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1. General Information: 

All chemicals were obtained from commercial sources and were used as received 

unless otherwise noted. All the reactions were carried out under argon atmosphere 

using standard Schlenk technique. The 1H NMR spectra were recorded on a 400 MHz 

or 600 MHz NMR spectrometer. The 13C NMR spectra were recorded at 100 MHz or 

150 MHz. The 19F NMR spectra were recorded at 376 MHz or 565 MHz. Chemical 

shifts were expressed in parts per million (δ) downfield from the internal standard 

tetramethylsilane, and were reported as s (singlet), d (doublet), t (triplet), dd (doublet 

of doublet), dt (doublet of triplet), m (multiplet), brs (broad singlet), etc. The residual 

solvent signals were used as references and the chemical shifts were converted to the 

TMS scale. High resolution mass spectra were obtained on an Agilent Q-TOF 6540 

spectrometer. Single crystal XRD analysis were recorded on a SuperNova Dual 

diffractometer using graphitemonochromated Cu Kα radiation. Column 

chromatography was performed on silica gel (200-300 mesh) using petroleum ether 

(PE)/dichloromathane (DCM). Thin layer chromatography was performed on 

pre-coated glassback plates and visualized with UV light at 254 nm. Flash column 

chromatography was performed on silica gel. Substrates N-phenoxyacetamides and 

alkylidenecyclopropanes (ACPs) were synthesized according to published procedures. 

[1,2] Other chemicals were purchased from commercial suppliers and were dried and 

purified when necessary. No attempts were made to optimize yields for substrate 

synthesis.  

2. Experimental procedure and characterization 

General procedure  

 
General procedure A：The mixture of N-phenoxyacetamides 1 (0.2 mmol, 1.0 equiv), 

Alkylidenecyclopropanes 2 (0.4 mmol, 2.0 equiv), Cp*Rh(OAc)2 (5 mol %) and 

Na2CO3 (0.4 mmol, 2.0 equiv) in CF3CH2OH (2.0 mL) was stirred at 35 C in the oil 

bath for 24 h under argon. the reaction vial was removed from the oil bath and cooled 
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to ambient temperature. The reaction mixture was filtered through a pad of celite 

eluting with ethyl acetate, concentrated, and purified by silica gel chromatography 

(PE : DCM = 10:1 ) to give the dihydrobenzofuran products. 

 

General procedure B. The mixture of N-phenoxyacetamides 1 (0.2 mmol, 1.0 equiv), 

Alkylidenecyclopropanes 2 (0.4 mmol, 2.0 equiv), Cp*Rh(OAc)2 (5 mol %) and 

CsOAc (0.4 mmol, 2.0 equiv) in THF (2.0 mL) was stirred at 60 C in the oil bath for 

48 h under argon. the reaction vial was removed from the oil bath and cooled to 

ambient temperature. The reaction mixture was filtered through a pad of celite eluting 

with ethyl acetate, concentrated, and purified by silica gel chromatography (PE : THF 

= 10:1 ) to give the diene products. 

 

Table S1. Optimization of the reaction conditions of synthesis of 3aaa 
 

 
 

Entry Additive Solvent 
Yield (%)b 

3aa 4aa 

1c K2CO3 CF3CH(OH)CF3 45  

2c K2CO3 Toluene -- 36 

3c K2CO3 PhCF3 -- 27 

4c K2CO3 THF -- 45 

5c K2CO3 dioxane -- 18 

6c K2CO3 PhF -- 45 

7 K2CO3 EtOH -- 9 

8 KHCO3 CF3CH2OH 74 -- 

9 KOAc CF3CH2OH 64 -- 

10 Na2CO3 CF3CH2OH 83 -- 

11 Cs2CO3 CF3CH2OH 80 -- 

12 CsOAc CF3CH2OH 68 -- 

13d CsOAc CF3CH2OH 42 -- 

14 e CsOAc CF3CH2OH 71 -- 

15 NaOAc CF3CH2OH 73 -- 

16 K2CO3 CF3CH2OH 78 -- 

17f K2CO3 CF3CH2OH 73 -- 

18 - CF3CH2OH 42 -- 

19g Na2CO3 CF3CH2OH 80 -- 



S5 
 

20h K2CO3 CF3CH2OH 66 -- 

21i K2CO3 CF3CH2OH -- -- 

aReaction conditions: 1a (0.2 mmol), ACP 2a (0.4 mmol), Cp*Rh(OAc)2 (5 mol %), additive (2.0 

eq), CF3CH2OH (2.0 mL), 24 h, bisolated yield. c 15 h. d 0 ℃. e60 ℃. f40 ℃. gACP 2a (0.24 

mmol). h(Cp*Rh(OAc)2.( 3 mol %) . 
i in absence of Cp*Rh(OAc)2. 

 
 

Table S2. Optimization of the reaction conditions of synthesis of 4aa 
 
 

 
 

Entry Additive Solvent 
Yield (%) b 

3aa 4aa 

1c CsCO3 
tAmOH -- 27 

2c Na2CO3 
tAmOH -- 45 

3c KHCO3 
tAmOH -- 50 

4c NaHCO3 
tAmOH -- 52 

5c KOAc tAmOH -- 42 

6c CsOAc tAmOH -- 54 

7 K2CO3 
tAmOH -- 72 

8 CsOAc tAmOH -- 81 

9 CsOAc iPrOH -- 81 

10 CsOAc THF -- 82 

11 CsOAc PhF -- 72 

12d CsOAc THF -- 69 

13e CsOAc THF -- - 
aReaction conditions: 1a (0.2 mmol), ACP 2a (0.4 mmol), Cp*Rh(OAc)2 (5 mol %),additive (2.0 

eq), THF(2.0 mL), 35 ℃, 48 h. bisolated yieldc15 h. d ACP 2a (0.24 mmol). e in absence of 

Cp*Rh(OAc)2.. 
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3aa; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 10:1), colorless oil, 46.2 mg, 83% yield; 1H NMR (400 MHz, Acetone-D6):  

δ 7.63 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.23 (t, J 

= 8.0 Hz, 1H), 6.96 (td, J = 7.6, 0.9 Hz, 1H), 6.87 (d, J = 8.1 Hz, 1H), 6.04 – 6.01 (m, 

1H), 5.42 – 5.34 (m, 1H), 1.98 (dd, J = 7.4, 2.5 Hz, 3H), 1.31 (s, 9H); 13C NMR (101 

MHz, Acetone-D6): δ 163.9, 152.0, 140.8, 139.5, 130.6, 127.6, 126.8, 126.2, 125.5, 

121.6, 118.1, 110.7, 88.2, 35.1, 31.6, 14.3; HRMS (ESI, m/z): calcd for C20H23O [M + 

H]+: 279.1743, found 279.1741. 

 

 

3ab; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 10:1),colorless oil, 48.1 mg, 82% yield; 1H NMR (400 MHz, Acetone-D6):  

δ 7.45 (s, 1H), 7.41 (d, J = 8.4 Hz, 2H), 7.7 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 8.2 Hz, 

1H), 6.76 (d, J = 8.2 Hz, 1H), 6.00 – 5.98 (m, 1H), 5.38-5.31 (m, 1H), 2.32 (s, 3H), 

1.97 (dd, J = 7.4, 2.5 Hz, 3H), 1.31 (s, 9H); 13C NMR (101 MHz, Acetone-D6): δ 

162.0, 151.8, 141.0, 139.6, 131.1, 130.6, 127.6, 126.8, 126.2, 125.9, 117.8, 110.3, 

88.3, 35.1, 31.6, 21.0, 14.3; HRMS (ESI, m/z): calcd for C21H25O [M + H]+: 293.1900, 

found 293.1901. 

 

 

3ac; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 10:1), colorless oil, 35.1 mg, 53% yield; 1H NMR (600 MHz, Acetone-D6): δ 

7.65 (d, J = 2.0 Hz, 1H), 7.43 – 7.40 (m, 2H), 7.32 (dd, J = 8.4, 2.1 Hz, 1H), 7.28 (d, J 

= 8.5 Hz, 2H), 6.80 (d, J = 8.5 Hz, 1H), 6.02 – 6.00 (m, 1H), 5.38 – 5.33 (m, 1H), 

2.00 (dd, J = 7.3, 2.5 Hz, 3H), 1.34 (s, 9H), 1.31 (s, 9H); 13C NMR (101 MHz, 

Acetone-D6): δ 161.7, 151.8, 144.2, 141.3, 139.6, 127.7, 127.6, 126.4, 126.2, 122.1, 

117.4, 110.0, 88.4, 35.1, 34.9, 32.0, 31.62, 14.3; HRMS (ESI, m/z): calcd for C24H31O 
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[M + H]+: 335.2369, found 335.2371. 

 

 

3ad; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 10:1), colorless oil, 46.4 mg, 65% yield; 1H NMR (400 MHz, Acetone-D6):  

δ 7.86 (d, J = 1.8 Hz, 1H), 7.66 – 7.63 (m, 2H), 7.54 (dd, J = 8.4, 2.0 Hz, 1H), 7.46 – 

7.42 (m, 4H), 7.35 – 7.31 (m, 3H), 6.97 (d, J = 8.4 Hz, 1H), 6.12 – 6.10 (m, 1H), 

5.49-5.43 (m, 1H), 2.07 (dd, J = 7.0, 2.3 Hz, 3H), 1.32 (s, 9H); 13C NMR (101 MHz, 

Acetone-D6): δ 163.6, 152.1, 142.1, 140.6, 139.4, 135.1, 129.7, 127.7, 127.6, 126.3, 

124.0, 118.9, 111.0, 88.8, 35.2, 31.6, 14.5; HRMS (ESI, m/z): calcd for C26H27O [M + 

H]+: 355.2056, found 355.2069. 

