 [M+H]+: 271.1329, found: 271.1339. 

 

(S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl4-methylbenzenesulfonate (2f) was isolated 

through column chromatography on silica gel with petroleum ether to the mixture eluent of 

petroleum ether and ethyl acetate (50:1) as a yellow oil (50 mg, 76 % yield, 94 %ee). 1H NMR (400 

MHz, CDCl3) δ= 7.78-7.73 (m, 1H), 7.73-7.71 (m, 1H), 7.34-7.28 (m, 2H), 7.18-7.11 (m, 3H), 

7.01-6.95 (m, 1H), 4.09-3.96 (m, 2H), 2.87-2.73 (m, 2H), 2.45 (s, 3H), 2.01-1.88 (m, 3H), 1.89-

1.74 (m, 1H), 1.21 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 149.6, 144.7, 142.8, 133.1, 129.8 (2C) , 127.8 (2C), 126.7, 

126.4, 124.8, 122.4, 68.3, 45.9, 39.3, 38.8, 30.1, 26.9, 21.7 ppm; The ee was determined by HPLC analysis (Chiral MD 

column, λ= 210 nm, hexane/isopropanol= 97/3, flow rate= 0.5 mL/min): tR(minor)= 23.0 min, tR(major)= 23.6 min; HRMS 

(ESI): calcd. for C19H23O3S [M+H]+: 331.1362, found:331.1368. 

 

(S)-tert-Butyl(2-(1-methyl-2,3-dihydro-1H-inden-1-yl)ethoxy)diphenylsilane (2g) was isolated 

through column chromatography on silica gel with petroleum ether to the mixture eluent of 

petroleum ether and ethyl acetate (50:1) as a colorless oil (75 mg, 90 % yield, 93 %ee). 1H 

NMR (400 MHz, CDCl3) δ= 7.69-7.56 (m, 4H), 7.43-7.32 (m, 6H), 7.18-7.13 (m, 1H), 7.12-

7.08 (m, 2H), 7.03-6.97 (m, 1H), 3.79-3.62 (m, 2H), 2.87-2.75 (m, 2H), 2.05-1.95 (m, 1H), 

1.94-1.81 (m, 2H), 1.80-1.72 (m, 1H), 1.18 (s, 3H), 1.03 (s, 9H) ppm; 13C NMR (101 MHz, CDCl3) δ= 151.3, 142.9, 135.63 

(2C), 135.58 (2C), 133.99, 133.98, 129.59, 129.57, 127.68 (2C), 127.65 (2C), 126.3, 126.2, 124.5, 122.5, 61.5, 46.1, 43.2, 

38.8, 30.3, 27.0, 26.9 (3C), 19.2 ppm. The ee was determined by HPLC analysis (Chiral MD column, λ= 210 nm, 

hexane/isopropano = 99.5/0.5, flow rate= 0.7 mL/min): tR(major)= 9.2 min, tR(minor)= 9.7 min; HRMS (ESI): calcd. for 

C28H35OSi [M+H]+: 415.2452, found: 415.2453. 

 

 (S)-4-Methyl-N-(2-(1-methyl-2,3-dihydro-1H-inden-1-yl)ethyl)benzenesulfonamide (2h) was 

isolated through column chromatography on silica gel (petroleum ether: EtOAc= 5:1) as a 

colorless oil (46 mg, 70 % yield, 88 %ee). 1H NMR (400 MHz, CDCl3) δ= 7.79-7.60 (m, 2H), 

7.33-7.23 (m, 2H), 7.21-7.07 (m, 3H), 7.04-6.92 (m, 1H), 4.30 (t, J = 6.1 Hz, 1H), 3.07-2.65 (m, 

4H), 2.42 (s, 3H), 1.97-1.86 (m, 1H), 1.82-1.64 (m, 3H), 1.19 (s, 3H) ppm; 13C NMR (101 MHz, 

CDCl3) δ= 149.8, 143.3, 142.9, 136.9, 129.7 (2C), 127.1 (2C), 126.8, 126.5, 124.8, 122.4, 46.2, 40.8, 40.2, 38.6, 30.2, 27.0, 

21.5 ppm; The ee was determined by HPLC analysis (Chiralpak AD-H column, λ= 225 nm, hexane/isopropanol= 70/30, 

flow rate= 0.5 mL/min): tR(major)= 16.5 min, tR(minor)= 17.5 min; HRMS (ESI): calcd. for C19H24NO2S [M+H]+: 

330.1522, found: 330.1529. 

 

(S)-1-(6-Chlorohexyl)-1-methyl-2,3-dihydro-1H-indene (2i) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (36 mg, 72 % yield, 

93 %ee).1H NMR (400 MHz, CDCl3) δ= 7.22-7.04 (m, 4H), 2.87 (t, J = 7.3 Hz, 2H), 2.07-

1.97 (m, 1H), 1.86-1.76 (m, 1H), 1.66-1.42 (m, 2H), 1.36-1.12 (m, 8H), 1.22(s,3H), 0.86 (t, 

J = 6.6 Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 151.8, 143.2, 126.12, 126.09, 124.5, 

122.7, 47.4, 41.5, 38.6, 31.9, 30.3, 30.1, 26.8, 24.9, 22.7, 14.1 ppm; The ee was determined by HPLC analysis (Chiralcel 

OD-H column, λ= 254 nm, n-Hexane, flow rate= 0.25 mL/min): tR(major)=17.4  min, tR(minor)= 18.9 min; HRMS (ESI): 

calcd. for C16H25 [M+H]+: 216.1873, found: 216.1873. 

