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1. General Information 

Unless otherwise noted, reagents were obtained from commercial sources and used without further 

purification. Non-aqueous reaction were conducted under an inert atmosphere of argon in flame-dried 

glassware. Anhydrous solvent were treated as follow: tetrahydrofuran and diethyl ether were distilled 

from sodium under argon atmosphere, dichcloromethane and toluene was distilled distilled from 

calciumhydride under argon atmosphere. Anhydrous chloroform, acetonitrile, 1,2-dichloroethane, 

methanol and ethyl acetate were commercial available (Adamas, SafeDry, with molecular sieves).  

Thin layer chromatography was conducted on Merck 60 F254 pre-coated silica gel plates. Column 

chromatography was carried out by normal silica gel (40-60 µm, 200-400 mesh, Silicycle P60). NMR 

data including 1H NMR and 13C NMR spectra were recorded on Bruker AVANCE III 500MHz. The 

chemical shifts (δ) for 1H and 13C are given in ppm relative to residual signals of the solvents (CHCl3 

@ 7.26 ppm 1H NMR, 77.16 ppm 13C NMR). Coupling constants are given in Hz.  

Low mass spectra were measured on a Shimadzu LCMS-2010EV mass spectrometer (ESI). High 

resolution mass spectra were obtained from IonSpec 4.7 Tesla FTMS mass spectrometer (MALDI), 

Bruker APEXIII 7.0 TESLA FTMS (ESI). 

Optical rotations were measured on a Anton Paar MCP 300 polarimeter and are reported as 

follows: [α]D rt (c in g per 100 mL, solvent). 
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2. Conditions Optimization for Enantioselective Construction of 

Flavonoids 

2.1. General Procedure for the Model Reaction 

  

A 10 mL Schlenk tube was charged with the amine (10 mol%), acid (10 mol%), 2-hydroxychalcone 1a 

(0.1 mmol), and phenylpropyl aldehyde 2a (0.15 mmol) dissolved in solvent (1 mL). The vial was then 

sealed and positioned approximately 5 cm away from the light source. A household full spectrum 24 W 

compact fluorescent light (CFL) bulb was used for irradiating the reaction mixture. A fan was placed 

above the reaction apparatus for insuring the reaction temperature at RT. The reaction mixture was 

stirred at this condition until all 2-hydroxychalcone 1a was consumed as judged by TLC. The solvent 

was removed under vacuum. The residue was purified by flash column chromatography (ethyl 

acetate/petroleum ether = 1:40, v/v) to afford the product. 

2.2. The Screening of Solvents for the Model Reaction 

 

Table S1. The Screening of Solvents for the Model Reaction 
a
 

Entry Solvent Yield (%) b ee (%) (major, minor) c dr c 

1 MTBE 86 83, 60 2: 1 

2 DIPE 79 92, 83 2: 1 

3 2-MeTHF 85 93, 89 2: 1 

4 THF 71 93, 86 2: 1 

5 Et2O 71 94, 83 2: 1 

6 CH3CN 90 55, 27 2: 1 

7 EtOAc 79 77, 55 2: 1 

8 CH2Cl2 91 43, 17 2: 1 

9 MeOH 18 15, 15 2: 1 

a Conditions: A mixture of 2-hydroxylchalcone 1a (0.1 mmol), aldehyde 2a (0.1 mmol), A1 (10 mol %) and C1 (10 mol %) in 

solvent (1.0 mL) was irradiated by 24W CFL at RT for 24 h 
b Isolated yield 
c Determined by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 10.55 min, tminor = 

11.70 min ) 
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2.3. The Screening of Amine & Acid Promoter for the Model Reaction 

 

Table S2. The Screening of Amine & Acid for the Model Reaction 
a
 

Entry Amine Acid Yield (%) b ee (%) (major, minor) c dr c 

1 A1 (±)-CSA 35 28, 19 1: 1 

2 A1 TFA 59 79, 58 1: 1 

3 A1 TsOH 15 32, 21 1: 1 

4 A1 C1 71 94, 83 2: 1 

5 d A1 C1 ND NA NA 

6 A1 -- ND NA NA 

7 -- C1 ND NA NA 

8 A1 C2 74 95, 55 3: 1 

9 A1 C3 91 79, 20 2.5: 1 

10 A1 C4 74 68, -10 2: 1 

11 A1 C5 72 95, 71 3: 1 

12 A2 C2 82 95, 91 2: 1 

13 A3 C2 29 -38, 12 2: 1 

14 A4 C2 81 98, 53 12: 1 

15 A4 (S)-C2 73 68, 41 3: 1 

a Conditions: A mixture of 2-hydroxylchalcone 1a (0.1 mmol), aldehyde 2a (0.1 mmol), amine catalyst (10 mol %) and 

Brϕnsted acid (10 mol %) in Et2O (1.0 mL) was irradiated by 24W CFL at RT for 24 h 
b Isolated yield 
c Determined by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 10.55 min, tminor = 

11.70 min ) 
d Run in dark 

ND not detected, NA not assigned. 
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3. General Procedure for the Preparation of 2-Hydroxychalcones 

 

General procedure A
1： 

The salicylaldehyde (1.0 equiv.) and corresponding phosphorane (1.2 equiv) were stirred in CH3CN 

(0.25 M) at 60℃ until all salicylaldehyde was consumed completely as judged by TLC. The reactions 

were cooled down to RT, concentrated in vacuo and purified by column chromatography (silica gel) to 

afford the corresponding 2-hydroxychalcones 1. 

 

This compound was prepared according to the general procedure A as a yellow solid (2.13 g, 95% yield 

in 10 mmol scale).  
1
H NMR (500 MHz, MeOD): δ 8.11 (d, J = 15.8 Hz, 1H), 8.04-7.99 (m, 2H), 7.78 (d, J = 15.8 Hz, 

1H), 7.67-7.63 (m, 1H), 7.62-7.57 (m, 1H), 7.54-7.49 (m, 2H), 7.27-7.21 (m, 1H), 6.90-6.85 (m, 2H). 
13

C NMR (126 MHz, MeOD): δ 193.27, 158.86, 142.65, 139.65, 133.92, 133.06, 130.47, 129.73, 

129.52, 123.09, 122.67, 120.86, 117.09. 

HRMS (ESI): exact mass calcd for C15H13O2: m/z 225.0910 [M+H]+, found: m/z 225.0911.  

 

This compound was prepared according to the general procedure A as a yellow solid (417 mg, 88% 

yield in 2 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 9.12 (s, 1H), 8.17 (d, J = 15.8 Hz, 1H), 8.02 (d, J = 8.3 Hz, 2H), 

7.87 (d, J = 15.8 Hz, 1H), 7.82-7.79 (m, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.30-7.25 (m, 1H), 7.02-6.98 (m, 

1H), 6.95-6.90 (m, 1H), 2.42 (s, 3H). 
13

C NMR (126 MHz, (CD3)2CO): δ 189.83, 157.83, 144.11, 140.05, 136.97, 132.48, 130.11, 129.76, 

129.34, 123.08, 122.58, 120.89, 117.10, 21.55. 

HRMS (ESI): exact mass calcd for C16H15O2: m/z 239.1067 [M+H]+, found: m/z 239.1068.  

 

This compound was prepared according to the general procedure A as a yellow solid (421 mg, 83% 

yield in 2 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 9.11 (s, 1H), 8.18-8.10 (m, 3H), 7.89 (d, J = 15.7 Hz, 1H), 

7.82-7.78 (m, 1H), 7.30-7.25 (m, 1H), 7.09-7.04 (m, 2H), 7.01-6.97 (m, 1H), 6.95-6.90 (m, 1H), 3.90 (s, 

3H). 
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13
C NMR (126 MHz, (CD3)2CO): δ 188.57, 164.31, 157.75, 139.54, 132.35, 132.30, 131.46, 129.70, 

123.16, 122.42, 120.86, 117.06, 114.68, 55.93. 

HRMS (ESI): exact mass calcd for C16H15O3: m/z 255.1016 [M+H]+, found: m/z 255.1017.  

