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1. General Remarks  

Unless stated otherwise, all reactions were carried out in flame-dried glassware under a dry 

argon atmosphere. All solvents were purified and dried according to standard methods prior to use. 

For product purification by flash column chromatography, silica gel (200~300 mesh) and light 

petroleum ether (bp. 60~90 
o
C) are used. 

1
H NMR spectra were recorded on a Bruker advance III 

400 MHz in CDCl3 and 
13

C NMR spectra were recorded on 100 MHz in CDCl3 using TMS as 

internal standard, 
19

F NMR spectra were recorded on 376 MHz. Data for 
1
H NMR are recorded as 

follows: chemical shift (δ, ppm), multiplicity (s= singlet, d = doublet, t = triplet, m = multiplet or 

unresolved, br = broad singlet, coupling constant (s) in Hz, integration). Data for 
13

C NMR is 

reported in terms of chemical shift (δ, ppm). High-resolution mass spectral analysis (HRMS) data 

were measured on a Bruker Apex II.  

 

2. Preparation of Starting Materials 1
1
  

General procedure for precursors 1 : To the corresponding phenol or tosylated aniline was 

added 5 equivalents K2CO3 and 10 equivalents of 1-bromo-2-chloroethane or 

1-bromo-3-chloropropane (1M in acetone). The resulting solution was refluxed under argon for 

12-24 hours. The mixture was the diluted with water and extracted with dichloromethane. The 

organic phase was dried over magnesium sulfate and evaporated under reduced pressure.  

 

3. Preparation of Starting Materials polyfluoroarenes 2i-2l 

Compound 2i-2l were prepared according to literature procedure.
2
  

 

4. General procedure for the preparation of the product 3 

1 (0.3 mmol), 2 (0.6 mmol), Pd(OAc)2 (10 mol %), 2-PyPPh2 (30 mol %), CuI (5 mol %), 

Cs2CO3 (2.5 equiv), norbornene (2 equiv), were added to a sealed tube, MeCN (3.0 mL) was 

added. The mixture was flushed with Ar and stirred at 120 °C until completion (monitored by 

TLC). After cooling at room temperature, the mixture was diluted with diethyl ether, washed with 

water, dried over magnesium sulfate and purified by flash chromatography on silica gel (Hex/EA: 

200/1-50/1).  
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5. Spectra Data. 

 

5-methoxy-4-(perfluorophenyl)-2,3-dihydrobenzofuran (3a): 63.5 mg; 67% yield; white solid; 
1
H NMR (400MHz, CDCl3) δ 6.82 (d, J = 8.8 Hz, 1H), 6.75 (d, J = 8.8 Hz, 1H), 4.55 (t, J = 8.4 

Hz, 2H), 3.72 (s, 3H), 2.99 (t, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 154.1, 151.5, 

145.5-145.3 (m), 143.1-142.9 (m), 142.1-141.8 (m), 139.6-139.3 (m), 139.0-138.7 (m) 

136.5-136.2 (m), 129.1, 112.4, 111.0-110.7(m), 110.5, 110.2, 71.2, 56.4, 29.6; 
19

F NMR (376MHz, 

CDCl3) δ -139.3 (m, 2F), -155.4 (m, 1F), -162.7 (m, 2F); HRMS (EI) m/z calcd. C15H9O2F5: [M]
+
 

316.0523; found: [M]
+
 316.0529. 

