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S2. General comments 

Commercially available phenols and solvents were purchased from Aldrich or TCI, and 

used without further purification. The palladium precursors and bases were purchased 

from Aldrich. Phosphoramidites L1, L3-L6, L8-L12 were purchased from Aldrich or 

Strem; L21 and L72 were prepared according to previously reported procedures. All 

racemic allylic aryl ethers compounds were made using (rac)-L1. 1H NMR, 13C NMR, 
19F NMR spectra were recorded at room temperature on a Bruker AV-400 or AV-500 

spectrometer and referenced to the residual deuterated solvent signals. All reported NMR 

values are given in parts per million (ppm). FT-IR measurements were carried out on a 

Bruker Optics FTIR Alpha spectrometer. Chiral high-performance liquid 

chromatography (HPLC) analysis, Mass spectrometric analyses and X-ray diffraction 

studies were performed by the Research Support Group at ICIQ.  

 

 

 

S2. Typical procedure for the preparation of cyclic vinyl-carbonates 

 

The vinyl-carbonates can be easily prepared according to a previous reported procedure 

with minor modifications.3 To a solution of the respective hydroxy methyl ketone (5 

mmol, 1 equiv) in THF (20 mL) was added vinyl magnesium bromide (1.0 M in THF, 2.5 

equiv) at 0 °C. The reaction was stirred under an N2 atmosphere at room temperature for 

2 h. The reaction mixture was then quenched with saturated aqueous NH4Cl, and extracted 

with EtOAc. The combined organic layers were dried over anhydrous Na2SO4, filtered 

and concentrated affording a light yellow oil. To a solution of the latter in CH2Cl2 (30 mL) 

was added pyridine (20 mmol, 4 equiv) and triphosgene (2.5 mmol, 0.5 equiv) at 0 °C. 

The reaction was stirred under an N2 atmosphere at room temperature for 2 h. The reaction 

mixture was then quenched with saturated aqueous NH4Cl, washed with H2O, and 

extracted with CH2Cl2. The combined organic layers were dried over anhydrous Na2SO4, 

filtered and concentrated. The residue was purified by flash chromatography on silica to 

afford the corresponding carbonate. 
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S3. Typical procedure for the formation of branched aryl ethers 

 

  

 

Carbonate (0.2 mmol, 0.038, 1 equiv) was combined with Pd2(dba)3·CHCl3 (0.0041 g, 

2.0 mol%), L1 (0.0086 g, 8.0 mol%) and phenol (0.0282 g, 1.5 equiv) in THF (0.30 mL) 

at room temperature in air. The reaction mixture was stirred at 0 oC for 36 h, after which 

the reaction mixture was mixed with 15 mL CH2Cl2 and then washed with NaOH (0.1 N, 

2 × 5 mL), brine (10 mL), dried (MgSO4), filtered and the solvent was removed in vacuo. 

The residue was subjected to flash column chromatography and the pure product was 

isolated (40.8 mg, 85%) (Hexane : EA = 50 : 1, Rf = 0.15). The ee values were determined 

by HPLC equipped with a chiral column.  

 

S3. Typical procedure for the formation of linear aryl ethers. 

 

 

 

Carbonate (0.2 mmol, 0.038, 1 equiv) was combined with Pd2(dba)3·CHCl3 (0.0041 g, 

2.0 mol%), L12 (0.0043 g, 8.0 mol%) and phenol (0.0282 g, 1.5 equiv) in THF (0.20 mL) 

at room temperature in air. The reaction mixture was stirred at room temperature for 12 

h. Once the reaction had finished, the reaction mixture was purified by flash column 

chromatography (Hexane : EA = 10 : 1, Rf = 0.2) and the pure product was isolated (45.5 

mg, 95%). 
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S4: Typical procedure for the formation of 2a at a 1.1 mmol scale. 

  

 

Vinyl cyclic carbonate A (1.1 mmol, 0.209 g, 1 equiv) was combined with 

Pd2(dba)3·CHCl3 (0.0226 g, 2.0 mol %), L1 (0.0473 g, 8.0 mol %) and phenol (0.1551 g, 

1.5 equiv) in THF (1.65 mL) at rt open to air. The reaction mixture was stirred at 0 oC for 

36 h, after which the reaction mixture was mixed with 30 mL of CH2Cl2 and then washed 

with NaOH (0.1 M, 2 × 10 mL), brine (10 mL), dried over MgSO4 and filtered. The 

solvent was removed in vacuo. The residue was subjected to flash column 

chromatography (Hexane : EA = 50 : 1, Rf = 0.15), and the pure product 2a was isolated 

(213.5 mg, 81%) with an er of 95:5 as determined by HPLC equipped with a chiral 

column). 

