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1. General Information 

1H and 13C NMR data were recorded with Bruker ADVANCE III (400 MHz) or JNM-

ECZ400S/L1 (400 MHz) spectrometers. Chemical shifts are given in ppm. The spectra 

are calibrated to the residual 1H and 13C signals of the solvents. Multiplicities are 

abbreviated as follows: singlet (s), doublet (d), triplet (t), quartet (q), doublet-doublet 

(dd), quintet (quint), septet (sept), multiplet (m), and broad (b). 19F NMR spectra were 

recorded using CFCl3 as internal standard. Gas chromatography were determined with 

a SHIMADZU Nexis GC 2030 gas chromatography instrument with a FID detector. 

High-resolution mass spectra (HRMS) were recorded on DIONEX UltiMate 3000 & 

Bruker Compact TOF mass spectrometer. Enantiomeric excesses were determined 

with a SHIMADZU LC-20ADXR system using chiral stationary phase columns 

(DAICEL) by comparing the samples with the corresponding racemic samples. Column 

and elution details were specified in each entry.  

  

Materials and Methods: Unless otherwise stated, starting materials were purchased 

from commercial suppliers (Adamas-beta®, Alfa, Aldrich and so on). All reactions 

dealing with air- or moisture-sensitive compounds were performed in the argon-filled 

glove box or by standard Schlenk techniques in oven-dried reaction vessels under 

argon atmosphere. Solvents were purchased in HPLC quality, degassed by purging 

thoroughly with argon and dried over activated molecular sieves of appropriate size. 

More sensitive compounds were stored in a desiccator or in a glove-box if required. 

Reactions were monitored by thin layer chromatography (TLC) using glass 0.25 mm 

silica gel plates. Compounds were visualized by UV-light at 254 nm and by dipping the 

plates in an aqueous potassium permanganate solution followed by heating. Flash 

column chromatography was performed over silica gel (200-400 mesh).  
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2. General Procedure 

General procedure for the enantioselective aryl-alkenylation of arenediazonium salts 1 

with alkenes 2: 

 

A mixture of PdCl2 (10 mol %, 1.7 mg), (4S, 4'S)-BOX L14 (20 mol %, 6.0 mg) and 

MeOH (1.0 mL) was stirred in an oven-dried vial at room temperature for 15 minutes 

to form the precatalyst. The resulting solution was cooled to 10 oC and charged with 

arenediazonium salt 1 (0.1 mmol, 1.0 equiv), alkene 2 (0.2 mmol, 0.2 equiv) and 

Ag2CO3 (0.1 mmol, 27.5 mg). Then the reaction mixture was stirred at the same 

temperature until the reaction was completed. The solvent was removed under vacuum 

and the residue was then purified by column chromatography on silica gel, eluting with 

petroleum ether/EtOAc = 100:1~5/1 to afford the desired dihydrobenzofuran 3 (This 

reaction show high regioselectivity and in almost all cases only < 5% of regioisomers 

3’ were detected).   
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3. Optimization of Reaction Conditions 
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4. General procedure for the synthesis of starting materials 

4.1 General procedure for allylation of 2-nitrophenols 

 

To an oven-dried sealed tube containing 2-nitrophenol (20 mmol, 1.0 equiv), K2CO3 

(3.0 equiv, 8.29 g) in acetone (60 mL) at 0 oC was added the corresponding allyl halide 

(X = Br, 1.2 equiv; X = Cl, 1.5 equiv). The tube was sealed and the reaction mixture 

was heated at 65 oC until the reaction was completed. The mixture was cooled to room 

temperature, quenched by the addition of H2O and extracted with EtOAc. The 

combined organic layers was washed with saturated NH4Cl and dried over Na2SO4. 

The solvent was then removed under vacuum to give the desired alkylation product in 

an almost pure form, which was used in the next step without further purification. 

 

4.2 General procedure for reduction of nitro to aniline 

 

To a vigorously stirred solution of the above prepared allylated nitro compound (10 

mmol, 1.0 equiv) in MeOH (60 mL) and saturated NH4Cl aqueous solution (5 mL) was 

added Zn dust (15 equiv, 9.75 g). After the reaction was completed, the reaction 

mixture was filtered through a short pad of celite and washed with EtOAc. The filtrate 

was dried over Na2SO4 and the solvent was then removed under vacuum to give the 

corresponding aniline derivative, which was used in the next step without further 

purification. 
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4.3 General procedure for the synthesis of arenediazonium tetrafluoroborates 11 

 

A mixture of the above aniline (10 mmol, 1 equiv) and HCl (3 equiv, 3.0 mol/L, 10 mL) 

was stirred at 0 °C for 10 minutes. To the vigorously stirred suspension was added a 

solution of NaNO2 (2.5 equiv, 1.73 g) in 2.0 mL of H2O at the same temperature for 20 

minutes. The reaction mixture was washed with cold Et2O, followed by the addition of 

HBF4 (48% w/w, 4.5 equiv, 5.9 mL). This solution was extracted with DCM, the organic 

phase was washed with H2O and dried over anhydrous Na2SO4. The solvent was 

evaporated under vacuum to furnish the corresponding arenediazonium salt. 

Depending on the purity of the salt, it was recrystallized by dissolution in acetone 

followed by the addition of cold Et2O at 0 oC. All the arenediazonium tetrafluoroborate 

salts were stored in a freezer at -25 oC.  
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5. Characterization data of products 

Methyl (R, E)-4-(3-methyl-2,3-dihydrobenzofuran-3-yl)but-2-enoate (3aa) 

 

3aa was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2a (0.2 mmol, 18 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 50/1~10/1) to obtain 3aa as colorless oil (18.4 mg, 79% 

yield). The 1H NMR data matched those reported in the literature2: 1H NMR (400 MHz, 

CDCl3): δ 7.17-7.08 (m, 2H), 6.92-6.78 (m, 3H), 5.85 (dt, J = 15.5, 1.4 Hz, 1H), 4.35 (d, 

J = 8.8 Hz, 1H), 4.15 (d, J = 8.8 Hz, 1H), 3.72 (s, 3H), 2.50 (dd, J = 7.8, 1.4 Hz, 2H), 

1.38 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 166.5, 159.2, 144.3, 133.9, 128.5, 124.2, 122.8, 120.7, 

109.9, 81.7, 51.5, 45.2, 43.3, 24.8. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OJ-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 13 

min (minor), 14 min (major).  