 

(S)-5-(2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)ethyl)-2,3-dihydrobenzofuran (2j) was 

isolated through column chromatography on silica gel with petroleum ether to the mixture 

eluent of petroleum ether and ethyl acetate (50:1) as a colorless oil (45 mg, 80 %yield, 85 % 
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ee). 1H NMR (400 MHz, CDCl3) δ= 7.24-7.11 (m, 4H), 7.01-6.95 (m, 1H), 6.91-6.83 (m, 1H), 6.67 (d, J = 8.1 Hz, 1H), 4.52 

(t, J = 8.6 Hz, 2H),3.15 (t, J = 8.7 Hz, 2H),2.92 (t, J = 7.3 Hz, 2H), 2.59 – 2.47 (m, 1H), 2.46-2.36 (m, 1H), 2.15-2.06 (m, 

1H), 1.93-1.83 (m, 2H), 1.84-1.73 (m, 1H), 1.30 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 158.1, 151.2, 143.2, 135.0, 

127.6, 126.9, 126.3, 126.2, 124.8, 124.6, 122.7, 108.9, 71.1, 47.5, 44.2, 38.5, 30.9, 30.3, 29.8, 26.9 ppm; The ee was 

determined by HPLC analysis (Chiralpak AD-H column, λ= 225 nm, hexane/isopropanol= 97/3, flow rate= 0.3 mL/min): 

tR(minor)= 15.7min, tR(major)= 16.4min; HRMS (ESI): calcd. for C20H23O [M+H]+:279.1743, found: 279.1740. 

 

 (S)-1-Cyclopentyl-1-methyl-2,3-dihydro-1H-indene (2k) was isolated through column chromatography 

on silica gel with petroleum ether as a colorless oil (25 mg, 63 % yield, 92 %ee).1H NMR (400 MHz, 

CDCl3) δ= 7.13-6.95 (m, 4H), 2.88 (t, J = 7.5 Hz, 2H), 2.25-2.01 (m, 2H), 1.83-1.70 (m, 2H) 1.65-1.43 

(m, 6H), 1.24 (s,3H), 1.20 – 1.11 (m, 1H) ppm; 13C NMR (101 MHz, CDCl3) δ= 151.5, 143.4, 126.1, 

126.0, 124.4, 123.2, 49.8, 49.4, 35.9, 30.5, 28.2, 28.1, 26.7, 25.8, 25.6 ppm; The ee was determined by 

HPLC analysis (Chiral MD column, λ= 254 nm, hexane/isopropanol= 99/1, flow rate= 0.5 mL/min): tR(major) = 10.0 min, 

tR(minor) =10.6 min; HRMS (EI): calcd. for C15H20 [M]+: 200.1560, found: 200.1558. 

 

 

(S)-1-Cyclohexyl-1-methyl-2,3-dihydro-1H-indene (2l) was isolated through column chromatography 

on silica gel with petroleum ether as a colorless oil (27mg, 62 % yield, 95 %ee)；1H NMR (400 MHz, 

CDCl3) δ= 7.13-6.95 (m, 4H), 2.78 (t, J = 7.5 Hz, 2H), 2.12-2.01 (m, 1H), 1.81-1.74 (m, 1H), 1.73-

1.66 (m, 1H), 1.64-1.52 (m, 3H), 1.44-1.31 (m, 2H), 1.15 (s, 3H), 1.13-0.95 (m, 3H), 0.94-0.81 (m, 

2H) ppm; 13C NMR (101 MHz, CDCl3) δ= 151.1, 143.6, 126.0, 125.8, 124.3, 123.5, 50.8, 46.6, 35.0, 

30.9, 28.3, 27.9, 27.04, 26.98, 26.7, 26.2 ppm. The ee was determined by HPLC analysis (Chiral MD 

column, λ= 254 nm, n-Hexane, flow rate= 0.25 mL/min): tR (major)= 16.6 min, tR (minor)= 17.5 min. 

 

(S)-1-Methyl-1-phenyl-2,3-dihydro-1H-indene (2m) was isolated through column chromatography on 

silica gel with petroleum ether as a colorless oil (30 mg, 72 % yield, 97 %ee). 1H NMR (400 MHz, CDCl3) 

δ= 7.29-7.13 (m, 8H), 7.09-7.00 (m, 1H), 2.96-2.80 (m, 2H), 2.48-2.32 (m, 1H), 2.29-2.13 (m, 1H), 1.68 

(s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 151.0, 149.0, 143.7, 128.0 (2C), 126.64 (2C), 126.60, 

126.5, 125.7, 124.5, 124.2, 52.1, 44.2, 30.5, 27.5 ppm; The ee was determined by HPLC analysis 

(Chiralcel OD-H column, λ= 254nm, n-Hexane, flow rate= 0.5 mL/min): tR(minor)= 19.6 min, tR(major)= 20.6 min. 

 

(S)-2-(1-Methyl-2,3-dihydro-1H-inden-1-yl)naphthalene (2n) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (32 mg, 62% yield, 

93 %ee); 1H NMR (400 MHz, CDCl3) δ= 7.79-7.69 (m, 3H), 7.57 (d, J = 1.9 Hz, 1H), 7.45-

7.40 (m, 2H), 7.36 (dd, J = 8.7, 2.0 Hz, 1H), 7.33-7.28 (m, 1H), 7.24-7.19 (m, 2H), 7.09-7.03 

(m, 1H), 3.03-2.87 (m, 2H), 2.53-2.45 (m, 1H), 2.32-2.19 (m, 1H), 1.77 (s, 3H) ppm; 13C 

NMR (101 MHz, CDCl3) δ= 151.0, 146.4, 143.7, 133.1, 131.8, 128.0, 127.7, 127.4, 126.7, 126.6, 126.0, 125.9, 125.4, 124.6, 

124.5, 124.3, 52.3, 43.8, 30.6, 27.4 ppm.The ee was determined by HPLC analysis (Chiralcel OJ-H column, λ= 225 nm, 

hexane/isopropanol= 98/2, flow rate= 0.5 mL/min): tR(major)= 26.3 min, tR(minor)= 32.2 min; HRMS (EI): calcd. for 

C20H18 [M]+: 258.1403, found: 258.1403. 