 

Cf. Scheme 3 in the main text: scale 0.20 mmol, yield of 2a is 85%, er = 95:5. 
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S5. IR, NMR spectra, HRMS and HPLC results 

 

 

 

 

Scale: 0.2 mmol; isolated 40.8 mg (85% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 

1H NMR (400 MHz, CDCl3) δ 7.50 – 7.43 (m, 2H), 7.40 – 7.33 (m, 2H), 7.33 – 7.27 (m, 

1H), 7.17 – 7.07 (m, 2H), 6.88 (t, J = 7.4 Hz, 1H), 6.39 (dd, J = 17.5, 11.1 Hz, 1H), 5.51 

(dd, J = 11.2, 1.0 Hz, 1H), 5.44 (dd, J = 17.5, 1.0 Hz, 1H), 3.97 – 3.81 (m, 2H), 2.06 (dd, 

J = 7.5, 6.3 Hz, 1H). 
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13C NMR spectrum (CDCl3) 

13C NMR (101 MHz, CDCl3) δ 155.15, 139.86, 135.57, 128.86, 128.68, 127.97, 126.88, 

121.44, 119.82, 119.67, 84.90, 70.48. 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 263.1043 (M + Na)+, found: 263.1043. 
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

95 : 5 er; [α]D
25= ‒56.03 (c = 0.12, CHCl3). (Hex: hexane; MTBE: methyl tert-butyl ether) 
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Scale: 0.2 mmol; isolated 43.5 mg (86% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 

1H NMR (400 MHz, CDCl3) δ 7.49 – 7.43 (m, 2H), 7.39 – 7.33 (m, 2H), 7.33 – 7.27 (m, 

1H), 6.92 (d, J = 8.7 Hz, 2H), 6.64 (d, J = 8.6 Hz, 2H), 6.35 (dd, J = 17.5, 11.1 Hz, 1H), 

5.49 (d, J = 11.1 Hz, 1H), 5.43 (d, J = 17.5 Hz, 1H), 3.96 – 3.82 (m, 2H), 2.22 (s, 3H), 

2.08 (t, J = 6.8 Hz, 1H). 
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13C NMR spectrum (CDCl3) 

 

13C NMR (101 MHz, CDCl3) δ 152.84, 140.06, 135.88, 130.85, 129.38, 128.62, 127.90, 

126.92, 119.81, 119.49, 84.77, 70.15, 20.62. 

 
IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 277.1199 (M + Na)+, found: 277.1197. 
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HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

94 : 6 er; [α]D
25= ‒46.21 (c = 0.11, CHCl3). 
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Scale: 0.2 mmol; isolated 37.0 mg (59% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.53 – 7.46 (m, 4H), 7.43 – 7.36 (m, 5H), 7.36 – 7.26 (m, 

3H), 6.88 – 6.76 (m, 2H), 6.44 (dd, J = 17.5, 11.1 Hz, 1H), 5.55 (dd, J = 11.2, 1.0 Hz, 

1H), 5.50 (dd, J = 17.5, 1.0 Hz, 1H), 4.00 – 3.85 (m, 2H), 2.12 (s, 1H).  
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 154.73, 140.74, 139.76, 135.45, 134.30, 128.78, 128.73, 

128.02, 127.49, 126.87, 126.82, 126.80, 119.94, 119.81, 85.04, 70.56. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 339.1356 (M + Na)+, found: 339.1365. 
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HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

87 : 13 er; [α]D
25  = ‒44.09 (c = 0.10, CHCl3). 
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Scale: 0.2 mmol; isolated 47.9 mg (81% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 

1H NMR (400 MHz, CDCl3) δ 7.50 – 7.45 (m, 2H), 7.39 – 7.34 (m, 2H), 7.33 – 7.28 (m, 

1H), 7.15 – 7.09 (m, 2H), 6.69 – 6.63 (m, 2H), 6.35 (dd, J = 17.5, 11.2 Hz, 1H), 5.49 (dd, 

J = 11.1, 1.0 Hz, 1H), 5.44 (dd, J = 17.5, 1.1 Hz, 1H), 3.98 – 3.81 (m, 2H), 1.24 (s, 9H).  
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13C NMR spectrum (CDCl3) 

 

13C NMR (101 MHz, CDCl3) δ 152.70, 144.14, 140.20, 135.97, 128.62, 127.87, 126.90, 

125.68, 119.45, 119.24, 84.70, 70.06, 34.19, 31.59. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 319.1669 (M + Na)+, found: 319.1668. 
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

93 : 7 er; [α]D
25 = ‒31.72 (c = 0.10, CHCl3). 
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Scale: 0.2 mmol; isolated 45.5 mg (85% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.52 – 7.43 (m, 2H), 7.40 – 7.28 (m, 3H), 6.75 – 6.63 (m, 

4H), 6.27 (dd, J = 17.6, 11.1 Hz, 1H), 5.48 (dd, J = 11.1, 1.1 Hz, 1H), 5.42 (dd, J = 17.6, 

1.1 Hz, 1H), 3.99 – 3.81 (m, 2H), 3.72 (s, 3H), 2.04 (t, J = 6.7 Hz, 1H).  
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1H NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 154.58, 148.75, 140.14, 136.36, 128.59, 127.96, 127.07, 

121.47, 119.33, 114.02, 84.98, 69.27, 55.64. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 293.1148 (M + Na)+, found: 293.1155. 
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/IPA = 98 : 2, 1 mL/min; 96 : 

4 er; [α]D
25  = ‒39.25 (c = 0.11, CHCl3). 
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Scale: 0.2 mmol; isolated 39.0 mg (76% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 

1H NMR (400 MHz, CDCl3) δ 7.48 – 7.42 (m, 2H), 7.40 – 7.34 (m, 2H), 7.34 – 7.29 (m, 