 

This compound was prepared according to the general procedure A as a yellow solid (2.20 g, 85% yield 

in 10 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 9.16 (s, 1H), 8.19 (d, J = 15.8 Hz, 1H), 8.14-8.10 (m, 2H), 7.86 (d, 

J = 15.7 Hz, 1H), 7.82-7.79 (m, 1H), 7.60-7.56 (m, 2H), 7.31-7.27 (m, 1H), 7.02-6.98 (m, 1H), 

6.95-6.90 (m, 1H). 
13

C NMR (126 MHz, (CD3)2CO): δ 189.22, 157.98, 140.98, 139.12, 138.07, 132.79, 130.97, 129.88, 

129.67, 122.86, 122.09, 120.92, 117.14. 

HRMS (ESI): exact mass calcd for C15H12ClO2: m/z 259.0520 [M+H]+, found: m/z 259.0522.  

 

This compound was prepared according to the general procedure A as a yellow solid (509 mg, 84% 

yield in 2 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 9.13 (s, 1H), 7.76 (d, J = 16.3 Hz, 1H), 7.73-7.70 (m, 1H), 

7.69-7.66 (m, 1H), 7.54-7.48 (m, 2H), 7.46-7.42 (m, 1H), 7.31-7.26 (m, 1H), 7.23 (d, J = 16.3 Hz, 1H), 

6.99-6.95 (m, 1H), 6.94-6.90 (m, 1H). 
13

C NMR (126 MHz, (CD3)2CO): δ 195.12, 157.80, 142.80, 142.72, 134.08, 133.10, 132.14, 129.94, 

129.83, 128.47, 126.85, 122.39, 121.02, 119.69, 117.14. 

HRMS (ESI): exact mass calcd for C15H12O2Br: m/z 303.0015 [M+H]+, found: m/z 303.0015.  

 

This compound was prepared according to the general procedure A as a yellow solid (438 mg, 92% 

yield in 2 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 9.06 (s, 1H), 8.15 (d, J = 15.7 Hz, 1H), 8.11-8.08 (m, 2H), 7.83 (d, 

J = 15.8 Hz, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.64-7.60 (m, 1H), 7.57-7.52 (m, 2H), 6.83 (s, 1H), 

6.78-6.74 (m, 1H), 2.29 (s, 3H). 
13

C NMR (126 MHz, (CD3)2CO): δ 190.37, 157.92, 143.39, 140.64, 139.65, 133.29, 129.81, 129.46, 

129.12, 121.96, 121.46, 120.35, 117.60, 21.51. 

HRMS (ESI): exact mass calcd for C16H15O2: m/z 239.1067 [M+H]+, found: m/z 239.1068.  

 

This compound was prepared according to the general procedure A as a yellow solid (477 mg, 94% 

yield in 2 mmol scale).  
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1
H NMR (500 MHz, (CD3)2CO): δ 9.23 (s, 1H), 8.16-8.07 (m, 3H), 7.79-7.73 (m, 2H), 7.63-7.59 (m, 

1H), 7.56-7.51 (m, 2H), 6.58-6.51 (m, 2H), 3.81 (s, 3H). 
13

C NMR (126 MHz, (CD3)2CO): δ 190.32, 164.05, 159.56, 140.68, 139.91, 133.24, 131.38, 129.51, 

129.15, 119.97, 116.29, 107.56, 102.33, 55.80. 

HRMS (ESI): exact mass calcd for C16H15O3: m/z 255.1016 [M+H]+, found: m/z 255.1016.  

 

This compound was prepared according to the general procedure A as a yellow solid (545 mg, 90% 

yield in 2 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 9.64 (s, 1H), 8.13-8.06 (m, 3H), 7.91 (d, J = 15.8 Hz, 1H), 7.78 (d, 

J = 8.4 Hz, 1H), 7.63 (t, J = 7.3 Hz, 1H), 7.55 (t, J = 7.6 Hz, 2H), 7.21 (s, 1H), 7.11 (d, J = 8.4 Hz, 1H). 
13

C NMR (126 MHz, (CD3)2CO): δ 190.22, 158.49, 139.32, 139.12, 133.59, 131.21, 129.56, 129.26, 

125.29, 124.08, 123.16, 122.53, 120.00. 

HRMS (ESI): exact mass calcd for C15H12O2Br: m/z 303.0015 [M+H]+, found: m/z 303.0015.  

 

This compound was prepared according to the general procedure A as a yellow solid (443 mg, 93% 

yield in 2 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 8.92 (s, 1H), 8.16 (d, J = 15.8 Hz, 1H), 8.12-8.06 (m, 1H), 7.87 (d, 

J = 15.8 Hz, 1H), 7.66-7.61 (m, 2H), 7.58-7.53 (m, 2H), 7.10 (dd, J = 8.3, 2.2 Hz, 1H), 6.89 (d, J = 8.3 

Hz, 1H), 2.28 (s, 3H). 
13

C NMR (126 MHz, (CD3)2CO): δ 190.44, 155.92, 140.71, 139.66, 133.48, 133.45, 129.94, 129.92, 

129.59, 129.27, 122.71, 122.29, 117.12, 20.53. 

HRMS (ESI): exact mass calcd for C16H15O2: m/z 239.1067 [M+H]+, found: m/z 239.1066.  

 

The corresponding salicylaldehyde was prepared followed with a modification of Kimpe’s method2 and 

compound 1p was prepared according to the general procedure A as a yellow solid (13.35 g, 85% yield 

in 50 mmol scale).  
1
H NMR (500 MHz, (CD3)2CO): δ 8.66 (s, 1H), 8.27 (d, J = 15.7 Hz, 1H), 8.07 (d, J = 15.9 Hz, 1H), 

8.03-7.99 (m, 2H), 7.62-7.57 (m, 1H), 7.55-7.51 (m, 2H), 6.37 (s, 1H), 3.96 (s, 3H), 3.95 (s, 3H), 3.77 

(s, 3H). 
13

C NMR (126 MHz, (CD3)2CO): δ 191.06, 157.96, 156.03, 152.42, 140.23, 136.69, 132.96, 131.20, 

129.41, 128.92, 122.20, 105.91, 89.35, 61.15, 56.43, 56.35. 

HRMS (ESI): exact mass calcd for C18H19O5: m/z 315.1227 [M+H]+, found: m/z 315.1230.   



S8 

 

4. Enantioselective Construction of Flavonoids 

 

General procedure B：A 10 mL Schlenk tube was charged with the A4 (10 mol%), C2 (10 mol%), 

2-hydroxychalcone 1 (0.1 mmol), and corresponding aldehyde 2 (0.15 mmol) dissolved in Et2O (1 mL). 

The vial was then sealed and positioned approximately 5 cm away from the light source. A household 

full spectrum 24 W compact fluorescent light (CFL) bulb was used for irradiating the reaction mixture. 

A fan was paced above the reaction apparatus for insuring the reaction temperature at RT. The reaction 

mixture was stirred at this condition until all 2-hydroxychalcone 1 was consumed as judged by TLC. 

The solvent was removed under vacuum. The residue was purified by flash column chromatography to 

afford the product. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (27.5 mg, 81% 

yield, 98% ee, d.r. = 12: 1, in 0.1 mmol scale; 1.411 g, 83% yield, 98% ee, d.r. = 10: 1, in 5.0 mmol 

scale) and was isolated as a mixture of diastereoisomers. Spectral data for the main isomer is reported. 

[α] D
25.0 = 19.3 (c 0.255, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

95:5, 214 nm, 0.7 mL/min, tmajor = 10.55 min, tminor = 11.70 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.83 (s, 1H), 7.74-7.69 (m, 2H), 7.44-7.35 (m, 3H), 7.25-7.16 (m, 4H), 

7.15-7.08 (m, 3H), 7.03-6.98 (m, 2H), 5.41 (d, J = 4.8 Hz, 1H), 4.36-4.32 (m, 1H), 3.10-3.01 (m, 2H), 

2.75-2.67 (m, 1H). 
13

C NMR (126 MHz, CDCl3): δ 203.43, 152.73, 151.07, 139.55, 133.97, 128.97, 128.59, 128.54, 128.37, 

127.94, 126.33, 124.94, 124.14, 121.03, 117.07, 96.31, 61.54, 34.98, 31.21. 