 

(S)-1-(2-Methoxyphenyl)-1-methyl-2,3-dihydro-1H-indene (2o) was isolated through column 

chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and ethyl 

acetate (50:1) as a colorless oil (15 mg, 30 % yield, 95 %ee). 1H NMR (400 MHz, CDCl3) δ= 7.30-7.24 

(m, 1H), 7.22-7.14 (m, 3H), 7.13-7.04 (m, 1H), 6.88 (d, J = 8.1 Hz, 1H), 6.81-6.69 (m, 2H), 3.72 (s, 

3H), 2.91-2.59 (m, 3H), 2.14-1.92 (m, 1H), 1.72 (s, 3H) ppm;13C NMR (101 MHz, CDCl3) δ= 158.0, 
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151.3, 144.0, 136.3, 128.1, 127.4, 126.2, 126.0, 124.5, 124.3, 119.9, 111.8, 55.1, 51.4, 40.5, 30.8, 26.9 ppm. The ee was 

determined by HPLC analysis (Chiralpak IA column, λ= 254 nm, n-Hexane, flow rate= 0.5 mL/min): tR(major)= 9.8min, 

tR(minor)= 10.5min; HRMS (ESI): calcd. for C17H19O [M+H]+: 239.1430, found:239.1434. 

 

(S)-1-(4-(tert-Butyl)phenyl)-1-methyl-2,3-dihydro-1H-indene (2p) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (28 mg, 53 % yield, 

96 %ee). 1H NMR (400 MHz, CDCl3) δ= 7.29-7.24 (m, 3H), 7.22-7.16 (m, 2H), 7.14-7.05 (m, 

3H), 2.96-2.83 (m, 2H), 2.48-2.34 (m, 1H), 2.25-2.09 (m, 1H), 1.66 (s, 3H), 1.29 (s, 9H) ppm; 

13C NMR (101 MHz, CDCl3) δ= 151.1, 148.3, 145.9, 143.7, 126.5, 126.4, 126.2 (2C), 124.8 

(2C), 124.5, 124.2, 51.7, 44.0, 34.3, 31.4 (3C), 30.5, 27.5.ppm. The ee was determined by HPLC analysis (Chiralcel OD-H 

column, λ= 210 nm, hexane, flow rate= 0.5 mL/min): tR(minor)= 13.8min, tR(major)= 14.5min; HRMS (EI): calcd. for 

C20H24 [M]+:264.1873, found: 264.1873. 

 

(S)-1-(4-Methoxyphenyl)-1-methyl-2,3-dihydro-1H-indene (2q) was isolated through column 

chromatography on silica gel with petroleum ether to the mixture eluent of petroleum ether and 

ethyl acetate (50:1) as a white solid (20 mg, 42 % yield, 90 %ee).1H NMR (400 MHz, CDCl3) 

δ= 7.28-7.23 (m, 1H), 7.23-7.16 (m, 2H), 7.14-7.08 (m, 2H), 7.07-7.01 (m, 1H), 6.83-6.75 (m, 

2H), 3.77 (s, 3H), 2.98-2.79 (m, 2H), 2.43-2.29 (m, 1H), 2.25-2.11 (m, 1H), 1.64 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) 

δ= 157.6, 151.2, 143.6, 141.2, 127.7 (2C), 126.6, 126.5, 124.5, 124.1, 113.3 (2C), 55.2, 51.5, 44.2, 30.4, 27.6 ppm; The ee 

was determined by HPLC analysis (Chiralpak IB column, λ= 225 nm,hexane/isopropanol= 98/2, flow rate= 0.3mL/min): 

tR(minor)= 15.7min, tR(major)= 16.3min.  

 

(S)-1-(3-Fluorophenyl)-1-methyl-2,3-dihydro-1H-indene (2r) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (28 mg, 60 %yield, 95 %ee).1H 

NMR (400 MHz, CDCl3) δ= 7.30-7.26 (m, 1H), 7.24-7.17 (m, 3H), 7.08-7.03 (m, 1H), 6.98-6.93 (m, 

1H), 6.91-6.81 (m, 2H), 2.97-2.81 (m, 2H), 2.44-2.29 (m, 1H), 2.27-2.14 (m, 1H), 1.66 (s, 3H).ppm; 

13C NMR (101 MHz, CDCl3) δ= 162.8 (d, J = 244.6 Hz), 152.0 (d, J = 6.4 Hz), 150.3, 143.6, 129.3 (d, 

J = 8.2 Hz), 126.9, 126.6, 124.7, 124.1, 122.3 (d, J = 2.7 Hz), 113.8 (d, J = 21.7 Hz), 112.6 (d, J = 

21.2 Hz), 52.1, 44.0, 30.4, 27.4 ppm; 19F NMR (376 MHz, CDCl3) δ= −118.02 - −118.14 (m, 1F) ppm; The ee was 

determined by HPLC analysis (Chiralcel OD-H column, λ= 225nm, hexane, flow rate= 0.5 mL/min): tR(major) = 16.7 min, 

tR(minor)= 18.7 min; HRMS (EI): calcd. for C16H15F [M]+: 226.1152, found: 226.1147. 

 

(S)-1-(4-Fluorophenyl)-1-methyl-2,3-dihydro-1H-indene (2s) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (30 mg, 66 % yield, 97 %ee). 

1H NMR (400 MHz, CDCl3) δ= 7.23-7.17 (m, 1H), 7.16-7.09 (m, 2H), 7.09-7.02 (m, 2H), 6.99-

6.93 (m, 1H), 6.91-6.79 (m, 2H), 2.98-2.67 (m, 2H), 2.35-2.20 (m, 1H), 2.22-2.03 (m, 1H), 1.58 

(s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 161.1 (d, J = 244.0 Hz), 150.8, 144.8 (d, J = 3.1 Hz), 143.5, 128.2 (d, J = 7.8 

Hz, 2C), 126.8, 126.6, 124.6, 124.1, 114.6 (d, J = 20.9 Hz, 2C), 51.6, 44.3, 30.4, 27.6 ppm; 19F NMR (376 MHz, CDCl3) δ= 

–117.89 - –118.31 (m, 1F) ppm; The ee was determined by HPLC analysis (ChiralcelOD-H column, λ= 210 nm, hexane, 

flow rate= 0.5 mL/min): tR(major)= 12.3min, tR(minor)= 13.6 min;HRMS (EI): calcd. for C16H15F [M]+: 226.1152, found: 

226.1151. 