1H), 6.84 – 6.77 (m, 2H), 6.73 – 6.66 (m, 2H), 6.31 (dd, J = 17.5, 11.1 Hz, 1H), 5.51 (dd, 

J = 11.1, 1.0 Hz, 1H), 5.43 (dd, J = 17.5, 1.0 Hz, 1H), 3.98 – 3.80 (m, 2H), 2.02 (s, 1H). 
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13C NMR spectrum (CDCl3) 

 

13C NMR (101 MHz, CDCl3) δ 158.98, 156.60, 151.06, 151.03, 139.60, 135.67, 128.72, 

128.13, 126.98, 121.30, 121.22, 119.74, 115.43, 115.20, 85.24, 69.80. 
19F NMR spectrum (CDCl3) 

 

19F NMR (376 MHz, CDCl3) δ -122.74 (tt, J = 8.5, 4.6 Hz).  
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IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 281.0948 (M + Na)+, found: 281.0942. 
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HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

95 : 5 er; [α]D
25 = ‒44.70 (c = 0.10, CHCl3). 
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Scale: 0.2 mmol; isolated 52.7 mg (83% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.44 – 7.40 (m, 2H), 7.39 – 7.34 (m, 2H), 7.34 – 7.29 (m, 

1H), 7.23 – 7.17 (m, 2H), 6.68 – 6.54 (m, 2H), 6.38 (dd, J = 17.5, 11.2 Hz, 1H), 5.53 (dd, 

J = 11.1, 0.9 Hz, 1H), 5.43 (dd, J = 17.5, 0.9 Hz, 1H), 3.94 – 3.78 (m, 2H), 2.01 (s, 1H). 
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 154.30, 139.20, 134.93, 131.72, 128.81, 128.18, 126.81, 

121.42, 120.04, 113.79, 85.25, 70.60. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 341.0148 (M + Na)+, found: 341.0145. 
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HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

91 : 9 er; [α]D
25 = ‒40.73 (c = 0.09, CHCl3). 
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Scale: 0.2 mmol; isolated 45.7 mg (80% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.46 – 7.42 (m, 2H), 7.39 – 7.34 (m, 2H), 7.33 – 7.28 (m, 

1H), 7.09 – 7.04 (m, 2H), 6.70 – 6.65 (m, 2H), 6.37 (dd, J = 17.5, 11.1 Hz, 1H), 5.51 (dd, 

J = 11.1, 1.0 Hz, 1H), 5.43 (dd, J = 17.5, 1.0 Hz, 1H), 3.96 – 3.80 (m, 2H), 2.39 (s, 3H), 

2.10 (s, 1H).  
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 153.41, 139.61, 135.39, 129.86, 128.69, 128.68, 128.02, 

126.85, 120.43, 119.75, 85.04, 70.34, 17.38. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 309.0920 (M + Na)+, found: 309.0921.
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

89 : 11 er; [α]D
25  = ‒33.99 (c = 0.12, CHCl3). 
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Scale: 0.2 mmol; isolated 41 mg (76% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 

1H NMR (400 MHz, CDCl3) δ 7.45 (m, 2H), 7.39 – 7.33 (m, 2H), 7.33 – 7.27 (m, 1H), 

6.99 (t, J = 8.2 Hz, 1H), 6.47 – 6.27 (m, 4H), 5.52 (dd, J = 11.1, 1.0 Hz, 1H), 5.46 (dd, J 

= 17.5, 1.0 Hz, 1H), 3.98 – 3.80 (m, 2H), 3.66 (s, 3H), 2.08 (t, J = 6.9 Hz, 1H).  
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13C NMR spectrum (CDCl3) 

 

13C NMR (101 MHz, CDCl3) δ 160.22, 156.35, 139.82, 135.51, 129.14, 128.69, 127.99, 

126.83, 119.62, 112.20, 107.13, 105.88, 85.04, 70.50, 55.27. 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 293.1157 (M + Na)+, found: 293.1148. 
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HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

93 : 7 er; [α]D
25= ‒38.13 (c = 0.10, CHCl3). 
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Scale: 0.2 mmol; isolated 35.7 mg (58% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.43 (m, 2H), 7.40 – 7.35 (m, 2H), 7.34 – 7.29 (m, 1H), 

7.18 (t, J = 7.9 Hz, 1H), 7.12 (d, J = 7.7 Hz, 1H), 7.05 (s, 1H), 6.81 (d, J = 9.6 Hz, 1H), 

6.42 (dd, J = 17.5, 11.1 Hz, 1H), 5.55 (dd, J = 11.1, 0.9 Hz, 1H), 5.45 (dd, J = 17.5, 0.9 

Hz, 1H), 3.99 – 3.80 (m, 2H), 2.02 (s, 1H). 
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 155.41, 138.90, 134.74, 131.40 (q, J = 32.32 Hz), 129.18, 

128.89, 128.30, 126.79, 122.72, 120.24, 117.94 (q, J = 4.04 Hz), 116.63 (q, J = 4.04 Hz), 

85.57, 70.69. 
19F NMR spectrum (CDCl3) 

 
19F NMR (376 MHz, CDCl3) δ -62.92. 
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IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 331.0916 (M + Na)+, found: 331.0922. 
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

85 : 15 er; [α]D
25 = ‒43.10 (c = 0.11, CHCl3). 
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Scale: 0.2 mmol; isolated 42.6 mg (84% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.49 – 7.44 (m, 2H), 7.40 – 7.34 (m, 2H), 7.33 – 7.28 (m, 