Optical Rotation: [α]D30 25.2 (c 0.1, CHCl3) for 94% ee. 

Absolute stereochemistry was determined through analogy with 3ac. 
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tert-butyl (R, E)-4-(3-methyl-2,3-dihydrobenzofuran-3-yl)but-2-enoate (3ab) 

 

3ab was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2b (0.2 mmol, 29 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 50/1~10/1) to obtain 3ab as colorless oil (20.6 mg, 75% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.16-7.08 (m, 2H), 6.91-6.87 (td, J = 7.4, 0.8 Hz, 

1H), 6.81-6.72 (m, 2H), 5.79 (d, J = 15.5 Hz, 1H), 4.35 (d, J = 8.8 Hz, 1H), 4.14 (d, J = 

8.8 Hz, 1H), 2.47 (d, J = 7.7 Hz, 2H), 1.47 (s, 9H), 1.37 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 165.5, 159.3, 142.8, 134.2, 128.4, 126.3, 122.8, 120.6, 

109.9, 81.8, 80.3, 45.2, 43.1, 28.1, 24.7;  

HRMS: (ESI) calcd for C17H22NaO3
+[M+Na]+ 297.1461; found 297.1456. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OJ-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 5.3 

min (major), 6.9 min (minor).  

Optical Rotation: [α]D28 8.0 (c 0.3, CHCl3) for 99% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R)-3-cinnamyl-3-methyl-2,3-dihydrobenzofuran (3ac) 

 

3ac was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2c (0.2 mmol, 23 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ac as colorless oil (19.0 mg, 76% 

yield). The 1H NMR data matched those reported in the literature3: 1H NMR (400 MHz, 

CDCl3): δ 7.34-7.28 (m, 4H), 7.25-7.20 (m, 1H), 7.19-7.12 (m, 2H), 6.91 (td, J = 7.4, 

0.9 Hz, 1H), 6.82 (dt, J = 7.9, 0.8 Hz, 1H), 6.43 (dt, J = 15.7, 1.3 Hz, 1H), 6.12 (dt, J = 

15.8, 7.5 Hz, 1H), 4.46 (d, J = 8.6 Hz, 1H), 4.17 (d, J = 8.6 Hz, 1H), 2.52 (dd, J = 7.5, 

1.4 Hz, 2H), 1.41 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 137.3, 134.8, 133.4, 128.5, 128.2, 127.2, 126.1, 

125.6, 122.9, 120.5, 109.7, 82.0, 45.6, 44.2, 25.0.  

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 1 mL/min. tR = 5.6 

min (minor), 5.8 min (major).  

Optical Rotation: [α]D30 21.3 (c 0.1, CHCl3) for 94% ee.  

The absolute configuration of product 3ac was determined by converting 3ac into the 

corresponding known compound 64 by ozonolysis of alkene to aldehyde, followed by 

olefination of the resulting aldehyde to terminal alkene and hydrogenation. All other 

dihydrobenzofurans 3 were attributed accordingly. 
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(R, E)-3-methyl-3-(3-(p-tolyl)allyl)-2,3-dihydrobenzofuran (3ad) 

 

3ad was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2d (0.2 mmol, 26 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ad as colorless oil (18.1 mg, 66% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.33-7.07 (m, 6H), 6.98-6.90 (m, 1H), 6.84 (d, J = 

7.9 Hz, 1H), 6.42 (d, J = 15.7 Hz, 1H), 6.18-5.99 (m, 1H), 4.48 (dd, J = 8.6, Hz, 1H), 

4.19 (dd, J = 8.6,  Hz, 1H), 2.53 (d, J = 7.3 Hz, 2H), 2.37 (s, 3H), 1.43 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.4, 137.0, 134.9, 134.5, 133.2, 129.2, 128.1, 125.9, 

124.5, 122.9, 120.4, 109.7, 81.9, 45.6, 44.2, 24.9, 21.2;  

HRMS: (ESI) calcd for C19H20NaO+[M+Na]+ 287.1406; found 287.1407. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 4.5 

min (minor), 5.0 min (major).  

Optical Rotation: [α]D30 -9.3 (c 0.2, CHCl3) for 94% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-methoxyphenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3ae) 

 

3ae was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2e (0.2 mmol, 26.6 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~20/1) to obtain 3ae as colorless oil (19.1 mg, 68% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.25-7.23 (m, 1H), 7.17-7.11 (m, 2H), 6.91-6.80 

(m, 5H), 6.36 (d, J = 15.7 Hz, 1H), 6.01-5.93 (m, 1H), 4.44 (d, J = 8.6 Hz, 1H), 4.15 (d, 

J = 8.6 Hz, 1H), 3.80 (s, 3H), 2.48 (dd, J = 7.5, 1.2 Hz, 2H), 1.39 (s, 3H);  

13C NMR (101 MHz, CDCl3) δ 159.5, 158.9, 134.9, 132.8, 130.2, 128.1, 127.2, 123.4, 

122.9, 120.4, 113.9, 109.7, 82.0, 55.3, 45.7, 44.2, 25.0;  

HRMS: (ESI) calcd for C19H21O2
+[M+H]+ 281.1536; found 281.1540. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 99/1 as eluent, 254 nm, 0.5 mL/min. tR = 14 

min (minor), 16 min (major).  