 

(S)-1-Methyl-1-phenethyl-5-(trifluoromethyl)-2,3-dihydro-1H-indene (2t) was isolated through 

column chromatography on silica gel with petroleum ether as a colorless oil (50 mg, 82 %, 

94 %ee).1H NMR (400 MHz, CDCl3) δ= 7.49-7.41 (m, 2H), 7.28-7.20 (m, 3H), 7.18-7.09 (m, 

3H), 2.96 (t, J = 7.4 Hz, 2H), 2.67-2.56 (m, 1H), 2.53-2.35 (m, 1H), 2.23-2.11 (m, 1H), 2.00-
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1.74 (m, 3H), 1.32 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 155.2, 144.0, 142.6, 128.8 (q, J = 31.8 Hz), 128.4 (2C) , 

128.3 (2C) , 125.8, 124.6(q, J = 272.9 Hz), 123.6 (q, J = 4.0 Hz), 122.9, 121.6(q, J = 3.7 Hz), 47.7, 43.3, 38.4, 31.5, 30.2, 

26.8 ppm; 19F NMR (376 MHz, CDCl3) δ= −61.82 (s, 3F) ppm; The ee was determined by HPLC analysis (Chiralpak IA 

column, λ= 210nm, hexane/isopropanol= 99.5/0.5, flow rate= 0.5 mL/min): tR(minor)= 11.5 min, tR(major)= 12.0 min; 

HRMS (EI): calcd. for C19H19F3 [M]+: 304.1433, found: 304.1434. 

 

(S)-5-Fluoro-1-methyl-1-phenethyl-2,3-dihydro-1H-indene (2u) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (49 mg, 96 % yield, 

92 %ee).1H NMR (400 MHz,  CDCl3) δ= 7.28-7.20 (m, 2H), 7.19-7.10 (m, 3H), 7.08-7.01 (m, 

1H), 6.91-6.80 (m, 2H), 2.89 (t, J = 7.3 Hz, 2H), 2.66-2.55 (m, 1H), 2.53-2.39 (m, 1H), 2.21-

2.04 (m, 1H), 1.98-1.87 (m, 2H), 1.87-1.73 (m, 1H), 1.29 (s, 3H) ppm; 13C NMR (101 MHz, 

CDCl3) δ= 162.1 (d, J = 242.7 Hz), 146.6 (d, J = 2.4 Hz), 145.3 (d, J = 7.9 Hz), 142.9, 128.4 (2C), 128.3 (2C), 125.7, 123.5 

(d, J = 8.9 Hz), 113.1 (d, J = 22.4 Hz), 111.5 (d, J = 21.6 Hz), 46.9, 43.7, 38.9, 31.6, 30.3, 27.1 ppm;. 19F NMR (376 MHz, 

CDCl3) δ= −117.54 - −117.84 (m,1F) ppm; The ee was determined by HPLC analysis (Chiralpak IA column, λ= 225nm, 

hexane/isopropanol= 99.5/0.5, flow rate= 0.5 mL/min): tR(minor)= 10.2 min, tR(major)= 10.6 min; HRMS (EI): calcd. for 

C18H19F[M]+: 254.1465, found: 254.1466. 

 

(S)-6-Fluoro-1-methyl-1-phenethyl-2,3-dihydro-1H-indene (2v) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (48 mg,94 % yield, 

90 %ee).1H NMR (400 MHz,  CDCl3) δ= 7.28-7.22 (m, 2H), 7.19-7.07 (m, 4H), 6.90-6.77 (m, 

2H), 2.87 (t, J = 7.3 Hz, 2H), 2.73-2.54 (m, 1H), 2.54-2.40 (m, 1H), 2.21-2.08 (m, 1H), 2.03-

1.74 (m, 3H), 1.29 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 162.2 (d, J = 242.5 Hz), 153.4 

(d, J = 6.8 Hz), 142.7, 138.4 (d, J = 2.4 Hz), 128.4(2C), 128.3(2C), 125.7, 125.39 (d, J = 8.6 Hz), 113.2 (d, J = 22.4 Hz), 

109.7 (d, J = 21.7 Hz), 47.8, 43.4, 39.0,31.4, 29.7,26.8 ppm;.19F NMR (376 MHz,  CDCl3) δ= −117.29- −117.45 (m, 1F) 

ppm; The ee was determined by HPLC analysis (Chiralpak IA column, λ= 254nm, hexane/isopropanol= 99.5/0.5, flow rate= 

0.7mL/min): tR(minor)= 7.7 min, tR(major)= 8.3 min; HRMS (EI): calcd. for C18H19F [M]+: 254.1465, found: 254.1465. 

 

(S)-5-Methoxy-1-methyl-1-phenethyl-2,3-dihydro-1H-indene (2w) was isolated through 

column chromatography on silica gel (petroleum ether: EtOAc= 50:1) as a colorless oil (28 

mg, 52 % yield, 95 %ee). 1H NMR (400 MHz, CDCl3) δ= 7.28-7.22 (m, 2H), 7.17-7.11 (m, 

3H), 7.04 (d, J = 8.1 Hz, 1H), 6.80-6.71 (m, 2H), 3.79 (s, 3H), 2.89 (t, J = 7.3 Hz, 2H), 2.64-

2.55 (m, 1H), 2.53-2.44 (m, 1H), 2.16-2.07 (m, 1H), 1.96-1.85 (m, 2H), 1.84-1.74 (m, 1H), 

1.29 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 158.7, 144.7, 143.3, 143.1, 128.30 (2C), 128.28 (2C), 125.6, 123.2, 

112.2, 109.9, 55.4, 46.8, 43.8, 38.9, 31.6, 30.5, 27.2 ppm; The ee was determined by HPLC analysis (Chiralpak IA column, 

λ= 225 nm, hexane/isopropanol= 98/2, flow rate= 0.5 mL/min): tR(minor) = 9.0 min, tR(major) = 10.1 min; HRMS (ESI): 

calcd. for C19H23O [M+H]+:266.1665, found: 266.1670. 