1H), 6.97 (t, J = 7.9 Hz, 1H), 6.71 (m, 1H), 6.66 (t, J = 2.0 Hz, 1H), 6.47 (dd, J = 8.2, 2.4 

Hz, 1H), 6.38 (dd, J = 17.5, 11.1 Hz, 1H), 5.50 (dd, J = 11.1, 1.0 Hz, 1H), 5.44 (dd, J = 

17.5, 1.0 Hz, 1H), 3.97 – 3.82 (m, 2H), 2.23 (s, 3H), 2.09 (s, 1H).    
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                  13C NMR spectrum (CDCl3)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

 
13C NMR (101 MHz, CDCl3) δ 155.09, 140.00, 138.99, 135.76, 128.62, 128.42, 127.90, 

126.86, 122.34, 120.59, 119.50, 116.82, 84.80, 70.34, 21.54. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 277.1199 (M + Na)+, found: 277.1186. 
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

94 : 6 er; [α]D
25 = ‒40.14 (c = 0.11, CHCl3). 
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Scale: 0.2 mmol; isolated 44.2 mg (87% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.47 – 7.42 (m, 2H), 7.37 (m, 2H), 7.33 – 7.28 (m, 1H), 

7.17 – 7.11 (m, 1H), 6.85 – 6.75 (m, 2H), 6.44 – 6.32 (m, 2H), 5.50 (dd, J = 11.1, 1.0 Hz, 

1H), 5.44 (dd, J = 17.5, 1.0 Hz, 1H), 4.03 – 3.85 (m, 2H), 2.36 (s, 3H), 2.06 (t, J = 5.6 

Hz, 1H). 
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 153.12, 140.10, 135.64, 130.89, 128.67, 128.44, 127.91, 

126.76, 125.71, 120.98, 119.46, 118.53, 84.83, 70.90, 17.19. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 277.1199 (M + Na)+, found: 277.1199.
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HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

96 : 4 er; [α]D
25 = ‒41.26 (c = 0.10, CHCl3). 
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Scale: 0.2 mmol; isolated 41.0 mg (72% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.46 – 7.41 (m, 2H), 7.37 (m, 2H), 7.34 – 7.29 (m, 1H), 

6.92 (d, J = 8.4 Hz, 1H), 6.81 (d, J = 2.5 Hz, 1H), 6.50 (dd, J = 8.4, 2.5 Hz, 1H), 6.36 (dd, 

J = 17.5, 11.1 Hz, 1H), 5.52 (dd, J = 11.1, 1.0 Hz, 1H), 5.43 (dd, J = 17.5, 1.0 Hz, 1H), 

3.96 – 3.77 (m, 2H), 2.23 (s, 3H), 2.03 (s, 1H).  
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 153.75, 139.40, 135.26, 134.01, 130.51, 128.85, 128.75, 

128.13, 126.84, 120.51, 119.90, 118.23, 85.27, 70.31, 19.19. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 311.0809 (M + Na)+, found: 311.0801. 
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

85 : 15 er; [α]D
25 = ‒43.90 (c = 0.13, CHCl3). 
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Scale: 0.2 mmol; isolated 42.8 mg (80% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.50 – 7.44 (m, 2H), 7.40 – 7.34 (m, 2H), 7.33 – 7.28 (m, 

1H), 6.84 (d, J = 8.3 Hz, 1H), 6.66 (d, J = 2.7 Hz, 1H), 6.43 – 6.28 (m, 2H), 5.49 (dd, J = 

11.1, 1.1 Hz, 1H), 5.44 (dd, J = 17.5, 1.1 Hz, 1H), 3.97 – 3.82 (m, 2H), 2.14 (d, J = 2.1 

Hz, 6H), 2.09 (t, J = 6.8 Hz, 1H). 
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 153.04, 140.21, 137.31, 136.03, 129.60, 128.59, 127.85, 

126.90, 121.28, 119.36, 117.15, 84.66, 70.05, 20.05, 18.93. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 291.1356 (M + Na)+, found: 291.1355. 
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HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

93 : 7 er; [α]D
25 = ‒39.95 (c = 0.12, CHCl3). 

 

 
 

 
 
 

 
 

 
 

 

  



S49 
 

 

 
Scale: 0.2 mmol; isolated 43.7 mg (78% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.46 – 7.41 (m, 2H), 7.39 – 7.28 (m, 3H), 7.16 (dd, J = 

6.8, 2.4 Hz, 1H), 6.90 – 6.75 (m, 2H), 6.43 (dd, J = 17.5, 11.2 Hz, 1H), 6.34 (dd, J = 7.6, 

1.8 Hz, 1H), 6.11 (ddt, J = 15.7, 11.0, 6.3 Hz, 1H), 5.51 (dd, J = 11.2, 1.0 Hz, 1H), 5.44 

(dd, J = 17.5, 1.0 Hz, 1H), 5.21 – 5.03 (m, 2H), 3.98 – 3.82 (m, 2H), 3.62 – 3.47 (m, 2H), 

2.22 (s, 1H). 

