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Experimental 

General 

Melting points reported here were measured by a melting point instrument and 

were uncorrected. 1H, 13C, and 19F NMR spectra were measured on a 600 MHz 

NMR spectrometers with CDCl3 as the solvent with tetramethylsilane (TMS) as 

the internal standard. High-resolution mass spectra (HRMS) analyses were run 

with a TOF MS instrument using an ESI source. The products were purified by 

column chromatography using silica gel (300−400 mesh) with a mixture of 

petroleum ether and EtOAc as the eluent. 

The starting materials 1[1] and 2[2] are prepared according to previously reported 

literature. 

Genaral procedure for copper-catalyzed remote oxidation of alcohols 

initiated by radical difluoroalkylation of alkenes 

 

To a solution of 1a (44.0 mg, 0.25 mmol) and 2a (101.0 mg, 0.5 mmol) in 2 mL 

of 1,2-dichloroethane (DCE, super dry) was added L1 (dtbpy, 13.4 mg, 0.05 

mmol), CuI (4.7 mg, 0.025 mmol) and KOAc (49.0 mg, 0.5 mmol) under a 

nitrogen atmosphere. The sealed tube was then stirred at 80 °C for 12 hours. 

After completion (monitored by TLC), the reaction solution was concentrated 

in vacuo, and the residue was purified by silica gel column chromatography 

(petroleum ether/EtOAc) to gave 57 mg (yield: 77%) of 3aa as a colorless oil; 
1H NMR (600 MHz, CDCl3) δ 7.95 (d, J = 7.9 Hz, 2H), 7.56 (t, J = 7.3 Hz, 1H), 

7.46 (t, J = 7.7 Hz, 2H), 4.32 (q, J = 7.1 Hz, 2H), 2.98 (t, J = 7.3 Hz, 2H), 

2.12–2.04 (m, 2H), 1.79–1.74 (m, 2H), 1.56–1.51 (m, 2H), 1.48–1.43 (m, 2H), 

1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 200.0, 164.3 (t, JC-F = 
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33.0 Hz), 136.9, 133.0, 128.6, 128.0, 116.2 (t, JC-F = 250.1 Hz), 62.7, 38.1, 34.3 

(t, JC-F = 23.3 Hz), 28.7, 23.8, 21.3 (t, JC-F = 4.4 Hz), 13.9; 19F NMR (565 MHz, 

CDCl3) δ -105.9; HRMS (ESI) calcd for C16H20F2NaO3 (M+Na)+ 321.1273, 

found 321.1269. 

 
Compound 3ba: 61 mg, 78% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.85 

(d, J = 8.2 Hz, 2H), 7.27–7.24 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 2.95 (t, J = 7.3 Hz, 

2H), 2.41 (s, 3H), 2.12–2.03 (m, 2H), 1.78–1.73 (m, 2H), 1.54–1.50 (m, 2H), 

1.47–1.42 (m, 2H), 1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 199.7, 

164.3 (t, JC-F = 32.9 Hz), 143.7, 134.5, 129.2, 128.1, 116.3 (t, JC-F = 250.0 Hz), 62.7, 

38.0, 34.3 (t, JC-F = 23.2 Hz), 28.7, 23.9, 21.6, 21.3 (t, JC-F = 4.3 Hz), 13.9; 19F NMR 

(565 MHz, CDCl3) δ -106.0; HRMS (ESI) calcd for C17H22F2NaO3 (M+Na)+ 

335.1429, found 335.1428. 

 
Compound 3ca: 43 mg, 55% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.63–7.57 (m, 1H), 7.38–7.35 (m, 1H), 7.28–7.23 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 

2.90 (t, J = 7.3 Hz, 2H), 2.48 (s, 3H), 2.11–2.03 (m, 2H), 1.75–1.70 (m, 2H), 

1.55–1.50 (m, 2H), 1.46–1.41 (m, 2H), 1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, 

CDCl3) δ 204.3, 164.3 (t, JC-F = 32.1 Hz), 138.1, 137.8, 131.9, 131.1, 128.2, 125.6, 

116.2 (t, JC-F = 250.1 Hz), 62.7, 41.2, 34.3 (t, JC-F = 23.3 Hz), 28.7, 23.9, 21.3 (t, JC-F 

= 4.3 Hz), 21.2, 13.9; 19F NMR (565 MHz, CDCl3) δ -106.0; HRMS (ESI) calcd for 

C17H22F2NaO3 (M+Na)+ 335.1429, found 335.1428. 

