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General information 

Unless otherwise noted, the starting materials were used directly from commercial suppliers 

without further purification. 1H, 13C, and 19F NMR spectra were measured on a 600 or 400 MHz 

NMR spectrometer using CDCl3 as the solvent with tetramethylsilane (TMS) as the internal 

standard. Chemical shifts (δ) are given in parts per million relative to TMS, and the coupling 

constants are given in hertz. The peak patterns are indicated as follows: s, singlet; d, doublet; t, 

triplet; q, quartet; m, multiplet. Unless otherwise noted, all melting points are uncorrected. 

High-resolution mass spectrometry (HRMS) analyses were carried out using a TOF MS instrument 

with an ESI source. GC-MS measurements were performed on a 7890B GC system with an Agilent 

5975 MSD detector. Column chromatography was performed using silica gel (200−300 mesh). 

Substrates 1 were prepared according to the literature.1 α,α-Difluoroarylacetic acids 2a-2l were 

prepared according to the literature.2  

 

General procedure for the photocatalytic acyldifluoroalkylation of unactivated alkenes 

 

To a mixture of Ir[dF(CF3)ppy]2(dtbpy)PF6 (2.8 mg, 0.0025 mmol), 2a (129.0 mg, 0.75 mmol), 

and PhI(OAc)2 (161.1 mg, 0.50 mmol) in 2.0 mL of DMAc was added 1a (40.6 mg, 0.25 mmol) 

under a nitrogen atmosphere. After 36 h of irradiation with 15 W of blue LEDs at 25 oC, the 

reaction mixture was quenched with water, extracted with EtOAc, washed with brine, dried over 

anhydrous Na2SO4, and concentrated. Column chromatography on silica gel (petroleum 

ethers/EtOAc = 100:1) gave 53 mg (74% yield) of 3aa as a colorless oil; 1H NMR (600 MHz, 

CDCl3) δ 7.88 (dd, J = 7.9, 1.7 Hz, 1H), 7.56–7.52 (m, 2H), 7.50–7.46 (m, 1H), 7.46–7.42 (m, 3H), 

7.05–6.99 (m, 1H), 6.97 (d, J = 8.4 Hz, 1H), 4.75 (dd, J = 11.4, 5.0 Hz, 1H), 4.26 (t, J = 11.7 Hz, 

1H), 3.17–3.05 (m, 2H), 2.15–2.02 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 192.1, 161.6, 136.5 (t, 

J = 26.3 Hz), 136.0, 130.1 (t, J = 1.5 Hz), 128.6, 127.5, 124.8 (t, J = 6.0 Hz), 122.7 (t, J = 242.7 

                                                             
1 (a) K. Hirano, A. T. Biju, I. Piel and F. Glorius, J. Am. Chem. Soc., 2009, 131, 14190; (b) J. Zhao, P. Li, X. Li, C. 
Xia and F. Li, Chem. Commun., 2016, 52, 3661; (c) W.-C. Yang, P. Dai, K. Luo, Y.-G. Ji and L. Wu, Adv. Synth. 
Catal., 2017, 359, 2390; (d) D. Lu, Y. Wan, L. Kong and G. Zhu, Org. Lett., 2017, 19, 2929. 
2 S. Mizuta; I. S. R. Stenhagen; M. O’Duill; J. Wolstenhulme and V. Gouverneur, Org. Lett., 2013, 15, 2648. 
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Hz), 121.5, 120.3, 117.8, 70.5 (dd, J = 3.4, 1.8 Hz), 41.2 (t, J = 1.3 Hz), 34.3 (t, J = 28.0 Hz); 19F 

NMR (565 MHz, CDCl3) δ -90.1 (d, J = 245.7 Hz), -97.5 (d, J = 245.8 Hz); HRMS (ESI) calcd for 

C17H14F2NaO2 (M+Na)+ 311.0854 found 311.0856. 

 
Compound 3aa’: 5 mg, 7% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 10.47 (s, 1H), 7.83 

(d, J = 7.3 Hz, 1H), 7.53–7.42 (m, 6H), 7.07–6.88 (m, 2H), 4.11 (s, 2H), 2.44–2.28 (m, 2H), 2.05 

(s, 2H); 13C NMR (151 MHz, CDCl3) δ 189.6, 161.0, 136.5 (t, J = 27.5 Hz), 135.9, 129.8, 128.5, 

128.4, 125.4, 124.8 (t, J = 6.3 Hz), 122.3 (t, J = 241.3 Hz), 120.8, 112.3, 67.4, 35.8 (t, J = 28.5 

Hz), 22.6; 19F NMR (565 MHz, CDCl3) δ -96.1; HRMS (ESI) calcd for C17H16F2NaO2 (M+Na)+ 

313.1011 found 313.1016. 

 

Compound 3ba: 65 mg, 85% yield, white solid, mp 95–96 oC; 1H NMR (600 MHz, CDCl3) δ 

7.55–7.50 (m, 3H), 7.47–7.43 (m, 3H), 7.20 (ddd, J = 8.9, 7.9, 3.2 Hz, 1H), 6.95 (dd, J = 9.1, 4.2 

Hz, 1H), 4.75 (dd, J = 11.3, 5.1 Hz, 1H), 4.24 (t, J = 11.7 Hz, 1H), 3.16–3.02 (m, 2H), 2.15–2.01 

(m, 1H); 13C NMR (151 MHz, CDCl3) δ 191.4 (d, J = 1.5 Hz), 157.9 (d, J = 1.5 Hz), 157.2 (d, J = 

242.2 Hz), 136.4 (t, J = 26.4 Hz), 130.1, 128.7, 124.8 (t, J = 6.1 Hz), 123.6 (d, J = 24.6 Hz), 122.6 

(t, J = 243.1 Hz), 120.7 (d, J = 6.5 Hz), 119.5 (d, J = 34.7 Hz), 112.4 (d, J = 23.4 Hz), 70.6 (dd, J 

= 3.1, 1.5 Hz), 41.1, 34.3 (t, J = 28.3 Hz); 19F NMR (565 MHz, CDCl3) δ -90.3 (d, J = 245.6 Hz), 

-97.5 (d, J = 245.7 Hz), -121.2; HRMS (ESI) calcd for C17H13F3NaO2 (M+Na)+ 329.0760 found 

329.0767. 