  



S50 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 152.76, 139.82, 137.69, 135.20, 130.42, 129.68, 128.67, 

127.90, 126.69, 126.27, 120.89, 119.63, 118.44, 115.52, 84.83, 71.31, 35.66. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 303.1356 (M + Na)+, found: 303.1352. 



S51 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

94.5 : 5.5 er; [α]D
25 = ‒70.28 (c = 0.12, CHCl3). 

 

 
 

 
 
 

 

 

  



S52 
 

 

 

Scale: 0.2 mmol; isolated 43.2 mg (85% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.37 – 7.31 (m, 2H), 7.19 – 7.15 (m, 2H), 7.14 – 7.09 (m, 

2H), 6.88 (t, J = 7.3 Hz, 1H), 6.79 – 6.69 (m, 2H), 6.38 (dd, J = 17.5, 11.1 Hz, 1H), 5.50 

(dd, J = 11.1, 1.0 Hz, 1H), 5.44 (dd, J = 17.5, 1.1 Hz, 1H), 3.87 (m, 2H), 2.34 (s, 3H), 

2.08 (s, 1H).
   



S53 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 155.22, 137.68, 136.74, 135.61, 129.39, 128.81, 126.77, 

121.30, 119.74, 119.49, 84.81, 70.57, 21.19. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 277.1199 (M + Na)+, found: 277.1193. 



S54 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

93 : 7 er; [α]D
25 = ‒38.01 (c = 0.12, CHCl3). 

 
 

 
 

 
 

 



S55 
 

 
 

Scale: 0.2 mmol; isolated 45.5 mg (72% yield), yellow solid, Hexane : EA = 50 : 1, Rf = 

0.15 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.61 – 7.58 (m, 4H), 7.52 (d, J = 8.6 Hz, 2H), 7.46 – 7.41 

(m, 2H), 7.35 (t, J = 7.3 Hz, 1H), 7.14 (m, 2H), 6.90 (t, J = 7.9 Hz, 1H), 6.78 (m, 2H), 

6.42 (dd, J = 17.5, 11.1 Hz, 1H), 5.53 (dd, J = 11.2, 1.0 Hz, 1H), 5.47 (dd, J = 17.5, 1.0 

Hz, 1H), 4.01 – 3.86 (m, 2H), 2.12 (d, J = 6.9 Hz, 1H). 

  



S56 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 155.15, 140.75, 140.55, 138.87, 135.57, 128.94, 128.92, 

127.60, 127.34, 127.20, 121.51, 119.85, 119.74, 84.82, 70.50. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 339.1356 (M + Na)+, found: 339.1363. 



S57 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

86: 14 er; [α]D
25 = ‒29.27 (c = 0.11, CHCl3). 

 
 

 
 
 

 
 

 



S58 
 

 
 

Scale: 0.2 mmol; isolated 33.6 mg (58% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.94 (d, J = 1.8 Hz, 1H), 7.84 (m, 3H), 7.57 (m, 1H), 7.50 

(m, 2H), 7.10 (m, 2H), 6.90 – 6.84 (m, 1H), 6.82 – 6.76 (m, 2H), 6.49 (dd, J = 17.5, 11.1 

Hz, 1H), 5.57 (dd, J = 11.1, 1.0 Hz, 1H), 5.51 (dd, J = 17.5, 1.0 Hz, 1H), 4.09 – 3.90 (m, 

2H), 2.11 (s, 1H).
 

  



S59 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (126 MHz, CDCl3) δ 155.20, 137.58, 135.64, 133.23, 132.95, 128.94, 128.51, 

128.40, 127.73, 126.52, 126.46, 125.99, 124.75, 121.58, 119.88, 119.82, 85.03, 70.22. 
 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 313.1199 (M + Na)+, found: 313.1202. 



S60 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

85 : 15 er; [α]D
25 = ‒51.92 (c = 0.12, CHCl3). 

 

 
 

 
 

 

 

 

 

  



S61 
 

 
 

Scale: 0.2 mmol; isolated 48.0 mg (75% yield), light yellow solid, Hexane : EA = 20 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.85 (d, J = 1.7 Hz, 1H), 7.72 (m, 2H), 7.53 (m, 1H), 7.19 

– 7.06 (m, 4H), 6.87 (t, J = 7.4 Hz, 1H), 6.78 (m, 2H), 6.47 (dd, J = 17.5, 11.1 Hz, 1H), 

5.55 (dd, J = 11.1, 1.0 Hz, 1H), 5.50 (dd, J = 17.5, 1.0 Hz, 1H), 4.07 – 3.87 (m, 5H), 2.10 

(t, J = 6.9 Hz, 1H).
  

  



S62 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 158.24, 155.26, 135.72, 135.13, 134.15, 129.87, 128.91, 

128.69, 127.36, 125.81, 125.30, 121.50, 119.89, 119.65, 119.31, 105.68, 85.01, 70.21, 

55.50.  

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 343.1305 (M + Na)+, found: 343.1303. 



S63 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

83 : 17 er; [α]D
25 = ‒55.49 (c = 0.11, CHCl3). 