 

 

3ae; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 10:1),colorless oil, 45.5 mg, 78% yield; 1H NMR (400 MHz, Acetone-D6): 

(ppm) δ 7.43 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 8.9, 2.7 Hz, 1H), 7.28 (d, J = 8.3 Hz, 

2H), 7.05-7.96 (m, 1H), 6.85 – 6.82(m,1H), 6.10 – 6.04 (m, 1H), 5.49 – 5.40 (m, 1H), 

1.98 (dd, J = 7.4, 2.5 Hz, 3H), 1.31 (s, 9H); 19F NMR (376 MHz, Acetone-D6): δ 

-125.22 – -125.29 (m); 13C NMR (101 MHz, Acetone-D6): δ 159.9, 158.3 (C-F, 1JC-F 

= 234.9 Hz), 152.1, 140.3 (C-F, 4JC-F = 2.8 Hz), 139.1, 127.7 (C-F, 3JC-F = 9.1 Hz), 

126.6, 126.3, 120.0, 116.6 (C-F, 2JC-F = 24.7 Hz), 111.9 (C-F, 2JC-F = 25.8 Hz), 111.0 

(C-F, 3JC-F =8.7 Hz), 89.0, 35.1, 31.6, 14.2; HRMS (ESI, m/z): calcd for C20H21FNaO 

[M + Na]+: 319.1469, found 319.1477.  

 

3af; Following general procedure A, purified by silica gel chromatography (PE : 

DCM) = 10:1, colorless oil, 46.1 mg, 74% yield; 1H NMR (400 MHz, Acetone-D6): δ 

7.58 (d, J = 2.2 Hz, 1H), 7.43 (d, J = 8.2 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.25 (dd, J 

= 8.6, 2.1 Hz, 1H), 6.88 (d, J = 8.5 Hz, 1H), 6.12 – 6.06 (m, 1H), 5.52 – 5.42 (m, 1H), 
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1.99 (dd, J = 7.4, 2.4 Hz, 3H), 1.31 (s, 9H); 13C NMR (101 MHz, Acetone-D6): δ 

162.5, 152.2, 139.7, 139.0, 130.2, 128.6, 127.7, 126.4, 126.0, 125.0, 120.4, 112.0, 

89.1, 35.2, 31.6, 14.3; HRMS (ESI, m/z): calcd for C20H22ClO [M +H]+: 313.1354, 

found 313.1355. 

 

3ag; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 10:1), colorless oil, 53.7 mg, 75% yield; 1H NMR (600 MHz, Acetone-D6):  

δ 7.72 (d, J = 2.0 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.38 (dd, J = 8.5, 2.1 Hz, 1H), 

7.29 (d, J = 8.3 Hz, 2H), 6.84 (d, J = 8.5 Hz, 1H), 6.12 – 6.08 (m, 1H), 5.49-5.44 (m, 

1H), 1.99 (dd, J = 7.4, 2.5 Hz, 3H), 1.31 (s, 9H); 13C NMR (151 MHz, Acetone-D6): 

162.9, 152.2, 139.5, 138.9, 133.1, 129.2, 127.9, 127.7, 126.3, 120.4, 113.1, 112.6, 

89.0, 35.2, 31.6, 14.3. ; HRMS (ESI, m/z): calcd for C20H22BrO [M + H]+: 357.0849, 

found 359.0841. 

 

 

3ah; Following general procedure A, purified by silica gel chromatography (PE : EA 

= 15:1), colorless oil, 48.6 mg, 72% yield; 1H NMR (400 MHz, Acetone-D6): δ 8.23 

(d, J = 1.6 Hz, 1H), 7.96 (dd, J = 8.5, 1.8 Hz, 1H), 7.43 (d, J = 8.4 Hz, 2H), 7.29 (d, J 

= 8.3 Hz, 2H), 6.95 (d, J = 8.5 Hz, 1H), 6.19 – 6.13 (m, 1H), 5.55 – 5.42 (m, 1H), 

3.87 (s, 3H), 2.02 (dd, J = 7.3, 2.5 Hz, 3H), 1.31 (s, 9H). 13C NMR (151 MHz, 

Acetone-D6): δ 167.4, 166.9, 152.3, 139.2, 138.7, 132.9, 127.8, 127.3, 126.8, 126.4, 

124.0, 120.2, 110.6, 89.6, 52.2, 35.2, 31.6, 14.4; HRMS (ESI, m/z): calcd for 

C22H25O3 [M + H]+: 357.1798, found 337.1806. 

 

 

3ai; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 10:1), colorless oil, 56.7 mg, 82% yield; 1H NMR (400 MHz, Acetone): δ 

7.87 (s, 1H), 7.62 (dd, J = 13.1, 7.0 Hz, 1H), 7.48 – 7.40 (m, 2H), 7.31 (d, J = 8.4 Hz, 
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2H), 7.05 (d, J = 8.2 Hz, 1H), 6.23 – 6.14 (m, 1H), 5.60 – 5.47 (m, 1H), 2.02 – 2.04 

(m, 3H), 1.31 (s, 9H)；19F NMR (376 MHz, Acetone-D6): δ -61.58 (s)；13C NMR (101 

MHz, Acetone-D6): δ 166.2, 152.4, 139.0, 138.6, 128.2 (C-F, 3JC-F = 3.8 Hz), 127.8, 

127.7, 126.4, 125.7 (C-F, 1JC-F = 271.5 Hz), 123.4 (C-F, 2JC-F = 32.1 Hz), 122.4 (C-F, 

3JC-F = 3.9 Hz), 121.2, 111.2, 89.5, 35.2, 31.6, 14.4; HRMS (ESI, m/z): calcd for 

C21H22F3O [M + H]+: 347.1617, found 347.1620. 

 

 

3aj; Following general procedure A, purified by silica gel chromatography (PE : THF 

= 40:1), colorless oil, 43.3 mg, 71% yield; 1H NMR (400 MHz, Acetone-D6): δ 7.99 

(s, 1H), 7.66 (d, J = 8.3 Hz, 1H), 7.45 (d, J = 6.9 Hz, 2H), 7.30 (d, J = 7.2 Hz, 2H), 

7.04 (dd, J = 8.4, 2.2 Hz, 1H), 6.25 – 6.17 (m, 1H), 5.62 – 5.51 (m, 1H), 2.06 – 2.03 

(m, 3H), 1.31 (s, 9H); 13C NMR (101 MHz, Acetone-D6): δ 166.7, 152.5, 138.3, 135.4, 

129.2, 128.2, 127.8, 126.4, 122.0 119.8, 111.9, 105.0, 89.6, 35.2, 31.6, 14.4; HRMS 

(ESI, m/z): calcd for C21H22NO [M + H]+: 304.1696, found 304.1696. 

 

3ak; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 15:1), colorless oil, 41.4 mg, 71% yield;  1H NMR (400 MHz, Acetone-D6): 

δ 7.49 (d, J = 7.8 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.31 – 7.24 (m, 2H), 6.79 (dd, J = 

7.8, 0.6 Hz, 1H), 6.71 (d, J = 0.5 Hz, 1H), 6.02 – 5.97 (m, 1H), 5.33 – 5.25 (m, 1H), 

2.32 (s, 3H), 1.95 (dd, J = 7.3, 2.4 Hz, 3H), 1.31 (s, 9H); 13C NMR (101 MHz, 

Acetone-D6): δ 164.2, 151.9, 141.0, 140.8, 139.6, 127.6, 126.2, 125.1, 124.2, 122.5, 

116.7, 111.3, 88.4, 35.1, 31.6, 21.7, 14.3; HRMS (ESI, m/z): calcd for C21H24NaO [M 

+ Na]+: 315.1719, found 315.1724. 

 

  

3al; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 20:1), colorless oil, 36.5 mg, 62% yield;  1H NMR (400 MHz, Acetone-D6):  
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δ 7.45 (d, J = 7.8 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.07 (d, 

J = 7.5 Hz, 1H), 6.87 (t, J = 7.6 Hz, 1H), 6.05 – 6.00 (m, 1H), 5.41 – 5.32 (m, 1H), 

2.20 (s, 3H), 1.96 (dd, J = 7.3, 2.5 Hz, 3H), 1.31 (s, 9H); 13C NMR (151 MHz, 

Acetone-D6): δ 161.3, 151.0, 140.5, 138.8, 130.7, 126.7, 125.4, 125.1, 122.1, 120.7, 

119.7, 116.8, 87.1, 34.2, 30.7, 14.2, 13.3; HRMS (ESI, m/z): calcd for C21H24NaO [M 

+ Na]+: 315.1719, found 315.1707. 

 

 

3am; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 5:1), colorless oil, 51.6 mg, 79% yield; 1H NMR (400 MHz, Acetone-D6): δ 

8.15 (s, 1H), 7.91 (s, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.45 – 7.38 (m, 3H), 7.35 – 7.27 

(m, 3H), 7.20 (s, 1H), 6.15 – 6.08 (m, 1H), 5.65 – 5.55 (m, 1H), 2.17 – 2.07 (m, 3H), 

1.30 (s, 9H); 13C NMR (101 MHz, Acetone-D6): δ 161.7, 152.0, 139.9, 139.5, 136.1, 

130.7, 129.6, 128.6, 127.6, 127.4, 127.4, 126.3, 124.9, 124.2, 121.6, 104.4, 88.4, 35.1, 

31.6, 14.8; HRMS (ESI, m/z): calcd for C24H25O [M + H]+: 329.1900, found 

329.1885. 