HRMS (ESI): exact mass calcd for C24H19O2: m/z 339.1380 [M-H]-, found: m/z 339.1380. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (25.0 mg, 90% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 8: 1). Spectral data 

for the main isomer is reported. 

[α] D
23.6 = 82.8 (c 0.095, CHCl3). 

Enantiomeric excess was found to be 96% by chiral HPLC (ChiralPak AD-H & IC column, 

hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 15.60 min, tminor = 17.88 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.86 (d, J = 1.9 Hz, 1H), 7.71-7.65 (m, 2H), 7.43-7.35 (m, 3H), 

7.27-7.21 (m, 1H), 7.18-7.13 (m, 1H), 7.12-7.07 (m, 2H), 5.38 (d, J = 4.9 Hz, 1H), 4.24-4.19 (m, 1H), 

2.61-2.54 (m, 1H), 1.86-1.74 (m, 1H), 1.52-1.43 (m, 1H), 0.88 (t, J = 7.5 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 204.46, 152.70, 150.87, 134.01, 128.86, 128.49, 128.14, 124.89, 

123.94, 121.56, 116.90, 96.81, 61.55, 35.06, 18.49, 12.60. 
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HRMS (ESI): exact mass calcd for C19H17O2: m/z 277.1223 [M-H]-, found: m/z 277.1224. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (23.0 mg, 75% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 10: 1). Spectral data 

for the main isomer is reported. 

[α] D
23.8 = 74.1 (c 0.060, CHCl3). 

Enantiomeric excess was found to be 97% by chiral HPLC (ChiralPak AD-H & IC column, 

hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 14.04 min, tminor = 16.19 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.84 (d, J = 1.9 Hz, 1H), 7.70-7.67 (m, 2H), 7.42-7.34 (m, 3H), 

7.26-7.21 (m, 1H), 7.17-7.13 (m, 1H), 7.11-7.07 (m, 2H), 5.37 (d, J = 4.9 Hz, 1H), 4.23-4.18 (m, 1H), 

2.67-2.60 (m, 1H), 1.81-1.73 (m, 1H), 1.44-1.36 (m, 1H), 1.31-1.24 (m, 1H), 1.22-1.09 (m, 3H), 0.77 (t, 

J = 7.1 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 204.61, 152.69, 150.83, 134.04, 128.86, 128.50, 128.14, 128.11, 

124.89, 123.93, 121.47, 116.90, 96.80, 59.68, 35.16, 30.15, 24.85, 22.73, 13.91. 

HRMS (ESI): exact mass calcd for C21H21O2: m/z 305.1536 [M-H]-, found: m/z 305.1537. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (21.1 mg, 72% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 5: 1). Spectral data 

for the main isomer is reported. 

[α] D
24.2 = 84.6 (c 0.250, CHCl3). 

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

99:1, 214 nm, 0.7 mL/min, tmajor = 18.41 min, tminor = 24.69 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.79 (d, J = 3.1 Hz, 1H), 7.71-7.67 (m, 2H), 7.42-7.34 (m, 3H), 

7.25-7.20 (m, 1H), 7.15-7.11 (m, 1H), 7.11-7.05 (m, 2H), 5.58 (d, J = 5.2 Hz, 1H), 4.22-4.17 (m, 1H), 

2.51-2.46 (m, 1H), 2.28-2.19 (m, 1H), 1.06 (d, J = 6.9 Hz, 3H), 1.02 (d, J = 6.8 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 205.08, 152.70, 150.54, 134.10, 128.81, 128.51, 128.47, 128.06, 

124.90, 123.77, 122.34, 116.99, 98.48, 65.45, 33.75, 26.55, 22.21, 19.90. 

HRMS (ESI): exact mass calcd for C20H19O2: m/z 291.1380 [M-H]-, found: m/z 291.1380. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (24.1 mg, 83% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 11: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 80.0 (c 0.398, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H & IC column, 

hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 15.93 min, tminor = 17.46 min ). 
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1
H NMR (500 MHz, CDCl3): δ 9.85 (d, J = 1.4 Hz, 1H), 7.71-7.67 (m, 2H), 7.43-7.36 (m, 3H), 

7.26-7.23 (m, 1H), 7.18-7.14 (m, 1H), 7.12-7.08 (m, 2H), 5.73-5.64 (m, 1H), 5.39 (d, J = 4.8 Hz, 1H), 

5.02-4.94 (m, 2H), 4.31-4.26 (m, 1H), 2.80-2.75 (m, 1H), 2.56-2.48 (m, 1H), 2.23-2.16 (m, 1H). 
13

C NMR (126 MHz, CDCl3): δ 203.94, 152.69, 151.00, 135.57, 133.91, 128.92, 128.51, 128.26, 

128.06, 124.88, 124.02, 121.17, 117.06, 116.94, 96.47, 58.99, 34.70, 29.62. 

HRMS (ESI): exact mass calcd for C20H17O2: m/z 289.1223 [M-H]-, found: m/z 289.1224. 

  

This compound was prepared according to the general procedure B as a pale-yellow oil (20.6 mg, 63% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 6: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 14.6 (c 0.123, CHCl3). 

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak IC column, hexane/i-PrOH = 95:5, 

214 nm, 0.7 mL/min, tmajor = 12.56 min, tminor = 13.72 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.86 (s, 1H), 7.71-7.66 (m, 2H), 7.43-7.36 (m, 3H), 7.25 (d, J = 7.1 Hz, 

1H), 7.17 (d, J = 8.4 Hz, 1H), 7.13-7.09 (m, 2H), 5.32 (d, J = 4.8 Hz, 1H), 4.27 (t, J = 4.1 Hz, 1H), 3.14 

(t, J = 6.7 Hz, 2H), 2.74-2.67 (m, 1H), 1.90-1.78 (m, 1H), 1.64-1.55 (m, 1H), 1.46-1.34 (m, 2H). 
13

C NMR (126 MHz, CDCl3): δ 203.37, 152.59, 151.11, 133.79, 129.00, 128.52, 128.40, 127.96, 

124.90, 124.13, 120.92, 117.07, 96.05, 59.41, 51.27, 34.93, 27.31, 22.20. 

HRMS (ESI): exact mass calcd for C20H18N3O2: m/z 332.1405 [M-H]-, found: m/z 332.1405. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (22.5 mg, 67% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 6: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 20.0 (c 0.088, CHCl3). 

Enantiomeric excess was found to be 96% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

95:5, 214 nm, 0.7 mL/min, tmajor = 19.82 min, tminor = 25.07 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.86 (s, 1H), 7.69-7.65 (m, 2H), 7.42-7.35 (m, 3H), 7.27-7.23 (m, 1H), 

7.19-7.16 (m, 1H), 7.13-7.08 (m, 2H), 5.30 (d, J = 4.7 Hz, 1H), 4.29 (t, J = 4.2 Hz, 1H), 3.56 (s, 3H), 

2.84-2.80 (m, 1H), 2.34-2.17 (m, 2H), 2.14-2.04 (m, 1H), 1.74-1.66 (m, 1H). 
13

C NMR (126 MHz, CDCl3): δ 203.20, 173.38, 152.52, 151.10, 133.79, 128.98, 128.49, 128.38, 

128.05, 124.90, 124.06, 120.67, 117.08, 95.92, 58.62, 51.67, 34.81, 32.03, 20.34. 