 
Compound 3da: 66 mg, 81% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.95–7.92 (m, 2H), 6.95–6.92 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 3.87 (s, 3H), 2.92 (t, 
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J = 7.3 Hz, 2H), 2.12–2.03 (m, 2H), 1.77–1.72 (m, 2H), 1.55–1.50 (m, 2H), 1.47–1.41 

(m, 2H), 1.35 (t, J = 7.2 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 198.6, 164.3 (t, JC-F 

= 33.0 Hz), 163.3, 130.2, 130.0, 116.2 (t, JC-F = 250.0 Hz), 113.6, 62.7, 55.4, 37.7, 

34.2 (t, JC-F = 23.2 Hz), 28.7, 23.9, 21.3 (t, JC-F = 4.2 Hz), 13.9; 19F NMR (565 MHz, 

CDCl3) δ -105.9; HRMS (ESI) calcd for C17H22F2NaO4 (M+Na)+ 351.1378, found 

351.1366. 

 

Compound 3ea: 59 mg, 72% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.53–7.52 (m, 1H), 7.48–7.47 (m, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.12–7.10 (m, 1H), 

4.32 (q, J = 7.1 Hz, 2H), 3.86 (s, 3H), 2.96 (t, J = 7.3 Hz, 2H), 2.14–2.04 (m, 2H), 

1.78–1.73 (m, 2H), 1.56–1.51 (m, 2H), 1.49–1.41 (m, 2H), 1.35 (t, J = 7.1 Hz, 3H); 
13C NMR (151 MHz, CDCl3) δ 199.8, 164.3 (t, JC-F = 32.8 Hz), 159.8, 138.3, 129.5, 

120.6, 119.4, 116.2 (t, JC-F = 250.1 Hz), 112.3, 62.7, 55.4, 38.2, 34.3 (t, JC-F = 23.3 

Hz), 28.7, 23.8, 21.3 (t, JC-F = 4.3 Hz), 13.9; 19F NMR (565 MHz, CDCl3) δ -106.0; 

HRMS (ESI) calcd for C17H22F2NaO4 (M+Na)+ 351.1378, found 351.1366. 

 

Compound 3fa: 57 mg, 72% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.99–7.97 (m, 2H), 7.13 (t, J = 8.5 Hz, 2H), 4.33 (q, J = 7.1 Hz, 2H), 2.95 (t, J = 7.3 

Hz, 2H), 2.12–2.04 (m, 2H), 1.78–1.73 (m, 2H), 1.56–1.51 (m, 2H), 1.47–1.42 (m, 

2H), 1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 198.3, 165.7 (d, JC-F = 

254.6 Hz), 164.3 (t, JC-F = 32.5 Hz), 133.4 (d, JC-F = 3.2 Hz), 130.6 (d, JC-F = 9.3 Hz), 

116.2 (t, JC-F = 250.2 Hz), 115.6 (d, JC-F = 21.9 Hz), 62.8, 38.0, 34.3 (t, JC-F = 23.2 

Hz), 28.7, 23.7, 21.3 (t, JC-F = 4.3 Hz), 13.9; 19F NMR (565 MHz, CDCl3) δ -105.48 

(d, J = 3.2 Hz), -106.0; HRMS (ESI) calcd for C16H19F3NaO3 (M+Na)+ 339.1179, 

found 339.1162. 
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Compound 3ga: 66 mg, 79% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.90–7.88 (m, 2H), 7.45–7.42 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 2.95 (t, J = 7.3 Hz, 

2H), 2.15–2.00 (m, 2H), 1.78–1.73 (m, 2H), 1.56–1.51 (m, 2H), 1.47–1.42 (m, 2H), 

1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 198.7, 164.3 (t, JC-F = 33.2 

Hz), 139.4, 135.2, 129.4, 128.9, 116.2 (t, JC-F = 255.9 Hz), 62.7, 38.1, 34.2 (t, JC-F = 

23.3 Hz), 28.6, 23.6, 21.3 (t, JC-F = 4.3 Hz), 13.9; 19F NMR (565 MHz, CDCl3) δ 

-106.0; HRMS (ESI) calcd for C16H19ClF2NaO3 (M+Na)+ 355.0883, found 355.0879. 