 

 

3ba; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 5:1), colorless oil, 35.6 mg, 75% yield; 1H NMR (400 MHz, Acetone-D6): δ 

7.62 (d, J = 7.6 Hz, 1H), 7.27 – 7.21 (m, 3H), 7.18 (d, J = 7.8 Hz, 2H), 6.96 (t, J = 7.5 

Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 6.04 – 5.96 (m, 1H), 5.40 – 5.29 (m, 1H), 2.32 (s, 

3H), 1.96 (dd, J = 7.3, 2.0 Hz, 3H); 13C NMR (101 MHz, Acetone-D6): δ 163.8, 140.9, 

139.5, 138.7, 130.6 130.0, 127.8, 126.8, 125.5, 121.6, 118.1, 110.7, 88.3, 21.2, 14.3; 

HRMS (ESI, m/z): calcd for C17H17O [M + H]+: 237.1274, found 237.1275. 
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3bb; Following general procedure A, purified by silica gel chromatography (PE : 

Acetone = 15:1), colorless oil, 48.8 mg, 82% yield; 1H NMR (400 MHz, Acetone-D6): 

δ 7.73 – 7.62 (m, 5H), 7.50 – 7.42 (m, 4H), 7.41 – 7.32 (m, 1H), 7.26 (t, J = 7.8 Hz, 

1H), 7.03 – 6.95 (m, 1H), 6.92 (d, J = 8.1 Hz, 1H), 6.15 – 6.08 (m, 1H), 5.49-5.40 (m, 

1H), 1.99 (dd, J = 7.3, 2.5 Hz, 3H); 13C NMR (101 MHz, Acetone-D6): δ 163.9, 141.9, 

141.6, 141.4, 140.8, 130.7, 129.8, 128.3, 128.0, 127.8, 126.7, 125.6, 121.8, 118.4, 

110.8, 88.0, 14.3; HRMS (ESI, m/z): calcd for C22H19O [M + H]+: 299.1430, found 

299.1434. 

 

3bc; Following general procedure A, purified by silica gel chromatography (PE : THF 

= 10:1), colorless oil, 32.1 mg, 67% yield; 1H NMR (400 MHz, Acetone-D6): δ 7.63 

(d, J = 7.6 Hz, 1H), 7.45 – 7.35 (m, 2H), 7.25 (t, J = 7.8 Hz, 1H), 7.14 (td, J = 8.8, 1.8 

Hz, 2H), 6.97 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 8.1 Hz, 1H), 6.10 – 6.04 (m, 1H), 5.42 – 

5.32 (m, 1H), 1.98 (dd, J = 7.3, 1.2 Hz, 3H); 19F NMR (376 MHz, Acetone-D6): δ 

-115.34 – -115.57 (m); 13C NMR (101 MHz, Acetone-D6): δ 163.6, 163.5 (C-F, 1JC-F 

= 245.4 Hz), 140.6, 138.6 (C-F, 4JC-F = 2.9 Hz), 130.7, 129.9 (C-F, 3JC-F = 8.4 Hz), 

126.6, 125.6, 121.8, 118.5, 116.1 (C-F, 2JC-F = 21.7 Hz), 110.8, 87.5, 14.3; HRMS 

(ESI, m/z): calcd for C16H14FO [M + H]+: 241.1023, found 241.1014. 

 

3bd; Following general procedure A, purified by silica gel chromatography (PE : THF 

= 10:1), colorless oil, 32.4 mg, 63% yield; 1H NMR (400 MHz, Acetone-D6): δ 7.63 

(d, J = 7.6 Hz, 1H), 7.46-7.34 (m, 4H), 7.26 (t, J = 7.6 Hz, 1H), 6.98 (t, J = 7.5 Hz, 

1H), 6.90 (d, J = 8.1 Hz, 1H), 6.07 (s, 1H), 5.46 – 5.36 (m, 1H), 1.97 (dd, J = 7.3, 2.4 

Hz, 3H); 13C NMR (101 MHz, Acetone-D6): δ 163.7, 141.3, 140.4, 134.4, 130.7, 

129.5, 129.4, 126.5, 125.6, 1219, 118.6, 110.8, 87.3, 14.3; HRMS (ESI, m/z): calcd 

for C16H14ClO [M + H]+: 257.0728, found 257.0729. 
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3be; Following general procedure A, purified by silica gel chromatography (PE : THF 

= 10:1), colorless oil, 30.1 mg, 50% yield; 1H NMR (600 MHz, Acetone-D6): δ 7.63 

(d, J = 7.6 Hz, 1H), 7.59 – 7.53 (m, 2H), 7.36 – 7.29 (m, 2H), 7.26 (s, 1H), 6.98 (s, 

1H), 6.90 (d, J = 8.1 Hz, 1H), 6.09 – 6.03 (m, 1H), 5.44 – 5.37 (m, 1H), 1.98 (dd, J = 

7.3, 2.5 Hz, 3H); 13C NMR (101 MHz, Acetone-D6): δ 163.7, 141.8, 140.4, 132.5, 

130.7, 129.7, 126.5, 125.6, 122.6, 121.9, 118.7, 110.8, 87.3, 14.2; HRMS (ESI, m/z): 

calcd for C16H14BrO [M + H]+: 301.0223, found 301.0202. 

 

 

3bf; Following general procedure Aa, purified by silica gel chromatography (PE : 

DCM = 10:1), colorless oil, 22.1 mg, 38% yield; 1H NMR (400 MHz, Acetone-D6): δ 

7.77 (d, J = 7.9 Hz, 2H), 7.68 (d, J = 7.6 Hz, 1H), 7.63 (d, J = 8.0 Hz, 2H), 7.31 (t, J = 

7.8 Hz, 1H), 7.03 (t, J = 7.6 Hz, 1H), 6.98 (d, J = 8.1 Hz, 1H), 6.21 (s, 1H), 5.50 (q, J 

= 7.2 Hz, 1H), 2.01 (d, J = 7.2 Hz, 3H); 19F NMR (376 MHz, Acetone-D6):  δ -63.01 

(s); 13C NMR (101 MHz, Acetone-D6): (ppm) δ 163.8, 146.9, 140.2, 130.8, 130.6(C-F, 

2JC-F = 32.9 Hz), 128.2, 126.4 (C-F, 3JC-F = 3.7 Hz), 125.7, 125.3(C-F, 1JC-F = 272.2 

Hz), 122.1, 118.9, 110.9, 87.1, 14.3; HRMS (ESI, m/z): calcd for C17H14F3O [M + 

H]+:291.0991, found 291.0986. 

 

 

3bg; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 4:1), colorless oil, 23.7 mg, 50% yield; 1H NMR (600 MHz, Acetone-D6): δ 

7.62 (d, J = 7.6 Hz, 1H), 7.25 (dd, J = 14.0, 6.9 Hz, 2H), 7.18 – 7.11 (m, 3H), 6.96 (t, 

J = 7.5 Hz, 1H), 6.89 (d, J = 8.1 Hz, 1H), 6.03 – 5.98 (m, 1H), 5.40 – 5.32 (m, 1H), 

2.31 (s, 3H), 1.97 (dd, J = 7.3, 2.4 Hz, 3H); 13C NMR (151 MHz, Acetone-D6): δ 

163.9, 142.4, 140.8, 138.9, 130.6, 129.8, 129.3, 128.3, 126.7, 125.6, 124.9, 121.7, 

118.2, 110.7, 88.3, 21.4, 14.3; HRMS (ESI, m/z): calcd for C17H17O [M + H]+: 

237.1274, found 237.1277. 

 
aHFIP (2.0 mL), 60C, 15 h 
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3bh; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 4:1), colorless oil, 33.4 mg, 71% yield; 1H NMR (400 MHz, Acetone-D6): δ 

7.66 (d, J = 7.6 Hz, 1H), 7.29 – 7.15 (m, 5H), 6.97 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 8.1 

Hz, 1H), 6.30 – 6.22 (m, 1H), 5.28 – 5.19 (m, 1H), 2.33 (s, 3H), 1.99 (dd, J = 7.3, 2.6 

Hz, 3H); 13C NMR (101 MHz, Acetone-D6): δ 163.6, 140.2, 139.6, 137.7, 131.7 130.7, 

129.4, 129.2, 127.1, 126.8, 125.4, 121.6, 117.5, 110.9, 87.1, 19.5, 14.3; HRMS (ESI, 

m/z): calcd for C17H17O [M + H]+: 237.1274, found 237.1273. 

 

 

3bi; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 1:1), colorless oil, 36.4 mg, 69% yield; 1H NMR (400 MHz, Acetone-D6): δ 

7.62 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 7.7 Hz, 1H), 7.15 (s, 1H), 7.09 (d, J = 8.2 Hz, 

1H), 6.95 (t, J = 7.5 Hz, 1H), 6.85 (d, J = 8.1 Hz, 1H), 6.71 (d, J = 8.1 Hz, 1H), 6.01 – 

5.93 (m, 1H), 5.39 – 5.28 (m, 1H), 4.53 (t, J = 8.7 Hz, 2H), 3.17 (t, J = 8.7 Hz, 2H), 

1.98 (dd, J = 7.3, 2.4 Hz, 3H); 13C NMR (101 MHz, Acetone-D6): δ 163.7, 161.3, 

141.1, 134.4, 130.5, 128.8, 128.3, 126.9, 125.5, 124.8, 121.5, 118.1, 110.7, 109.5, 

88.6, 72.1, 14.3; HRMS (ESI, m/z): calcd for C18H17O2 [M + H]+: 265.1223, found 

265.1227. 