O

O
Ph

F F

3ca

Br

 

Compound 3ca: 68 mg, 74% yield, white solid, mp 102–103 oC; 1H NMR (600 MHz, CDCl3) δ 

7.98 (d, J = 2.5 Hz, 1H), 7.57–7.50 (m, 3H), 7.45 (dd, J = 4.9, 1.7 Hz, 3H), 6.88 (d, J = 8.8 Hz, 
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1H), 4.77 (dd, J = 11.5, 5.3 Hz, 1H), 4.25 (t, J = 11.8 Hz, 1H), 3.15–3.01 (m, 2H), 2.13–2.01 (m, 

1H); 13C NMR (151 MHz, CDCl3) δ 190.9, 160.5, 138.7, 136.4 (t, J = 26.2 Hz), 130.2, 129.9, 

128.7, 124.8 (t, J = 6.1 Hz), 122.5 (t, J = 242.6 Hz), 121.6, 119.9, 114.1, 70.5 (dd, J = 3.5, 1.7 Hz), 

41.0 (t, J = 1.6 Hz), 34.2 (t, J = 28.2 Hz); 19F NMR (565 MHz, CDCl3) δ -90.3 (d, J = 245.8 Hz), 

-97.6 (d, J = 245.7 Hz); HRMS (ESI) calcd for C17H13BrF2NaO2 (M+Na)+ 388.9959 found 

388.9951. 

 

Compound 3da: 62 mg, 68% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.54–7.51 (m, 2H), 

7.47–7.43 (m, 3H), 7.30–7.26 (m, 1H), 7.23 (t, J = 8.0 Hz, 1H), 6.94 (dd, J = 8.2, 0.9 Hz, 1H), 

4.75 (dd, J = 11.5, 5.2 Hz, 1H), 4.26 (t, J = 11.7 Hz, 1H), 3.18–3.04 (m, 2H), 2.15–2.02 (m, 1H); 

13C NMR (151 MHz, CDCl3) δ 190.2, 162.9, 136.4 (t, J = 26.2 Hz), 135.1, 130.1 (t, J = 1.5 Hz), 

128.7, 128.4, 124.8 (t, J = 6.1 Hz), 122.6 (t, J = 243.2 Hz), 121.9, 118.6, 117.6, 70.0 (dd, J = 3.5, 

1.8 Hz), 41.5, 34.3 (t, J = 28.4 Hz); 19F NMR (565 MHz, CDCl3) δ -90.3 (d, J = 245.9 Hz), -97.3 

(d, J = 245.9 Hz); HRMS (ESI) calcd for C17H13NaF2BrO2 (M+Na)+ 388.9959 found 388.9962. 

O

O
Ph

F F

3ea
Br

 

Compound 3ea: 72 mg, 78% yield, white solid, mp 114–116 oC; 1H NMR (600 MHz, CDCl3) δ 

7.73 (d, J = 8.4 Hz, 1H), 7.53 (dd, J = 6.7, 2.5 Hz, 2H), 7.47–7.43 (m, 3H), 7.19–7.13 (m, 2H), 

4.77 (dd, J = 11.4, 5.1 Hz, 1H), 4.26 (t, J = 11.7 Hz, 1H), 3.15–3.02 (m, 2H), 2.13–2.01 (m, 1H); 

13C NMR (151 MHz, CDCl3) δ 191.2, 161.8, 136.4 (t, J = 26.3 Hz), 130.5, 130.5, 128.7, 128.6, 

125.2, 124.8 (t, J = 6.0 Hz), 122.6 (t, J = 242.9 Hz), 121.0, 119.2, 70.8 (dd, J = 3.5, 1.7 Hz), 41.1, 

34.2 (t, J = 28.2 Hz); 19F NMR (565 MHz, CDCl3) δ -90.3 (d, J = 245.7 Hz), -97.5 (d, J = 245.9 

Hz); HRMS (ESI) calcd for C17H13BrF2NaO2 (M+Na)+ 388.9959 found 388.9956. 
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Compound 3fa: 67 mg, 73% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.84 (dd, J = 7.9, 

1.5 Hz, 1H), 7.72 (dd, J = 7.7, 1.5 Hz, 1H), 7.53 (dd, J = 6.5, 2.6 Hz, 2H), 7.49–7.41 (m, 3H), 6.91 

(t, J = 7.8 Hz, 1H), 4.92 (dd, J = 11.5, 5.3 Hz, 1H), 4.33 (t, J = 11.9 Hz, 1H), 3.21–3.04 (m, 2H), 

2.16–2.02 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 191.2 157.9, 139.2, 136.3 (t, J = 26.2 Hz), 

130.2, 128.7, 128.4, 126.9, 124.8 (t, J = 5.9 Hz), 122.5 (t, J = 242.8 Hz), 121.5, 111.4, 71.0 (dd , J 

= 3.4, 1.9 Hz), 40.8 (t, J = 1.7 Hz), 34.2 (t, J = 28.8 Hz); 19F NMR (565 MHz, CDCl3) δ -90.3 (d, 

J = 245.6 Hz), -97.5 (d, J = 245.6 Hz); HRMS (ESI) calcd for C17H13BrF2NaO2 (M+Na)+ 

388.9959 found 388.9952. 

 

Compound 3ga: 56 mg, 70% yield, white solid, mp 95–97 oC; 1H NMR (600 MHz, CDCl3) δ 7.83 

(d, J = 2.6 Hz, 1H), 7.53 (dd, J = 6.7, 2.5 Hz, 2H), 7.47–7.43 (m, 3H), 7.41 (dd, J = 8.9, 2.7 Hz, 

1H), 6.93 (d, J = 8.9 Hz, 1H), 4.77 (dd, J = 11.4, 5.2 Hz, 1H), 4.25 (t, J = 11.8 Hz, 1H), 3.16–3.02 

(m, 2H), 2.14-2.02 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 191.0, 160.0, 136.4 (t, J = 26.2 Hz), 

135.7, 130.2 (t, J = 1.4 Hz), 128.7, 127.0, 126.8, 124.8 (t, J = 6.1 Hz), 122.5 (t, J = 243.4 Hz), 

121.1, 119.5, 70.6 (dd, J = 3.5, 1.7 Hz), 41.0 (t, J = 1.6 Hz), 34.2 (t, J = 27.8 Hz); 19F NMR (565 

MHz, CDCl3) δ -90.3 (d, J = 245.9 Hz), -97.5 (d, J = 245.8 Hz); HRMS (ESI) calcd for 

C17H13ClF2NaO2 (M+Na)+ 345.0464 found 345.0460. 