 
Compound 3ha: 42 mg, 51% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.46–7.42 (m, 2H), 7.41–7.39 (m, 1H), 7.35–7.33 (m, 1H), 4.34 (q, J = 7.1 Hz, 2H), 

2.96 (t, J = 7.3 Hz, 2H), 2.17–2.00 (m, 2H), 1.78–1.73 (m, 2H), 1.57–1.50 (m, 2H), 

1.49–1.42 (m, 2H), 1.37 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 203.4, 

164.3 (t, JC-F = 33.0 Hz), 139.6, 131.5, 130.7, 130.5, 128.6, 126.9, 116.2 (t, JC-F = 

250.1 Hz), 62.7, 42.5, 34.2 (t, JC-F = 23.2 Hz), 28.5, 23.6, 21.3 (t, JC-F = 4.3 Hz), 13.9; 
19F NMR (565 MHz, CDCl3) δ -106.0; HRMS (ESI) calcd for C16H19ClF2NaO3 

(M+Na)+ 355.0883, found 355.0879. 

 
Compound 3ia: 56 mg, 67% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.92 (t, 

J = 1.8 Hz, 1H), 7.83–7.82 (m, 1H), 7.54–7.52 (m, 1H), 7.41 (t, J = 7.9 Hz, 1H), 4.33 

(q, J = 7.1 Hz, 2H), 2.96 (t, J = 7.3 Hz, 2H), 2.15–2.02 (m, 2H), 1.78–1.73 (m, 2H), 

1.56–1.51 (m, 2H), 1.47–1.42 (m, 2H), 1.36 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, 

CDCl3) δ 198.6, 164.3 (t, JC-F = 32.2 Hz), 138.5, 134.93, 132.90, 129.9, 128.1, 126.1, 

116.2 (t, JC-F = 250.2 Hz), 62.8, 38.2, 34.3 (t, JC-F = 23.3 Hz), 28.6, 23.6, 21.3 (t, JC-F 
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= 4.3 Hz), 13.9; 19F NMR (565 MHz, CDCl3) δ -106.0; HRMS (ESI) calcd for 

C16H19ClF2NaO3 (M+Na)+ 355.0883, found 355.0879. 

 
Compound 3ja: 71 mg, 76% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.83–7.80 (m, 2H), 7.61–7.59 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 2.94 (t, J = 7.3 Hz, 

2H), 2.12–2.03 (m, 2H), 1.76–1.73 (m, 2H), 1.56–1.50 (m, 2H), 1.47–1.42 (m, 2H), 

1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 198.8, 164.3 (t, JC-F = 33.9 

Hz), 135.6, 131.8, 129.5, 128.1, 116.2 (t, JC-F = 257.6 Hz), 62.7, 38.0, 34.2 (t, JC-F = 

23.3 Hz), 28.6, 23.6, 21.3 (t, JC-F = 4.3 Hz), 13.9; 19F NMR (565 MHz, CDCl3) δ 

-106.0; HRMS (ESI) calcd for C16H19BrF2NaO3 (M+Na)+ 399.0378, found 399.0373. 

 
Compound 3ka: 48 mg, 55% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 8.47 

(s, 1H), 8.04–8.02 (m, 1H), 7.97 (d, J = 8.1 Hz, 1H), 7.91–7.87 (m, 2H), 7.62–7.59 (m, 

1H), 7.57–7.55 (m, 1H), 4.32 (q, J = 7.1 Hz, 2H), 3.12 (t, J = 7.3 Hz, 2H), 2.16–2.05 

(m, 2H), 1.85–1.80 (m, 2H), 1.60–1.53 (m, 2H), 1.53–1.46 (m, 2H), 1.35 (t, J = 7.1 

Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 200.0, 164.4 (t, JC-F = 32.7 Hz), 135.5, 134.3, 

132.5, 129.6, 129.5, 128.44, 128.40, 127.8, 126.8, 123.8, 116.3 (t, JC-F = 248.6 Hz), 

62.8, 38.2, 34.3 (t, JC-F = 23.2 Hz), 28.7, 23.9, 21.4 (t, JC-F = 4.3 Hz), 14.0; 19F NMR 

(565 MHz, CDCl3) δ -105.9; HRMS (ESI) calcd for C20H22F2NaO3 (M+Na)+ 

371.1429, found 371.1425. 