 

(S)-3-Heptyl-3-methyl-2,3-dihydrobenzofuran (2x) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (20 mg,45 % yield, 

93 %ee). 1H NMR (400 MHz, CDCl3) δ= 7.15-7.03 (m, 2H), 6.91-6.83 (m, 1H), 6.78 (d, 

J = 8.0 Hz, 1H), 4.35 (d, J = 8.6 Hz, 1H), 4.15 (d, J = 8.6 Hz, 1H), 1.65-1.53 (m, 3H), 

1.32 (s, 3H), 1.13-1.02 (m, 1H), 1.30-1.19 (m, 8H), 0.86 (t, J = 6.9 Hz, 3H) ppm; 13C 

NMR (101 MHz, CDCl3) δ= 159.5, 135.5, 127.9, 122.8, 120.4, 109.5, 82.6, 45.3, 40.9, 31.8, 30.1, 29.2, 25.6, 24.6, 22.7, 

14.1 ppm; The ee was determined by HPLC analysis (Chiralpak IA column, λ= 225 nm, hexane, flow rate= 0.5 mL/min): 

tR(minor)= 10.5 min, tR(major)= 11.3 min; HRMS (ESI): calcd. for C16H25O [M+H]+: 233.1900 found: 233.1905. 
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(S)-3-Benzyl-3-methyl-2,3-dihydrobenzofuran (2y) was isolated through column chromatography on 

silica gel with petroleum ether as a colorless oil (23 mg, 50 % yield, 96 %ee). 1H NMR (400 MHz,  

CDCl3) δ= 7.26-7.20 (m, 3H), 7.17-7.08 (m, 1H), 7.03-6.97 (m, 2H), 6.96-6.89 (m, 1H), 6.89-6.83 (m, 

1H), 6.76 (d, J = 8.0 Hz, 1H), 4.50 (d, J = 8.7 Hz, 1H), 4.06 (d, J = 8.7 Hz, 1H), 2.94-2.79 (m, 2H), 1.36 

(s, 3H).ppm; 13C NMR (101 MHz, CDCl3) δ= 159.5, 137.6, 134.8, 130.4 (2C), 128.2, 128.0 (2C), 126.5, 

123.4, 120.3, 109.7, 81.9, 46.6, 46.3, 24.6 ppm; The ee was determined by HPLC analysis (Chiral MD column, λ= 225 nm, 

hexane/isopropanol= 95/5, flow rate= 0.75 mL/min): tR(major)= 11.2min, tR(minor = 11.6 min. 

. 

 (S)-3-Benzyl-7-fluoro-3-methyl-2,3-dihydrobenzofuran (2z) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (30 mg, 62 % yield,  97 %ee). 1H 

NMR (400 MHz, CDCl3) δ= 7.27-7.20 (m, 3H), 7.03-6.95 (m, 2H), 6.96-6.87 (m, 1H), 6.82-6.75 (m, 

1H), 6.71 (dd, J = 7.4, 1.2 Hz, 1H), 4.60 (d, J = 8.8 Hz, 1H), 4.15 (d, J = 8.8 Hz, 1H), 3.01-2.75 (m, 

2H), 1.37 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 147.7 (d, J = 245.6 Hz), 146.0 (d, J = 10.4 Hz), 

138.5, 137.1, 130.3(2C), 128.0(2C), 126.6, 120.9 (d, J = 5.5 Hz), 118.7 (d, J = 3.4 Hz), 115.3 (d, J = 16.8 Hz), 83.1, 47.0 (d, 

J = 1.8 Hz), 46.4, 24.5 ppm; 19F NMR (376 MHz, CDCl3) δ= – 137.00- – 143.83 (m,1F) ppm; The ee was determined by 

HPLC analysis (ChiralMD column, λ= 225 nm, hexane/isopropanol= 95/5, flow rate= 0.5 mL/min): tR(minor)= 20.3 min, 

tR(major)= 21.4 min. HRMS (ESI): calcd. for C16H16FO [M+H]+: 243.1180 found: 243.1185. 

 

 (S)-(3-Benzyl-3-methyl-2,3-dihydrobenzofuran-6-yl)(piperidin-1-yl)methanone (2aa) was 

isolated through column chromatography on silica gel with petroleum ether as a colorless 

oil (36 mg, 54 %yield, 98 %ee). 1H NMR (400 MHz, CDCl3) δ= 7.23 (dd, J = 5.0, 1.9 Hz, 

3H), 7.03-6.98 (m, 2H), 6.94 (d, J = 7.6 Hz, 1H), 6.89 (dd, J = 7.5, 1.4 Hz, 1H), 6.75 (d, J 

= 1.3 Hz, 1H), 4.53 (d, J = 8.8 Hz, 1H), 4.09 (d, J = 8.7 Hz, 1H), 3.69 (s, 2H), 3.34 (s, 2H), 

2.88 (d, J = 4.5 Hz, 2H), 1.78-1.63 (m, 4H), 1.58-1.46 (m, 2H), 1.36 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 170.2, 

159.5, 137.3, 136.7, 136.2, 1 30.4 (2C), 128.0 (2C), 126.6, 123.4, 119.1, 108.2, 82.3, 48.9, 46.6, 46.2, 43.1, 27.2, 26.6, 

24.64, 24.55. The ee was determined by HPLC analysis (Chiralpak IB column, λ= 210 nm, hexane/isopropanol= 90/10, 

flow rate= 0.5 mL/min): tR(minor)= 33.4 min, tR(major)= 35.3 min. 

 

(S)-3-Benzyl-3-methyl-1-tosylindoline (2ab) was isolated through column chromatography on silica gel 

with petroleum ether as a colorless oil (52 mg,69 % yield, 80 %ee).1H NMR (400 MHz, CDCl3) δ= 

7.69-7.66 (m, 2H), 7.61 (d, J = 8.1 Hz, 1H), 7.25-7.18 (m, 6H), 6.99-6.94 (m, 1H), 6.90 (dd, J = 6.6, 

3.1 Hz, 2H), 6.87-6.82 (m, 1H), 3.94 (d, J = 10.1 Hz, 1H), 3.36 (d, J = 10.2 Hz, 1H), 2.74 (d, J = 13.3 

Hz, 1H), 2.65 (d, J = 13.3 Hz, 1H), 2.36 (s, 3H), 1.16 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 

144.0, 141.1, 138.7, 137.0, 134.0, 130.4 (2C), 129.6 (2C), 128.1, 128.0 (2C), 127.3 (2C), 126.5, 123.5, 123.2, 114.2, 61.1, 

46.4, 44.4, 25.3, 21.5 ppm; The ee was determined by HPLC analysis (Chiralpak IB column, λ= 254 nm, 

hexane/isopropanol= 80/20, flow rat = 0.75 mL/min): tR(minor)=7.9 min, tR(major)= 8.6 min; HRMS (ESI): calcd. for 

C23H24NO2S [M+H]+: 378.1522, found: 378.1529. 