HRMS (ESI): exact mass calcd for C21H19O4: m/z 335.1289 [M-H]-, found: m/z 335.1290. 
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This compound was prepared according to the general procedure B as a pale-yellow oil (30.4 mg, 86% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 17: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 4.3 (c 0.328, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

98:2, 214 nm, 0.7 mL/min, tminor = 17.85 min, tmajor = 20.09 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.83 (s, 1H), 7.61 (d, J = 8.0 Hz, 2H), 7.25-7.18 (m, 6H), 7.15-7.09 (m, 

3H), 7.01 (d, J = 7.4 Hz, 2H), 5.36 (d, J = 4.8 Hz, 1H), 4.36-4.29 (m, 1H), 3.10-3.01 (m, 2H), 2.71 (q, J 

= 9.9 Hz, 1H), 2.40 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 203.52, 152.78, 151.12, 139.62, 138.95, 131.20, 129.22, 128.97, 

128.57, 128.31, 127.94, 126.30, 124.85, 124.05, 121.10, 117.06, 95.43, 61.60, 35.00, 31.17, 21.42. 

HRMS (ESI): exact mass calcd for C25H21O2: m/z 353.1547 [M-H]-, found: m/z 353.1543. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (34.1 mg, 92% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 11: 1). Spectral data 

for the main isomer is reported. 

[α] D
24.1 = 7.8 (c 0.055, CHCl3). 

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak IB-3 column, hexane/i-PrOH = 

95:5, 214 nm, 0.7 mL/min, tminor = 13.60 min, tmajor = 14.13 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.82 (s, 1H), 7.67-7.62 (m, 2H), 7.25-7.16 (m, 4H), 7.14-7.06 (m, 3H), 

7.02-6.98 (m, 2H), 6.96-6.91 (m, 2H), 5.27 (d, J = 4.7 Hz, 1H), 4.33-4.29 (m, 1H), 3.85 (s, 3H), 

3.09-3.00 (m, 2H), 2.74-2.64 (m, 1H). 
13

C NMR (126 MHz, CDCl3): δ 203.57, 160.28, 152.78, 150.87, 139.65, 128.97, 128.57, 128.30, 

127.95, 126.65, 126.33, 126.30, 124.04, 121.13, 117.03, 113.91, 94.53, 61.63, 55.52, 34.99, 31.15. 

HRMS (ESI): exact mass calcd for C25H21O3: m/z 369.1496 [M-H]-, found: m/z 369.1496. 

 

This compound was prepared according to the general procedure B as an off-white solid (32 mg, 85% 

yield, 98% ee, d.r. = 7: 1, in 0.1 mmol scale; 1.358 g, 91% yield, 96% ee, d.r. = 6: 1, in 5.0 mmol scale) 

and was isolated as a mixture of diastereoisomers. Spectral data for the main isomer is reported. 

[α] D
25.0 = -2.0 (c 0.098, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H & IC column, 

hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tminor = 23.32 min, tmajor = 24.68 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.82 (s, 1H), 7.66-7.61 (m, 2H), 7.40-7.36 (m, 2H), 7.32-7.26 (m, 1H), 

7.22-7.17 (m, 3H), 7.16-7.11 (m, 2H), 7.10-7.07 (m, 1H), 7.03-6.98 (m, 2H), 5.39 (d, J = 4.7 Hz, 1H), 

4.35-4.30 (m, 1H), 3.10-2.98 (m, 2H), 2.73-2.67 (m, 1H). 
13

C NMR (126 MHz, CDCl3): δ 203.30, 152.50, 150.05, 139.39, 134.77, 132.36, 128.93, 128.72, 

128.61, 128.44, 127.92, 126.38, 126.19, 124.30, 120.86, 117.02, 96.76, 61.42, 34.79, 31.21. 

HRMS (ESI): exact mass calcd for C24H18ClO2: m/z 373.0990 [M-H]-, found: m/z 373.0990. 
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This compound was prepared according to the general procedure B as a pale-yellow oil (37.7 mg, 90% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 12: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 35.5 (c 0.255, CHCl3). 

Enantiomeric excess was found to be 99% by chiral HPLC (ChiralPak AD-H & IC column, 

hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 18.60 min, tminor = 19.56 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.83 (s, 1H), 7.65 (d, J = 8.0 Hz, 1H), 7.50-7.47 (m, 1H), 7.38-7.34 (m, 

1H), 7.27-7.19 (m, 5H), 7.17-7.12 (m, 2H), 7.08-7.02 (m, 3H), 5.15 (d, J = 4.6 Hz, 1H), 4.33 (t, J = 4.1 

Hz, 1H), 3.24 (dd, J = 14.2, 10.5 Hz, 1H), 3.12-3.05 (m, 1H), 2.84 (dd, J = 14.2, 3.9 Hz, 1H). 
13

C NMR (126 MHz, CDCl3): δ 203.48, 152.87, 151.48, 139.62, 136.20, 133.51, 131.02, 130.49, 

129.00, 128.64, 128.43, 128.02, 127.45, 126.37, 124.28, 122.59, 120.80, 117.06, 101.45, 61.37, 35.24, 

31.40. 

HRMS (ESI): exact mass calcd for C24H18BrO2: m/z 417.0485 [M-H]-, found: m/z 417.0490. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (30.4 mg, 86% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 13: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 7.7 (c 0.458, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H & IC column, 

hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 19.62 min, tminor = 22.52 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.83 (s, 1H), 7.73-7.69 (m, 2H), 7.44-7.36 (m, 3H), 7.23-7.17 (m, 2H), 

7.15-7.08 (m, 2H), 7.05-7.01 (m, 2H), 6.96-6.92 (m, 2H), 5.40 (d, J = 4.7 Hz, 1H), 4.31-4.28 (m, 1H), 

3.08-3.00 (m, 2H), 2.75-2.67 (m, 1H), 2.37 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 203.59, 152.55, 151.02, 139.68, 138.44, 134.09, 128.99, 128.90, 

128.57, 128.52, 127.65, 126.27, 125.06, 124.92, 117.87, 117.42, 96.42, 61.53, 34.73, 31.20, 21.22. 

HRMS (ESI): exact mass calcd for C25H21O2: m/z 353.1547 [M-H]-, found: m/z 353.1545. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (32.5 mg, 88% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 8: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = -1.2 (c 0.318, CHCl3). 

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

95:5, 214 nm, 0.7 mL/min, tminor = 19.12 min, tmajor = 38.47 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.83 (s, 1H), 7.73-7.68 (m, 2H), 7.44-7.37 (m, 3H), 7.22-7.18 (m, 2H), 

7.16-7.09 (m, 2H), 7.04-7.00 (m, 2H), 6.74-6.69 (m, 1H), 6.66-6.63 (m, 1H), 5.41 (d, J = 4.7 Hz, 1H), 

4.30-4.25 (m, 1H), 3.84 (s, 3H), 3.07-3.00 (m, 2H), 2.74-2.67 (m, 1H). 
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13
C NMR (126 MHz, CDCl3): δ 203.61, 159.69, 153.44, 150.90, 139.69, 133.95, 128.97, 128.94, 

128.58, 128.54, 128.52, 126.29, 124.92, 112.90, 111.21, 101.71, 96.72, 61.59, 55.61, 34.45, 31.15. 

HRMS (ESI): exact mass calcd for C25H21O3: m/z 369.1496 [M-H]-, found: m/z 369.1497. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (29.7 mg, 71% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 4: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 1.2 (c 0.303, CHCl3). 

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

98:2, 214 nm, 0.7 mL/min, tmajor = 23.32 min, tminor = 28.22 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.81 (s, 1H), 7.70-7.66 (m, 2H), 7.45-7.38 (m, 3H), 7.26-7.17 (m, 4H), 

7.17-7.12 (m, 1H), 7.06 (d, J = 8.2 Hz, 1H), 7.03-6.99 (m, 2H), 5.42 (d, J = 4.8 Hz, 1H), 4.31-4.26 (m, 

1H), 3.08-3.00 (m, 2H), 2.75-2.67 (m, 1H). 
13

C NMR (126 MHz, CDCl3): δ 203.05, 153.26, 150.87, 139.07, 133.44, 129.21, 129.17, 128.93, 

128.64, 128.60, 127.18, 126.43, 124.87, 121.13, 120.27, 120.25, 96.40, 61.22, 34.51, 31.28. 