Optical Rotation: [α]D28 18.4 (c 0.2, CHCl3) for 94% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-(tert-butoxy)phenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3af) 

 

3af was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2f (0.2 mmol, 37.7 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~20/1) to obtain 3af as colorless oil (22.5 mg, 70% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.23-7.19 (m, 2H), 7.17-7.12 (m, 2H), 6.93-6.88 

(m, 3H), 6.82-6.80 (m, 1H), 6.39 (d, J = 15.7 Hz, 1H), 6.01 (dt, J = 15.7, 7.5 Hz, 1H), 

4.45 (d, J = 8.6 Hz, 1H), 4.15 (d, J = 8.6 Hz, 1H), 2.50 (dd, J = 7.5, 1.2 Hz, 2H), 1.40 

(s, 3H), 1.34 (s, 9H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 154.7, 134.9, 132.9, 132.5, 128.1, 126.6, 124.3, 

124.2, 122.9, 120.5, 109.7, 81.9, 78.6, 45.6, 44.2, 28.8, 25.0;  

HRMS: (ESI) calcd for C22H26NaO2
+[M+Na]+ 345.1825; found 345.1825. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 4.9 

min (minor), 5.7 min (major).  

Optical Rotation: [α]D28 -1.9 (c 0.5, CHCl3) for 95% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-fluorophenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3ag) 

 

3ag was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2g (0.2 mmol, 24 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ag as colorless oil (19.0 mg, 71% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.34-7.26 (m, 2H), 7.21-7.15 (m, 2H), 7.04-6.98 

(m, 2H), 6.94 (td, J = 7.4, 1.0 Hz, 1H), 6.85 (dt, J = 7.8, 0.8 Hz, 1H), 6.40 (dt, J = 15.7, 

1.4 Hz, 1H), 6.04 (dt, J = 15.3, 7.5 Hz, 1H), 4.47 (d, J = 8.6 Hz, 1H), 4.20 (d, J = 8.7 

Hz, 1H), 2.53 (dd, J = 7.4, 1.4 Hz, 2H), 1.44 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 16 (d, J = 246.2 Hz), 159.5, 134.8, 133.5 (d, J = 3.3 Hz), 

132.2, 128.3, 127.6 (d, J = 7.9 Hz), 125.4 (d, J = 2.2 Hz), 122.9, 120.5, 115.4 (d, J = 

21.5 Hz), 109.7, 81.9, 45.7, 44.3, 25.0;  

19F NMR (376 MHz, CDCl3): δ -114.95;   

HRMS: (APCI) calcd for C18H18FO+[M+H]+ 269.1337; found 269.1347. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 4.7 

min (minor), 5.0 min (major).  

Optical Rotation: [α]D30 -18.1 (c 0.3, CHCl3) for 94% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-methyl-3-(3-(4-nitrophenyl)allyl)-2,3-dihydrobenzofuran (3ah) 

 

3ah was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2h (0.2 mmol, 25.6 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~5/1) to obtain 3ah as colorless oil (25.1 mg, 85% 

yield). 1H NMR (400 MHz, CDCl3): δ 8.15-8.13 (m, 2H), 7.42-7.38 (m, 2H), 7.18-7.11 

(m, 2H), 6.91 (td, J = 7.4, 0.9 Hz, 1H), 6.81 (d, J = 8.0 Hz, 1H), 6.45 (d, J = 15.8 Hz, 

1H), 6.31-6.23 (m, 1H), 4.43 (d, J = 8.7 Hz, 1H), 4.18 (d, J = 8.7 Hz, 1H), 2.55 (dd, J = 

7.5, 1.1 Hz, 2H), 1.43 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.4, 146.6, 143.6, 134.1, 131.5, 131.1, 128.4, 126.6, 

123.9, 122.8, 120.6, 109.8, 81.8, 45.7, 44.5, 25.0;  

HRMS: (ESI) calcd for C18H17NNaO3
+[M+Na]+ 318.1101; found 318.1104. 

The enantiomeric purity was established by HPLC analysis using a chiral column: AD-

H column, 30 °C, n-Hexane/i-Propanol = 95/5 as eluent, 254 nm, 1 mL/min. tR = 9.4 

min (minor), 9.9 min (major).  

Optical Rotation: [α]D28 19.7 (c 0.4, CHCl3) for 90% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-methyl-3-(3-(4-(trifluoromethyl)phenyl)allyl)-2,3-dihydrobenzofuran (3ai) 

 

3ai was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2i (0.2 mmol, 30 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ai as colorless oil (20.0 mg, 63% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.54 (d, J = 8.2 Hz, 2H), 7.44-7.34 (m, 2H), 7.22-

7.08 (m, 2H), 6.91 (td, J = 7.4, 1.0 Hz, 1H), 6.82 (ddd, J = 8.0, 0.6 Hz, 1H), 6.43 (d, J 

= 15.8 Hz, 1H), 6.28-6.13 (m, 1H), 4.44 (d, J = 8.7 Hz, 1H), 4.17 (d, J = 8.7 Hz, 1H), 

2.54 (dd, J = 7.5, 1.2 Hz, 2H), 1.42 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 140.7, 134.5, 132.2, 129.2, 128.9, 128.6, 128.3, 

126.2, 125.45 (q, J = 3.8 Hz), 122.9, 120.6, 109.8, 81.9, 45.6, 44.3, 25.0;  

19F NMR (376 MHz, CDCl3): δ -62.35;  

HRMS: (APCI) calcd for C19H18F3O+[M+H]+ 319.1304; found 319.1298. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OJ-

H column, 30 °C, n-Hexane/i-Propanol = 95/5 as eluent, 254 nm, 1 mL/min. tR = 8.8 

min (major), 9.4 min (minor).  