 

3bj; Following general procedure A, purified by silica gel chromatography (PE : 

DCM = 4:1), colorless oil, 35.4 mg, 78% yield; 1H NMR (600 MHz, Acetone-D6): δ 

7.62 (d, J = 7.6 Hz, 1H), 7.49 (d, J = 3.0 Hz, 1H), 7.47 – 7.41 (m, 1H), 7.23 (t, J = 7.6 

Hz, 1H), 7.04 (d, J = 5.0 Hz, 1H), 6.95 (t, J = 7.5 Hz, 1H), 6.86 (d, J = 8.1 Hz, 1H), 

6.19 – 6.15 (m, 1H), 5.50 – 5.42 (m, 1H), 1.99 (dd, J = 7.3, 2.2 Hz, 3H); 13C NMR 

(101 MHz, Acetone-D6): δ 163.6, 143.3, 139.9, 130.6, 127.4, 127.0, 126.6, 125.5, 
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124.1, 121.6, 118.1, 110.9, 84.1, 14.3; HRMS (ESI, m/z): calcd for C14H13OS [M + 

H]+: 229.0682, found 229.0684.   

  

4aa; Following general procedure Bb, purified by silica gel chromatography (PE : 

THF = 10:1), yellow oil, 45.6 mg, 82% yield; 1H NMR (400 MHz, CDCl3): δ 7.33 (td, 

J = 7.9, 1.7 Hz, 1H), 7.18 (d, J = 8.5 Hz, 2H), 7.09 (dd, J = 7.9, 1.6 Hz, 1H), 7.02 (d, J 

= 7.8 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H), 6.81 (s, 1H), 6.75 (dd, J = 17.1, 10.4 Hz, 1H), 

5.18 (d, J = 10.4 Hz, 1H), 5.01 (s, 1H), 4.90 (d, J = 17.1 Hz, 1H), 1.26 (s, 9H) ; 13C 

NMR (101 MHz, CDCl3) ): δ 152.7, 151.2, 140.4, 134.6, 134.5, 132.9, 130.5, 129.1, 

129.1, 125.5, 123.7, 121.3, 116.7, 115.9, 34.7, 31.3; HRMS (ESI, m/z): calcd for 

C20H23O [M + H]+: 279.1743, found 279.1743. 

 

 

4ab; Following general procedure B, purified by silica gel chromatography (PE : EA 

= 12:1), yellow oil, 36.9 mg, 63% yield; 1H NMR (400 MHz, CDCl3): δ 7.19 (d, J = 

8.5 Hz, 2H), 7.12 (dd, J = 8.3, 2.0 Hz, 1H), 6.97 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.3 

Hz, 1H), 6.88 (d, J = 1.9 Hz, 1H), 6.78 (s, 1H), 6.74 (dd, J = 17.2, 10.5 Hz, 1H), 5.17 

(d, J = 10.4 Hz, 1H), 4.90 (d, J = 17.1 Hz, 1H), 4.81 (s, 1H), 2.30 (s, 3H), 1.25 (s, 9H); 

13C NMR (101 MHz, CDCl3): δ 151.2, 150.4, 140.6, 134.7, 134.3, 133.0, 130.6, 130.4, 

130.2, 129.1 125.5, 123.4, 116.7, 115.7, 34.7, 31.3, 20.7; HRMS (ESI, m/z): calcd for 

C21H25O [M + H]+: 293.1900, found 293.1892. 

 

 

 
b Reaction temperature: 35 C 
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4ac; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 42.1 mg, 63% yield; 1H NMR (400 MHz, CDCl3): δ 7.31 (dd, J = 

8.5, 2.4 Hz, 1H), 7.16 (d, J = 8.4 Hz, 2H), 7.05 (d, J = 2.4 Hz, 1H), 6.92 (d, J = 8.4 Hz, 

3H), 6.79 (s, 1H), 6.74 (dd, J = 17.2, 10.4 Hz, 1H), 5.18 (d, J = 10.3 Hz, 1H), 4.93 (d, 

J = 17.1 Hz, 1H), 4.82 (s, 1H), 1.27 (s, 9H), 1.24 (s, 9H); 13C NMR (101 MHz, 

CDCl3): δ 151.1, 150.3, 144.0, 140.4, 135.4, 134.4, 133.1, 129.1, 127.7 126.3, 125.4, 

122.8, 116.7, 115.3, 34.7, 34.3, 31.7, 31.3; HRMS (ESI, m/z): calcd for C24H31O [M + 

H]+: 335.2369, found 335.2377. 

 

 

4ad; Following general procedure B, purified by silica gel chromatography (PE : EA 

= 10:1), yellow oil, 45.0 mg, 63% yield; 1H NMR (600 MHz, CDCl3): δ 7.60 (dd, J = 

8.4, 2.3 Hz, 1H), 7.59 – 7.56 (m, 2H), 7.42 (t, J = 7.7 Hz, 2H), 7.37 (d, J = 2.3 Hz, 

1H), 7.31 (t, J = 7.4 Hz, 1H), 7.20 (d, J = 8.5 Hz, 2H), 7.10 (d, J = 8.4 Hz, 1H), 7.03 

(d, J = 8.5 Hz, 2H), 6.86 (s, 1H), 6.79 (dd, J = 17.1, 10.4 Hz, 1H), 5.22 (d, J = 10.4 

Hz, 1H), 5.05 (s, 1H), 4.99 (d, J = 17.1 Hz, 1H), 1.26 (s, 9H); 13C NMR (151 MHz, 

CDCl3): δ 152.3, 151.4, 140.7, 140.4, 134.7, 134.4, 134.3, 132.9, 129.1, 129.1, 128.8, 

128.3, 126.9, 126.8, 125.6, 124.0, 116.9, 116.4, 34.7, 31.3; HRMS (ESI, m/z): calcd 

for C26H27O [M + H]+: 355.2056, found 335.2054. 

 

 

4ae; Following general procedure B, purified by silica gel chromatography 

(PE:THF=10:1), yellow oil,33.0 mg, 56% yield; 1H NMR (400 MHz, CDCl3): δ 7.20 

– 7.18 (m, 2H), 7.04 – 7.01 (m,1H), 6.99 – 6.94 (m, 3H), 6.82 – 6.79 (m, 2H), 6.71 (dd, 

J = 17.2, 10.4 Hz, 1H), 5.19 (d, J = 10.4 Hz, 1H), 4.89 (s, 1H), 4.82 (s, 1H), 1.25 (s, 

9H) ; 19F NMR (376 MHz, CDCl3): δ -123.51 – -123.57 (m); 13C NMR (101 MHz, 

CDCl3): δ 157.4 (C-F, 1JC-F = 239.1 Hz), 151.6, 148.9, 139.9, 134.9, 133.6, 132.5, 
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129.1, 125.6, 124.8 (C-F, 3JC-F = 7.9 Hz), 117.0(C-F, 3JC-F = 8.2 Hz), 116.7, 116.5(C-F, 

2JC-F =23.2 Hz), 116.0 (C-F, 2JC-F = 23.0Hz), 34.8, 31.3; HRMS (ESI, m/z): calcd for 

C20H22FO [M +H]+: 297.1649, found 297.1639. 

 

 

4af; Following general procedure B, purified by silica gel chromatography (PE:THF = 

10:1), yellow oil, 43.2 mg, 69% yield; 1H NMR (600 MHz, CDCl3): δ 7.27 (dd, J = 

8.7, 2.6 Hz, 1H), 7.20 (d, J = 8.5 Hz, 2H), 7.07 (d, J = 2.6 Hz, 1H), 6.96 (d, J = 6.0 Hz, 

2H), 6.94 (d, J = 6.2 Hz, 1H), 6.81 (s, 1H), 6.71 (dd, J = 17.2, 10.4 Hz, 1H), 5.19 (d, J 

= 10.3 Hz, 1H), 4.97 (s, 1H), 4.88 (d, J = 17.1 Hz, 1H), 1.26 (s, 9H); 13C NMR (101 

MHz, CDCl3): δ 151.7, 151.5, 139.9, 135.1, 133.1, 132.5, 130.0, 129.6, 129.1, 125.9, 

125.7, 125.3, 117.4, 117.0, 34.8, 31.2; HRMS (ESI, m/z): calcd for C20H22ClO [M 

+H]+: 313.1354, found 313.1357. 