 

(S)-4-Benzyl-4-methyl-1-tosyl-1,2,3,4-tetrahydroquinoline (2ac) was isolated through column 

chromatography on silica gel with petroleum ether as a colorless oil (59 mg,75 % yield, 44 %ee). 1H 

NMR (400 MHz, CDCl3) δ= 7.77-7.69 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 7.31-7.23 (m, 3H), 7.20-7.12 

(m, 4H), 7.10-7.06 (m, 1H), 7.05-6.99 (m, 1H), 4.53 (d, J = 14.6 Hz, 1H), 3.89 (d, J = 14.7 Hz, 1H), 

3.56 (dd, J = 11.6, 1.3 Hz, 1H), 3.09 (d, J = 13.4 Hz, 1H), 2.93 (d, J = 13.4 Hz, 1H), 2.48-2.39 (m, 1H), 

2.43 (s, 3H), 1.18 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 143.8, 141.3, 137.5, 132.3, 131.2 (2C), 

130.6, 129.7 (2C), 128.0 (2C), 127.9 (2C), 126.8, 126.7, 126.4, 126.3, 126.2, 53.3, 48.7, 46.8, 39.2, 24.5, 21.6 ppm; The ee 
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was determined by HPLC analysis (Chiralpak IB column, λ= 254 nm, hexane/isopropanol= 80/20, flow rate= 0.75 mL/min): 

tR(major)= 9.8 min, tR(minor)= 11.7 min; HRMS (ESI): calcd. for C24H26NO2S [M+H]+:392.1679 found: 392.1683 

 

(S)-1-(6-Chlorohexyl)-1-(methyl-d2)-2,3-dihydro-1H-indene (2ad) was isolated through 

column chromatography on silica gel with petroleum ether as a colorless oil (31 mg, 72% 

yield, 94 %ee).1H NMR (400 MHz, CDCl3) δ= 7.21-7.06 (m, 4H), 2.91-2.82 (m, 2H), 

2.06-1.94 (m, 1H), 1.87-1.76 (m, 1H), 1.61-1.42 (m, 2H), 1.32-1.21 (m, 9H),0.86 (t, J = 6.6 

Hz, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 151.8, 143.2, 126.11, 126.08, 124.4, 122.6, 

47.2, 41.4, 38.5, 31.9, 30.3, 30.1, 26.2 (quintet, J = 18.9 Hz), 24.9, 22.7, 14.1 ppm; The ee 

was determined by HPLC analysis (Chiralcel OD-H column, λ= 254 nm, n-Hexane, flow rate= 0.25 mL/min): 

tR(major)=17.7 min, tR(minor)= 19.1 min; HRMS (ESI): calcd. for C16H23D2 [M+H]+: 218.1998, found: 218.1998. 

 

Procedure for the Ni-Catalyzed Asymmetric Reductive Heck of 1a on 5-mmol Scale 

 

 

A sealed test tube charged with ligand L7 (150 mg, 0.75 mmol, 15 mol%) and a stir bar was evacuated and filled with 

nitrogen (three cycles), and then NiBF4•6H2O (255 mg, 0.75 mmol, 15 mol%) and Zn-powder (975 mg, 15 mmol, 3.0 equiv) 

were added in the glovebox. Subsequently, i-PrOH (12.5 mL) was added to the mixture under nitrogen atmosphere. Then 

the reaction mixture was heated to 55 °C, before the alkene 1a (1.79 g, 5 mmol, 1.0 equiv) was added and the resulting 

mixture was stirred at this temperature for 10 h. The mixture was then filtered through a pad of Celite and concentrated 

under reduced pressure. The residue was purified through column chromatography on silica gel with petroleum ether to the 

mixture eluent of petroleum ether and ethyl acetate (50:1), affording the product 2a as a colorless oil (1.33 g, 95% yield, 

94 %ee).  

Unsuccessful Substrates 

 

 



S24 
 

Derivatizations of the Reductive Heck Product 2a 

(1) Oxidation2a to the Indanone 313 

 

 

To a mixture of 2a (1.47 g, 5.24 mmol, 1 equiv), PhI (109 mg, 0.53 mmol, 10 mol%), and Oxone® (6.52 g, 10.6 mmol, 2 

equiv) in 16 mL of acetonitrile and 16 mL of water, RuCl3 (1.75 mg, 0.0084 mmol, 0.16 mol%) was added under stirring at 

room temperature. After stirring for 10 h, 20 mL of ethyl acetate and 20 mL of water were added, and the mixture was 

stirred for another 5 min. The aqueous phase was extracted with EtOAc (3×20 mL) and the combined organic phases were 

washed with water and aqueous saturated NaCl solution, dried over Na2SO4, filtered and concentrated under reduced 

pressure. The residue was purified through column chromatography on silica gel with the mixture eluent of petroleum ether 

and ethyl acetate (10:1) to give the (S)-2-(1-methyl-3-oxo-2,3-dihydro-1H-inden-1-yl)ethyl benzoate (3) as a yellow oil 

(1.32 g, 90 % yield, 95 %ee); 1H NMR (400 MHz, CDCl3) δ= 7.93-7.86 (m, 2H), 7.74-7.69 (m, 1H), 7.65-7.59 (m, 1H), 

7.58-7.49 (m, 2H), 7.46-7.36 (m, 3H), 4.35-4.19 (m, 2H), 2.91 (d, J = 18.9 Hz, 1H), 2.57 (d, J = 18.9 Hz, 1H), 2.30-2.14 (m, 

2H), 1.50 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 205.2, 166.4, 161.7, 135.8, 135.2, 133.0, 129.9, 129.5 (2C), 128.4 

(2C), 127.9, 123.9, 123.6, 62.1, 50.4, 40.8, 40.1, 28.9 ppm;HRMS (ESI): calcd. for C19H19O3[M+H]+:295.1329, found: 

295.1335. The ee was determined by HPLC analysis (Chiralpak IB column, λ= 225 nm, hexane/isopropanol= 70/30, flow 

rate= 0.5 mL/min): tR(minor)=11.1 min, tR(major)= 11.7 min.  