Optical Rotation: [α]D30 -12.5 (c 0.3, CHCl3) for 93% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-([1,1'-biphenyl]-4-yl)allyl)-3-methyl-2,3-dihydrobenzofuran (3aj) 

 

3aj was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2j (0.2 mmol, 36 mg) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3aj as colorless oil (28.0 mg, 86% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.71-7.52 (m, 4H), 7.48-7.31 (m, 5H), 7.23-7.11 

(m, 2H), 6.92 (td, J = 7.4, 1.0 Hz, 1H), 6.83 (dt, J = 7.8, 0.9 Hz, 1H), 6.58-6.39 (m, 1H), 

6.17 (dt, J = 15.8, 7.5 Hz, 1H), 4.47 (d, J = 8.6 Hz, 1H), 4.18 (d, J = 8.6 Hz, 1H), 2.55 

(dd, J = 7.5, 1.3 Hz, 2H), 1.43 (s, 3H); 

13C NMR (101 MHz, CDCl3): δ 159.5, 140.7, 140.0, 136.3, 134.8, 133.0, 128.8, 128.2, 

127.2, 126.9, 126.5, 125.8, 122.9, 120.5, 109.7, 82.0, 45.7, 44.3, 25.0;  

HRMS: (APCI) calcd for C24H23O+[M+H]+ 327.1743; found 327.1739. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 0.5 mL/min. tR = 6 

min (minor), 9 min (major).  

Optical Rotation: [α]D28 36.8 (c 0.1, CHCl3) for 93% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-bromophenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3ak) 

 

3ak was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2k (0.2 mmol, 26 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ak as colorless oil (29.0 mg, 88% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.48-7.38 (m, 2H), 7.22-7.10 (m, 4H), 6.90 (td, J 

= 7.4, 1.0 Hz, 1H), 6.85-6.79 (m, 1H), 6.43-6.27 (m, 1H), 6.09 (dt, J = 15.8, 7.5 Hz, 1H), 

4.43 (d, J = 8.7 Hz, 1H), 4.16 (d, J = 8.7 Hz, 1H), 2.50 (dd, J = 7.5, 1.3 Hz, 2H), 1.40 

(s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.4, 136.2, 134.6, 132.2, 131.5, 128.2, 127.6, 126.5, 

122.9, 120.9, 120.5, 109.7, 81.9, 45.6, 44.3, 24.9;  

HRMS: (APCI) calcd for C18H18BrO+[M+H]+ 329.0536; found 329.0543. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 5.0 

min (minor), 5.5 min (major).  

Optical Rotation: [α]D30 -1 (c 0.3, CHCl3) for 94% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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Methyl (R, E)-4-(3-(3-methyl-2,3-dihydrobenzofuran-3-yl)prop-1-en-1-yl)benzoate (3al) 

 

3al was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2l (0.2 mmol, 32.4 mg) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3al as colorless oil (21.2 mg, 69% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.96 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.3 Hz, 2H), 

7.17-7.08 (m, 2H), 6.90 (td, J = 7.4, 1.0 Hz, 1H), 6.85-6.78 (m, 1H), 6.52-6.38 (m, 1H), 

6.31-6.15 (m, 1H), 4.44 (d, J = 8.7 Hz, 1H), 4.17 (d, J = 8.6 Hz, 1H), 3.91 (s, 3H), 2.53 

(dd, J = 7.5, 1.3 Hz, 2H), 1.42 (s, 3H);  

13C NMR NMR (101 MHz, CDCl3): δ 166.9, 159.5, 141.7, 134.5, 132.6, 129.9, 128.7, 

128.6, 128.3, 125.9, 122.9, 120.5, 109.8, 81.9, 52.0, 45.6, 44.4, 25.0;  

HRMS: (ESI) calcd for C20H20NaO3
+[M+Na]+ 331.1305; found 331.1310. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 85/15 as eluent, 254 nm, 1 mL/min. tR = 5.5 

min (minor), 5.8 min (major).  

Optical Rotation: [α]D28 13.9 (c 0.3, CHCl3) for 93% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-methyl-3-(3-(3-(trifluoromethoxy)phenyl)allyl)-2,3-dihydrobenzofuran (3am) 

 

3am was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2m (0.2 mmol, 37.6 mg) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3am as colorless oil (17.4 mg, 52% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.30 (t, J = 7.9 Hz, 1H), 7.25-7.20 (m, 1H), 7.19-

7.10 (m, 3H), 7.09-7.04 (m, 1H), 6.91 (td, J = 7.5, 1.0 Hz, 1H), 6.81 (dt, J = 8.0, 0.8 Hz, 

1H), 6.54-6.30 (m, 1H), 6.13 (dt, J = 15.7, 7.5 Hz, 1H), 4.44 (d, J = 8.7 Hz, 1H), 4.17 

(d, J = 8.7 Hz, 1H), 2.52 (dd, J = 7.5, 1.3 Hz, 2H), 1.41 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 149.6, 139.5, 134.6, 13, 129.8, 128.3, 127.7, 

124.4, 122.9, 120.6, 120.0 (q, J = 115.1 Hz), 119.4, 118.5, 109.8, 81.9, 45.6, 44.2, 24.9;  

19F NMR (376 MHz, CDCl3): δ -57.58;  

HRMS: (ESI) calcd for C19H17F3NaO2
+[M+Na]+ 357.1073; found 357.1072.  

The enantiomeric purity was established by HPLC analysis using a chiral column: OJ-

H column, 30 °C, n-Hexane/i-Propanol = 95/5 as eluent, 254 nm, 1 mL/min. tR = 5.7 

min (minor), 6.5 min (major).  

Optical Rotation: [α]D28 39.2 (c 0.1, CHCl3) for 97% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-methyl-3-(3-(3-phenoxyphenyl)allyl)-2,3-dihydrobenzofuran (3an) 

 

3an was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2n (0.2 mmol, 39 mg) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~20/1) to obtain 3an as colorless oil (28.4 mg, 83% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.38-7.31 (m, 2H), 7.29-7.21 (m, 1H), 7.17-7.08 

(m, 3H), 7.08-6.94 (m, 4H), 6.92-6.83 (m, 2H), 6.80 (dt, J = 8.0, 0.8 Hz, 1H), 6.37 (dt, 

J = 15.7, 1.3 Hz, 1H), 6.09 (dt, J = 15.7, 7.5 Hz, 1H), 4.42 (d, J = 8.6 Hz, 1H), 4.15 (d, 

J = 8.7 Hz, 1H), 2.49 (dd, J = 7.5, 1.4 Hz, 2H), 1.39 (s, 3H);  

13C NMR NMR (101 MHz, CDCl3): δ 159.5, 157.4, 157.2, 139.3, 134.7, 132.8, 129.7 

(d, J = 1.9 Hz), 128.2, 126.6, 123.2, 122.9, 121.2, 120.5, 118.8, 117.6, 116.5, 109.7, 

82.0, 45.6, 44.2, 25.0;  

HRMS: (ESI) calcd for C24H23O2
+[M+H]+ 343.1693; found 343.1686. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 85/15 as eluent, 254 nm, 1 mL/min. tR = 7 

min (minor), 13 min (major).  