 

 
 

 
 

 

 

 



S64 
 

 

 

Scale: 0.2 mmol; isolated 46.3 mg (81% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.41 – 7.33 (m, 2H), 7.26 – 7.20 (m, 2H), 7.16 – 7.08 (m, 

2H), 6.89 (t, J = 7.4 Hz, 1H), 6.74 (dd, J = 8.7, 1.0 Hz, 2H), 6.35 (dd, J = 17.5, 11.1 Hz, 

1H), 5.50 (dd, J = 11.1, 1.0 Hz, 1H), 5.43 (dd, J = 17.5, 1.0 Hz, 1H), 3.93 – 3.79 (m, 2H), 

2.47 (s, 3H), 2.09 (t, J = 6.9 Hz, 1H). 
  



S65 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 155.06, 138.41, 136.52, 135.42, 128.89, 127.39, 126.44, 

121.48, 119.79, 119.70, 84.65, 70.42, 15.63. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 309.0920 (M + Na)+, found: 309.0917.



S66 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

90.5 : 9.5 er; [α]D
25 = ‒36.48 (c = 0.10, CHCl3). 

 

 
 

 
 
 

 
 

 
 
 

  



S67 
 

 
 

Scale: 0.2 mmol; isolated 30.5 mg (57% yield), yellow solid, Hexane : EA = 50 : 1, Rf = 

0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (500 MHz, CDCl3) δ 7.15 – 7.10 (m, 2H), 7.06 (s, 2H), 6.94 (s, 1H), 6.91 – 6.86 

(m, 1H), 6.79 – 6.73 (m, 2H), 6.34 (dd, J = 17.6, 11.1 Hz, 1H), 5.47 (dd, J = 11.1, 1.0 Hz, 

1H), 5.41 (dd, J = 17.6, 1.0 Hz, 1H), 3.96 – 3.79 (m, 2H), 2.30 (s, 6H), 2.02 (s, 1H).
 

  



S68 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (126 MHz, CDCl3) δ 155.28, 139.91, 138.18, 135.91, 129.65, 128.83, 124.56, 

121.43, 119.97, 119.34, 84.88, 70.21, 21.66. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 291.1356 (M + Na)+, found: 291.1361.



S69 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

88 : 12 er; [α]D
25 = +3.1 (c = 0.07, CHCl3).  

 

 
 

 

 
  



S70 
 

 

 
Scale: 0.2 mmol; isolated 42.8 mg (83% yield), white solid, Hexane : EA = 50 : 1, Rf = 

0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.46 – 7.39 (m, 2H), 7.16 – 7.10 (m, 2H), 7.08 – 7.01 (m, 

2H), 6.90 (t, J = 7.4 Hz, 1H), 6.76 – 6.69 (m, 2H), 6.34 (dd, J = 17.5, 11.1 Hz, 1H), 5.54 

– 5.41 (m, 2H), 3.94 – 3.81 (m, 2H), 2.08 (t, J = 6.9 Hz, 1H). 
  



S71 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (126 MHz, CDCl3) δ 163.41, 161.44, 154.95, 135.68, 135.65, 135.52, 128.95, 

128.79, 128.72, 121.71, 119.93, 119.83, 115.65, 115.48, 84.55, 70.30. 

 
13C NMR spectrum (CDCl3) 

 
19F NMR (376 MHz, CDCl3) δ -114.64 (tt, J = 8.5, 5.2 Hz). 



S72 
 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 281.0948 (M + Na)+, found: 281.0957. 



S73 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

93 : 7 er; [α]D
25 = ‒40.14 (c = 0.13, CHCl3). 

 
 

 
 

 

 
 

 
 
  



S74 
 

 
 

Scale: 0.2 mmol; isolated 34.5 mg (63% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.42 – 7.37 (m, 2H), 7.36 – 7.30 (m, 2H), 7.17 – 7.10 (m, 

2H), 6.93 – 6.88 (m, 1H), 6.75 – 6.68 (m, 2H), 6.33 (dd, J = 17.5, 11.1 Hz, 1H), 5.51 (dd, 

J = 11.1, 0.9 Hz, 1H), 5.43 (dd, J = 17.5, 0.9 Hz, 1H), 3.87 (qd, J = 11.6, 5.4 Hz, 2H), 

2.09 (t, J = 6.9 Hz, 1H). 

  



S75 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 154.86, 138.53, 135.24, 133.94, 128.98, 128.84, 128.39, 

121.74, 120.04, 119.84, 84.50, 70.34. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 297.0653 (M + Na)+, found: 297.0662. 



S76 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

86 : 14 er; [α]D
25 = ‒38.00 (c = 0.09, CHCl3).  

 

 
 

 

 
 

 
 



S77 
 

 

 

Scale: 0.2 mmol; isolated 31.1 mg (49% yield), yellow solid, Hexane : EA = 50 : 1, Rf = 

0.15 

 
1H NMR spectrum (CDCl3) 

1H NMR (400 MHz, CDCl3) δ 7.63 (t, J = 1.8 Hz, 1H), 7.45 (m, 1H), 7.39 (m, 1H), 7.23 

(m, 1H), 7.19 – 7.10 (m, 2H), 6.92 (t, J = 7.4 Hz, 1H), 6.81 – 6.71 (m, 2H), 6.30 (dd, J = 

17.5, 11.1 Hz, 1H), 5.51 (dd, J = 11.1, 0.9 Hz, 1H), 5.43 (dd, J = 17.5, 0.9 Hz, 1H), 3.88 

(q, J = 8.4, 6.7 Hz, 2H), 2.05 (s, 1H). 
  