O
CF2CO2Et

3laS
 

Compound 3la: 59 mg, 77% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.72–7.71 (m, 1H), 7.64–7.63 (m, 1H), 7.14–7.13 (m, 1H), 4.32 (q, J = 7.2 Hz, 2H), 

2.91 (t, J = 7.3 Hz, 2H), 2.11–2.03 (m, 2H), 1.79–1.74 (m, 2H), 1.55–1.50 (m, 2H), 

1.47–1.42 (m, 2H), 1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 193.0, 
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164.3 (t, JC-F = 33.0 Hz), 144.3, 133.5, 131.7, 128.1, 116.2 (t, JC-F = 250.1 Hz), 62.7, 

38.9, 34.2 (t, JC-F = 23.3 Hz), 28.6, 24.1, 21.3 (t, JC-F = 4.3 Hz), 13.9; 19F NMR (565 

MHz, CDCl3) δ -106.0. HRMS (ESI) calcd for C14H18F2NaO3S (M+Na)+ 327.0837, 

found 327.0834. 

 

Compound 3ma: 70 mg, 76% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.61–7.58 (m, 2H), 7.47–7.45 (m, 1H), 7.41–7.38 (m, 2H), 4.30 (q, J = 7.1 Hz, 2H), 

2.23–2.22 (m, 2H), 2.05–1.96 (m, 2H), 1.81–1.78 (m, 2H), 1.52–1.50 (m, 3H), 

1.47–1.41 (m, 2H), 1.40–1.35 (m, 2H), 1.33 (t, J = 7.2 Hz, 3H), 1.30–1.26 (m, 5H); 
13C NMR (151 MHz, CDCl3) δ 208.9, 164.3 (t, JC-F = 33.0 Hz), 139.8, 130.7, 128.1, 

127.2, 116.1 (t, JC-F = 250.2 Hz), 62.7, 52.2, 39.0, 34.7, 34.2 (t, JC-F = 23.3 Hz), 26.0, 

23.7, 22.9, 22.0 (t, JC-F = 4.2 Hz), 13.9; 19F NMR (565 MHz, CDCl3) δ -106.1; HRMS 

(ESI) calcd for C21H28F2NaO3 (M+Na)+ 389.1899, found 389.1897. 

 

Compound 3b: 58 mg, 71% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.77–7.76 (m, 2H), 7.46–7.44 (m, 1H), 7.39–7.3 (m, 2H), 4.21 (q, J = 7.1 Hz, 2H), 

1.88–1.77 (m, 2H), 1.70–1.63 (m, 2H), 1.29–1.21 (m, 7H), 1.15 (q, J = 4.2 Hz, 2H), 

0.71 (q, J = 4.3 Hz, 2H); 13C NMR (151 MHz, CDCl3) δ 203.2, 164.3 (t, JC-F = 33.0 

Hz), 137.2, 132.0, 128.32, 128.30, 116.1 (t, JC-F = 250.1 Hz), 62.7, 36.0, 34.2 (t, JC-F 

= 23.2 Hz), 30.4, 27.4, 21.2 (t, JC-F = 4.2 Hz), 13.9, 12.8; 19F NMR (565 MHz, CDCl3) 

δ -106.1; HRMS (ESI) calcd for C18H22F2NaO3 (M+Na)+ 347.1429, found 347.1418. 
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Compound 3oa: 46 mg, 70% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 4.33 

(q, J = 7.1 Hz, 2H), 2.62–2.57 (m, 1H), 2.46 (t, J = 7.3 Hz, 2H), 2.10–2.01 (m, 2H), 

1.61–1.56 (m, 2H), 1.51–1.44 (m, 2H), 1.39–1.31 (m, 5H), 1.09 (d, J = 6.9 Hz, 6H); 
13C NMR (151 MHz, CDCl3) δ 214.6, 164.3 (t, JC-F = 33.1 Hz), 116.2 (t, JC-F = 250.0 

Hz), 62.7, 40.8, 39.8, 34.2 (t, JC-F = 23.2 Hz), 28.6, 23.2, 21.3 (t, JC-F = 4.2 Hz), 18.2, 

13.9; 19F NMR (565 MHz, CDCl3) δ -106.0; HRMS (ESI) calcd for C13H22F2NaO3 

(M+Na)+ 287.1429, found 287.1423. 