HRMS (ESI): exact mass calcd for C24H18BrO2: m/z 417.0485 [M-H]-, found: m/z 417.0488. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (29.4 mg, 83% 

yield in 0.1 mmol scale) and was isolated as a mixture of diastereoisomers (d.r. = 3.5: 1). Spectral data 

for the main isomer is reported. 

[α] D
25.0 = 11.0 (c 0.223, CHCl3). 

Enantiomeric excess was found to be 92% by chiral HPLC (ChiralPak IB-3 & IC column, hexane/i-PrOH 

= 98:2, 214 nm, 0.7 mL/min, tmajor = 21.52 min, tminor = 23.77 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.83 (s, 1H), 7.71 (d, J = 8.0 Hz, 2H), 7.43-7.36 (m, 3H), 7.23-7.17 (m, 

2H), 7.13 (t, J = 7.5 Hz, 1H), 7.06-6.98 (m, 5H), 5.38 (d, J = 4.3 Hz, 1H), 4.31-4.28 (m, 1H), 3.11-3.01 

(m, 2H), 2.71 (d, J = 12.0 Hz, 1H), 2.34 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 203.61, 151.11, 150.63, 139.66, 134.07, 133.52, 129.02, 128.96, 

128.90, 128.55, 128.51, 128.10, 126.29, 124.92, 120.54, 116.78, 96.03, 61.40, 35.04, 31.12, 20.99. 

HRMS (ESI): exact mass calcd for C25H21O2: m/z 353.1547 [M-H]-, found: m/z 353.1547. 

 

This compound was prepared according to the general procedure B as a pale-yellow oil (46.2 mg, 90% 

yield, 98% ee, d.r. = 21: 1, in 0.1 mmol scale; 4.874 g, 93% yield, 98% ee, d.r. > 40: 1, in 10.0 mmol 

scale) and was isolated as a mixture of diastereoisomers. Spectral data for the main isomer is reported.  
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NOTE: The A4 and C2 could be could be recovered by column chromatography on silica gel 

(MeOH/CH2Cl2 = 1: 100) and these two organocatalysts could be further used without noticeable loss 

of reactivity. 

 [α] D
25.0 = 88.5 (c 0.265, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak OD-H column, hexane/i-PrOH = 

9:1, 214 nm, 0.7 mL/min, tmajor = 9.08 min, tminor = 14.42 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.83 (s, 1H), 7.70 (d, J = 6.9 Hz, 2H), 7.38 (t, J = 7.2 Hz, 2H), 

7.36-7.32 (m, 1H), 6.25 (s, 1H), 5.42 (d, J = 5.4 Hz, 1H), 4.31-4.27 (m, 1H), 3.90 (s, 3H), 3.89 (s, 3H), 

3.82 (s, 3H), 3.50-3.41 (m, 2H), 2.87-2.80 (m, 1H), 1.81-1.71 (m, 1H), 1.57-1.40 (m, 2H), 1.38-1.29 (m, 

1H), 0.80 (s, 9H), -0.05 (s, 3H), -0.06 (s, 3H). 
13

C NMR (126 MHz, CDCl3): 204.63, 152.41, 152.31, 150.57, 147.27, 133.90, 131.65, 128.75, 128.48, 

124.81, 104.03, 97.40, 91.75, 62.91, 61.54, 57.17, 56.56, 55.72, 31.15, 30.77, 25.99, 21.36, 18.34, 

-5.25, -5.28. 

HRMS (ESI): exact mass calcd for C29H39O6Si: m/z 511.2510 [M-H]-, found: m/z 511.2509. 
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5. Derivatization of Flavonoid 3a and 3p 

 
The aldehyde 3a (34.0 mg, 0.1 mmol, 1.0 equiv.) and Ethyl (triphenylphosphoranylidene)acetate 4 

(52.2 mg, 0.15 mmol, 1.5 equiv.) were stirred in CH3CN (1 mL) at 60℃ until all aldehyde 3a was 

consumed completely as judged by TLC. The reactions were cooled down to room temperature, 

concentrated in vacuo and purified by flash column chromatography (ethyl acetate/petroleum ether = 

1/40, v/v) to afford unsaturated ester5 (38.8 mg, 95% yield) as a colorless oil. 

[α] D
25.0 = 86.0 (c 0.168, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H & OD-H column, 

hexane/i-PrOH = 95:5, 214 nm, 0.7 mL/min, tmajor = 16.29 min, tminor = 18.12 min ). 
1
H NMR (500 MHz, CDCl3): δ 7.77-7.74 (m, 2H), 7.46-7.42 (m, 2H), 7.41-7.37 (m, 1H), 7.29-7.23 (m, 

2H), 7.21-7.17 (m, 2H), 7.16-7.10 (m, 3H), 7.05-6.99 (m, 1H), 6.98-6.95 (m, 2H), 5.74 (dd, J = 15.7, 

1.0 Hz, 1H), 5.56 (d, J = 4.9 Hz, 1H), 4.22-4.14 (m, 2H), 3.92 (t, J = 4.3 Hz, 1H), 2.95-2.89 (m, 1H), 

2.79 (dd, J = 14.1, 3.6 Hz, 1H), 2.64 (dd, J = 14.1, 10.7 Hz, 1H), 1.28 (t, J = 7.1 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 166.35, 152.67, 150.90, 149.28, 139.86, 134.21, 128.95, 128.83, 

128.51, 128.34, 128.23, 128.17, 126.06, 124.95, 123.85, 123.13, 121.85, 116.84, 96.60, 60.40, 52.42, 

39.85, 35.66, 14.35. 

HRMS (ESI): exact mass calcd for C28H27O3: m/z 411.1955 [M+H]+, found: m/z 411.1954. 

 

To a solution of aldehyde 3a (170.0 mg, 0.5 mmol, 1.0 equiv.) in anhydrous CH2Cl2/MeOH(10/1) 11 

mL was added NaBH4 (38.0 mg, 1.0 mmol, 2.0 equiv.) portionwise at 0 oC. The resulting mixture was 

stirred until all aldehyde 3a were consumed completely as judged by TLC. The reaction mixture was 

quenched with saturated NaHCO3 carefully and extracted with CH2Cl2. The combined organic layers 

were washed with brine, dried with anhydrous Na2SO4 and evaporated. The residue was purified by 

flash column chromatography (ethyl acetate/petroleum ether = 1/40 to 1/20, v/v) to afford the alcohol 6a 

(162.4 mg, 95%) as a colorless oil. 

 

[α] D
25.0 = 5.2 (c 0.413, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

80:20, 214 nm, 0.7 mL/min, tminor = 5.89 min, tmajor = 7.21 min ). 
1
H NMR (500 MHz, CDCl3): δ 7.73 (d, J = 7.6 Hz, 2H), 7.43-7.38 (m, 2H), 7.37-7.32 (m, 1H), 

7.26-7.15 (m, 4H), 7.13-7.05 (m, 3H), 6.97 (d, J = 7.3 Hz, 2H), 5.59 (d, J = 4.8 Hz, 1H), 4.09-4.04 (m, 

1H), 3.70-3.57 (m, 2H), 2.68-2.59 (m, 1H), 2.37 (t, J = 12.3 Hz, 1H), 2.28-2.18 (m, 1H), 1.32 (s, 1H). 
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13
C NMR (126 MHz, CDCl3): δ 152.84, 150.34, 140.84, 134.43, 128.93, 128.63, 128.49, 128.42, 

128.27, 127.72, 125.99, 124.82, 123.79, 123.24, 116.65, 97.37, 62.89, 51.43, 35.47, 33.84. 

HRMS (ESI): exact mass calcd for C24H23O2: m/z 343.1693 [M+H]+, found: m/z 343.1694. 

To a solution of alcohol 6a (68.4 mg, 0.2 mmol, 1.0 equiv.) in anhydrous CH2Cl2 2 mL was added 

p-Toluenesulfonic acid (34.4 mg, 0.2 mmol, 1.0 equiv.) portionwise at 0 oC. The resulting mixture was 

stirred until all alcohol 6a were consumed completely as judged by TLC. The reaction mixture was 

quenched with saturated NaHCO3 carefully and extracted with CH2Cl2. The combined organic layers 

were washed with brine, dried with anhydrous Na2SO4 and evaporated. The residue was purified by 

flash column chromatography (ethyl acetate/petroleum ether = 1/60, v/v) to afford 6 (62.7 mg, 92%) as 

a white solid. 