 

Compound 3ha: 56 mg, 74% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.76 (d, J = 8.0 

Hz, 1H), 7.56–7.50 (m, 2H), 7.47–7.41 (m, 3H), 6.85–6.80 (m, 1H), 6.77 (s, 1H), 4.72 (dd, J = 

11.2, 5.1 Hz, 1H), 4.23 (t, J = 11.6 Hz, 1H), 3.15–3.04 (m, 2H), 2.35 (s, 3H), 2.12–2.01 (m, 1H); 

13C NMR (151 MHz, CDCl3) δ 191.8, 161.6, 147.6, 136.6 (t, J = 26.4 Hz), 130.1, 128.6, 127.4, 

124.8 (t, J = 5.9 Hz), 122.7 (t, J = 242.9 Hz), 122.9, 118.1, 117.7, 70.5 (dd, J = 3.3, 1.7 Hz), 41.1 

(t, J = 1.1 Hz), 34.3 (t, J = 27.9 Hz), 21.9; 19F NMR (565 MHz, CDCl3) δ -90.0 (d, J = 249.7 Hz), 

-97.6 (d, J = 247.6 Hz); HRMS (ESI) calcd for C18H16F2NaO2 (M+Na)+ 325.1011 found 325.1005. 
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Compound 3ia: 33 mg, 41% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.81 (d, J = 8.8 Hz, 

1H), 7.56–7.51 (m, 2H), 7.46–7.42 (m, 3H), 6.57 (dd, J = 8.8, 2.4 Hz, 1H), 6.40 (d, J = 2.4 Hz, 

1H), 4.73 (dd, J = 11.4, 5.1 Hz, 1H), 4.25 (t, J = 11.5 Hz, 1H), 3.83 (s, 3H), 3.16–3.01 (m, 2H), 

2.12–2.00 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 190.7, 166.0, 163.6, 136.6 (t, J = 26.3 Hz), 

130.1, 129.2, 128.6, 124.9 (t, J = 5.8 Hz), 122.8 (t, J = 242.3 Hz), 114.2, 110.1, 100.5, 70.8 (dd, J 

= 3.5, 1.8 Hz), 55.6, 40.8, 40.8, 34.4 (t, J = 28.1 Hz); 19F NMR (565 MHz, CDCl3) δ -90.0 (d, J = 

245.7 Hz), -97.6 (d, J = 245.6 Hz); HRMS (ESI) calcd for C18H16F2NaO3 (M+Na)+ 341.0960 

found 341.0968. 

 

Compound 3ja: 61 mg, 68% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.85 (d, J = 8.0 Hz, 

1H), 7.75 (s, 1H), 7.63 (d, J = 7.9 Hz, 1H), 7.56–7.51 (m, 2H), 7.49–7.43 (m, 3H), 3.51 (dd, J = 

17.6, 8.1 Hz, 1H), 3.10–2.91 (m, 3H), 2.25–2.13 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 205.5, 

153.6, 138.5, 136.7 (t, J = 26.1 Hz), 136.3 (q, J = 32.4 Hz), 130.1, 128.6, 124.8 (t, J = 6.2 Hz), 

124.7 (q, J = 3.5 Hz), 124.5, 123.6 (q, J = 273.4 Hz), 123.7 (q, J = 3.8 Hz), 122.8, (t, J = 243.0 

Hz), 43.1 (t, J = 2.3 Hz), 40.0 (t, J = 27.8 Hz), 33.8; 19F NMR (565 MHz, CDCl3) δ -62.9, -92.1 (d, 

J = 245.4 Hz), -97.4 (d, J = 245.3 Hz); HRMS (ESI) calcd for C18H13F5NaO2 (M+Na)+ 379.0728 

found 379.0730. 

 

Compound 3ja: 65 mg, 86% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.90 (dd, J = 7.9, 

1.7 Hz, 1H), 7.51–7.47 (m, 3H), 7.41 (dd, J = 5.1, 2.0 Hz, 3H), 7.06–7.02 (m, 1H), 7.01–6.97 (m, 

1H), 4.61 (d, J = 11.6 Hz, 1H), 4.38 (d, J = 11.7 Hz, 1H), 2.82–2.70 (m, 1H), 2.48–2.36 (m, 1H), 

1.34 (s, 3H); 13C NMR (151 MHz, CDCl3) δ 195.1, 161.0, 137.7 (t, J = 26.2 Hz), 135.8, 129.8 (t, J 
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= 1.3 Hz), 128.4, 128.1, 124.7 (t, J = 6.3 Hz), 122.7 (t, J = 244.8 Hz), 121.6, 119.3, 117.7, 74.5 (t, 

J = 3.4 Hz), 44.2, 41.7, 19.8 (d, J = 2.2 Hz); 19F NMR (565 MHz, CDCl3) δ -90.9 (d, J = 243.4 Hz), 

-92.5 (t, J = 243.5 Hz); HRMS (ESI) calcd for C18H16F2NaO2 (M+Na)+ 325.1011 found 325.1011. 

 

Compound 3ma: 97 mg, 90% yield, colorless oil; 1H NMR (600 MHz, CDCl3)  δ 8.11–8.04 (m, 

1H), 7.62–7.53 (m, 3H), 7.49 (d, J = 7.6 Hz, 1H), 7.47–7.39 (m, 4H), 4.35–4.28 (m, 2H), 

4.28–4.17 (m, 2H), 3.39–3.24 (m, 2H), 3.01–2.92 (m, 1H), 2.56 (t, J = 13.8 Hz, 1H), 2.16–2.05 (m, 

1H), 1.32 (t, J = 7.1 Hz, 3H), 1.26 (t, J = 7.1 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 195.7, 170.3, 

169.2, 138.3, 137.0 (t, J = 26.2 Hz), 133.5, 131.5, 129.9 (d, J = 1.0 Hz), 129.4, 128.6, 128.5, 127.8, 

124.9 (t, J = 6.1 Hz), 123.0 (t, J = 243.5 Hz), 62.4, 62.3, 58.9, 39.4, 37.8 (t, J = 27.6 Hz), 36.0, 

14.0, 13.8; 19F NMR (565 MHz, CDCl3) δ -89.4 (d, J = 246.1 Hz), -98.0 (d, J = 246.0 Hz); HRMS 

(ESI) calcd for C24H24F2NaO5 (M+Na)+ 453.1484 found 453.1481. 