 
Compound 3pa: 50 mg, 71% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.70 

(d, J = 7.7 Hz, 1H), 7.42–7.40 (m, 1H), 7.31–7.28 (m, 1H), 7.25 (d, J = 7.6 Hz, 1H), 

4.33–4.29 (m, 2H), 2.92–2.90 (m, 2H), 2.58 (s, 3H), 2.18–2.09 (m, 2H), 1.80–1.75 (m, 

2H), 1.36–1.30 (m, 3H); 13C NMR (151 MHz, CDCl3) δ 201.5, 164.2 (t, JC-F = 33.1 

Hz), 141.4, 137.4, 131.6, 131.2, 129.5, 126.1, 116.2 (t, JC-F = 250.1 Hz), 62.6, 34.1 (t, 

JC-F = 23.1 Hz), 33.2, 29.6, 23.3 (t, JC-F = 4.2 Hz), 13.8; 19F NMR (565 MHz, CDCl3) 

δ -105.8; HRMS (ESI) calcd for C15H18F2NaO3 (M+Na)+ 307.1116, found 307.1110. 

 

Compound 3qa: 51 mg, 65% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.55–7.54 (m, 1H), 7.40–7.38 (m, 1H), 7.29–7.25 (m, 2H), 4.31 (q, J = 7.1 Hz, 2H), 

3.38–3.33 (m, 1H), 2.81–2.76 (m, 2H), 2.20–2.03 (m, 2H), 1.85–1.73 (m, 2H), 1.34 (t, 

J = 7.2 Hz, 3H), 1.16 (d, J = 6.9 Hz, 6H); 13C NMR (151 MHz, CDCl3) δ 208.9, 164.3 

(t, JC-F = 33.1 Hz), 140.9, 138.2, 130.80, 130.78, 127.8, 126.1, 116.2 (t, JC-F = 250.2 

Hz), 62.7, 38.7, 34.2 (t, JC-F = 23.2 Hz), 32.9, 23.5 (t, JC-F = 4.1 Hz), 18.6, 13.9; 19F 

NMR (565 MHz, CDCl3) δ -105.9; HRMS (ESI) calcd for C17H22F2NaO3 (M+Na)+ 

335.1429, found 335.1426. 
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3ra

O

CF2CO2Et

H

 

Compound 3ra: 51 mg, 75% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 10.22 

(s, 1H), 7.85–7.83 (m, 1H), 7.56–7.54 (m, 1H), 7.46–7.43 (m, 1H), 7.30 (d, J = 7.6 Hz, 

1H), 4.34 (q, J = 7.1 Hz, 2H), 3.14–3.11 (m, 2H), 2.24–2.11 (m, 2H), 1.88–1.77 (m, 

2H), 1.36 (t, J = 7.2 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 192.6, 164.2 (t, JC-F = 

33.0 Hz), 143.6, 133.8, 133.7, 133.6, 131.0, 126.9, 116.1 (t, JC-F = 250.4 Hz), 62.8, 

34.1 (t, JC-F = 23.3 Hz), 32.0, 23.5 (t, JC-F = 4.2 Hz), 13.9; 19F NMR (565 MHz, 

CDCl3) δ -105.8; HRMS (ESI) calcd for C14H16F2NaO3 (M+Na)+ 293.0960, found 

293.0955. 

 
Compound 3sa: 52 mg, 73% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 10.22 

(s, 1H), 7.84 (d, J = 7.6 Hz, 1H), 7.54–7.51 (m, 1H), 7.4–7.41 (m, 1H), 7.24 (d, J = 

7.6 Hz, 1H), 4.34–4.22 (m, 2H), 3.15 (dd, J = 13.2, 6.0 Hz, 1H), 2.90 (dd, J = 13.2, 

7.9 Hz, 1H), 2.22–2.14 (m, 1H), 2.09–1.98 (m, 2H), 1.33–1.31 (m, 3H), 0.99 (d, J = 

6.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 192.4, 164.3 (t, JC-F = 33.0 Hz), 142.5, 

134.1, 133.5, 132.9, 132.0, 127.0, 116.4 (t, JC-F = 251.0 Hz), 62.8, 40.4 (t, JC-F = 22.3 

Hz), 39.9, 30.1 (t, JC-F = 3.2 Hz), 19.8, 13.9; 19F NMR (565 MHz, CDCl3) δ -102.3 (d, 

J = 259.7 Hz), -103.9 (d, J = 259,7 Hz); HRMS (ESI) calcd for C15H18F2NaO3 

(M+Na)+ 307.1116, found 307.1111. 