  

 

4ag; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 47.7 mg, 67% yield; 1H NMR (600 MHz, CDCl3): δ 7.41 (dd, J = 

8.7, 2.5 Hz, 1H), 7.23 – 7.18 (m, 3H), 6.95 (d, J = 8.5 Hz, 2H), 6.90 (d, J = 8.7 Hz, 

1H), 6.81 (s, 1H), 6.71 (dd, J = 17.1, 10.4 Hz, 1H), 5.19 (d, J = 10.4 Hz, 1H), 4.98 (s, 

1H), 4.88 (d, J = 17.1 Hz, 1H), 1.26 (s, 9H); 13C NMR (101 MHz, CDCl3): δ 152.0, 

151.7, 139.9, 135.1, 133.0, 132.8, 132.5, 132.4, 129.1, 125.9, 125.7, 117.8, 117.0, 

113.0, 34.8, 31.3; HRMS (ESI, m/z): calcd for C20H22BrO [M +H]+: 357.0849, found 

357.0869. 
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4ah; Following general procedure B, purified by silica gel chromatography (PE : EA  

= 10:1),yellow oil, 48.6 mg, 80% yield; 1H NMR (400 MHz, CDCl3): δ 8.03 (dd, J = 

8.6, 2.2 Hz, 1H), 7.83 (d, J = 2.2 Hz, 1H), 7.16 (d, J = 8.5 Hz, 2H), 7.03 (d, J = 8.6 Hz, 

1H), 6.92 (d, J = 8.5 Hz, 2H), 6.84 (s, 1H), 6.74 (dd, J = 17.1, 10.5 Hz, 1H), 5.46 (s, 

1H), 5.17 (d, J = 10.4 Hz, 1H), 4.82 (d, J = 17.1 Hz, 1H), 3.87 (s, 3H), 1.23 (s, 9H); 

13C NMR (101 MHz, CDCl3): δ 166.9, 157.0, 151.6, 140.1, 135.2, 133.2, 132.7, 132.5, 

131.7, 129.0, 125.7, 123.8, 123.3, 116.9, 116.0, 52.1, 34.7, 31.2; HRMS (ESI, m/z): 

calcd for C22H24NaO [M +Na]+: 359.1618, found 359.1621. 

 

 

4ai; Following general procedure B, purified by silica gel chromatography (PE : EA = 

10:1), yellow oil, 43.0 mg, 62% yield; 1H NMR (400 MHz, CDCl3): δ 7.59 (dd, J = 

8.6, 2.1 Hz, 1H), 7.38 (d, J = 2.0 Hz, 1H), 7.19 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.6 Hz, 

1H), 6.91 (d, J = 8.5 Hz, 2H), 6.87 (s, 1H), 6.75 (dd, J = 17.1, 10.5 Hz, 1H), 5.32 (s, 

1H), 5.20 (d, J = 10.4 Hz, 1H), 4.83 (d, J = 17.2 Hz, 1H), 1.25 (s, 9H); 19F NMR (376 

MHz, CDCl3): δ -61.39 (s); 13C NMR (101 MHz, CDCl3): δ 155.6, 151.9, 139.9, 

135.5, 132.8, 132.3, 129.0, 128.1 (C-F, 3JC-F =3.7 Hz), 127.0 (C-F, 3JC-F = 3.8 Hz), 

125.7, 124.1, 123.6 (C-F, 2JC-F = 32.8 Hz), 121.8 (C-F, 1JC-F = 269.6 Hz), 117.0, 116.3, 

34.8, 31.2; HRMS (ESI, m/z): calcd for C21H22F3O [M +H]+: 347.1617, found 

347.1625. 

 

 

4aj; Following general procedure B, purified by silica gel chromatography (PE : THF 
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= 10:1), yellow oil, 42.1 mg, 72% yield; 1H NMR (600 MHz, CDCl3): δ 7.18 (d, J = 

8.5 Hz, 2H), 6.97 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 7.5 Hz, 1H), 6.85 – 6.80 (m, 2H), 

6.78 (s, 1H), 6.73 (dd, J = 17.1, 10.4 Hz, 1H), 5.16 (d, J = 10.4 Hz, 1H), 4.90 (d, J = 

16.8 Hz, 1H), 4.89 (s, 1H), 2.39 (s, 3H), 1.25 (s, 9H); 13C NMR (101 MHz, CDCl3): δ 

152.5, 151.2, 140.6, 139.8, 134.6, 134.5, 133.1, 130.2, 129.1, 125.5, 122.2, 120.6, 

116.6, 116.5, 34.7, 31.3, 21.6; HRMS (ESI, m/z): calcd for C21H25O [M +H]+: 

293.1900, found 293.1912. 

 

 

4ak; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 39.5 mg, 63% yield; 1H NMR (400 MHz, CDCl3): δ 7.21 (d, J = 

8.5 Hz, 2H), 7.03 (s, 1H), 7.00 (d, J = 1.6 Hz, 2H), 6.95 (d, J = 8.5 Hz, 2H), 6.81 (s, 

1H), 6.72 (dd, J = 17.1, 10.4 Hz, 1H), 5.18 (d, J = 10.4 Hz, 1H), 5.08 (s, 1H), 4.87 (d, 

J = 17.1 Hz, 1H), 1.26 (s, 9H); 13C NMR (101 MHz, CDCl3): δ 153.5, 151.6, 140.1, 

135.1 134.8, 133.3, 132.6, 131.4, 129.0, 125.6, 122.3, 121.6, 116.8, 116.5, 34.8, 31.3; 

HRMS (ESI, m/z): calcd for C20H22ClO [M +H]+: 313.1354, found 313.1366. 

 

 

4al; Following general procedure B, purified by silica gel chromatography (PE : 

Acetone = 50:1), yellow oil, 28.6 mg, 49% yield; 1H NMR (400 MHz, CDCl3): δ 7.22 

– 7.15 (m, 3H), 6.95 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 4.8 Hz, 2H), 6.81 (s, 1H), 6.75 

(dd, J = 17.1, 10.5 Hz, 1H), 5.18 (d, J = 10.4 Hz, 1H), 5.01 (s, 1H), 4.90 (d, J = 17.1 

Hz, 1H), 2.30 (s, 3H), 1.26 (s, 9H); 13C NMR (101 MHz, CDCl3): δ 151.2, 150.8, 

140.4, 134.9, 134.5, 133.0, 130.8, 129.1, 127.9, 125.5, 124.9, 123.1, 120.8, 116.7, 

34.7, 31.3, 16.3; HRMS (ESI, m/z): calcd for C21H25O [M +H]+: 293.1900, found 

293.1911. 
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4am; Following general procedure B, purified by silica gel chromatography (PE : 

THF = 10:1), yellow oil, 35.1 mg, 53% yield; 1H NMR (400 MHz, CDCl3): δ 7.78 (dd, 

J = 13.1, 8.3 Hz, 2H), 7.62 (s, 1H), 7.51 – 7.44 (m, 1H), 7.41 (s, 1H), 7.39 – 7.33 (m, 

1H), 7.13 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 8.4 Hz, 2H), 6.91 (s, 1H), 6.84 (dd, J = 17.1, 

10.5 Hz, 1H), 5.20 (d, J = 10.4 Hz, 1H), 5.17 (s, 1H), 4.86 (d, J = 17.1 Hz, 1H), 1.22 

(s, 9H); 13C NMR (101 MHz, CDCl3): δ 151.4, 151.1, 140.7, 135.0, 134.9, 134.2, 

132.8, 129.8, 129.8, 129.3, 128, 126.7, 126.6, 126.4, 125.6, 123.8, 117.0, 110.5, 34.7, 

31.2; HRMS (ESI, m/z): calcd for C24H25O [M +H]+: 329.1900, found 329.1891. 

 

 

4ba; Following general procedure B, purified by silica gel chromatography (PE : EA 

= 10:1), yellow oil, 24.1 mg, 51% yield; 1H NMR (400 MHz, CDCl3): δ 7.33 – 7.27 

(m, 1H), 7.06 (dd, J = 7.7, 1.7 Hz, 1H), 6.99 (dd, J = 8.2, 4.1 Hz, 2H), 6.96 (d, J = 8.9 

Hz, 2H), 6.89 (d, J = 8.2 Hz, 2H), 6.80 (s, 1H), 6.74 (dd, J = 17.1, 10.4 Hz, 1H), 5.18 

(d, J = 10.4 Hz, 1H), 4.95 (s, 1H), 4.91 (d, J = 17.1 Hz, 1H), 2.25 (s, 3H); 13C NMR 

(101 MHz, CDCl3): δ 152.7, 140.2, 138.1, 134.6, 133.0, 130.6, 129.7 129.3, 129.2, 

123.6, 121.2, 116.8, 115.9, 21.4; HRMS (ESI, m/z): calcd for C17H17O [M +H]+: 

237.1274, found 237.1283. 

 

 

4bb; Following general procedure Bc, purified by silica gel chromatography (PE : EA 

= 10:1), yellow oil, 51.3 mg, 86% yield; 1H NMR (600 MHz, CDCl3): δ 7.53 (d, J = 

 
cReaction temperature: 35 C  
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7.2 Hz, 2H), 7.42 – 7.38 (m, 4H), 7.36 – 7.29 (m, 2H), 7.10 (dd, J = 7.7, 1.7 Hz, 1H), 

7.07 (d, J = 8.4 Hz, 2H), 7.04 – 7.00 (m, 2H), 6.87 (s, 1H), 6.78 (dd, J = 17.1, 10.4 Hz, 

1H), 5.23 (d, J = 10.4 Hz, 1H), 4.98 (s, 1H), 4.96 (d, J = 17.1 Hz, 1H); 13C NMR (101 

MHz, CDCl3): δ 152.7, 140.6, 140.5, 140.2, 135.6, 134.9, 134.2, 130.6, 129.8, 129.7, 

128.9, 127.6, 127.1, 127.0, 123.5, 121.3, 117.4, 116.1; HRMS (ESI, m/z): calcd for 

C22H19O [M +H]+: 299.1430, found 299.1431.  