 

Compound 3na: 62 mg, 56% yield, yellow oil ; 1H NMR (600 MHz, CDCl3) δ 7.96–7.90 (m, 2H), 

7.59–7.55 (m, 1H), 7.55–7.51 (m, 2H), 7.51–7.44 (m, 5H), 7.27–7.23 (m, 1H), 7.12 (d, J = 8.1 Hz, 

2H), 4.90 (dd, J = 14.4, 5.2 Hz, 1H), 3.70 (t, J = 13.9 Hz, 1H), 3.10–2.97 (m, 1H), 2.59–2.50 (m, 

1H), 2.34 (s, 3H), 1.99–1.85 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 193.0, 144.4, 142.2, 136.4, 

136.3 (t, J = 26.0 Hz), 134.8, 130.1, 129.9, 128.7, 128.1, 126.8, 125.4, 124.8 (t, J = 6.3 Hz), 124.4, 

124.1, 122.6 (t, J = 242.8 Hz), 50.8 (q, J = 2.9, 2.2 Hz), 40.4 (d, J = 1.7 Hz), 35.6 (t, J = 27.5 Hz), 

21.5; 19F NMR (565 MHz, CDCl3) δ -88.2 (d, J = 247.4 Hz), -97.3 (d, J = 247.4 Hz); HRMS (ESI) 

calcd for C24H21F2NNaO3S (M+Na)+ 464.1102 found 464.1102. 
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Compound 3oa: 58 mg, 78% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.71 (d, J = 7.6 Hz, 

1H), 7.65–7.57 (m, 3H), 7.55 (d, J = 7.7 Hz, 1H), 7.45 (dd, J = 5.1, 1.9 Hz, 3H), 7.36 (t, J = 7.4 

Hz, 1H), 3.10–2.96 (m, 1H), 2.72 (dd, J = 8.9, 2.3 Hz, 1H), 2.38–2.25 (m, 1H), 1.58 (s, 3H), 1.23 

(s, 3H); 13C NMR (151 MHz, CDCl3) δ 204.9, 162.8, 137.1 (t, J = 26.6 Hz), 135.0, 133.6, 129.9, 

128.5, 127.5, 125.1 (t, J = 5.7 Hz), 123.5, 123.4, 122.8 (t, J = 242.5 Hz), 54.8 (d, J = 1.8 Hz), 42.0, 

34.8 (t, J = 28.2 Hz), 27.9, 27.0; 19F NMR (565 MHz, CDCl3) δ -88.7 (d, J = 243.4 Hz), -98.2 (d, 

J = 243.4 Hz); HRMS (ESI) calcd for C19H19F2O (M+H)+ 301.1398 found 301.1405. 

 
Compound 3pa: 49 mg, 68% yield, colorless oil, dr = 3:1; 1H NMR (600 MHz, CDCl3) of major 

isomer δ 7.74 (d, J = 7.6 Hz, 1H), 7.64 (t, J = 7.8 Hz, 1H), 7.57 (m, 2H), 7.52 (d, J = 7.7 Hz, 1H), 

7.45 (m, 3H), 7.39 (t, J = 7.5 Hz, 1H), 3.42–3.27 (m, 1H), 3.07–2.90 (m, 1H), 2.52 (dt, J = 10.6, 

3.1 Hz, 1H), 2.25–2.15 (m, 1H), 1.51 (d, J = 7.0 Hz, 3H); 13C NMR (151 MHz, CDCl3) of major 

isomer δ 206.4, 158.7, 137.0 (t, J = 26.4 Hz), 135.2, 135.0, 129.9, 128.5, 127.5, 125.2, 124.9 (t, J 

= 6.0 Hz), 123.7, 122.8 (t, J = 242.5 Hz), 50.9, 40.5, 40.3 (t, J = 27.6 Hz), 20.1; 19F NMR (565 

MHz, CDCl3) of major isomer δ -90.5 (d, J = 244.2 Hz), -98.0 (d, J = 244.2 Hz); HRMS (ESI) 

calcd for C18H16F2NaO (M+Na)+ 309.1061 found 309.1067. 

 
Compound 3qa: 38 mg, 56% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.75 (d, J = 7.6 

Hz, 1H), 7.63–7.58 (m, 1H), 7.57–7.52 (m, 2H), 7.49–7.42 (m, 4H), 7.37 (t, J = 7.4 Hz, 1H), 

3.49-3.39 (m, 1H), 3.08–2.95 (m, 2H), 2.90–2.83 (m, 1H), 2.21–2.09 (m, 1H); 13C NMR (151 

MHz, CDCl3) δ 206.5, 153.6, 136.9 (t, J = 26.4 Hz), 135.9, 135.0, 129.9, 128.5, 127.4, 126.4, 
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124.8 (t, J = 6.2 Hz), 124.0, 122.9 (t, J = 242.9 Hz), 42.7, 40.2 (t, J = 27.6 Hz), 33.8; 19F NMR 

(565 MHz, CDCl3) δ -91.6 (d, J = 245.2 Hz), -97.5 (d, J = 245.3 Hz); HRMS (ESI) calcd for 

C17H14F2NaO (M+Na)+ 295.0905 found 295.0912. 

 

Compound 3ra: 36 mg, 47% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.53–7.47 (m, 2H), 

7.47–7.38 (m, 3H), 2.91–2.71 (m, 2H), 2.49 (ddd, J = 9.4, 7.1, 3.5 Hz, 1H), 2.44–2.32 (m, 3H), 

2.13 (t, J = 6.7 Hz, 2H), 2.03–1.86 (m, 1H), 1.60–1.51 (m, 2H), 1.43-1.30 (m, 2H), 0.96 (t, J = 7.4 

Hz, 3H), 0.86 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, CDCl3) δ 209.5, 173.0, 139.2, 137.0 (t, J = 

26.1 Hz), 129.8, 128.5, 124.9 (t, J = 6.1 Hz), 123.1 (t, J = 242.9 Hz), 40.5 (t, J = 27.3 Hz), 40.2, 

36.8, 32.9, 25.1, 21.8, 20.8, 14.2, 14.1; 19F NMR (565 MHz, CDCl3) δ -91.1 (d, J = 244.7 Hz), 

-97.8 (d, J = 244.5 Hz); HRMS (ESI) calcd for C19H24F2NaO (M+Na)+ 329.1687 found 329.1684. 

 

Compound 3sa’: 43 mg, 57% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 10.40 (s, 1H), 

7.65 (dd, J = 7.7, 1.6 Hz, 1H), 7.53 (td, J = 4.1, 1.9 Hz, 2H), 7.50–7.44 (m, 3H), 7.26 (d, J = 6.2 

Hz, 1H), 6.91 (t, J = 7.6 Hz, 1H), 4.35 (dt, J = 10.7, 4.3 Hz, 1H), 4.27 (td, J = 11.2, 10.7, 2.7 Hz, 

1H), 3.23 (dq, J = 8.9, 4.5 Hz, 1H), 2.60–2.40 (m, 2H), 2.24–2.16 (m, 1H), 2.10–2.01 (m, 1H); 13C 

NMR (151 MHz, CDCl3) δ 189.8, 157.2, 137.0 (t, J = 26.5 Hz), 135.5, 130.0 (t, J = 1.4 Hz), 128.7, 

127.1, 126.5, 124.7 (t, J = 6.1 Hz), 124.5, 122.7 (t, J =243.9 Hz), 120.1, 63.4, 45.9 (t, J = 26.7 Hz), 