 
Compound 3ta: 52 mg, 67% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.96–7.95 (m, 2H), 7.57–7.55 (m, 1H), 7.46 (t, J = 7.7 Hz, 2H), 4.32 (q, J = 7.1 Hz, 

2H), 2.97 (t, J = 7.3 Hz, 2H), 2.12–1.97 (m, 2H), 1.77–1.72 (m, 2H), 1.53–1.45 (m, 
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2H), 1.42–1.39 (m, 4H), 1.35 (t, J = 7.2 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 

200.2, 164.4 (t, JC-F = 33.1 Hz), 137.0, 132.9, 128.6, 128.0, 116.3 (t, JC-F = 250.0 Hz), 

62.7, 38.4, 34.4 (t, JC-F = 23.1 Hz), 28.92, 28.90, 24.0, 21.3 (t, JC-F = 4.3 Hz), 13.9; 
19F NMR (565 MHz, CDCl3) δ -105.9; HRMS (ESI) calcd for C17H23F2O3 (M+H)+ 

313.1610, found 313.1608. 

 

Compound 3ab: 71 mg, 79% yield, white solid, mp: 117–119 oC; 1H NMR (600 MHz, 

CDCl3) δ 7.95–7.93 (m, 2H), 7.57–7.54 (m, 1H), 7.50–7.48 (m, 2H), 7.39–7.37 (m, 

2H), 7.35–7.29 (m, 3H), 6.70 (s, 1H), 4.52 (d, J = 5.8 Hz, 2H), 2.99 (t, J = 7.3 Hz, 

2H), 2.23–2.10 (m, 2H), 1.80–1.75 (m, 2H), 1.59–1.51 (m, 2H), 1.50–1.42 (m, 2H); 
13C NMR (151 MHz, CDCl3) δ 200.1, 164.3 (t, JC-F = 29.0 Hz), 136.9, 136.8, 133.0, 

128.9, 128.6, 128.0, 127.9, 127.8, 118.3 (t, JC-F = 252.3 Hz), 43.5, 38.2, 33.7 (t, JC-F = 

23.2 Hz), 28.7, 23.8, 21.5 (t, JC-F = 4.2 Hz); 19F NMR (565 MHz, CDCl3) δ -106.1; 

HRMS (ESI) calcd for C21H23F2NNaO2 (M+Na)+ 382.1589, found 382.1586. 

 

Compound 3ac: 64 mg, 82% yield, white solid, mp: 79–81 oC; 1H NMR (600 MHz, 

CDCl3) δ 7.96–7.94 (m, 2H), 7.57–7.54 (m, 1H), 7.51–7.40 (m, 2H), 6.18 (s, 1H), 

4.13–4.07 (m, 1H), 2.97 (t, J = 7.3 Hz, 2H), 2.18–2.03 (m, 2H), 1.78–1.73 (m, 2H), 

1.53–1.48 (m, 2H), 1.47–1.40 (m, 2H), 1.21 (d, J = 6.6 Hz, 6H); 13C NMR (151 MHz, 

CDCl3) δ 200.1, 163.6 (t, JC-F = 30.1 Hz), 136.9, 133.0, 128.6, 128.0, 118.2 (t, JC-F = 

252.2 Hz), 41.8, 38.2, 33.7 (t, JC-F = 23.4 Hz), 28.7, 23.8, 22.4, 21.5 (t, JC-F = 4.3 Hz); 
19F NMR (565 MHz, CDCl3) δ -106.4; HRMS (ESI) calcd for C17H23F2NNaO2 

(M+Na)+ 334.1589, found 334.1583. 
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Compound 3ad: 57 mg, 65% yield, white solid, mp: 90–92 oC; 1H NMR (600 MHz, 

CDCl3) δ 7.96–7.95 (m, 2H), 7.56 (t, J = 7.4 Hz, 1H), 7.46 (t, J = 7.7 Hz, 2H), 6.22 (d, 