S78 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 154.78, 142.62, 135.23, 131.12, 130.20, 129.95, 129.03, 

125.71, 122.90, 121.93, 120.15, 120.02, 84.44, 70.09. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 341.0148 (M + Na)+, found: 341.0143. 



S79 
 

HPLC conditions: Chiralpak IC 250 x 4.6 mm, 5 μm, Hex/MTBE = 80 : 20, 1 mL/min; 

85 : 15 er; [α]D
25 = ‒26.16 (c = 0.10, CHCl3). 

 
 

 
 

  

   



S80 
 

 

 

Scale: 0.2 mmol; isolated 47.0 mg (68% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.10 
 

 

1H NMR spectrum (CDCl3) 

 

1H NMR (500 MHz, CDCl3) δ 7.41 (m, 4H), 7.37 – 7.32 (m, 1H), 7.32 – 7.28 (m, 1H), 

7.19 – 7.12 (m, 3H), 7.08 (d, J = 7.8 Hz, 1H), 6.98 – 6.90 (m, 2H), 6.77 (d, J = 7.9 Hz, 

2H), 6.37 (dd, J = 17.5, 11.1 Hz, 1H), 5.52 (d, J = 11.1 Hz, 1H), 5.46 (d, J = 17.5 Hz, 

1H), 5.05 (d, J = 2.3 Hz, 2H), 4.02 – 3.80 (m, 2H), 2.08 (s, 1H). 

  



S81 
 

13C NMR spectrum (CDCl3) 

 

13C NMR (126 MHz, CDCl3) δ 159.07, 155.12, 141.68, 136.89, 135.51, 129.74, 128.88, 

128.72, 128.17, 127.74, 121.50, 119.82, 119.64, 119.46, 114.10, 114.05, 84.78, 70.33, 

70.23. 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 369.1461 (M + Na)+, found: 369.1463. 



S82 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 70 : 30, 1 mL/min; 

92 : 8 er; [α]D
25 = ‒36.06 (c = 0.10, CHCl3).  

 

 
 

 

 
 

  



S83 
 

 

 

 
Scale: 0.2 mmol; isolated 29.5 mg (83% yield), light yellow oil, Hexane : EA = 50 : 1, Rf 

= 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.25 (m, 2H), 7.01 (m, 3H), 6.12 (dd, J = 17.6, 11.1 Hz, 

1H), 5.36 – 5.25 (m, 2H), 3.71 – 3.54 (m, 2H), 2.19 (s, 1H), 1.44 (s, 3H). 
  



S84 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 155.46, 140.50, 129.14, 122.67, 121.30, 116.96, 82.13, 

70.23, 19.18. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 201.0886 (M + Na)+, found: 201.0883. 



S85 
 

HPLC conditions: Chiralpak IA 250 × 4.6 mm, 5 μm, Hex/MTBE = 80:20, 1 mL/min; 

57.5 : 42.5 er; [α]D
25 = ‒1.22 (c = 0.09, CHCl3). 

 

 
 

 
 

 
 

 

 



S86 
 

 
 

Scale: 0.2 mmol; isolated 43.7 mg (77% yield), light yellow solid, Hexane : EA = 50 : 1, 

Rf = 0.15 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.13 (m, 2H), 6.96 – 6.86 (m, 3H), 6.81 – 6.73 (m, 3H), 

6.32 (dd, J = 17.5, 11.1 Hz, 1H), 5.95 (q, J = 1.4 Hz, 2H), 5.49 (dd, J = 11.1, 1.0 Hz, 1H), 

5.43 (dd, J = 17.5, 1.0 Hz, 1H), 3.95 – 3.77 (m, 2H), 2.08 (s, 1H).
   



S87 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 155.07, 148.12, 147.34, 135.59, 133.82, 128.90, 121.53, 

120.30, 119.82, 119.55, 108.29, 107.69, 101.35, 84.69, 70.35. 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 307.0941 (M + Na)+, found: 307.0940.



S88 
 

HPLC conditions: Chiralpak IC 250 × 4.6 mm, 5 μm, Hex/MTBE = 60 : 40, 1 mL/min; 

92 : 8 er; [α]D
25 = ‒45.14 (c = 0.12, CHCl3).  

 

 
 

 

 
 

 



S89 
 

 

 

Scale: 0.2 mmol; isolated 45.5 mg (95% yield), light yellow oil, Hexane : EA = 10 : 1, Rf 

= 0.2 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (500 MHz, CDCl3) δ 7.51 – 7.47 (m, 2H), 7.40 – 7.35 (m, 2H), 7.34 – 7.29 (m, 

3H), 7.01 – 6.95 (m, 3H), 6.18 (t, J = 6.4 Hz, 1H), 4.82 (d, J = 6.4 Hz, 2H), 4.64 (s, 2H), 

1.79 (s, 1H). 

 

  



S90 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 158.50, 143.43, 140.04, 129.72, 128.74, 128.05, 126.63, 

126.35, 121.33, 114.97, 77.48, 77.16, 76.84, 64.58, 60.58. 

 
1H-Selective 1D NOESY (CDCl3) 

 
 



S91 
 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 263.1043 (M + Na)+, found: 263.1042. 