28.5 (t, J = 2.7 Hz), 26.8; 19F NMR (565 MHz, CDCl3) δ -91.8 (d, J = 245.8 Hz), -97.5 (d, J = 

254.9 Hz); HRMS (ESI) calcd for C18H16F2NaO2 (M+Na)+ 325.1011 found 325.1017. 

O

O

F F

3ab  

Compound 3ab: 60 mg, 80% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.88 (dd, J = 7.9, 

1.7 Hz, 1H), 7.47 (ddd, J = 8.6, 7.2, 1.7 Hz, 1H), 7.42 (d, J = 8.1 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 



S10 
 

7.03–7.00 (m, 1H), 6.96 (d, J = 8.3 Hz, 1H), 4.74 (dd, J = 11.4, 5.1 Hz, 1H), 4.25 (t, J = 11.7 Hz, 

1H), 3.16–3.04 (m, 2H), 2.38 (s, 3H), 2.12–2.01 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 192.1, 

161.6, 140.2, 136.0, 133.6 (t, J = 26.2 Hz), 129.3, 127.5, 124.8 (t, J = 5.6 Hz), 122.9 (t, J = 243.2 

Hz), 121.4, 120.3, 117.8, 70.5, 41.3, 34.2 (t, J = 28.4 Hz), 21.2; 19F NMR (565 MHz, CDCl3) δ 

-89.0 (d, J = 243.2 Hz), -96.9 (d, J = 243.2 Hz); HRMS (ESI) calcd for C18H16F2NaO2 (M+Na)+ 

325.1011 found 325.1010. 

 

Compound 3ac: 51 mg, 68% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.88 (d, J = 7.9 Hz, 

1H), 7.52–7.44 (m, 2H), 7.32 (t, J = 7.4 Hz, 1H), 7.26–7.21 (m, 2H), 7.01 (t, J = 7.5 Hz, 1H), 6.97 

(d, J = 8.4 Hz, 1H), 4.77 (dd, J = 11.3, 5.1 Hz, 1H), 4.27 (t, J = 11.7 Hz, 1H), 3.20–3.07(m, 2H), 

2.50 (s, 3H), 2.15–2.02 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 192.2, 161.6, 136.0, 135.4 (t, J = 

2.0 Hz), 134.4 (t, J = 24.9 Hz), 132.2, 130.0, 127.5, 125.9, 125.5 (t, J = 8.7 Hz), 123.5 (t, J = 

244.0 Hz), 121.5, 120.3, 117.8, 70.5, 41.2, 33.4 (t, J = 27.6 Hz), 20.2 (t, J = 3.1 Hz); 19F NMR 

(565 MHz, CDCl3) δ -90.0 (d, J = 248.5 Hz), -94.3 (d, J = 248.6 Hz); HRMS (ESI) calcd for 

C18H16F2NaO2 (M+Na)+ 325.1011 found 325.1013. 

 

Compound 3ad: 69 mg, 80% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.88 (dd, J = 7.9, 

1.7 Hz, 1H), 7.49–7.45 (m, 5H), 7.03–7.00 (m, 1H), 6.97 (d, J = 8.3 Hz, 1H), 4.77 (dd, J = 11.6, 

5.1 Hz, 1H), 4.27 (t, J = 11.7 Hz, 1H), 3.17–3.05 (m, 2H), 2.14–2.02 (m, 1H), 1.33 (s, 9H); 13C 

NMR (151 MHz, CDCl3) δ 192.2, 161.6, 153.3 (t, J = 1.5 Hz) 136.0, 133.5 (t, J = 26.2 Hz), 131.7, 

131.1, 127.5, 125.6, 124.6 (t, J = 6.0 Hz), 122.8 (t, J = 242.6 Hz), 121.5, 120.3, 117.8, 70.5 (dd, J 

= 3.1, 2.1 Hz), 41.3 (t, J = 1.5 Hz), 34.7, 34.2 (t, J = 28.0 Hz), 31.2; 19F NMR (565 MHz, CDCl3) 

δ -88.7 (d, J = 246.0 Hz), -97.0 (d, J = 246.3 Hz); HRMS (ESI) calcd for C21H22F2NaO2 (M+Na)+ 

367.1480 found 367.1480. 
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Compound 3ae: 56 mg, 67% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.87 (dd, J = 7.9, 

1.5 Hz, 1H), 7.51–7.43 (m, 1H), 7.05–6.94 (m, 4H), 6.83 (d, J = 8.1 Hz, 1H), 6.00 (s, 2H), 4.73 

(dd, J = 11.4, 5.1 Hz, 1H), 4.24 (t, J = 11.7 Hz, 1H), 3.15–2.97 (m, 2H), 2.12–1.96 (m, 1H); 13C 

NMR (151 MHz, CDCl3) δ 192.1, 161.6, 148.9, 147.9, 136.1, 130.3 (t, J = 26.7 Hz), 127.5, 122.5 

(t, J = 243.1 Hz), 121.5, 120.3, 118.9 (t, J = 6.7 Hz), 117.8, 108.2, 105.6 (t, J = 6.1 Hz), 101.5, 

70.4, 41.2, 34.2 (t, J = 28.8 Hz); 19F NMR (565 MHz, CDCl3) δ -87.5 (d, J = 244.4 Hz), -95.5 (d, J 

= 244.4 Hz); HRMS (ESI) calcd for C18H14F2NaO4 (M+Na)+ 355.0752 found 355.0758. 

 

Compound 3af: 58 mg, 73% yield, white solid, mp 68–69 oC; 1H NMR (600 MHz, CDCl3) δ 7.88 

(dd, J = 7.9, 1.6 Hz, 1H), 7.46 (d, J = 8.7 Hz, 3H), 7.01 (t, J = 7.2 Hz, 1H), 6.97–6.91 (m, 3H), 

4.73 (dd, J = 11.3, 5.1 Hz, 1H), 4.24 (t, J = 11.7 Hz, 1H), 3.83 (s, 3H), 3.18–3.01 (m, 2H), 

2.13–2.00 (m, 1H).; 13C NMR (151 MHz, CDCl3) δ 192.1, 161.6, 160.8, 136.0, 128.7 (t, J = 26.6 

Hz), 127.5, 126.4 (t, J = 5.7 Hz), 122.8 (t, J = 242.2 Hz), 121.4, 121.2, 117.8, 113.9, 70.5 (dd, J = 

3.0, 2.1 Hz), 55.3, 41.3, 34.2 (t, J = 30.1 Hz); 19F NMR (565 MHz, CDCl3) δ -87.7 (d, J = 245.6 

Hz), -95.8 (d, J = 245.6 Hz); HRMS (ESI) calcd for C18H16F2NaO3 (M+Na)+ 341.0960 found 

341.0958. 