 
[α] D

25.0 = 13.6 (c 0.220, CHCl3). 

Enantiomeric excess was found to be 98% by chiral HPLC (ChiralPak AD-H column, hexane/i-PrOH = 

95:5, 214 nm, 0.7 mL/min, tmajor = 8.12 min, tminor = 9.42 min ). 
1
H NMR (500 MHz, CDCl3): δ 7.61 (d, J = 7.5 Hz, 2H), 7.40-7.16 (m, 9H), 7.12-7.03 (m, 2H), 6.97 (t, 

J = 7.4 Hz, 1H), 3.83-3.75 (m, 1H), 3.48 (t, J = 11.5 Hz, 1H), 3.14-3.06 (m, 1H), 2.58-2.49 (m, 2H), 

2.30-2.20 (m, 2H), 2.12-2.04 (m, 1H). 
13

C NMR (126 MHz, CDCl3): δ 156.26, 142.48, 139.35, 129.94, 129.03, 128.69, 128.50, 128.40, 

128.24, 126.40, 125.47, 122.36, 120.31, 115.62, 98.22, 64.94, 41.08, 37.59, 36.33, 34.88. 

HRMS (ESI): exact mass calcd for C24H23O2: m/z 343.1693 [M+H]+, found: m/z 343.1693. 

 

To a solution of aldehyde 3p (512 mg, 1.0 mmol, 1.0 equiv.) in anhydrous toluene 5 mL was added 

DBU (30.4 mg, 0.2 mmol, 0.2 equiv.) at 80 oC. The resulting mixture was stirred until the ratio of 3p 

and 2-epi-3p not changed anymore as judged by TLC. The reactions were cooled down to room 

temperature, concentrated in vacuo and purified by flash column chromatography (ethyl 

acetate/petroleum ether = 1/50 to 1/30, v/v) to afford 3p (249 mg, 49%) as a colorless oil and (ethyl 

acetate/petroleum ether = 1/10, v/v) to afford 2-epi-3p (254 mg, 50%) as a colorless oil. 

[α] D
25.0 = 89.4 (c 0.413, CHCl3). 

Enantiomeric excess was found to be 95% by chiral HPLC (ChiralPak OD-H column, hexane/i-PrOH = 

9:1, 214 nm, 0.7 mL/min, tmajor = 10.76 min, tminor = 19.26 min ). 
1
H NMR (500 MHz, CDCl3): δ 9.63 (d, J = 2.1 Hz, 1H), 7.72 (d, J = 7.1 Hz, 2H), 7.42-7.36 (m, 2H), 

7.36-7.31 (m, 1H), 6.24 (s, 1H), 5.61 (d, J = 5.5 Hz, 1H), 4.12-4.09 (m, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 

3.78 (s, 3H), 3.65-3.55 (m, 2H), 2.60-2.56 (m, 1H), 1.73-1.64 (m, 1H), 1.63-1.50 (m, 3H), 0.86 (s, 9H), 

0.01 (s, 6H). 
13

C NMR (126 MHz, CDCl3): δ 204.49, 152.48, 152.31, 150.24, 146.91, 133.70, 131.48, 128.76, 

128.43, 124.76, 103.53, 98.34, 91.47, 77.36, 62.87, 61.47, 57.38, 56.44, 55.37, 31.38, 30.79, 25.98, 

21.71, 18.33, -5.25. 

HRMS (ESI): exact mass calcd for C29H39O6Si: m/z 511.2510 [M-H]-, found: m/z 511.2508. 
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Table S4 The Condition Optimization for the Isomerization of Compound 3p 

Entry Conditions Results 

1 t-BuOK, t-BuOH, 40 ℃ Complex 

2 K2CO3, MeOH, 40 ℃ 32% (55% S.M.) 

3 DBU, toluene, 40 ℃ 48% (51% S.M.) 

4 DBU, toluene, 80 ℃ 50% (49% S.M.) 

5 DBU, toluene, 120 ℃ 46% (43% S.M.) 

6 Basic Al2O3, toluene, 40 ℃ 48% (45% S.M.) 

7 Basic Al2O3, CH2Cl2, 40 ℃ 47% (46% S.M.) 

8 LDA, THF, -78 ℃ to rt 22% (58% S.M.) 

9 LiHMDS, THF, -78 ℃ to rt 25% (51% S.M.) 
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6. X-ray Crystal Data for Compound 6 

 

 

 

Figure S1. ORTEP of Compound 6 
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Table S5. Crystal data and structure refinement for compound 6  

                Identification code                      11 

                Empirical formula                    C24 H22 O2  

                Formula weight                     342.42  

                Temperature                        296(2) K  

                Wavelength                         1.54178 A  

                Crystal system, space group            Orthorhombic,  P 21 21 21  

                Unit cell dimensions                 a = 6.87350(10) A   alpha = 90 deg.  

                                                  b = 8.75670(10) A    beta = 90 deg.  

                                                  c = 31.8081(4) A   gamma = 90 deg.  

                Volume                            1914.50(4) A^3  

                Z, Calculated density                 4,  1.188 Mg/m^3  

                Absorption coefficient                0.581 mm^-1  

                F(000)                             728  

                Crystal size                         0.32 x 0.28 x 0.12 mm  

                Theta range for data collection          5.24 to 68.10 deg.  

                Limiting indices                     -7<=h<=6, -9<=k<=10, -37<=l<=37  

                Reflections collected / unique           9180 / 3341 [R(int) = 0.0357]  

                Completeness to theta = 68.10          96.1 %  

                Absorption correction                 Semi-empirical from equivalents  

                Max. and min. transmission            0.7530 and 0.5067  

                Refinement method                   Full-matrix least-squares on F^2  

                Data / restraints / parameters            3341 / 0 / 236  

                Goodness-of-fit on F^2                 1.023  

                Final R indices [I>2sigma(I)]            R1 = 0.0363, wR2 = 0.0935  

                R indices (all data)                     R1 = 0.0401, wR2 = 0.0965  

                Absolute structure parameter             -0.1(2)  

                Extinction coefficient                   0.0080(5)  

                Largest diff. peak and hole               0.114 and -0.131 e.A^-3 

Table S6. Atomic coordinates ( x 10^4) and equivalent isotropic displacement parameters (A^2 x 10^3) for 

compound 6 

                             x            y             z          U(eq)  

              O(1)         4709(2)       9198(1)       1495(1)       56(1)  

              O(2)         4225(2)       6717(1)       1257(1)       50(1)  

              C(1)           11(3)      11014(2)       1281(1)       76(1)  

              C(2)          627(4)      12483(2)       1201(1)       90(1)  

              C(3)         2572(4)      12840(2)       1227(1)       83(1)  

              C(4)         3898(3)      11728(2)       1328(1)       67(1)  

              C(5)         3272(3)      10248(2)       1401(1)       53(1)  

              C(6)         1313(3)       9860(2)       1382(1)       56(1)  

              C(7)          716(2)       8251(2)       1485(1)       55(1)  

              C(8)         2150(2)       7644(2)       1807(1)       53(1)  
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              C(9)         4162(2)       7666(2)       1613(1)       47(1)  

              C(10)        2821(2)       7077(2)        937(1)       53(1)  

              C(11)         758(2)       7180(2)       1102(1)       52(1)  

              C(12)        -664(3)       7639(2)        753(1)       65(1)  

              C(13)       -1060(3)       6370(2)        445(1)       55(1)  

              C(14)       -2560(3)       5373(2)        517(1)       68(1)  

              C(15)       -2957(4)       4208(3)        238(1)       91(1)  

              C(16)       -1842(5)       4020(3)       -113(1)       97(1)  

              C(17)        -333(4)       4978(3)       -183(1)       92(1)  