Optical Rotation: [α]D28 6.5 (c 0.6, CHCl3) for 93% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(3-bromophenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3ao) 

O

Me Br

Chemical Formula: C18H17BrO
Exact Mass: 328.0463  

3ao was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2o (0.2 mmol, 26 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ao as colorless oil (28.6 mg, 87% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.45 (t, J = 1.8 Hz, 1H), 7.34 (ddd, J = 7.7, 1.9, 

1.3 Hz, 1H), 7.24-7.09 (m, 4H), 6.91 (td, J = 7.4, 1.0 Hz, 1H), 6.82 (ddd, J = 8.0, 0.6 

Hz, 1H), 6.33 (d, J = 15.7 Hz, 1H), 6.11 (dt, J = 15.7, 7.5 Hz, 1H), 4.43 (d, J = 8.7 Hz, 

1H), 4.16 (d, J = 8.7 Hz, 1H), 2.51 (dd, J = 7.5, 1.3 Hz, 2H), 1.41 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 139.4, 134.6, 13, 130.1, 130.0, 128.9, 128.3, 

127.4, 124.8, 122.9, 122.7, 120.5, 109.8, 81.9, 45.6, 44.2, 24.9;  

HRMS: (APCI) calcd for C18H18BrO+[M+H]+ 329.0536; found 329.0528. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 5.2 

min (minor), 5.4 min (major).  

Optical Rotation: [α]D30 -7.1 (c 0.4, CHCl3) for 93% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(3,5-dimethoxyphenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3ap) 

 

3ap was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2p (0.2 mmol, 33 mg) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~20/1) to obtain 3ap as colorless oil (10.9 mg, 35% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.20-7.07 (m, 2H), 6.89 (td, J = 7.4, 1.0 Hz, 1H), 

6.80 (dt, J = 7.9, 0.8 Hz, 1H), 6.47 (d, J = 2.2 Hz, 2H), 6.40-6.30 (m, 2H), 6.16-6.02 (m, 

1H), 4.43 (d, J = 8.6 Hz, 1H), 4.15 (d, J = 8.7 Hz, 1H), 3.79 (s, 6H), 2.49 (dd, J = 7.5, 

1.2 Hz, 2H), 1.40 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 160.9, 159.5, 139.4, 134.8, 133.4, 128.2, 126.3, 122.9, 

120.5, 109.7, 104.3, 99.3, 82.0, 55.3, 45.6, 44.2, 24.9;  

HRMS: (ESI) calcd for C20H23O3
+[M+H]+ 311.1642; found 311.1633. 

The enantiomeric purity was established by HPLC analysis using a chiral column: AD-

H column, 30 °C, n-Hexane/i-Propanol = 85/15 as eluent, 254 nm, 1 mL/min. tR = 5.3 

min (major), 5.7 min (minor).  

Optical Rotation: [α]D30 -22.3 (c 0.1, CHCl3) for 96% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(2-chlorophenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3aq) 

 

3aq was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2q (0.2 mmol, 26 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3aq as colorless oil (21.7 mg, 76% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.41 (dd, J = 7.5, 2.0 Hz, 1H), 7.33 (dd, J = 7.7, 

1.6 Hz, 1H), 7.24-7.09 (m, 4H), 6.91 (td, J = 7.4, 1.0 Hz, 1H), 6.86-6.75 (m, 2H), 6.06 

(dt, J = 15.4, 7.5 Hz, 1H), 4.47 (d, J = 8.6 Hz, 1H), 4.18 (d, J = 8.7 Hz, 1H), 2.56 (dd, J 

= 7.5, 1.4 Hz, 2H), 1.43 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 135.5, 134.6, 132.7, 129.8, 129.6, 128.8, 128.2, 

126.9, 126.8, 122.9, 120.6, 109.7, 81.9, 45.6, 44.4, 25.1;  

HRMS: (ESI) calcd for C18H17ClNaO+[M+Na]+ 307.0860; found 307.0867. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 0.5 mL/min. tR = 11.3 

min (minor), 11.7 min (major).  

Optical Rotation: [α]D30 -3.8 (c 0.3, CHCl3) for 92% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-fluoro-3-methoxyphenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3ar) 

 

3ar was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2r (0.1 mmol, 30.4 mg) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~20/1) to obtain 3ar as colorless oil (16.1 mg, 54% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.19-7.09 (m, 2H), 6.99 (dd, J = 11.1, 8.3 Hz, 1H), 

6.93-6.86 (m, 2H), 6.85-6.79 (m, 2H), 6.34 (dd, J = 15.7, 1.4 Hz, 1H), 5.99 (dtd, J = 

15.7, 7.5, 0.6 Hz, 1H), 4.44 (d, J = 8.7 Hz, 1H), 4.16 (d, J = 8.7 Hz, 1H), 3.89 (s, 3H), 

2.49 (dd, J = 7.5, 1.3 Hz, 2H), 1.41 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 151.9 (d, J = 246.0 Hz), 147.6 (d, J = 11.0 Hz), 

134.7, 133.9, 132.5, 128.2, 125.6, 122.9, 120.5, 118.7 (d, J = 6.7 Hz), 116.0 (d, J = 

18.8 Hz), 111.1, 109.7, 81.9, 56.2, 45.6, 44.2, 24.9;  

19F NMR (376 MHz, CDCl3): δ -136.63;  

HRMS: (APCI) calcd for C19H20FO2
+[M+H]+ 299.1442; found 299.1443. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 95/5 as eluent, 254 nm, 1 mL/min. tR = 5.5 

min (minor), 5.8 min (major).  