 

5-methoxy-4-(2,3,5,6-tetrafluorophenyl)-2,3-dihydrobenzofuran (3b): 38 mg; 42% yield; white 

solid; 
1
H NMR (400MHz, CDCl3) δ 7.11-7.03 (m, 1H), 6.83 (d, J = 8.4 Hz, 1H), 6.76 (d, J = 8.4 

Hz, 1H), 4.56 (t, J = 8.4 Hz, 2H), 3.73 (s, 3H), 3.01 (t, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, 

CDCl3) δ 154.0, 151.5, 147.1 (t, JF = 20 Hz), 145.1-144.4 (m), 142.5 (t, JF = 9 Hz), 129.0, 116.5 (t, 

JF = 19 Hz), 113.6, 110.6, 110.0, 105.1 (t, JF = 23 Hz), 71.2, 56.5, 29.6; 
19

F NMR (376MHz, 

CDCl3) δ -139.6 (m, 2F), -140.0 (m, 2F); HRMS (EI) m/z calcd. C15H10O2F4: [M]
+
 298.0617; 

found: [M]
+
 298.0615. 

 

5-methoxy-4-(2,3,4,6-tetrafluorophenyl)-2,3-dihydrobenzofuran (3c): 31 mg; 34% yield; white 
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solid; 
1
H NMR (400MHz, CDCl3) δ 6.77-6.71 (m, 2H), 6.65 (d, J = 8.8 Hz, 1H), 4.45 (t, J = 8.4 

Hz, 2H), 3.62 (s, 3H), 2.90 (t, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 155.6-155.155.5 

(m), 153.9, 153.3-153.1 (m), 151.5, 150.4-150.2 (m), 149.0-148.8 (m), 147.9-147.8 (m), 

138.7-138.3 (m), 136.2-135.8 (m), 129.2, 113.7, 110.4, 109.8, 100.9-100.3 (m), 71.2, 56.4, 29.6; 
19

F NMR (376MHz, CDCl3) δ -114.8 (m, 1F), -131.7 (m, 1F), -133.3 (m, 1F), -165.3 (m, 1F); 

HRMS (EI) m/z calcd. C15H10O2F4: [M]
+
 298.0617; found: [M]

+
 298.0626. 

 

5-methoxy-4-(2,3,5,6-tetrafluoro-4-methoxyphenyl)-2,3-dihydrobenzofuran (3d): 48 mg; 48% 

yield; yellow solid; 
1
H NMR (400MHz, CDCl3) δ 6.81 (d, J = 8.4 Hz, 1H), 6.74 (d, J = 8.4 Hz, 

1H), 4.55 (t, J = 8.4 Hz, 2H), 4.12 (t, JF = 1.2 Hz, 3H), 3.73 (s, 3H), 3.01 (t, J = 8.4 Hz, 2H); 
13

C 

NMR (100 MHz, CDCl3) δ 154.0, 151.6, 145.6-145.4 (m), 143.2-143.0 (m), 142.3-142.0 (m), 

139.8-139.6 (m), 137.9-137.6 (m), 129.3, 113.4, 110.5, 109.8, 109.0 (t, JF = 20 Hz), 71.2, 62.0 (t, 

JF = 4 Hz), 56.5, 29.7; 
19

F NMR (376MHz, CDCl3) δ -141.1 (m, 2F), -158.6 (m, 2F); HRMS (EI) 

m/z calcd. C16H12O3F4: [M]
+
 328.0723; found: [M]

+
 328.0720. 

 

5-methoxy-4-(2,3,5,6-tetrafluoro-4-methylphenyl)-2,3-dihydrobenzofuran (3e): 36 mg; 38% 

yield; white solid; 
1
H NMR (400MHz, CDCl3) δ 6.72 (d, J = 8.4 Hz, 1H), 6.65 (d, J = 8.4 Hz, 

1H), 4.45 (t, J = 8.4 Hz, 2H), 3.63 (s, 3H), 2.91 (t, J = 8.4 Hz, 2H), 2.19 (t, JF = 2 Hz, 3H); 
13

C 

NMR (100 MHz, CDCl3) δ 153.9, 151.5, 146.4-146.1 (m), 144.9-144.7 (m), 143.9-143.6 (m), 

142.5-142.2, 129.1, 115.4 (t, JF = 19 Hz), 113.8, 112.8 (t, JF = 20 Hz), 110.5, 109.7, 71.2, 56.5, 

29.6, 7.5; 
19

F NMR (376MHz, CDCl3) δ -141.6 (m, 2F), -144.4 (m, 2F); HRMS (EI) m/z calcd. 