              C(18)          48(3)       6151(3)         87(1)       75(1)  

              C(19)        5717(2)       7125(2)       1914(1)       53(1)  

              C(20)        6595(3)       5721(2)       1873(1)       65(1)  

              C(21)        7980(3)       5236(3)       2158(1)       85(1)  

              C(22)        8488(3)       6142(4)       2490(1)       93(1)  

              C(23)        7589(3)       7534(4)       2540(1)       91(1)  

              C(24)        6215(3)       8032(3)       2253(1)       73(1)  

              H(1A)       -1310         10791          1267          91  

              H(2A)        -272         13232          1129         107  

              H(3A)        2988         13834          1176          99  

              H(4A)        5214         11967          1347          81  

              H(7A)        -594          8256          1606          66  

              H(8A)        2125          8277          2057          64  

              H(8B)        1802          6610          1886          64  

              H(10A)       2875          6300           720          63  

              H(10B)       3168          8045           809          63  

              H(11A)        384          6160          1200          63  

              H(12A)      -1883          7955           880          78  

              H(12B)       -135          8508           602          78  

              H(14A)      -3319          5483           757          82  

              H(15A)      -3990          3548           290         109  

              H(16A)      -2117          3240          -303         117  

              H(17A)        452          4837          -418         111  

              H(18A)       1072          6814            30          90  

              H(20A)       6252          5090          1650          78  

              H(21A)       8569          4288          2124         102  

              H(22A)       9431          5820          2680         112  

              H(23A)       7908          8146          2769         110  

              H(24A)       5626          8979          2288          88  

Table S7. Bond lengths [A] and angles [deg] for compound 6 

  O(1)-C(5)           1.381(2)  

  O(1)-C(9)           1.444(2)  

  O(2)-C(9)           1.4044(19)  

  O(2)-C(9)-C(19)        107.66(13)  

  O(1)-C(9)-C(19)        105.80(13)  

  O(2)-C(9)-C(8)         110.41(13)  
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  O(2)-C(10)          1.4378(19)  

  C(1)-C(2)           1.377(3)  

  C(1)-C(6)           1.388(3)  

  C(1)-H(1A)          0.9300  

  C(2)-C(3)           1.376(3)  

  C(2)-H(2A)          0.9300  

  C(3)-C(4)           1.372(3)  

  C(3)-H(3A)          0.9300  

  C(4)-C(5)           1.386(2)  

  C(4)-H(4A)          0.9300  

  C(5)-C(6)           1.390(3)  

  C(6)-C(7)           1.504(2)  

  C(7)-C(8)           1.517(2)  

  C(7)-C(11)          1.536(2)  

  C(7)-H(7A)          0.9800  

  C(8)-C(9)           1.514(2)  

  C(8)-H(8A)          0.9700  

  C(8)-H(8B)          0.9700  

  C(9)-C(19)          1.512(2)  

  C(10)-C(11)         1.514(2)  

  C(10)-H(10A)        0.9700  

  C(10)-H(10B)        0.9700  

  C(11)-C(12)         1.533(2)  

  C(11)-H(11A)        0.9800  

  C(12)-C(13)         1.507(3)  

  C(12)-H(12A)        0.9700  

  C(12)-H(12B)        0.9700  

  C(13)-C(14)         1.370(3)  

  C(13)-C(18)         1.382(3)  

  C(14)-C(15)         1.379(3)  

  C(14)-H(14A)        0.9300  

  C(15)-C(16)         1.365(4)  

  C(15)-H(15A)        0.9300  

  C(16)-C(17)         1.353(4)  

  C(16)-H(16A)        0.9300  

  C(17)-C(18)         1.366(3)  

  C(17)-H(17A)        0.9300  

  C(18)-H(18A)        0.9300  

  C(19)-C(20)         1.376(3)  

  C(20)-C(19)-C(9)       121.94(17)  

  C(24)-C(19)-C(9)       119.31(18)  

  C(19)-C(20)-C(21)      120.9(2)  

  C(19)-C(20)-H(20A)     119.5  

  O(1)-C(9)-C(8)         110.84(14)  

  C(19)-C(9)-C(8)        112.62(13)  

  O(2)-C(10)-C(11)       113.37(14)  

  O(2)-C(10)-H(10A)      108.9  

  C(11)-C(10)-H(10A)     108.9  

  O(2)-C(10)-H(10B)      108.9  

  C(11)-C(10)-H(10B)     108.9  

  H(10A)-C(10)-H(10B)    107.7  

  C(10)-C(11)-C(12)      111.22(15)  

  C(10)-C(11)-C(7)       109.16(14)  

  C(12)-C(11)-C(7)       113.68(14)  

  C(10)-C(11)-H(11A)     107.5  

  C(12)-C(11)-H(11A)     107.5  

  C(7)-C(11)-H(11A)      107.5  

  C(13)-C(12)-C(11)      113.16(14)  

  C(13)-C(12)-H(12A)     108.9  

  C(11)-C(12)-H(12A)     108.9  

  C(13)-C(12)-H(12B)     108.9  

  C(11)-C(12)-H(12B)     108.9  

  H(12A)-C(12)-H(12B)    107.8  

  C(14)-C(13)-C(18)      117.65(19)  

  C(14)-C(13)-C(12)      119.79(18)  

  C(18)-C(13)-C(12)      122.56(19)  

  C(13)-C(14)-C(15)      120.8(2)  

  C(13)-C(14)-H(14A)     119.6  

  C(15)-C(14)-H(14A)     119.6  

  C(16)-C(15)-C(14)      120.3(2)  

  C(16)-C(15)-H(15A)     119.8  

  C(14)-C(15)-H(15A)     119.8  

  C(17)-C(16)-C(15)      119.4(2)  

  C(17)-C(16)-H(16A)     120.3  

  C(15)-C(16)-H(16A)     120.3  

  C(16)-C(17)-C(18)      120.6(2)  

  C(16)-C(17)-H(17A)     119.7  

  C(18)-C(17)-H(17A)     119.7  

  C(17)-C(18)-C(13)      121.2(2)  

C(17)-C(18)-H(18A)     119.4  

  C(13)-C(18)-H(18A)     119.4  

  C(20)-C(19)-C(24)      118.68(19)  

C(21)-C(20)-H(20A)     119.5  

  C(22)-C(21)-C(20)      120.4(3)  

  C(22)-C(21)-H(21A)     119.8  

  C(20)-C(21)-H(21A)     119.8  
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  C(21)-C(22)-C(23)      119.3(2)  

  C(21)-C(22)-H(22A)     120.4  

  C(23)-C(22)-H(22A)     120.4  

  C(22)-C(23)-C(24)      120.6(3)  

  C(22)-C(23)-H(23A)     119.7  

  C(24)-C(23)-H(23A)     119.7  

  C(19)-C(24)-C(23)      120.2(2)  

  C(19)-C(24)-H(24A)     119.9  

  C(23)-C(24)-H(24A)     119.9 

Table S8. Torsion angles [deg] for compound 6 

                    C(6)-C(1)-C(2)-C(3)                                  -1.1(4)  

                    C(1)-C(2)-C(3)-C(4)                                   0.8(4)  

                    C(2)-C(3)-C(4)-C(5)                                   0.3(4)  

                    C(9)-O(1)-C(5)-C(4)                                 174.29(16)  

                    C(9)-O(1)-C(5)-C(6)                                  -5.6(2)  

                    C(3)-C(4)-C(5)-O(1)                                 179.02(19)  

                    C(3)-C(4)-C(5)-C(6)                                  -1.1(3)  

                    C(2)-C(1)-C(6)-C(5)                                   0.3(3)  

                    C(2)-C(1)-C(6)-C(7)                                 178.1(2)  

                    O(1)-C(5)-C(6)-C(1)                                -179.37(17)  

                    C(4)-C(5)-C(6)-C(1)                                   0.7(3)  

                    O(1)-C(5)-C(6)-C(7)                                   2.8(3)  

                    C(4)-C(5)-C(6)-C(7)                                -177.11(18)  