 

Compound 3ag: 78 mg, 85% yield, white solid, mp 81–82 oC; 1H NMR (600 MHz, CDCl3) δ 7.87 

(dd, J = 7.9, 1.7 Hz, 1H), 7.58 (d, J = 8.5 Hz, 2H), 7.50–7.45 (m, 1H), 7.41 (d, J = 8.5 Hz, 2H), 

7.06–6.99 (m, 1H), 6.97 (d, J = 8.4 Hz, 1H), 4.75 (dd, J = 11.4, 5.1 Hz, 1H), 4.26 (t, J = 11.7 Hz, 

1H), 3.14–3.01 (m, 2H), 2.12–1.99 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 191.8, 161.6, 136.1, 
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135.7 (t, J = 26.8 Hz), 131.9, 127.5, 126.6 (t, J = 6.0 Hz), 124.6 (t, J = 1.8 Hz), 122.3 (t, J = 243.1 

Hz), 121.5, 120.2, 117.8, 70.4 (dd, J = 3.2, 1.4 Hz), 41.1, 34.1 (t, J = 27.8 Hz); 19F NMR (565 

MHz, CDCl3) δ -90.1 (d, J = 246.8 Hz), -97.7 (d, J = 246.9 Hz); HRMS (ESI) calcd for 

C17H13BrF2NaO2 (M+Na)+ 388.9959 found 388.9969. 

 
Compound 3ah: 58 mg, 72% yield, yellow solid, mp 64–65 oC; 1H NMR (600 MHz, CDCl3) δ 

7.87 (dd, J = 7.9, 1.7 Hz, 1H), 7.52–7.45 (m, 3H), 7.42 (d, J = 8.5 Hz, 2H), 7.05–7.00 (m, 1H), 

6.97 (d, J = 8.4 Hz, 1H), 4.75 (dd, J = 11.4, 5.1 Hz, 1H), 4.26 (t, J = 11.7 Hz, 1H), 3.15–3.01 (m, 

2H), 2.12–2.00 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 191.9, 161.6, 136.3, 136.1, 135.0 (t, J = 

26.9 Hz), 128.9, 127.5, 126.4 (t, J = 6.0 Hz), 122.3 (t, J = 243.6 Hz), 121.5, 120.2, 117.8, 70.4 (dd, 

J = 3.5, 1.6 Hz), 41.1, 34.2 (t, J = 27.7 Hz); 19F NMR (565 MHz, CDCl3) δ -89.9 (d, J = 247.0 Hz), 

-97.4 (d, J = 247.1 Hz); HRMS (ESI) calcd for C17H13ClF2NaO2 (M+Na)+ 345.0464 found 

345.0469. 

 
Compound 3ai: 78 mg, 86% yield, white solid, mp 150–151 oC; 1H NMR (600 MHz, CDCl3) δ 

7.90 (d, J = 7.3 Hz, 1H), 7.69–7.58 (m, 6H), 7.51–7.38 (m, 4H), 7.09–6.94 (m, 2H), 4.80 (dd, J = 

11.4, 5.0 Hz, 1H), 4.29 (t, J = 11.7 Hz, 1H), 3.28–3.07 (m, 2H), 2.22–2.04 (m, 1H); 13C NMR 

(151 MHz, CDCl3) δ 192.0, 161.6, 143.0, 140.0, 136.1, 135.3 (t, J = 26.7 Hz), 128.9, 127.8, 127.5, 

127.4, 127.2, 125.4 (t, J = 5.8 Hz), 122.7 (t, J = 242.8 Hz), 121.5, 120.3, 117.8, 70.5, 41.2, 34.2 (t, 

J = 27.9 Hz); 19F NMR (565 MHz, CDCl3) δ -89.4 (d, J = 246.1 Hz), -97.2 (d, J = 246.1 Hz); 

HRMS (ESI) calcd for C23H18F2NaO2 (M+Na)+ 387.1167 found 387.1167. 
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Compound 3aj: 49 mg, 62% yield, yellow solid, mp 100–102 oC; 1H NMR (600 MHz, CDCl3) δ 

7.86 (dd, J = 7.9, 1.6 Hz, 1H), 7.75 (d, J = 8.3 Hz, 2H), 7.66 (d, J = 8.3 Hz, 2H), 7.52–7.45 (m, 

1H), 7.07–6.93 (m, 2H), 4.76 (dd, J = 11.4, 5.2 Hz, 1H), 4.28 (t, J = 11.7 Hz, 1H), 3.22–2.93 (m, 

2H), 2.16–1.98 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 191.6, 161.5, 140.9 (t, J = 26.9 Hz), 136.2, 

132.5, 132.2, 127.5, 125.8 (t, J = 6.0 Hz), 121.7 (t, J = 244.4 Hz), 121.6, 120.1, 117.8, 114.3, 70.3 

(d, J = 2.8 Hz), 40.9, 34.0 (t, J = 27.0 Hz); 19F NMR (565 MHz, CDCl3) δ -91.9 (d, J = 248.0 Hz), 

-99.0 (d, J = 248.0 Hz); HRMS (ESI) calcd for C18H13F2NNaO2 (M+Na)+ 336.0807 found 

336.0807. 

 
Compound 3ak: 58 mg, 70% yield, white solid, mp 123–125 oC; 1H NMR (600 MHz, CDCl3) δ 

8.02 (d, J = 8.2 Hz, 2H), 7.86 (dd, J = 7.9, 1.5 Hz, 1H), 7.64 (d, J = 8.3 Hz, 2H), 7.53–7.44 (m, 

1H), 7.06–6.93 (m, 2H), 4.76 (dd, J = 11.3, 5.2 Hz, 1H), 4.27 (t, J = 11.6 Hz, 1H), 3.18–3.00 (m, 

2H), 2.63 (s, 3H), 2.17–1.99 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 197.2, 191.8, 161.5, 140.8 (t, 

J = 26.8 Hz), 138.3, 136.2, 128.6, 127.5, 125.3 (t, J = 5.8 Hz), 122.2 (t, J = 243.6 Hz), 121.5, 

120.2, 117.8, 70.4, 41.0, 34.1 (t, J = 27.6 Hz), 26.7; 19F NMR (565 MHz, CDCl3) δ -91.3 (d, J = 

247.0 Hz), -98.4 (d, J = 246.9 Hz); HRMS (ESI) calcd for C19H16KF2O3 (M+K)+ 369.0699 found 

369.0706. 