 

(2) m-CPBA-Mediated Baeyer-Villiger Oxidation of the Indanone 3 

 

 

A mixture of the indanone 3 (59 mg, 0.2 mmol, 1 equiv), mCPBA (85%, 404 mg, 2.0 mmol, 10 equiv), and p-TsOH•H2O 

(77 mg, 0.4 mmol, 2 equiv) in dichloroethane (4.0 mL) was stirred at 60 °C for 5 h. After diluting with EtOAc, the mixture 

was washed with saturated aqueous Na2SO3 solution, saturated aqueous NaHCO3 solution, and brine. The organic phase 

was dried over Na2SO4, filtered, and concentrated in vacuo. The residue was purified by preparative thin-layer 

chromatography (petroleum ether:EtOAc= 5:1) to afford (S)-2-(4-methyl-2-oxochroman-4-yl)ethyl benzoate (4)a s a 

colorless oil (47 mg, 75% yield, 96 %ee). 1H NMR (400 MHz, CDCl3) δ= 7.98-7.89 (m, 2H), 7.59-7.52 (m, 1H), 7.42 (t, J = 

7.7 Hz, 2H), 7.32 (dd, J = 7.7, 1.7 Hz, 1H), 7.30-7.24 (m, 1H), 7.18-7.12 (m, 1H), 7.09 (dd, J = 8.1, 1.3 Hz, 1H), 4.45-4.34 

(m, 1H), 4.34-4.22 (m, 1H), 2.85 (d, J = 15.7 Hz, 1H), 2.68 (d, J = 15.7 Hz, 1H), 2.22-1.95 (m, 2H), 1.49 (s, 3H) ppm; 13C 

NMR (101 MHz, CDCl3) δ= 167.8, 166.4, 150.9, 133.1, 129.8, 129.6 (2C), 129.5, 128.7, 128.4 (2C), 125.2, 124.9, 117.5, 

61.2, 42.2, 38.0, 35.5, 25.3 ppm; HRMS (ESI): calcd. for C19H19O4[M+H]+:311.1278, found: 311.1284. The ee was 
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determined by HPLC analysis (Chiralpak AD-H column, λ= 225 nm, hexane/isopropanol= 70/30, flow rate= 0.5 mL/min): 

tR(minor)=13.7 min, tR(major)= 14.4min.  

 

(3) Beckmann Rearrangement the Indanone 3 

 

 

 

Step 1: To a solution of the indanone 3 (147 mg, 0.5 mmol, 1 equiv) and hydroxylamin hydrochloride (74.8 mg, 1.15 mmol, 

2.3 equiv) in 0.6 mL of MeOH, sodium acetate trihydrate (102.5 mg, 1.25 mmol, 2.5 equiv) in 0.3 mL of water was added at 

room temperature. The mixture was refluxed for 1 h, before it was neutralized by adding saturated aqueous NaHCO3. The 

aqueous phase was extracted with diethyl ether and the organic phase was washed with brine, dried over anhydrous 

magnesium sulfate, filtered and removed in vacuo. The residue was purified by preparative thin-layer chromatography 

(petroleum ether:AcOEt = 2:1) to afford (S,E)-2-(3-(hydroxyimino)-1-methyl-2,3-dihydro-1H-inden-1-yl)ethyl benzoate (6) 

as a colorless oil (131 mg, 85 % yield); 1H NMR (400 MHz, CDCl3) δ= 10.38-10.11 (brs, 1H), 8.04-7.88 (m, 2H), 7.73 (d, 

J= 7.6 Hz, 1H), 7.48 (t, J = 7.4 Hz, 1H), 7.37 (t, J = 7.5 Hz, 3H), 7.32-7.23 (m, 2H), 4.27 (t, J = 7.0 Hz, 2H), 3.22 (d, J = 

18.8 Hz, 1H), 2.84 (d, J = 18.8 Hz, 1H), 2.22-2.03 (m, 2H), 1.41 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 166.6, 161.7, 

154.9, 134.8, 132.9, 130.9, 130.1, 129.6 (2C), 128.3 (2C), 127.7, 123.4, 121.8, 62.3, 43.4, 40.5, 40.3, 29.2 ppm; HRMS 

(ESI): calcd. for C19H20NO3 [M+H]+:310.1438, found: 310.1439 

 

Step 2: Phosphorus pentachloride (41.6 mg, 0.2 mmol, 1.0 equiv) was added in one portion to a solution of 3 (62mg, 

0.2mmol, 1.0 equiv) in THF (4 mL). The reaction mixture was then heated under reflux for 1.5h, before it was quenched 

with sat. aq. NH4Cl solution (10mL).The aqueous phase was extracted with EtOAc (2×10 mL) and the combined organic 

extracts were washed with brine (10 mL), dried over NaSO4, filtered, and concentrated under reduced pressure. The residue 

was purified by column chromatography on silica gel (petroleum ether:EtOAc= 2:1) to give (R)-2-(4-methyl-2-oxo-1,2,3,4-

tetrahydroquinolin-4-yl)ethyl benzoate (5) as a colorless oil (32 mg, 52 % yield, 96 %ee). 1H NMR (400 MHz, CDCl3) δ= 

8.10-8.05 (brs, 1H), 7.99-7.93 (m, 2H), 7.55 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.7 Hz, 2H), 7.31 (d, J = 7.6 Hz, 1H), 7.22-7.18 