Optical Rotation: [α]D28 14.3 (c 0.3, CHCl3) for 93% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(3,4-dimethoxyphenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3as) 

 

3as was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2s (0.1 mmol, 32.8 mg) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~20/1) to obtain 3as as colorless oil (19.0 mg, 61% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.20-7.08 (m, 2H), 6.98-6.76 (m, 5H), 6.35 (dt, J 

= 15.5, 1.3 Hz, 1H), 6.06-5.88 (m, 1H), 4.45 (d, J = 8.6 Hz, 1H), 4.16 (d, J = 8.7 Hz, 

1H), 3.89 (s, 3H), 3.87 (s, 3H), 2.49 (dd, J = 7.5, 1.3 Hz, 2H), 1.40 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 148.9, 148.5, 134.9, 133.1, 130.5, 128.1, 123.7, 

122.9, 120.4, 119.0, 111.1, 109.6, 108.8, 81.9, 55.9, 55.8, 45.7, 44.2, 24.9;  

HRMS: (ESI) calcd for C20H23O3
+[M+H]+ 311.1642; found 311.1635. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 90/10 as eluent, 254 nm, 1 mL/min. tR = 7.5 

min (minor), 9.1 min (major).  

Optical Rotation: [α]D28 11.1 (c 0.3, CHCl3) for 91% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-methyl-3-(3-(perfluorophenyl)allyl)-2,3-dihydrobenzofuran (3at) 

 

3at was prepared according to general procedure using 1a (0.1 mmol, 1.0 equiv, 26.2 

mg) and 2t (0.5 mmol, 69 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3at as colorless oil (21.1 mg, 62% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.24-7.07 (m, 2H), 6.90 (td, J = 7.5, 1.0 Hz, 1H), 

6.81 (dt, J = 8.0, 0.8 Hz, 1H), 6.42 (dt, J = 16.2, 7.4 Hz, 1H), 6.28 (dt, J = 16.3, 1.3 Hz, 

1H), 4.42 (d, J = 8.7 Hz, 1H), 4.17 (d, J = 8.8 Hz, 1H), 2.73-2.43 (m, 2H), 1.42 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.5, 136.0, 134.1, 128.4, 122.8, 120.6, 117.4, 109.8, 

81.9, 45.6, 45.5, 24.7;  

19F NMR (376 MHz, CDCl3): δ -143.40 (m), -156.90 (t, J = 20.9 Hz), -163.02 (m);  

HRMS: (APCI) calcd for C18H14F5O+[M+H]+ 341.0959; found 341.0958. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OJ-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 4.7 

min (minor), 4.9 min (major).  

Optical Rotation: [α]D30 -14.2 (c 0.4, CHCl3) for 90% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-bromophenyl)allyl)-5-(tert-butyl)-3-methyl-2,3-dihydrobenzofuran (3bk) 

 

3bk was prepared according to general procedure using 1b (0.1 mmol, 1.0 equiv, 31.8 

mg) and 2k (0.2 mmol, 26.2 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3bk as colorless oil (18.4 mg, 48% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.50-7.38 (m, 2H), 7.17 (dd, J = 8.5,  Hz, 3H), 

7.11 (d, J =  Hz, 1H), 6.74 (d, J = 8.4 Hz, 1H), 6.38-6.27 (m, 1H), 6.12 (dt, J = 15.8, 

7.5 Hz, 1H), 4.41 (d, J = 8.6 Hz, 1H), 4.15 (d, J = 8.6 Hz, 1H), 2.49 (dd, J = 7.5, 1.4 Hz, 

2H), 1.41 (s, 3H), 1.30 (s, 9H);  

13C NMR (101 MHz, CDCl3): δ 157.2, 143.5, 136.3, 134.1, 132.2, 131.6, 127.6, 126.7, 

124.9, 120.9, 119.8, 108.8, 82.3, 45.8, 44.3, 34.4, 31.7, 24.6;  

HRMS: (APCI) calcd for C22H26BrO+[M+H]+ 385.1162; found 385.1165. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 0.5 mL/min. tR = 8.5 

min (minor), 8.9 min (major).  

Optical Rotation: [α]D30 30.1 (c 0.5, CHCl3) for 92% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-bromophenyl)allyl)-3-methyl-5-phenyl-2,3-dihydrobenzofuran (3ck) 

 

3ck was prepared according to general procedure using 1c (0.1 mmol, 1.0 equiv, 33.8 

mg) and 2k (0.2 mmol, 26.2 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ck as colorless oil (22.7 mg, 56% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.59-7.51 (m, 2H), 7.48-7.37 (m, 5H), 7.36-7.28 

(m, 2H), 7.22-7.15 (m, 2H), 6.88 (d, J = 8.3 Hz, 1H), 6.60-6.31 (m, 1H), 6.13 (dt, J = 

15.7, 7.5 Hz, 1H), 4.50 (d, J = 8.7 Hz, 1H), 4.22 (d, J = 8.7 Hz, 1H), 2.55 (ddd, J = 7.7, 

3.1, 1.3 Hz, 2H), 1.46 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.2, 141.3, 136.2, 135.3, 134.1, 132.5, 131.6, 128.7, 

127.7, 127.4, 126.8, 126.6, 126.4, 121.8, 121.0, 109.9, 82.3, 45.7, 44.3, 25.0;  

HRMS: (APCI) calcd for C24H22BrO+[M+H]+ 405.0849; found 405.0848. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 1 mL/min. tR = 8.4 

min (minor), 9.5 min (major).  