C16H12O2F4: [M]
+
 312.0773; found: [M]

+
 312.0781. 
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5-methoxy-4-(2,3,5,6-tetrafluoro-4-(trifluoromethyl)phenyl)-2,3-dihydrobenzofuran (3f): 85 mg; 

77% yield; colorless oil; 
1
H NMR (400MHz, CDCl3) δ 6.86 (d, J = 8.8 Hz, 1H), 6.77 (d, J = 8.8 

Hz, 1H), 4.57 (t, J = 8.8 Hz, 2H), 3.74 (s, 3H), 3.01 (t, J = 8.8 Hz, 2H); 
13

C NMR (100 MHz, 

CDCl3) δ 154.1, 151.2, 145.6-145.2 (m), 143.2-142.6 (m), 128.8, 122.3, 120.3 (t, JF = 20 Hz), 

119.5, 112.1, 110.7, 110.5, 71.2, 56.4, 29.6; 
19

F NMR (376MHz, CDCl3) δ -56.2 (m, 3F), -137.4 

(m, 2F), -141.3 (m, 2F); HRMS (EI) m/z calcd. C16H9O2F7: [M]
+
 366.0491; found: [M]

+
 

366.0493. 

 

2,3,5-trifluoro-4-(5-methoxy-2,3-dihydrobenzofuran-4-yl)pyridine (3g): 40 mg; 47% yield; 

yellow oil;
 1

H NMR (400MHz, CDCl3) δ 7.92 (s, 1H), 6.86 (d, J = 8.8 Hz, 1H), 6.77 (d, J = 8.8 

Hz, 1H), 4.57 (t, J = 8.4 Hz, 2H), 3.74 (s, 3H), 3.02 (t, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, 

CDCl3) δ 155.6, 154.1, 153.1, 151.1, 149.6, 147.2 (d, JF = 13 Hz), 143.9-143.6 (m), 141.3-141.0 

(m), 128.6, 128.2-127.7 (m), 125.5 (t, JF = 5 Hz), 122.3, 110.5, 71.2, 56.4, 29.5; 
19

F NMR 

(376MHz, CDCl3) δ -89.7 (m, 1F), -128.7 (m, 1F), -135.9 (m, 1F); HRMS (EI) m/z calcd. 

C14H10NO2F3: [M]
+
 281.0664; found: [M]

+
 281.0668. 

 

2,3,5,6-tetrafluoro-4-(5-methoxy-2,3-dihydrobenzofuran-4-yl)pyridine (3h): 47 mg; 52% yield; 

white solid; 
1
H NMR (400MHz, CDCl3) δ 6.88 (d, J = 8.8 Hz, 1H), 6.78 (d, J = 8.8 Hz, 1H), 4.58 

(t, J = 8.4 Hz, 2H), 3.75 (s, 3H), 3.03 (t, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 154.1, 
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150.9, 144.8-144.5 (m), 142.4-142.0 (m), 141.0-140.6 (m), 138.4-138.1 (m), 129.4 (t, JF = 17 Hz), 

128.5, 111.1, 110.6, 71.2, 56.4, 29.5; 
19

F NMR (376MHz, CDCl3) δ -91.4(m, 2F), -140.5 (m, 2F); 

HRMS (EI) m/z calcd. C14H9NO2F4: [M]
+
 299.0569; found: [M]

+
 299.0572. 