J = 5.8 Hz, 1H), 3.88–3.67 (m, 1H), 2.97 (t, J = 7.3 Hz, 2H), 2.20–2.02 (m, 2H), 

1.99–1.87 (m, 2H), 1.77–1.71 (m, 4H), 1.67–1.60 (m, 1H), 1.53–1.41 (m, 4H), 

1.41–1.33 (m, 2H), 1.23–1.17 (m, 3H); 13C NMR (151 MHz, CDCl3) δ 200.0, 163.3 (t, 

JC-F = 28.2 Hz), 136.9, 132.9, 128.6, 128.0, 118.3(t, JC-F = 252.2 Hz), 48.4, 38.2, 33.7 

(t, JC-F = 33.5 Hz), 32.7, 28.7, 25.3, 24.7, 23.8, 21.5 (t, JC-F = 4.5 Hz); 19F NMR (565 

MHz, CDCl3) δ -106.4; HRMS (ESI) calcd for C20H27F2NNaO2 (M+Na)+ 374.1902, 

found 374.1904. 

 

Compound 3ae: 66 mg, 81% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.96–7.94 (m, 2H), 7.57–7.54 (m, 1H), 7.48–7.45 (m, 2H), 6.75 (s, 1H), 3.52–3.48 (m, 

4H), 3.37 (s, 3H), 2.97 (t, J = 7.3 Hz, 2H), 2.18–2.04 (m, 2H), 1.78–1.73 (m, 2H), 

1.56–1.48 (m, 2H), 1.48–1.41 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 200.1, 164.4 (t, 

JC-F = 29.0 Hz), 136.9, 132.9, 128.5, 128.0, 118.2 (t, JC-F = 252.1 Hz), 70.4, 58.8, 

39.1, 38.2, 33.7 (t, JC-F = 23.4 Hz), 28.7, 23.8, 21.4 (t, JC-F = 4.3 Hz); 19F NMR (565 

MHz, CDCl3) δ -106.4; HRMS (ESI) calcd for C17H23F2NNaO3 (M+Na)+ 350.1538, 

found 350.1534. 

 

Compound 3af: 95 mg, 88% yield, white solid, mp: 101–103 oC; 1H NMR (600 MHz, 

CDCl3) δ 8.96–7.95 (m, 2H), 7.57–7.55 (m, 1H), 7.48–7.45 (m, 2H), 7.32–7.28 (m, 

2H), 7.25–7.24 (m, 1H), 7.15–7.06 (m, 2H), 6.80 (d, J = 7.7 Hz, 1H), 4.89 (q, J = 6.7 

Hz, 1H), 3.76 (s, 3H), 3.22 (dd, J = 14.0, 5.6 Hz, 1H), 3.12 (dd, J = 14.0, 6.3 Hz, 1H), 

2.96 (t, J = 7.3 Hz, 2H), 2.13–1.96 (m, 2H), 1.76–1.71 (m, 2H), 1.47–1.36 (m, 4H); 
13C NMR (151 MHz, CDCl3) δ 200.0, 164.0 (t, JC-F = 29.5 Hz), 163.6, 136.9, 135.1, 

132.9, 129.1, 128.7, 128.5, 128.0, 127.4, 117.9 (t, JC-F = 252.2 Hz), 53.0, 52.5, 38.1, 
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37.6, 33.6 (t, JC-F = 23.2 Hz), 28.7, 23.8, 21.3 (t, JC-F = 4.2 Hz); 19F NMR (565 MHz, 

CDCl3) δ -105.8 (d, J = 254.5 Hz), -106.9 (d, J = 254.4 Hz); HRMS (ESI) calcd for 

C24H27F2NNaO4 (M+Na)+ 454.1800, found 454.1799. 

 

Compound 3ag: 44 mg, 51% yield, white solid, mp: 82–84 oC; 1H NMR (600 MHz, 

CDCl3) δ 8.03 (s, 1H), 7.95–7.94 (m, 2H), 7.62–7.52 (m, 3H), 7.45 (t, J = 7.8 Hz, 2H), 

7.38–7.36 (m, 2H), 7.19 (t, J = 7.4 Hz, 1H), 2.98 (t, J = 7.3 Hz, 2H), 2.26–2.10 (m, 

2H), 1.79–1.74 (m, 2H), 1.60–1.55 (m, 2H), 1.51–1.41 (m, 2H); 13C NMR (151 MHz, 

CDCl3) δ 200.1, 162.1 (t, JC-F = 28.8 Hz), 136.9, 136.0, 133.0, 129.2, 128.6, 128.0, 

125.5, 120.2, 118.3 (t, JC-F = 253.6 Hz), 38.1, 33.6 (t, JC-F = 23.2 Hz), 28.7, 23.8, 21.5 

(t, JC-F = 4.2 Hz); 19F NMR (565 MHz, CDCl3) δ -105.5; HRMS (ESI) calcd for 

C20H21F2NNaO2 (M+Na)+ 368.1433, found 368.1431. 