 

 

4bc; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 37.4 mg, 78% yield; 1H NMR (600 MHz, CDCl3): δ 7.31 (td, J = 

7.9, 1.7 Hz, 1H), 7.04 (dd, J = 7.9, 1.8 Hz, 1H), 7.01 – 6.94 (m, 4H), 6.83 (t, J = 8.7 

Hz, 2H), 6.79 (s, 1H), 6.73 (dd, J = 17.0, 10.6 Hz, 1H), 5.22 (d, J = 10.4 Hz, 1H), 4.94 

(d, J = 17.1 Hz, 1H), 4.91 (s, 1H); 19F NMR (376 MHz, CDCl3): δ -112.95 – -113.05 

(m); 13C NMR (151 MHz, CDCl3): δ 162.3 (C-F, 1JC-F = 249.5 Hz), 152.7, 139.9, 

135.3 (C-F, 5JC-F = 1.9 Hz), 133.3, 132.0 (C-F, 4JC-F = 3.3 Hz), 130.9 (C-F, 3JC-F = 7.8 

Hz), 130.5, 129.9, 123.1, 121.4, 117.4, 116.1, 115.5 (C-F, 2JC-F = 21.7 Hz); HRMS 

(ESI, m/z): calcd for C16H14FO [M +H]+: 241.1023, found 241.1028. 

 

 

4bd; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 31.7 mg, 62% yield; 1H NMR (400 MHz, CDCl3): δ 7.34 – 7.28 

(m, 1H), 7.10 (d, J = 8.6 Hz, 2H), 7.03 (dd, J = 7.7, 1.9 Hz, 1H), 6.98 (dd, J = 7.8, 5.5 

Hz, 2H), 6.91 (d, J = 8.6 Hz, 2H), 6.77 (s, 1H), 6.77 – 6.68 (dd, J = 16.8, 10 Hz, 1H), 

5.24 (d, J = 10.3 Hz, 1H), 4.95 (d, J = 17.1 Hz, 1H), 4.88 (s, 1H); 13C NMR (101 

MHz, CDCl3): δ 152.6, 139.8, 136.3, 134.4, 133.7, 133.2, 130.5, 129.9, 130.4, 128.7, 

123.0, 121.4, 117.9, 116.1; HRMS (ESI, m/z): calcd for C16H14ClO [M +H]+: 

257.0728, found 257.0720. 
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4be; Following general procedure B, purified by silica gel chromatography 

(PE:THF=10:1), yellow oil, 39.2 mg, 65% yield; 1H NMR (400 MHz, CDCl3):δ 7.34 

– 7.28 (m, 1H), 7.26 (d, J = 8.5 Hz, 2H), 7.03 (dd, J = 7.7, 1.9 Hz, 1H), 6.98 (dd, J = 

7.8, 5.6 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 6.75 (s, 1H), 6.73 (dd, J = 17.1, 10.3 Hz, 

1H), 5.25 (d, J = 10.4 Hz, 1H), 4.96 (d, J = 17.1 Hz, 1H), 4.88 (s, 1H); 13C NMR (101 

MHz, CDCl3): δ 152.6, 139.8, 136.5, 134.8, 133.2 131.6, 130.6, 130.4, 130.0, 123.0, 

122.0 121.4, 118.0, 116.2; HRMS (ESI, m/z): calcd for C16H14BrO [M +H]+: 

301.0223, found 301.0218. 

 

 

4bf; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 36.5mg, 63% yield; 1H NMR (400 MHz, CDCl3): δ 7.39 (d, J = 

8.3 Hz, 2H), 7.40 – 7.37 (m, 1H), 7.08 (d, J = 8.2 Hz, 2H), 7.04-6.97 (m, 3H), 6.83 (s, 

1H), 6.76 (dd, J = 17.1, 10.4 Hz, 1H), 5.30 (d, J = 10.3 Hz, 1H), 5.01 (d, J = 17.1 Hz, 

1H), 4.86 (s, 1H); 19F NMR (376 MHz, CDCl3): δ -62.73 (s); 13C NMR (101 MHz, 

CDCl3): δ 152.6 , 139.5, 139.3, 138.0, 132.71, 130.3, 129.8 (C-F, 2JC-F = 32.6 Hz), 

129.3, 125.3 (C-F, 3JC-F = 3.8 Hz), 124.1 (C-F, 1JC-F =273.0 Hz), 122.9, 122.8, 121.5, 

118.9, 116.3; HRMS (ESI, m/z): calcd for C17H14F3O [M +H]+: 291.0991, found 

291.0981. 

 

 

4bg; Following general procedure B, purified by silica gel chromatography (PE : 

Acetone = 5:1) yellow oil, 32.7mg, 61% yield; 1H NMR (400 MHz, CDCl3): δ 7.97 (d, 
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J = 8.8 Hz, 2H), 7.39 – 7.28 (m, 1H), 7.10 (d, J = 8.8 Hz, 2H), 7.03 – 6.94 (m, 3H), 

6.85 (s, 1H), 6.77 (dd, J = 17.1, 10.4 Hz, 1H), 5.36 (d, J = 10.3 Hz, 1H), 5.07 (d, J = 

17.1 Hz, 1H), 4.88 (s, 1H); 13C NMR (101 MHz, CDCl3): δ 152.5, 146.6, 142.6, 140.2, 

139.4, 131.8, 130.3, 129.6, 123.7, 122.5, 121.6, 120.1, 116.4; HRMS (ESI, m/z): calcd 

for C16H14NO3 [M +H]+: 268.0968, found 268.0964.   

 

 

4bh; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 27.2mg, 58% yield; 1H NMR (600 MHz, CDCl3): δ 7.34 – 7.27 

(m, 1H), 7.06 (dd, J = 7.7, 1.6 Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H), 7.00 – 6.94 (m, 3H), 

6.82 (s, 1H), 6.80 (s, 1H), 6.78 (d, J = 8.0 Hz, 1H), 6.75 (dd, J = 17.3, 10.5 Hz, 1H), 

5.21 (d, J = 10.4 Hz, 1H), 4.94 (d, J = 17.0 Hz, 1H), 4.93 (s, 1H), 2.18 (s, 3H); 13C 

NMR (101 MHz, CDCl3): δ 152.7, 140.2, 137.9, 135.7, 135.4, 134.8, 130.5, 130.2, 

129.7, 128.9, 128.3, 126.2, 123.5, 121.2, 117.2, 115.9, 21.5; HRMS (ESI, m/z): calcd 

for C17H17O [M +H]+:237.1274 found 237.1268. 

 

 

 

4bi; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 10:1), yellow oil, 31.5mg, 67% yield; 1H NMR (600 MHz, CDCl3): δ 7.22 (s, 1H), 

7.12 (d, J = 7.5 Hz, 1H), 7.04 (d, J = 1.0 Hz, 1H), 7.01 – 6.97 (m, 2H), 6.92 – 6.86 (m, 

2H), 6.84 (t, J = 7.6 Hz, 1H), 6.79 (dd, J = 17.2, 10.1 Hz, 2H), 5.25 (d, J = 10.4 Hz, 

1H), 5.01 (d, J = 17.2 Hz, 1H), 4.91 (s, 1H), 2.38 (s, 3H); 13C NMR (101 MHz, 

CDCl3): δ 152.9, 139.8, 136.7, 136.5, 134.8, 132.9, 131.0, 130.1, 129.5, 128.6, 127.8, 

125.7, 123.3, 120.9, 117.3, 115.9, 20.3; HRMS (ESI, m/z): calcd for C17H17O [M 

+H]+:237.1274 found 237.1271. 
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4bj; Following general procedure B, purified by silica gel chromatography (PE : THF 

= 5:1), yellow oil, 36.1mg, 68% yield; 1H NMR (600 MHz, CDCl3): δ 7.34 – 7.27 (m, 

1H), 7.07 (dd, J = 7.8, 1.6 Hz, 1H), 7.01 – 6.97 (m, 2H), 6.82 (d, J = 8.4 Hz, 1H), 6.77 

(d, J = 14.0 Hz, 2H), 6.72 (dd, J = 17.1, 10.4 Hz, 1H), 6.58 (d, J = 8.4 Hz, 1H), 5.13 

(d, J = 10.4 Hz, 1H), 5.03 (s, 1H), 4.87 (d, J = 17.1 Hz, 1H), 4.50 (t, J = 8.7 Hz, 2H), 

3.02 (t, J = 8.7 Hz, 2H); 13C NMR (151 MHz, CDCl3): δ 160.1, 152.7, 140.4, 134.6, 

132.7, 130.6, 130.1, 129.6, 128.6, 127.4, 125.6, 123.7, 121.2, 115.9, 115.8, 109.3, 

29.5; HRMS (ESI, m/z): calcd for C18H17O2 [M +H]+:265.1223 found 265.1213. 