Optical Rotation: [α]D28 153.1 (c 0.5, CHCl3) for 91% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-bromophenyl)allyl)-5-chloro-3-methyl-2,3-dihydrobenzofuran (3dk) 

 

3dk was prepared according to general procedure using 1d (0.1 mmol, 1.0 equiv, 29.6 

mg) and 2k (0.2 mmol, 26.2 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3dk as colorless oil (19.3 mg, 53% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.54-7.34 (m, 2H), 7.19-7.12 (m, 2H), 7.08 (dd, J 

= 8.4, 2.3 Hz, 1H), 7.04 (d, J = 2.0 Hz, 1H), 6.70 (d, J = 8.5 Hz, 1H), 6.44-6.25 (m, 1H), 

6.03 (dt, J = 15.7, 7.5 Hz, 1H), 4.43 (d, J = 8.7 Hz, 1H), 4.16 (d, J = 8.7 Hz, 1H), 2.46 

(ddd, J = 7.7, 2.3, 1.3 Hz, 2H), 1.38 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 158.2, 136.6, 136.0, 132.7, 131.6, 128.2, 127.7, 125.9, 

125.2, 123.1, 121.1, 110.7, 82.3, 45.9, 44.1, 25.0;  

HRMS: (APCI) calcd for C18H17BrClO+[M+H]+ 363.0146; found 363.0158. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 0.5 mL/min. tR = 11.2 

min (minor), 12.4 min (major).  

Optical Rotation: [α]D30 71.4 (c 0.5, CHCl3) for 90% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-5-bromo-3-(3-(4-bromophenyl)allyl)-3-methyl-2,3-dihydrobenzofuran (3ek) 

 

3ek was prepared according to general procedure using 1e (0.1 mmol, 1.0 equiv, 34 

mg) and 2k (0.2 mmol, 26.2 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3ek as colorless oil (18.4 mg, 45% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.49-7.38 (m, 2H), 7.23 (dd, J = 8.4,  Hz, 1H), 

7.20-7.13 (m, 3H), 6.67 (d, J = 8.4 Hz, 1H), 6.50-6.26 (m, 1H), 6.03 (dt, J = 15.7, 7.5 

Hz, 1H), 4.44 (d, J = 8.8 Hz, 1H), 4.16 (d, J = 8.8 Hz, 1H), 2.47 (ddd, J = 7.7, 2.7, 1.3 

Hz, 2H), 1.39 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 158.7, 137.2, 136.0, 132.7, 131.6, 131.1, 127.7, 126.0, 

125.9, 121.1, 112.3, 111.4, 82.3, 45.9, 44.1, 25.0;  

HRMS: (APCI) calcd for C18H17Br2O+[M+H]+ 406.9641; found 406.9639. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 0.5 mL/min. tR = 11.7 

min (minor), 12.9 min (major).  

Optical Rotation: [α]D28 112.9 (c 0.4, CHCl3) for 90% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-bromophenyl)allyl)-5-fluoro-3-methyl-2,3-dihydrobenzofuran (3fk) 

 

3fk was prepared according to general procedure using 1f (0.1 mmol, 1.0 equiv, 28 

mg) and 2k (0.2 mmol, 26.2 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3fk as colorless oil (24.3 mg, 70% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.53-7.37 (m, 2H), 7.22-7.11 (m, 2H), 6.90-6.77 

(m, 2H), 6.70 (ddd, J = 8.3, 4.1, 0.7 Hz, 1H), 6.41-6.29 (m, 1H), 6.06 (dt, J = 15.7, 7.5 

Hz, 1H), 4.44 (d, J = 8.7 Hz, 1H), 4.17 (d, J = 8.7 Hz, 1H), 2.48 (dt, J = 7.9, 1.0 Hz, 

2H), 1.39 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 157.6 (d, J = 237.4 Hz), 155.34, 136.1, 136.05, 132.6, 

131.6, 127.7, 126.0, 121.1, 114.4 (d, J = 24.3 Hz), 109.98 (d, J = 31.4 Hz), 109.9, 82.4, 

46.1, 44.0, 24.8;  

19F NMR (376 MHz, CDCl3) δ -123.77;  

HRMS: (APCI) calcd for C18H17BrFO+[M+H]+ 347.0441; found 347.0439. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OD-

H column, 30 °C, n-Hexane/i-Propanol = 98/2 as eluent, 254 nm, 0.5 mL/min. tR = 11.2 

min (minor), 12.4 min (major).  

Optical Rotation: [α]D28 12.4 (c 0.6, CHCl3) for 91% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-bromophenyl)allyl)-3,6-dimethyl-2,3-dihydrobenzofuran (3gk) 

 

3gk was prepared according to general procedure using 1g (0.1 mmol, 1.0 equiv, 27.6 

mg) and 2k (0.2 mmol, 26.2 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3gk as colorless oil (28.1 mg, 82% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.49-7.36 (m, 2H), 7.23-7.14 (m, 2H), 6.99 (d, J = 

7.5 Hz, 1H), 6.72 (ddd, J = 7.5, 1.5, 0.8 Hz, 1H), 6.64 (dt, J = 1.5, 0.7 Hz, 1H), 6.34 

(dd, J = 15.7, 1.5 Hz, 1H), 6.10 (dt, J = 15.7, 7.5 Hz, 1H), 4.41 (d, J = 8.7 Hz, 1H), 4.15 

(d, J = 8.7 Hz, 1H), 2.48 (dd, J = 7.5, 1.3 Hz, 2H), 2.33 (d, J = 0.8 Hz, 3H), 1.38 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 159.7, 138.4, 136.3, 13, 131.7, 131.6, 127.7, 126.8, 

122.5, 121.2, 120.9, 110.4, 82.2, 45.3, 44.3, 25.0, 21.5;  

HRMS: (APCI) calcd for C19H20BrO+[M+H]+ 343.0692; found 343.0696. 

The enantiomeric purity was established by HPLC analysis using a chiral column: OJ-

H column, 30 °C, n-Hexane/i-Propanol = 95/5 as eluent, 254 nm, 1 mL/min. tR = 8.4 

min (minor), 14.1 min (major).  