(m, 1H), 7.09-7.03 (m, 1H), 6.77 (dd, J = 7.9, 1.2 Hz, 1H), 4.41-4.32 (m, 1H), 4.27-4.20 (m, 1H), 2.66 (d, J = 16.0 Hz, 1H), 

2.57 (d, J = 16.1 Hz, 1H), 2.12 (t, J = 6.8 Hz, 2H), 1.47 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ= 170.0, 166.5, 136.0, 

133.0, 129.98, 129.95, 129.6 (2C), 128.3 (2C), 128.0, 125.5, 123.7, 115.9, 61.6, 43.9, 37.6, 36.2, 25.6 ppm; HRMS (ESI): 

calcd. for C19H20NO3 [M+H]+: 310.1438, found: 310.1441. The ee was determined by HPLC analysis (Chiralpak AD-H 

column, λ= 254 nm, hexane/isopropanol= 70/30, flow rate= 0.5 mL/min): tR(major)=16.5 min, tR(minor)= 18.5min.  
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HPLC Data and Chromatograms  

 

 

 

HPLC (Chiral MD): tR= 14.7 (minor), 15.6 (majorr) 

Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiral MD): tR= 11.3 (minor), 17.3 (major) 

Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiral MD): tR= 23.4 (minor), 28.2 (major) 

Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiral MD): tR=11.1 (major),11.9 (minor) 

Condition: 97:3 n-Hexane:i-PrOH, flow rate 0. 5mL/min, 25 ℃. 
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HPLC (Chiral MD): tR= 16.0 (minor), 17.9 (major) 

Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiral MD): tR= 22.9 (minor), 23.6 (major) 

Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 

 



S192 
 

 

 

 

HPLC (Chiral MD): tR= 9.2 (major), 9.7 (minor) 

Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.7 mL/min, 25℃. 
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HPLC (Chiralpak AD-H): tR= 16.5 (major), 17.5 (minor) 

Condition: 70:30 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralcel OD-H): tR=17.4 (major), 18.9 (minor) 

Condition: n-Hexane, flow rate 0.25 mL/min, 25 ℃. 
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HPLC (Chiralpak AD-H): tR= 15.7 (minor), 16.4 (major) 

Condition: 97:3 n-Hexane:i-PrOH, flow rate 0.3 mL/min, 25 ℃. 
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HPLC (Chiral MD): tR=10.0 (major), 10.6 (minor) 

Condition: 99:1 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiral MD): tR= 16.6 (major), 17.5 (minor) 

Condition: n-Hexane, flow rate 0.25 mL/min, 25 ℃. 

 

 



S198 
 

 

 

 

HPLC (Chiralcel OD-H): tR=,19.6 (minor), 20.6 (major) 

Condition: n-Hexane, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralcel OJ-H): tR=26.3 (major), 32.2 (minor) 

Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.5mL/min, 25 ℃. 
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HPLC (Chiralpak IA): tR= 9.8 (major), 10.5 (minor) 

Condition: n-Hexane, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralcel OD-H): tR= 13.8 (minor), 14.5 (major) 

Condition: n-Hexane, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralpak IB): tR= 15.7 (minor ), 16.3 (major) 

Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.3 mL/min, 25 ℃. 
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HPLC (Chiralcel OD-H): tR= 16.7 (major), 18.6 (minor) 

Condition: n-Hexane, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralcel OD-H): tR= 12.3 (major), 13.6 (minor) 

Condition: n-Hexane, flow rate 0.5 mL/min, 25℃. 
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HPLC (Chiralpak IA): tR= 11.5 (minor), 12.0 (major) 

Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralpak IA): tR= 10.2 (minor), 10.6 (major) 

Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25℃. 
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HPLC (Chiralpak IA): tR=7.7 (minor), 8.3 (major) 

Condition: 99.5:0.5 n-Hexane:i-PrOH, flow rate 0.7 mL/min, 25 ℃. 
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HPLC (Chiralpak IA): tR=  9.0 (minor),10.1 (major) 

Condition: 98:2 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralpak IA): tR= 10.5 (minor), 11.3 (major) 

Condition: n-Hexane, flow rate 0.5 mL/min, 25℃. 
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HPLC (Chiral MD): tR= 11.2 (minor), 11.6 (major) 

Condition: 95:5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃ 
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HPLC (Chiralpak IA): tR= 29.7 (minor), 38.3 (major) Lit.: [tR= 17.9 (minor), 24.6 (major)] 

Condition: n-Hexane, flow rate 0.5 mL/min, 25 ℃ 

Lit.: Z.-M. Zhang, B. Xu, Y. Qian, L. Wu, Y. Wu, L. Zhou, Y. Liu, J. Zhang, Palladium-Catalyzed Enantioselective Reductive 

Heck Reactions: Convenient Access to 3,3-Disubstituted 2,3-Dihydrobenzofuran. Angew. Chem. Int. Ed. 2018, 57, 10373-10377.  
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HPLC (Chiral MD): tR= 20.3 (minor), 21.4 (major) 

Condition: 95:5 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 
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HPLC (Chiralpak IB): tR= 33.4 (minor), 35.3 (major) 

Condition: 90:10 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃.  
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HPLC (Chiralpak IB): tR= 7.9 (minor), 8.6 (major) 

Condition: 80:20 n-Hexane:i-PrOH, flow rate 0.75 mL/min, 25 ℃. 
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HPLC (Chiralpak IB): tR= 9.8 (major), 11.7 (minor) 

Condition: 80:20 n-Hexane:i-PrOH, flow rate 0.75 mL/min, 25 ℃. 
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HPLC (Chiralcel OD-H): tR= 17.7 (major), 19.1 (minor) 

Condition:n-Hexane, flow rate 0.25 mL/min, 25 ℃. 
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HPLC (Chiralpak IB): tR= 11.1 (minor), 11.7 (major) 

Condition: 70:30 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃.   
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HPLC (Chiralpak AD-H): tR= 13.7 (minor), 14.4 (major) 

Condition: 70:30 n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25℃.    
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HPLC (Chiralpak AD-H): tR= 16.5 (major), 18.5(minor) 

Condition: 70:30  n-Hexane:i-PrOH, flow rate 0.5 mL/min, 25 ℃. 

 

 