 

 

4bk; Following general procedure B, purified by silica gel chromatography  (PE : 

THF = 10:1), yellow oil, 33.5mg, 73% yield; 1H NMR (400 MHz, CDCl3): δ 7.39 – 

7.30 (m, 1H), 7.13 – 7.05 (m, 2H), 7.02 (dd, J = 7.7, 2.5 Hz, 2H), 6.90 – 6.84 (m, 2H), 

6.72 (dd, J = 17.1, 10.3 Hz, 1H), 6.54 (dd, J = 5.0, 0.6 Hz, 1H), 5.18 (d, J = 10.3 Hz, 

1H), 4.94 (s, 1H), 4.91 (d, J = 17.1 Hz, 1H); 13C NMR (151 MHz, CDCl3): δ 152.8, 

139.7, 137.7, 134.1, 130.5, 129.9, 128.6, 127.9, 125.6, 125.5, 123.7, 121.3, 117.1, 

116.0; HRMS (ESI, m/z): calcd for C14H13OS [M +H]+:229.0682 found 229.0690.  
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3. Gram-scale Synthesis  

 

The mixture of N-phenoxyacetamides 1a (6.4 mmol, 1.0 equiv), 

Alkylidenecyclopropanes 2a (12.8 mmol, 2 equiv), Cp*Rh(OAc)2 (3 mol %) and 

Na2CO3 (12.8 mmol, 2.0 equiv) in CF3CH2OH (64.0 mL) was stirred at 35 C in the 

oil bath for 27 h under argon atmosphere. the reaction vial was removed from the oil 

bath and cooled to ambient temperature. The reaction mixture was filtered through a 

pad of celite eluting with ethyl acetate, concentrated, and purified by silica gel 

chromatography (PE : DCM = 10:1 ) to give the product 3aa (1.3 g, 73% yield). 1H 

NMR (400 MHz, Acetone-D6): δ 7.63 (d, J = 7.6 Hz, 1H), 7.42 (d, J = 8.4 Hz, 2H), 

7.28 (d, J = 8.4 Hz, 2H), 7.23 (t, J = 8.0 Hz, 1H), 6.96 (td, J = 7.6, 0.9 Hz, 1H), 6.87 

(d, J = 8.1 Hz, 1H), 6.04 – 6.01 (m, 1H), 5.42 – 5.34 (m, 1H), 1.98 (dd, J = 7.4, 2.5 Hz, 

3H), 1.31 (s, 9H); 13C NMR (101 MHz, Acetone-D6):δ 163.9, 152.0, 140.8, 139.5, 

130.6, 127.6, 126.8, 126.2, 125.5, 121.6, 118.1, 110.7, 88.2, 35.1, 31.6, 14.3; HRMS 

(ESI, m/z): calcd for C20H23O [M + H]+: 279.1743, found 279.1741. 

 

4. Derivatization Reactions 

4.1 isomerisation 

 

 
 

3ad (51.8 mg, 0.14 mmol, 1.00 eq.) and p-TsOH • H2O (13.9 mg, 0.07 mmol, 0.50 eq.) 

in CH2Cl2 (3.5 mL) were reacted for 20 h at 50 °C in the oil bath. Silica gel column 
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chromatography (PE:DCM= 5:1) afforded the desired product 5 (44.5 mg, 0.126 

mmol, 86% yield ) as white solid. 

 

 
 

5, white solid, mp 118 – 120 oC, 44.5 mg , 86%, 1H NMR (400 MHz, CDCl3): δ 7.83 – 

7.76 (m, 3H), 7.70 (d, J = 7.2 Hz, 2H), 7.60 – 7.53 (m, 4H), 7.50 (t, J = 7.6 Hz, 2H), 

7.39 (s, 1H), 3.03 (d, J = 7.6 Hz, 2H), 1.45 (t, J = 7.7 Hz, 3H), 1.42 (s, 9H); 13C NMR 

(101 MHz, CDCl3): δ 153.7, 151.3, 142.0, 136.1, 131.0, 128.8, 128.5, 127.6, 126.9, 

126.6, 125.7, 123.8, 117.9, 117.4, 111.2, 34.8, 31.3, 17.6, 14.4; HRMS (ESI, m/z): 

calcd for C26H27O [M + H]+: 355.2056, found 355.2057.  

 

4.2 Hydrogenation 

 

 
 

 

3aa (55.6 mg, 0.2 mmol) was dissolved in methanol (1.0 mL), and Raney-Ni (11 mg) 

was added. The reaction vessel was then pressurized with hydrogen at 1.0 atm and 

vigorously stirred at room temperature. After complete conversion (TLC), the 

heterogeneous mixture was then filtered through a bed of Celite, and the Celite 

subsequently washed with CH2Cl2. The filtrate was concentrated (rotary evaporator) 

to remove the solvent, concentrated, and purified by silica gel chromatography 

(PE:DCM = 5:1) to give the product 6 (25.7 mg, yield 46%) 
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(±)-6, colorless oil, 25.7 mg , 46%; 1H NMR (400 MHz, Acetone-D6): δ 7.43 (d, J = 

8.3 Hz, 2H), 7.34 (d, J = 8.4 Hz, 2H), 7.28 (d, J = 7.3 Hz, 1H), 7.18 (dd, J = 14.1, 6.6 

Hz, 1H), 6.93-6.83 (m, 2H), 5.79 (d, J = 8.1 Hz, 1H), 3.42 (dd, J = 15.0, 7.6 Hz, 1H), 

1.33 (s, 9H), 1.22 – 1.12 (m, 2H), 0.74 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, 

Acetone-D6): δ 160.4, 151.2, 136.0, 132.8, 129.0, 127.2, 126.1, 125.8, 121.2, 110.2, 

88.8, 48.4, 35.1, 31.7, 24.8, 11.7; HRMS (ESI, m/z): calcd for C20H25O [M + H]+: 

281.1900, found 281.1897.  

 

4.3 Diels–Alder reaction 

 

 
 

4aa (28.2 mg, 0.1mmol) was dissolved in DCE (2.2 mL), and Diethyl 

acetylenedicarboxylate (34.5 mg, 0.2 mmol) was added. The reaction vessel was then 

stirred at 120 °C in the oil bath for 33 h under N2. After complete conversion (TLC), 

the heterogeneous mixture was then filtered through a bed of Celite, and the Celite 

subsequently washed with CH2Cl2. The filtrate was concentrated (rotary evaporator) 

to remove the solvent, concen-trated, and purified by silica gel chromatography 

(PE:THF = 5:1) to give the product 7 (20.4 mg, yield 45%) 

 

 

7, colorless oil, 20.4 mg , 45%; 1H NMR (400 MHz, CDCl3): δ 7.19 (d, J = 8.2 Hz, 

2H), 7.07 (s, 1H), 6.99 (d, J = 8.2 Hz, 2H), 6.86 – 6.81 (m, 1H), 6.78 – 6.71 (m, 2H), 

5.94 – 5.88 (m, 1H), 5.06 (s, 1H), 4.64 (t, J = 6.4 Hz, 1H), 4.26 (q, J = 7.1 Hz, 2H), 

4.13 – 3.91 (m, 2H), 3.57 – 3.42 (m, 1H), 3.30 – 3.15 (m, 1H), 1.32 (t, J = 7.1 Hz, 3H), 

1.23 (s, 9H), 0.98 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3): δ 167.7, 167.6, 
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152.7, 150.4, 137.5, 137.1, 135.8, 130.4, 129.2, 128.9, 128.2, 127.1, 125.7, 123.3, 

120.2, 115.9, 61.5, 61.1, 47.7, 34.5, 31.4, 28.9, 14.2, 13.8; HRMS (ESI, m/z): calcd 

for C28H33O5 [M + H]+: 449.2323, found 449.2321.  
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5. Mechanistic Studies 

5.1. Deuterium incorporation 

 

    The mixture of N-phenoxyacetamides 1c (0.2 mmol, 1.0 equiv), 

Alkylidenecyclopropanes 2a (0.4 mmol, 2.0 equiv), Cp*Rh(OAc)2 (5 mol %) and 

Na2CO3 (0.4 mmol, 2.0 equiv) in CF3CH2OH (2.0 mL) was stirred at 35 C in the oil 

bath for 18 h under N2. the reaction vial was removed from the oil bath and cooled to 

ambient temperature. The reaction mixture was filtered through a pad of celite eluting 

with ethyl acetate, concentrated, and purified by silica gel chromatography (PE : 

DCM = 10:1 ) to give the product. 
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     The mixture of N-phenoxyacetamides 1c (0.2 mmol, 1.0 equiv), 

Alkylidenecyclopropanes 2a (0.4 mmol, 2.0 equiv), Cp*Rh(OAc)2 (5 mol %), CsOAc 

(0.4 mmol, 2.0 equiv) and D2O(20.0 eq) in THF (2.0 mL) was stirred at 60 C in the 

oil bath for 6 h under N2. The reaction vial was removed from the oil bath and cooled 

to ambient temperature. The reaction mixture was filtered through a pad of celite 

eluting with ethyl acetate, concentrated, and purified by silica gel chromatography 

(PE : THF = 10:1 ) to give the product. 
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5.2 Kinetic isotope effect experiment 

 

    The mixture of N-phenoxyacetamides 1a (0.2 mmol, 1.0 equiv), 1a−d5 (31.2 mg, 

0.2 mmol), Alkylidenecyclopropanes 2a (0.4 mmol, 2 equiv), Cp*Rh(OAc)2 (5 mol %) 

and Na2CO3 (0.8 mmol, 4.0 equiv) in CF3CH2OH (4.0 mL) was stirred at 35 C in the 

oil bath for 10 min under N2. the reaction vial was removed from the oil bath and 

cooled to ambient temperature. The reaction mixture was filtered through a pad of 

celite eluting with ethyl acetate, concentrated, and purified by silica gel 

chromatography (PE : DCM = 10:1 ) to give the product. 