 

Compound 3ah: 37 mg, 45% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 

7.97–7.95 (m, 2H), 7.57–7.54 (m, 1H), 7.47–7.45 (m, 2H), 3.51 (q, J = 7.0 Hz, 2H), 

3.38 (q, J = 7.1 Hz, 2H), 3.02–2.95 (m, 2H), 2.19–2.10 (m, 2H), 1.80–1.75 (m, 2H), 

1.63–1.56 (m, 2H), 1.51–1.43 (m, 2H), 1.20 (t, J = 7.0 Hz, 3H), 1.15 (t, J = 7.1 Hz, 

3H); 13C NMR (151 MHz, CDCl3) δ 200.2, 162.9 (t, JC-F = 29.3 Hz), 137.0, 132.9, 

128.5, 128.0, 119.6 (t, JC-F = 254.0 Hz), 41.8 (t, JC-F = 6.3 Hz), 41.4, 38.3, 34.7 (t, J = 

23.4 Hz), 29.0, 24.0, 21.4 (t, JC-F = 4.5 Hz), 14.3, 12.3; 19F NMR (565 MHz, CDCl3) 

δ -100.2; HRMS (ESI) calcd for C18H25F2NNaO2 (M+Na)+ 348.1746, found 

348.1740. 

Mechanistic Studies: 

Under N2, a mixture of 1a (44.0 mg, 0.25 mmol), 2a (101.0 mg, 0.5 mmol), L1 (dtbpy, 
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13.4 mg, 0.05 mmol), CuI (4.7 mg, 0.025mmol), KOAc (98.0 mg, 0.5 mmol) and 

1,2-dichloroethane (DCE, super dry, 2.0 mL). The sealed tube was then stirred at 

80 °C. After 12 h, the reaction was stopped. The amount of 4a were measured by 

crude 19F NMR (PhCF3 as internal standard). Compound 3ah (known compound[3]): 

53mg, 38% yield, colorless oil; 1H NMR (400 MHz, CDCl3) δ 4.37 (q, J = 7.1 Hz, 

2H), 1.63–1.55 (m, 5H), 1.62–1.57 (m, 4H), 1.21 (s, 6H), 1.19 (s, 6H). 

 

Under N2, a 25 mL Schlenk tube equipped with a magnetic stir bar were charged with 

[D]-1a (44.0 mg, 0.25 mmol), 2a (0.5 mmol, 2 equiv), CuI (4.7 mg, 0.025mmol), 

KOAc (98.0 mg, 0.5 mmol) and 1,2-dichloroethane (DCE, super dry, 2.0 mL). The 

sealed tube was then stirred at 80 °C for 12 hours. After completion (monitored by 

TLC), the reaction solution was concentrated in vacuo, and the residue was purified 

by silica gel column chromatography (petroleum ether/EtOAc) to gave 37 mg (yield: 

50%) of [D]-3aa as a colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.99–7.93 (m, 2H), 

7.58–7.55 (m, 1H), 7.50–7.43 (m, 2H), 4.32 (q, J = 7.1 Hz, 2H), 2.98 (t, J = 7.3 Hz, 

2H), 2.14–2.02 (m, 2H), 1.79–1.74 (m, 2H), 1.54–1.49 m, 1H), 1.46–1.43 (m, 2H), 

1.35 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 200.0, 164.4 (t, JC-F = 33.0 

Hz), 136.9, 133.0,128.6, 128.0, 116.3 (t, JC-F = 250.2 Hz), 62.8, 38.1, 34.2 (t, JC-F = 

23.3 Hz), 28.6, 23.7, 21.0 (m), 14.0; 19F NMR (565 MHz, CDCl3) δ -106.0; HRMS 

(ESI) calcd for C16H19DF2NaO3 (M+Na)+ 322.1335, found 322.1337. 
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