 

tert-butyl 2,3,5,6-tetrafluoro-4-(5-methoxy-2,3-dihydrobenzofuran-4-yl)benzoate (3i): 55 mg; 46% 

yield; white solid; 
1
H NMR (400MHz, CDCl3) δ 6.83 (d, J = 8.8 Hz, 1H), 6.75 (d, J = 8.8 Hz, 

1H), 4.56 (t, J = 8.4 Hz, 2H), 3.72 (s, 3H), 3.00 (t, J = 8.4 Hz, 2H), 1.62 (s, 9H); 
13

C NMR (100 

MHz, CDCl3) δ 158.8, 154.0, 151.3, 145.5-145.0 (m), 143.0-142.5 (m), 128.9, 118.0 (t, JF = 20 

Hz), 113.7 (t, JF = 17 Hz), 112.8, 110.4, 110.3, 84.6, 71.2, 56.4, 29.6, 28.0; 
19

F NMR (376MHz, 

CDCl3) δ -138.9 (m, 2F), -141.8 (m, 2F); HRMS (EI) m/z calcd. C20H18O4F4: [M]
+
 398.1141; 

found: [M]
+
 398.1150. 

 

5-methoxy-4-(2,3,5,6-tetrafluoro-[1,1'-biphenyl]-4-yl)-2,3-dihydrobenzofuran (3j): 68 mg; 60% 

yield; white solid 
1
H NMR (400MHz, CDCl3) δ 7.51-7.45 (m, 5H), 6.84 (d, J = 8.8 Hz, 1H), 6.78 

(d, J = 8.8 Hz, 1H), 4.58 (t, J = 8.4 Hz, 2H), 3.76 (s, 3H), 3.08 (t, J = 8.4 Hz, 2H); 
13

C NMR (100 

MHz, CDCl3) δ 154.0, 151.6, 145.5-144.9 (m), 143.0-142.4 (m), 130.2, 129.1, 128.6, 127.6, 119.9 

(t, JF = 16 Hz), 114.6 (t, JF = 19 Hz), 113.6, 110.6, 110.0, 71.3, 56.6, 29.8; 
19

F NMR (376MHz, 

CDCl3) δ -140.2 (m, 2F), -144.6 (m, 2F); HRMS (EI) m/z calcd. C21H14O2F4: [M]
+
 374.0930; 

found: [M]
+
 374.0931. 
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5-methoxy-4-(2,3,5,6-tetrafluoro-4'-methoxy-[1,1'-biphenyl]-4-yl)-2,3-dihydrobenzofuran (3k): 

66 mg; 54% yield; white solid; 
1
H NMR (400MHz, CDCl3) δ 7.37 (d, J = 8.4 Hz, 2H), 6.93 (d, J 

= 8.4 Hz, 2H), 6.74 (d, J = 8.8 Hz, 1H), 6.67 (d, J = 8.8 Hz, 1H), 4.47 (t, J = 8.4 Hz, 2H), 3.76 (s, 

3H), 3.66 (s, 3H), 2.97 (t, J = 8.4 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 160.0, 154.0, 151.6, 

145.4-144.9 (m), 143.0-142.5 (m), 131.4, 129.2, 119.6 (t, JF = 19 Hz), 114.0, 113.6, 110.5, 109.9, 

71.2, 56.5, 55.2, 29.7; 
19

F NMR (376MHz, CDCl3) δ -140.4 (m, 2F), -145.0 (m, 2F); HRMS (EI) 

m/z calcd. C22H16O3F4: [M]
+
 404.1036; found: [M]

+
 404.1043. 

 

5-methoxy-4-(2,3,4',5,6-pentafluoro-[1,1'-biphenyl]-4-yl)-2,3-dihydrobenzofuran (3l): 60 mg; 51% 

yield; white solid; 
1
H NMR (400MHz, CDCl3) δ 7.51 (t, J = 7.2 Hz, 2H), 7.20 (t, J = 8.8 Hz, 2H), 

6.84 (d, J = 8.8 Hz, 1H), 6.78 (d, J = 8.8 Hz, 1H), 4.58 (t, J = 8.8 Hz, 2H), 3.77 (s, 3H), 3.07 (t, J 