S92 
 

 

 

Scale: 0.2 mmol; isolated 46.2 mg (91% yield), light yellow liquid, Hexane : EA = 10 : 

1, Rf = 0.2 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.54 – 7.46 (m, 2H), 7.42 – 7.35 (m, 2H), 7.35 – 7.30 (m, 

1H), 7.19 (t, J = 7.0 Hz, 2H), 6.97 – 6.87 (m, 2H), 6.20 (t, J = 6.3 Hz, 1H), 4.83 (d, J = 

6.3 Hz, 2H), 4.64 (d, J = 4.3 Hz, 2H), 2.28 (s, 3H), 1.84 (t, J = 5.5 Hz, 1H). 

 
  



S93 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 156.71, 142.97, 140.06, 130.99, 128.71, 127.98, 127.14, 

126.95, 126.72, 126.61, 120.97, 111.69, 64.80, 60.48, 16.49. 

 
1H-Selective 1D NOESY (CDCl3) 

 
  



S94 
 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 277.1199 (M + Na)+, found: 277.1186. 



S95 
 

 
 

Scale: 0.2 mmol; isolated 40.0 mg (65% yield), yellow solid, Hexane : EA = 10 : 1, Rf = 

0.2 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.50 – 7.46 (m, 2H), 7.44 – 7.35 (m, 3H), 7.35 – 7.30 (m, 

1H), 7.24 (d, J = 7.7 Hz, 1H), 7.20 (s, 1H), 7.13 (m, 1H), 6.13 (t, J = 6.4 Hz, 1H), 4.86 

(d, J = 6.4 Hz, 2H), 4.66 (s, 2H), 1.65 (s, 1H). 
  



S96 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 158.69, 143.71, 139.83, 132.1 (q, J = 32.32 Hz), 130.22, 

128.80, 128.21, 126.67, 125.61, 118.41, 118.40, 117.94 (q, J = 4.04 Hz), 111.72 (q, J = 

4.04 Hz), 64.93, 60.61. 

 
19F NMR spectrum (CDCl3) 

19F NMR (376 MHz, CDCl3) δ -62.80. 



S97 
 

1H-Selective 1D NOESY (CDCl3) 

 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 331.0916 (M + Na)+, found: 331.0916. 

  



S98 
 

 

 
Scale: 0.2 mmol; isolated 52.9 mg (98% yield), white solid, Hexane : EA = 10 : 1, Rf = 

0.2 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.52 – 7.46 (m, 2H), 7.39 – 7.28 (m, 3H), 6.94 – 6.81 (m, 

4H), 6.16 (t, J = 6.4 Hz, 1H), 4.76 (d, J = 6.4 Hz, 2H), 4.61 (d, J = 2.9 Hz, 2H), 3.78 (s, 

3H), 1.80 (s, 1H). 

  



S99 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 154.35, 152.62, 143.43, 140.10, 128.72, 128.01, 126.61, 

126.52, 116.12, 114.89, 65.44, 60.55, 55.88. 

 
1H-Selective 1D NOESY (CDCl3) 

 
  



S100 
 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 293.1148 (M + Na)+, found: 293.1137. 

 

 

  



S101 
 

 

 
Scale: 0.2 mmol; isolated 45.8 mg (72% yield), white solid, Hexane : EA = 10 : 1, Rf = 

0.2 

 

 

 
1H NMR spectrum (CDCl3) 

 

1H NMR (400 MHz, CDCl3) δ 7.58 (dd, J = 8.0, 1.2 Hz, 1H), 7.35 – 7.25 (m, 5H), 7.20 – 

7.14 (m, 1H), 7.02 – 6.96 (m, 3H), 5.88 (t, J = 6.0 Hz, 1H), 4.87 (d, J = 6.1 Hz, 2H), 4.54 

(s, 2H), 1.87 (s, 1H). 

 
  



S102 
 

13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 158.48, 143.81, 142.08, 132.79, 131.23, 129.76, 129.67, 

129.23, 127.56, 122.49, 121.26, 115.02, 64.50, 61.64. 

 
1H-Selective 1D NOESY (CDCl3) 

 
  



S103 
 

IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 341.0148 (M + Na)+, found: 341.0133. 

  



S104 
 

 
 

Scale: 0.2 mmol; isolated 41.1 mg (81% yield), yellow oil, Hexane : EA = 10 : 1, Rf = 0.2 

 

 

 
1H NMR spectrum (CDCl3) 

 
1H NMR (400 MHz, CDCl3) δ 7.41 – 7.37 (m, 2H), 7.34 – 7.28 (m, 2H), 7.18 (d, J = 7.8 

Hz, 2H), 7.02 – 6.93 (m, 3H), 6.15 (t, J = 6.4 Hz, 1H), 4.80 (d, J = 6.4 Hz, 2H), 4.62 (s, 

2H), 2.36 (s, 3H), 1.75 (s, 1H). 
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13C NMR spectrum (CDCl3) 

 
13C NMR (101 MHz, CDCl3) δ 158.52, 143.28, 137.92, 137.02, 129.70, 129.44, 126.50, 

125.42, 121.27, 114.96, 64.58, 60.48, 21.26. 

 
1H-Selective 1D NOESY (CDCl3) 
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IR spectrum (neat) 

 

HRMS (ESI+, MeOH): m/z calcd. 277.1199 (M + Na)+, found: 277.1195. 
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S107. X-ray molecular structure of compound 3e 
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