 

Compound 3ak: 62 mg, 72% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.86 (dd, J = 7.9, 

1.5 Hz, 1H), 7.59 (d, J = 8.6 Hz, 2H), 7.48–7.44 (m, 3H), 7.01 (t, J = 7.5 Hz, 1H), 6.96 (d, J = 8.4 

Hz, 1H), 4.73 (dd, J = 11.4, 5.1 Hz, 1H), 4.25 (t, J = 11.7 Hz, 1H), 3.13–3.00 (m, 2H), 2.18 (s, 

3H), 2.11–1.99 (m, 1H); 13C NMR (151 MHz, CDCl3) δ 192.2, 168.6, 161.6, 139.5, 136.1, 132.0 

(t, J = 26.1 Hz), 127.4, 125.7 (t, J = 5.7 Hz), 122.5 (t, J = 242.9 Hz), 121.5, 120.2, 119.5, 117.8, 

70.4 (d, J = 1.7 Hz), 41.2, 34.2 (t, J = 28.6 Hz), 24.6; 19F NMR (565 MHz, CDCl3) δ -89.4 (d, J = 
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245.7 Hz), -96.6 (d, J = 245.8 Hz); HRMS (ESI) calcd for C19H17F2NNaO3 (M+Na)+ 368.1069 

found 368.1070. 

 

Compound 3am: 43 mg, 81% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.88 (dd, J = 7.9, 

1.6 Hz, 1H), 7.49 (ddd, J = 8.6, 7.3, 1.7 Hz, 1H), 7.08–6.94 (m, 2H), 6.32–5.59 (m, 1H), 4.62 (dd, 

J = 11.4, 5.2 Hz, 1H), 4.23 (t, J = 11.7 Hz, 1H), 3.14–3.02 (m, 1H), 2.62–2.40 (m, 1H), 1.98–1.78 

(m, 1H); 13C NMR (151 MHz, CDCl3)
 δ 192.5, 161.5, 136.2, 127.4, 121.6, 120.2, 117.8, 116.0 (t, 

J = 239.6 Hz), 70.4, 40.4 (dd, J = 4.9, 3.5 Hz), 30.3 (t, J = 22.4 Hz); 19F NMR (565 MHz, CDCl3) 

δ -112.5 (d, J = 283.1 Hz), -117.5 (d, J = 283.1 Hz); HRMS (ESI) calcd for C11H10F2NaO2 

(M+Na)+ 235.0541 found 235.0549. 

 

Compound 3am: 45 mg, 80% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.90 (dd, J = 7.9, 

1.5 Hz, 1H), 7.50 (ddd, J = 8.5, 7.4, 1.7 Hz, 1H), 7.09–7.02 (m, 1H), 6.98 (d, J = 8.4 Hz, 1H), 

6.18–5.91 (m, 1H), 4.33 (d, J = 11.7 Hz, 1H), 4.21 (d, J = 11.7 Hz, 1H), 2.25–2.15 (m, 2H), 1.30 

(s, 3H); 13C NMR (151 MHz, CDCl3)
 
δ 195.2, 160.9, 136.1, 127.9, 121.8, 119.2, 117.7, 115.7 (t, J 

= 239.1 Hz), 74.8 (t, J = 1.8 Hz), 42.5 (t, J = 4.2 Hz), 37.5 (t, J = 21.9 Hz), 18.7; 19F NMR (565 

MHz, CDCl3) δ -110.9 (d, J = 288.6 Hz), -111.5 (d, J = 288.5 Hz); HRMS (ESI) calcd for 

C12H13F2O2 (M+H)+ 227.0878 found 227.0877. 

O
H

F F

3mm
EtO2C CO2Et

 

Compound 3mm: 74 mg, 84% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 8.11–7.98 (m, 

1H), 7.66–7.54 (m, 1H), 7.53–7.38 (m, 2H), 6.34–5.98 (m, 1H), 4.35–4.25 (m, 3H), 4.19 (dq, J = 
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10.8, 7.1 Hz, 1H), 3.03–2.90 (m, 2H), 2.71–2.58 (m, 1H), 2.56-2.46 (m, 1H), 1.99–1.80 (m, 1H), 

1.34–1.20 (m, 6H); 13C NMR (151 MHz, CDCl3) δ 196.3, 170.2, 169.0, 138.1, 133.6, 131.5, 129.7, 

128.7, 127.6, 116.4 (t, J = 239.1 Hz), 62.5, 62.4, 58.9, 38.7 (t, J = 5.1 Hz), 35.9, 34.3 (t, J = 22.0 

Hz), 13.9, 13.8; 19F NMR (565 MHz, CDCl3) δ -112.8 (d, J = 283.9 Hz), -117.5 (d, J = 283.9 Hz); 

HRMS (ESI) calcd for C18H21F2O5 (M+H)+ 355.1352 found 355.1347. 

 

Compound 3om: 43 mg, 76% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.72 (d, J = 7.6 

Hz, 1H), 7.67–7.61 (m, 1H), 7.52 (d, J = 7.8 Hz, 1H), 7.42–7.35 (m, 1H), 6.60–6.19 (m, 1H), 2.63 

(ddd, J = 7.6, 5.8, 1.3 Hz, 1H), 2.45–2.25 (m, 1H), 2.10–1.93 (m, 1H), 1.53 (s, 3H), 1.15 (s, 3H); 

13C NMR (151 MHz, CDCl3) δ 205.6, 162.2, 135.2, 133.8, 127.7, 123.6, 123.3, 116.4 (d, J = 

239.0 Hz), 53.9 (dd, J = 6.8, 2.6 Hz), 41.7, 30.7 (t, J = 22.2 Hz), 27.8, 26.8; 19F NMR (565 MHz, 

CDCl3) δ -112.7 (d, J = 280.5 Hz), -118.5 (d, J = 280.5 Hz); HRMS (ESI) calcd for C14H17F2O 

(M+H)+ 239.1242 found 239.1232. 

 

Compound 3an: 47 mg, 83% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.92–7.86 (m, 

1H), 7.52–7.45 (m, 1H), 7.06–6.93 (m, 2H), 4.74 (dd, J = 11.4, 5.2 Hz, 1H), 4.22 (t, J = 11.7 Hz, 

1H), 3.19–3.15 (m, 1H), 2.82–2.68 (m, 1H), 1.89–1.77 (m, 1H), 1.74–1.63 (m, 3H); 13C NMR 

(151 MHz, CDCl3) δ 192.4, 161.6, 136.0, 127.4, 123.7 (t, J = 238.1 Hz), 121.4, 120.3, 117.8, 70.5 

(dd, J = 3.9, 1.0 Hz), 41.0 (t, J = 2.2 Hz), 33.1 (t, J = 25.5 Hz), 24.1 (t, J = 27.6 Hz); 19F NMR 

(565 MHz, CDCl3) δ -87.7 (d, J = 239.2 Hz), -92.6 (d, J = 240.9 Hz); HRMS (ESI) calcd for 