= 8.8 Hz, 2H); 
13

C NMR (100 MHz, CDCl3) δ 164.2, 161.8, 154.0, 151.6, 145.5-144.8 (m), 

143.1-142.4 (m), 132.0, 129.2, 123.4, 118.8 (t, JF = 16 Hz), 115.8, 115.6, 114.8 (t, JF = 19 Hz), 

113.4, 110.6, 110.1, 71.3, 56.6, 29.8; 
19

F NMR (376MHz, CDCl3) δ -111.6 (s, 1F), -140.0 (m, 2F), 

-144.8 (m, 2F); HRMS (EI) m/z calcd. C21H13O2F5: [M]
+
 392.0836; found: [M]

+
 392.0841. 
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5-methoxy-4-(2,2',3,3',5,5',6,6'-octafluoro-[1,1'-biphenyl]-4-yl)-2,3-dihydrobenzofuran (3m): 78 

mg; 58% yield; white soild; 
1
H NMR (400MHz, CDCl3) δ 7.30-7.24 (m, 1H), 6.86 (d, J = 8.8 Hz, 

1H), 6.79 (d, J = 8.8 Hz, 1H), 4.59 (t, J = 8.8 Hz, 2H), 3.78 (s, 3H), 3.09 (t, J = 8.8 Hz, 2H); 
13

C 

NMR (100 MHz, CDCl3) δ 154.1, 151.4, 147.4-147.2 (m), 145.4-144.7 (m), 142.9-142.7 (m), 

129.1, 118.0 (t, JF = 19 Hz), 112.9, 110.4, 108.1-107.5 (m), 106.2 (t, JF = 17 Hz), 71.3, 56.5, 29.8; 
19

F NMR (376MHz, CDCl3) δ -137.7- -139.2 (m, 8F); HRMS (EI) m/z calcd. C21H10O2F8: [M]
+
 

446.0553; found: [M]
+
 446.0555. 

 

6-methoxy-5-(perfluorophenyl)chroman (4d): 28 mg; 28% yield; yellow oil; 
1
H NMR (400MHz, 

CDCl3) δ 6.91 (d, J = 9.2 Hz, 1H), 6.79 (d, J = 9.2 Hz, 1H), 4.14 (t, J = 4.8 Hz, 2H), 3.70 (s, 3H), 

2.42 (t, J = 6.4 Hz, 2H), 1.97-1.91 (m, 2H); 
13

C NMR (100 MHz, CDCl3) δ 150.9, 149.2, 145.4, 

142.9, 141.8, 139.4, 138.8, 136.4, 122.8, 118.6, 114.7, 110.9-110.6 (m), 110.4, 65.8, 56.2, 23.2, 

21.9; 
19

F NMR (376MHz, CDCl3) δ -139.3 (m, 2F), -155.5 (m, 1F), -162.7 (m, 2F); HRMS (EI) 

m/z calcd. C16H11O2F5: [M]
+
 330.0679; found: [M]

+
 330.0685. 

 

4-(perfluorophenyl)-2,3,5,6-tetrahydrobenzo[1,2-b:5,4-b']difuran (4e): 30 mg; 30% yield; 
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yellow solid; 
 1

H NMR (400MHz, CDCl3) δ 6.38 (s, 1H), 4.59 (t, J = 8.8 Hz, 4H), 2.93 (t, J = 

8.8 Hz, 4H); 
13

C NMR (100 MHz, CDCl3) δ 160.6, 145.0-144.9 (m), 142.6-142.4 (m), 

142.2-141.9 (m), 139.6-138.8 (m), 136.6-136.3 (m), 119.0, 118.8, 112.6 (t, JF = 16 Hz), 93.8, 72.0, 

28.6; 
19

F NMR (376MHz, CDCl3) δ -140.0 (m, 2F), -154.4 (m, 1F), -161.5 (m, 2F); HRMS (EI) 

m/z calcd. C16H9O2F5: [M]
+
 328.0523; found: [M]

+
 328.0524. 