S31 
 

 

 

 

 

    The mixture of N-phenoxyacetamides 1a (0.2 mmol, 1.0 equiv), 1a−d5 (31.2 mg, 

0.2 mmol), Alkylidenecyclopropanes 2a (0.4 mmol, 2 equiv), Cp*Rh(OAc)2 (10 

mol %) and CsOAc (0.8 mmol,4.0 equiv) in THF (4.0 mL) was stirred at 60 C in the 

oil bath for 2 h under N2. the reaction vial was removed from the oil bath and cooled 

to ambient temperature. The reaction mixture was filtered through a pad of celite 

eluting with ethyl acetate, concentrated, and purified by silica gel chromatography 

(PE : THF = 10:1 ) to give the product. 
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7. NMR Spectra 

3aa 
1H NMR (400 MHz, Acetone-D6) 
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3aa 
13C NMR (101 MHz, Acetone-D6) 
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NOESY-1D 1H NMR of 3aa (400 MHz, Acetone-D6) 

3aa 
NOESY-1D 1H NMR (400 M Hz, Acetone-D6) 
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3aa 
NOESY-1D 1H NMR (400 M Hz, Acetone-D6) 
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3ab 
1H NMR (400 MHz, Acetone-D6) 
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3ab 
13C NMR (101 MHz, Acetone-D6) 
 
 



S40 
 

 

3ac 
1H NMR (600 MHz, Acetone-D6) 
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3ac 
13C NMR (101 MHz, Acetone-D6) 
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3ad 
1H NMR (400 MHz, Acetone-D6) 
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3ad 
13C NMR (101 MHz, Acetone-D6) 
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3ae 
1H NMR (400 MHz, Acetone-D6) 
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3ae 
19F NMR (376 MHz, Acetone-D6) 
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3ae 
13C NMR (101 MHz, Acetone-D6) 
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3af 
1H NMR (400 MHz, Acetone-D6) 
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3af 
13C NMR (101 MHz, Acetone-D6) 
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3ag 
1H NMR (600 MHz, Acetone-D6) 
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3ag 
13C NMR (151 MHz, Acetone-D6) 
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3ah 
1H NMR (400 MHz, Acetone-D6) 
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3ah 
13C NMR (151 MHz, Acetone-D6) 
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3ai 
1H NMR (400 MHz, Acetone-D6) 
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3ai 
19F NMR (376 MHz, Acetone-D6) 
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3ai 
13C NMR (101 MHz, Acetone-D6) 
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3aj 
1H NMR (400 MHz, Acetone-D6) 
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3aj 
13C NMR (101 MHz, Acetone-D6) 
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3ak 
1H NMR (400 MHz, Acetone-D6) 
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3ak 
13C NMR (101 MHz, Acetone-D6) 
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3al 
1H NMR (400 MHz, Acetone-D6) 
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3al 
13C NMR (151 MHz, Acetone-D6) 
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3am 
1H NMR (400 MHz, Acetone-D6) 
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3am 
13C NMR (101 MHz, Acetone-D6) 
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3ba 
1H NMR (400 MHz, Acetone-D6) 
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3ba 
13C NMR (101 MHz, Acetone-D6) 
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3bb 
1H NMR (400 MHz, Acetone-D6) 
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3bb 
13C NMR (101 MHz, Acetone-D6) 
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3bc 
1H NMR (400 MHz, Acetone-D6) 

 



S69 
 

3bc 
19F NMR (376 MHz, Acetone-D6) 
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3bc 
13C NMR (101 MHz, Acetone-D6) 
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3bd 
1H NMR (400 MHz, Acetone-D6) 
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3bd 
13C NMR (101 MHz, Acetone-D6) 
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3be 
1H NMR (600 MHz, Acetone-D6) 
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3be 
13C NMR (101 MHz, Acetone-D6) 
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3bf 
1H NMR (400 MHz, Acetone-D6) 
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3bf 
19F NMR (376 MHz, Acetone-D6) 
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3bf 
13C NMR (101 MHz, Acetone-D6) 
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3bg 
1H NMR (600 MHz, Acetone-D6) 
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3bg 
13C NMR (151 MHz, Acetone-D6) 
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3bh 
1H NMR (400 MHz, Acetone-D6) 
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3bh 
13C NMR (101 MHz, Acetone-D6) 
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3bi 
1H NMR (400 MHz, Acetone-D6) 
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3bi 
13C NMR (101 MHz, Acetone-D6) 
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3bj 
1H NMR (600 MHz, Acetone-D6) 
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3bj 
13C NMR (101 MHz, Acetone-D6) 
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4aa 
1H NMR (400 MHz, CDCl3) 
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4aa 
13C NMR (101 MHz, CDCl3) 
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4aa 
NOESY-1D 1H NMR (600 M Hz, CDCl3) 
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4ab 
1H NMR (400 MHz, CDCl3) 

 



S90 
 

4ab 
13C NMR (101 MHz, CDCl3) 
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4ac 
1H NMR (400 MHz, CDCl3) 
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4ac 
13C NMR (101 MHz, CDCl3) 
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4ad 
1H NMR (600 MHz, CDCl3) 
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4ad 
13C NMR (151 MHz, CDCl3) 
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4ae 
1H NMR (400 MHz, CDCl3) 
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4ae 
19F NMR (376 MHz, CDCl3) 
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4ae 
13C NMR (101 MHz, CDCl3) 
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4af 
1H NMR (600 MHz, CDCl3) 
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4af 
13C NMR (101 MHz, CDCl3) 
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4ag 
1H NMR (600 MHz, CDCl3) 
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4ag 
13C NMR (101 MHz, CDCl3) 
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4ah 
1H NMR (400 MHz, CDCl3) 
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4ah 
13C NMR (101 MHz, CDCl3) 
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4ai 
1H NMR (400 MHz, CDCl3) 
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4ai 
19F NMR (376 MHz, CDCl3) 
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4ai 
13C NMR (101 MHz, CDCl3) 
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4aj 
1H NMR (600 MHz, CDCl3) 
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4aj 
13C NMR (101 MHz, CDCl3) 
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4ak 
1H NMR (400 MHz, CDCl3) 
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4ak 
13C NMR (101 MHz, CDCl3) 
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4al 
1H NMR (400 MHz, CDCl3) 
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4al 
13C NMR (101 MHz, CDCl3) 
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4am 
1H NMR (400 MHz, CDCl3) 

 



S114 
 

 

4am 
13C NMR (101 MHz, CDCl3) 
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4ba 
1H NMR (400 MHz, CDCl3) 
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4ba 
13C NMR (101 MHz, CDCl3) 
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4bb 
1H NMR (600 MHz, CDCl3) 
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4bb 
13C NMR (101 MHz, CDCl3) 
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4bc 
1H NMR (600 MHz, CDCl3) 
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4bc 
19F NMR (376 MHz, CDCl3) 
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4bc 
13C NMR (151 MHz, CDCl3) 
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4bd 
1H NMR (400 MHz, CDCl3) 
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4bd 
13C NMR (101 MHz, CDCl3) 
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4be 
1H NMR (400 MHz, CDCl3) 
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4be 
13C NMR (101 MHz, CDCl3) 
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4bf 
1H NMR (400 MHz, CDCl3) 
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4bf 
19F NMR (376 MHz, CDCl3) 
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4bf 
13C NMR (101 MHz, CDCl3) 
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4bg 
1H NMR (400 MHz, CDCl3) 
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4bg 
13C NMR (101 MHz, CDCl3) 
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4bh 
1H NMR (600 MHz, CDCl3) 
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4bh 
13C NMR (101 MHz, CDCl3) 
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4bi 
1H NMR (600 MHz, CDCl3) 
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4bi 
13C NMR (101 MHz, CDCl3) 
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4bj 
1H NMR (600 MHz, CDCl3) 
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4bj 
13C NMR (151 MHz, CDCl3) 
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4bk 
1H NMR (400 MHz, CDCl3) 
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4bk 
13C NMR (151 MHz, CDCl3) 
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5 
1H NMR (400 MHz, CDCl3) 
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5 
13C NMR (101 MHz, CDCl3) 
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6 
1H NMR (400 MHz, Acetone-D6) 
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6 
13C NMR (101 MHz, Acetone-D6) 
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NOESY-1D 1H NMR (400 M Hz, CDCl3) 

6 
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7 
1H NMR (400 MHz, CDCl3) 
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7 
13C NMR (101 MHz, CDCl3) 
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8. Crystal structure details for 5. Thermal ellipsoids are shown at 50 % 

probability level (hydrogen atoms were omitted). The X-ray of 5 was 

obtained with the CDCl3 as solvent in the air. 

 
 

Table S3  Crystal data and structure refinement for CQ-20201231. 

Identification code CQ-20201231 

Empirical formula C26H26O 

Formula weight 354.47 

Temperature/K 293(2) 

Crystal system monoclinic 

Space group P21 

a/Å 10.1745(5) 

b/Å 8.4406(3) 

c/Å 12.5426(5) 

α/° 90 

β/° 112.098(5) 

γ/° 90 

Volume/Å3 998.02(8) 

Z 2 

ρcalcg/cm3 1.180 

μ/mm-1 0.533 

F(000) 380.0 

Crystal size/mm3 0.02 × 0.01 × 0.01 

Radiation Cu Kα (λ = 1.54184) 

2Θ range for data collection/° 7.608 to 142.732 

Index ranges -11 ≤ h ≤ 12, -10 ≤ k ≤ 6, -11 ≤ l ≤ 15 

Reflections collected 5489 

Independent reflections 2847 [Rint = 0.0174, Rsigma = 0.0287] 

Data/restraints/parameters 2847/1/248 

Goodness-of-fit on F2 1.034 

Final R indexes [I>=2σ (I)] R1 = 0.0401, wR2 = 0.1070 

Final R indexes [all data] R1 = 0.0454, wR2 = 0.1134 

Largest diff. peak/hole / e Å-3 0.13/-0.15 

Flack parameter 0.0(2) 
 