C12H12F2NaO2 (M+Na)+ 249.0698 found 249.0705. 
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Compound 6: 15 mg, 20% yield, colorless oil; 1H NMR (600 MHz, CDCl3) δ 7.74–7.71 (m, 1H), 

7.51–7.46 (m, 3H), 7.45–7.43 (m, 3H), 7.05–6.97 (m, 1H), 6.90 (d, J = 8.5 Hz, 1H), 4.09 (t, J = 

6.1 Hz, 2H), 2.59 (s, 3H), 2.41–2.32 (m, 2H), 2.08–2.01 (m, 2H); 13C NMR (151 MHz, CDCl3) δ 

199.7, 158.0, 136.9, 133.7, 130.5, 129.9 (t, J = 1.5 Hz), 128.7, 128.5, 124.8 (t, J = 6.2 Hz), 122.7 

(t, J = 242.5 Hz), 120.7, 112.1, 67.5, 36.1 (t, J = 28.3 Hz), 32.0, 22.8; 19F NMR (565 MHz, CDCl3) 

δ -96.1; HRMS (ESI) calcd for C17H16F2NaO2 (M+Na)+ 327.1167 found 327.1161. 

 

Experiment procedure3 for the preparation of PhI(O2CCF2Ph)2 (5) 

 

Following the literature procedure,3 a mixture of PhI(OAc)2 (1.5 g, 4.65 mmol) and 2a (1.6 g, 9.3 

mmol) in 40 mL of 1:1 mixture of CHCl3 and PhMe was heated at 45 oC under a residual pressure 

until complete dryness, and this operation was repeated about 4 times. The residual solid was 

purified by recrystallization from dichloromethane/hexane to give 2.2 g (90% yield) of 5 as a 

white solid, mp 100–101 oC; 1H NMR (600 MHz, CDCl3) δ 7.90 (d, J = 7.8 Hz, 2H), 7.57 (t, J = 

7.4 Hz, 1H), 7.48–7.44 (m, 4H), 7.43 (d, J = 7.4 Hz, 2H), 7.41–7.39 (m, 2H), 7.38–7.33 (m, 3H), 

7.29 (t, J = 7.6 Hz, 1H); 13C NMR (600 MHz, CDCl3) δ 167.8 (t, J = 34.7 Hz), 134.5, 132.6, 131.4, 

130.8, 128.5, 128.3, 125.3 (t, J = 6.0 Hz), 112.5 (t, J = 254.1 Hz); 19F NMR (565 MHz, CDCl3) δ 

-101.7; HRMS (ESI) calcd for C22H15F4INaO4 (M+Na)+ 568.9843 found 568.9851. 

  

                                                             
3 R. Sakamoto, H. Kashiwagi and K. Maruoka, Org. Lett., 2017, 19, 5126. 



S17 
 

    
 
 
 
 



S18 
 

 
 
 
 
 

 
 
 



S19 
 

 
 
 
 
 

 



S20 
 

 
 
 
 
 

 
 
 



S21 
 

 
 
 
 
 

 
 
 



S22 
 

 
 
 
 
 

 
 
 



S23 
 

 
 
 
 
 

 
 
 



S24 
 

 
 
 
 
 

 
 
 



S25 
 

 
 
 
 
 

 
 
 



S26 
 

 
 
 
 
 

 
 
 



S27 
 

 
 
 
 
 

 
 
 



S28 
 

 
 
 
 
 

 
 
 



S29 
 

 
 
 
 
 

 
 
 



S30 
 

 
 
 
 
 

 
 
 

O

O
Ph

F F

3ia
MeO



S31 
 

 
 
 
 
 

 
 
 

O

O
Ph

F F

3ia
MeO

O

O
Ph

F F

3ia
MeO



S32 
 

 
 
 
 
 

 
 
 



S33 
 

 
 
 
 
 

 
 
 



S34 
 

 
 
 
 
 

 
 
 



S35 
 

 
 
 
 
 

 
 
 



S36 
 

 
 
 
 
 

 
 
 



S37 
 

 
 
 
 
 

 
 
 



S38 
 

 
 
 
 
 

 
 
 

3oa

O
Ph

F
F

3oa

O
Ph

F
F



S39 
 

 
 
 
 
 

 
 
 

3oa

O
Ph

F
F



S40 
 

 
 
 
 
 

 
 
 



S41 
 

 
 
 
 
 

 
 
 

3qa

O
Ph

F
F

3qa

O
Ph

F
F



S42 
 

 
 
 
 
 

 
 
 

3qa

O
Ph

F
F



S43 
 

 
 
 
 
 

 
 
 



S44 
 

 
 
 
 
 

 
 
 



S45 
 

 
 
 
 
 

 
 
 

O

O

F F

3ab



S46 
 

 
 
 
 
 

 
 
 

O

O

F F

3ab

O

O

F F

3ab



S47 
 

 
 
 
 
 

 
 
 



S48 
 

 
 
 
 
 

 
 
 



S49 
 

 
 
 
 
 

 
 
 



S50 
 

 
 
 
 
 

 
 
 



S51 
 

 
 
 
 
 

 
 
 



S52 
 

 
 
 
 
 

 
 
 



S53 
 

 
 
 
 
 

 
 
 



S54 
 

 
 
 
 
 

 
 
 



S55 
 

 
 
 
 
 

 
 
 



S56 
 

 
 
 
 
 

 
 
 



S57 
 

 
 
 
 
 

 
 
 

O

O

F F

3aj

CN



S58 
 

 
 
 
 
 

 
 
 

O

O

F F

3aj

CN

O

O

F F

3aj

CN



S59 
 

 
 
 
 
 

 
 
 



S60 
 

 
 
 
 
 

 
 
 

O

O

F F

3al

NHAc



S61 
 

 
 
 
 
 

 
 
 

O

O

F F

3al

NHAc

O

O

F F

3al

NHAc



S62 
 

 
 
 
 
 

 
 
 



S63 
 

 
 
 
 
 

 
 
 



S64 
 

 
 
 
 
 

 
 
 



S65 
 

 
 
 
 
 

 
 
 



S66 
 

 
 
 
 
 

 
 
 



S67 
 

 
 
 
 
 

 
 
 



S68 
 

 
 
 
 
 

 
 
 



S69 
 

 
 
 
 
 
 
GC-MS analysis of the standard reaction in the presence of TEMPO 

 

 
 
 
 
 
 
 
 



S70 
 

 
 
 
 
 

 
 
 

PhI(O2CCF2Ph)2
5

PhI(O2CCF2Ph)2
5



S71 
 

 
 
 
 
 

 
 
 

PhI(O2CCF2Ph)2
5



S72 
 

 
 
 
 
 

 