                    C(1)-C(6)-C(7)-C(8)                                -146.89(19)  

                    C(5)-C(6)-C(7)-C(8)                                  30.8(2)  

                    C(1)-C(6)-C(7)-C(11)                                 94.0(2)  

                    C(5)-C(6)-C(7)-C(11)                                -88.2(2)  

                    C(6)-C(7)-C(8)-C(9)                                 -60.74(18)  

                    C(11)-C(7)-C(8)-C(9)                                 61.64(17)  

                    C(10)-O(2)-C(9)-O(1)                                -65.69(16)  

                    C(10)-O(2)-C(9)-C(19)                               179.81(13)  

                    C(10)-O(2)-C(9)-C(8)                                 56.51(17)  

                    C(5)-O(1)-C(9)-O(2)                                  95.67(16)  

                    C(5)-O(1)-C(9)-C(19)                               -148.64(14)  

                    C(5)-O(1)-C(9)-C(8)                                 -26.3(2)  

                    C(7)-C(8)-C(9)-O(2)                                 -61.37(18)  

                    C(7)-C(8)-C(9)-O(1)                                  59.95(17)  

                    C(7)-C(8)-C(9)-C(19)                                178.26(14)  

                    C(9)-O(2)-C(10)-C(11)                               -52.27(18)  

                    O(2)-C(10)-C(11)-C(12)                              177.34(13)  

                    O(2)-C(10)-C(11)-C(7)                                51.12(19)  

                    C(6)-C(7)-C(11)-C(10)                                62.24(19)  

                    C(8)-C(7)-C(11)-C(10)                               -56.44(17)  

                    C(6)-C(7)-C(11)-C(12)                               -62.6(2)  

                    C(8)-C(7)-C(11)-C(12)                               178.76(14)  

                    C(10)-C(11)-C(12)-C(13)                              73.6(2)  
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                    C(7)-C(11)-C(12)-C(13)                             -162.73(16)  

                    C(11)-C(12)-C(13)-C(14)                              89.7(2)  

                    C(11)-C(12)-C(13)-C(18)                             -89.7(2)  

                    C(18)-C(13)-C(14)-C(15)                              -0.9(3)  

                    C(12)-C(13)-C(14)-C(15)                             179.6(2)  

                    C(13)-C(14)-C(15)-C(16)                               0.8(4)  

                    C(14)-C(15)-C(16)-C(17)                               0.6(4)  

                    C(15)-C(16)-C(17)-C(18)                              -1.8(4)  

                    C(16)-C(17)-C(18)-C(13)                               1.6(4)  

                    C(14)-C(13)-C(18)-C(17)                              -0.3(3)  

                    C(12)-C(13)-C(18)-C(17)                             179.17(19)  

                    O(2)-C(9)-C(19)-C(20)                               -15.2(2)  

                    O(1)-C(9)-C(19)-C(20)                              -132.06(16)  

                    C(8)-C(9)-C(19)-C(20)                               106.72(18)  

                    O(2)-C(9)-C(19)-C(24)                               167.80(15)  

                    O(1)-C(9)-C(19)-C(24)                                50.97(19)  

                    C(8)-C(9)-C(19)-C(24)                               -70.3(2)  

                    C(24)-C(19)-C(20)-C(21)                              -1.4(3)  

                    C(9)-C(19)-C(20)-C(21)                             -178.41(17)  

                    C(19)-C(20)-C(21)-C(22)                               0.7(3)  

                    C(20)-C(21)-C(22)-C(23)                               0.8(3)  

                    C(21)-C(22)-C(23)-C(24)                              -1.4(3)  

                    C(20)-C(19)-C(24)-C(23)                               0.8(3)  

                    C(9)-C(19)-C(24)-C(23)                              177.85(16)  

                    C(22)-C(23)-C(24)-C(19)                               0.6(3)  
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7. HPLC Charts for Enantioenriched Flavonoids 

 

 

Figure S2 HPLC Charts of Compound 3a  
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Figure S3 HPLC Charts of Compound 3b   
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Figure S4 HPLC Charts of Compound 3c   
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Figure S5 HPLC Charts of Compound 3d   
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Figure S6 HPLC Charts of Compound 3e   
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Figure S7 HPLC Charts of Compound 3f   
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Figure S8 HPLC Charts of Compound 3g 



S31 

 

 

 

Figure S9 HPLC Charts of Compound 3h 
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Figure S10 HPLC Charts of Compound 3i 
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Figure S11 HPLC Charts of Compound 3j 
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Figure S12 HPLC Charts of Compound 3k 
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Figure S13 HPLC Charts of Compound 3l 
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Figure S14 HPLC Charts of Compound 3m 
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Figure S15 HPLC Charts of Compound 3n 
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Figure S16 HPLC Charts of Compound 3o 
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Figure S17 HPLC Charts of Compound 3p 
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Figure S18 HPLC Charts of Compound 2-epi-3p 
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Figure S19 HPLC Charts of Compound 5 
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Figure S20 HPLC Charts of Compound 6a 
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Figure S21 HPLC Charts of Compound 6 
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8. 1
H & 
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C NMR Data for Substrate Scope and Derivatization 
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Figure S22 
1
H and 
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C NMR Spectrum of Compound 1a  
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Figure S23 
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C NMR Spectrum of Compound 1h   
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Figure S24 
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C NMR Spectrum of Compound 1i  
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Figure S25 
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Figure S26 
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C NMR Spectrum of Compound 1k 
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Figure S27 
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Figure S28 
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Figure S29 
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C NMR Spectrum of Compound 1n 
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Figure S30 
1
H and 
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C NMR Spectrum of Compound 1o 
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Figure S31 
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C NMR Spectrum of Compound 1p 
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Figure S32 
1
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Figure S33 
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H and 
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Figure S34 
1
H and 
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Figure S35 
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C NMR Spectrum of Compound 3d 



S67 

 

  



S68 

 

 

 

 

Figure S36 
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C NMR Spectrum of Compound 3e 
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Figure S37 
1
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C NMR Spectrum of Compound 3f 
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Figure S38 
1
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C NMR Spectrum of Compound 3g 
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Figure S39 
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Figure S40 
1
H and 
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C NMR Spectrum of Compound 3i 
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Figure S41 
1
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C NMR Spectrum of Compound 3j 
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Figure S42 
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C NMR Spectrum of Compound 3k 
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Figure S43 
1
H and 
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C NMR Spectrum of Compound 3l 
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Figure S44 
1
H and 
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C NMR Spectrum of Compound 3m  
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Figure S45 
1
H and 
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C NMR Spectrum of Compound 3n 
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Figure S46 
1
H and 
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C NMR Spectrum of Compound 3o 
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Figure S47 
1
H and 
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C NMR Spectrum of Compound 3p 
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Figure S48 
1
H and 
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C NMR Spectrum of Compound 5 
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Figure S49 
1
H and 
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C NMR Spectrum of Compound 6a 



S93 

 

  



S94 

 

 

 

 

Figure S50 
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H and 
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C NMR Spectrum of Compound 6 
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Figure S51 
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S97 

 

  



S98 

 

9. References 

1. Barrios Antúnez, D. J., Greenhalgh, M. D., Fallan, C., Slawin, A. M. Z. & Smith, A. D. Enantioselective 

synthesis of 2,3-disubstituted trans-2,3-dihydrobenzofurans using a Brønsted base/thiourea bifunctional catalyst. 

Org Biomol Chem 14, 7268-7274 (2016). 

2. Maes, D. et al. Total synthesis of naturally occurring 5,6,7- and 5,7,8-trioxygenated coumarins. Tetrahedron 64, 

4438-4443 (2008). 

3. Harrowven, D. C. et al. Potassium carbonate–silica: a highly effective stationary phase for the chromatographic 

removal of organotin impurities. Chem. Commun. 46, 6335-6337 (2010). 

4. Porzel, A. et al. Fissistigmatins A–D: Novel Type Natural Products with Flavonoid–Sesquiterpene Hybrid 

Structure from Fissistigma bracteolatum. Tetrahedron 56, 865-872 (2000). 

 