 

5-methyl-4-(perfluorophenyl)-2,3-dihydrobenzofuran (4f): 49 mg; 54% yield; white solid; 
1
H 

NMR (400MHz, CDCl3) δ 7.07 (d, J = 8 Hz, 1H), 6.80 (d, J = 8 Hz, 1H), 4.57 (t, J = 8.8 Hz, 2H), 

2.94 (t, J = 8.8 Hz, 2H), 2.07 (s, 3H); 
13

C NMR (100 MHz, CDCl3) δ 158.2, 145.0-144.9 (m), 

142.5-142.0 (m), 139.4-139.0 (m), 136.4, 129.8, 128.8, 127.6, 122.6, 113.4, 110.3, 71.2, 29.4, 18.8; 
19

F NMR (376MHz, CDCl3) δ -140.0 (m, 2F), -154.7 (m, 1F), -161.6 (m, 2F); HRMS (EI) m/z 

calcd. C15H9OF5: [M]
+
 300.0574; found: [M]

+
 300.0578. 
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7. Crystallographic data of 3a and 3n 

  

3a Structure of 3a 

 

Datablock: 

Bondprecision: C-C = 0.0077 A Wavelength=0.71073 

Cell: a=10.7847(11) b=8.7041(9) c=28.524(4) 

 alpha=90 beta=99.114(10) gamma=90 

Temperature: 297 K   

    

 Calculated Reported  

Volume 2643.8(5) 2643.8(5)  

Space group P 21/c P 1 21/c 1  

Hall group -P 2ybc -P 2ybc  

Moiety formula C15 H9 F5 O2 C15 H9 F5 O2  

Sum formula C15 H9 F5 O2 C15 H9 F5 O2  

Mr 316.22 316.22  

Dx,g cm-3 1.589 1.589  

Z 8 8  

Mu (mm-1) 0.151 0.151  

F000 1280.0 1280.0  

F000’ 1281.11   

h,k,lmax 13,10,35 13,10,35  

Nref 5210 5195  

Tmin,Tmax 0.973,0.979 0.889,1.000  

Tmin’ 0.969   

    

Correction method = # Reported T Limits: Tmin = 0.889 Tmax = 1.000 

AbsCorr = MULTI-SCAN 

  

Datac ompleteness= 0.997 Theta(max)= 26.022 

R(reflections)= 0.0790( 2172) wR2(reflections)= 0.2310( 5195) 

S = 1.036 Npar= 399 
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3n Structure of 3n 

 

Datablock: 

Bondprecision: C-C = 0.0048 A Wavelength=0.71073 

Cell: a=12.8660(3) b=13.4392(4) c=11.7656(4) 

 alpha=90 beta=90 gamma=90 

Temperature: 293 K   

    

 Calculated Reported  

Volume 2034.38(10) 2034.38(10)  

Space group P n a 21 P n a 21  

Hall group P 2c -2n P 2c -2n  

Moiety formula C21 H19 Cl4 N O2 C21 H19 Cl4 N O2  

Sum formula C21 H19 Cl4 N O2 C21 H19 Cl4 N O2  

Mr 459.17 459.17  

Dx,g cm-3 1.499 1.499  

Z 4 4  

Mu (mm-1) 0.600 0.600  

F000 944.0 944.0  

F000’ 946.68   

h,k,lmax 15,16,14 15,16,14  

Nref 3992[ 2098] 2818  

Tmin,Tmax 0.871,0.914 0.891,1.000  

Tmin’ 0.871   

    

Correction method= # Reported T Limits: Tmin=0.891 Tmax=1.000 

AbsCorr = MULTI-SCAN 

  

Data completeness= 1.34/0.71 Theta(max)= 26.010 

R(reflections)= 0.0343( 2416) wR2(reflections)= 0.0782( 2818) 

S = 1.025 Npar= 254 
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8. Copies of 
1
H, 

19
F and 

13
C spectra. 
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