Optical Rotation: [α]D30 -7.2 (c 0.7, CHCl3) for 91% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(R, E)-3-(3-(4-bromophenyl)allyl)-6-chloro-3-methyl-2,3-dihydrobenzofuran (3hk) 

 

3hk was prepared according to general procedure using 1h (0.1 mmol, 1.0 equiv, 29.6 

mg) and 2k (0.2 mmol, 26.2 μL) and was purified by silica gel column chromatography 

(petroleum ether/EtOAc = 100/1~30/1) to obtain 3hk as colorless oil (24.3 mg, 67% 

yield). 1H NMR (400 MHz, CDCl3): δ 7.54-7.37 (m, 2H), 7.16 (d, J = 8.4 Hz, 2H), 6.99 

(d, J = 7.9 Hz, 1H), 6.87 (dd, J = 7.9, 1.8 Hz, 1H), 6.79 (d, J = 1.8 Hz, 1H), 6.33 (dt, J 

= 15.7, 1.4 Hz, 1H), 6.05 (dt, J = 15.7, 7.5 Hz, 1H), 4.45 (d, J = 8.7 Hz, 1H), 4.18 (d, J 

= 8.8 Hz, 1H), 2.47 (dt, J = 7.8, 1.3 Hz, 2H), 1.38 (s, 3H);  

13C NMR (101 MHz, CDCl3): δ 160.4, 136.0, 133.5, 133.4, 132.6, 131.6, 127.7, 126.0, 

123.5, 121.1, 120.7, 110.5, 82.7, 45.3, 44.2, 25.0;  

HRMS: (APCI) calcd for C18H17BrClO+[M+H]+ 363.0146; found 363.0144. 

The enantiomeric purity was established by HPLC analysis using a chiral column: AD-

H column, 30 °C, n-Hexane/i-Propanol = 97/3 as eluent, 254 nm, 1 mL/min. tR = 5.3 

min (minor), 5.6 min (major).  

Optical Rotation: [α]D30 -8.6 (c 0.7, CHCl3) for 94% ee.  

Absolute stereochemistry was determined through analogy with 3ac. 
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(3R)-3-methyl-3-((3-phenyloxiran-2-yl)methyl)-2,3-dihydrobenzofuran (4) 

 

To a stirred solution of 3ac (0.4 mmol, 120.1 mg) in DCE (2.0 mL) was added m-CPBA 

(0.48 mmol, 84.0 mg) in three pots. The mixture was then stirred at room temperature 

for 24 hours. After the reaction was completed, the solid was filtrated and the solvent 

was removed under vacuum. The residue was then purified by column 

chromatography on silica gel, eluting with petroleum ether/EtOAc = 50/1~20/1 to afford 

the desired epoxide 4 (85.2 mg, 80% yield, d.r. = 1.1/1).  

1H NMR (400 MHz, CDCl3): δ 7.41-7.21 (m, 8H), 7.20-7.05 (m, 6H), 6.97-6.87 (m, 2H), 

6.85-6.73 (m, 2H), 4.60 (d, J = 8.8 Hz, 1H), 4.51 (d, J = 8.8 Hz, 1H), 4.25 (d, J = 1.1 

Hz, 1H), 4.23 (d, J = 1.2 Hz, 1H), 3.55 (d, J =  Hz, 1H), 3.44 (d, J =  Hz, 1H), 3.05-

2.94 (m, 1H), 2.93-2.83 (m, 1H), 0-1.90 (m, 4H), 1.49 (s, 3H), 1.47(s, 3H);  

13C NMR (100 MHz, CDCl3): δ 159.5, 159.2, 137.2, 137.1, 134.4, 133.9, 128.4, 128.4, 

128.3, 128.1, 127.9, 125.5, 125.4, 122.97, 122.7, 120.7, 120.6, 109.9, 109.9, 82.8, 

81.8, 59.9, 59.8, 58.6, 58.1, 44.7, 44.6, 43.6, 42.9, 26.1, 24.6;  

HRMS: (ESI) calcd for C18H18NaO2
+[M+Na]+ 289.1199; found 289.1201. 
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(2aR,4R,5R)-2a-methyl-5-phenyl-2a,3,4,5-tetrahydro-2H-naphtho[1,8-bc]furan-4-ol (5) 

 

To a solution of 4 (0.1 mmol, 26.6 mg) in dry DCM (2 mL) at 10 oC under an argon 

atmosphere was added BF3
.Et2O (0.12 mmol) slowly. After the reaction was completed, 

the reaction was quenched by the addition of saturated aqueous NaHCO3 and 

extracted with DCM. The combined organic layers was washed with satuated NH4Cl 

and dried over Na2SO4. The solvent was then removed under vacuum and the residue 

was purified by column chromatography on silica gel, eluting with petroleum 

ether/EtOAc = 20:1~5/1 to afford the desired tricyclic dihydrobenzofuran 5 (16.0 mg, 

60%) with d.r. (100/13). 

1H NMR (400 MHz, CDCl3): δ 7.47-7.40 (m, 2H), 7.39-7.32 (m, 1H), 7.31-7.24 (m, 2H), 

6.99 (t, J = 7.8 Hz, 1H), 6.72-6.67 (m, 1H), 6.23-6.17 (m, 1H), 4.50 (d, J = 8.2 Hz, 1H), 

4.22 (d, J = 8.1 Hz, 1H), 4.18-4.08 (m, 1H), 3.94 (d, J = 8.9 Hz, 1H), 2.33 (dd, J = 14.2, 

8.0 Hz, 1H), 1.99 (dd, J = 14.1, 6.8 Hz, 1H), 1.74 (bs, 1H), 1.45 (s, 3H);  

13C NMR (100 MHz, CDCl3): δ 157.1, 139.2, 136.2, 132.6, 129.7, 129.0, 128.3, 127.5, 

118.5, 107.7, 87.1, 75.1, 5, 41.0, 40.3, 27.7;  

HRMS: (ESI) calcd for C18H18NaO2
+[M+Na]+ 289.1199; found 289.1201.  

Optical Rotation: [α]D30 23.0 (c 0.3, CHCl3). 
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6. Copies of the 1H, 13C and 19F NMR spectra 
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