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1. General 

Air and moisture-sensitive reactions were carried out in oven-dried glassware sealed with 

rubber septa under a positive pressure of dry argon. Similarly sensitive liquids and solutions were 

transferred via syringe. Reactions were stirred using Teflon-coated magnetic stir bars. Elevated 

temperatures were maintained using Thermostat-controlled silicone oil baths. For the copper-

catalyzed Ullmann-type coupling reaction, a sealed tube (25 mL) or Teflon-lined autoclave (1 L, 

GKCF-S-1, Gongyi yingyu Gaoke Instruments Factory) was used. Organic solutions were 

concentrated using an Ika rotary evaporator with a desktop vacuum pump. Analytical TLC was 

performed with 0.25 mm silica gel G plates with a 254 nm fluorescent indicator. The TLC plates 

were visualized by ultraviolet light and treatment with KMnO4 or phosphomolybdic acid stain 

followed by gentle heating. Purification of products was accomplished by flash chromatography 

on silica gel and the purified compounds showed a single spot by analytical TLC. 

Synthetic reagents were purchased from Bidepharm, Macklin, and Meryer and used without 

further purification, unless otherwise indicated. The solvents were used directly without 

purification. 

NMR spectra were measured on Bruker ARX 400 (1H at 400 MHz, 13C at 101 MHz) nuclear 

magnetic resonance spectrometers. 1H-NMR spectra are reported relative to Me4Si (0.00 ppm) or 

residual solvent signals (d6-DMSO: 2.50 ppm, D2O: 4.79 ppm). Data for 1H-NMR spectra are 

reported as follows: chemical shift (ppm, s = singlet, brs = broad singlet, d = doublet, t = triplet, q 

= quartet, dd = doublet of doublets, dt = doublet of triplets, dm = doublet of multiplet, ddd = 

doublet of doublet of doublets, tdd = triplet of doublet of doublets, m = multiplet), coupling 

constant (Hz), and integration. Data for 13C-NMR are reported in terms of chemical shift (ppm) 

relative to residual solvent peak (CDCl3: 77.00 ppm, d6-DMSO: 39.52 ppm). Melting points were 

determined on RY-1G melting point apparatus and are uncorrected. 

Abbreviations: 

Ac = acetyl 

m.p. = melting point 

DMSO = dimethyl sulfoxide 

DCM = dichloromethane 

DMF = N, N-dimethylformamide 

EA = ethyl acetate 

LiHMDS = lithium hexamethyldisilazide 

NBS = N-bromosuccinimide 

PE = petroleum ether 

TLC = thin layer chromatography 

THF = tetrahydrofuran 
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2. Experimental section. 

 

To a suspension of 2',4',6'-trihydroxyacetophenone (100.00 g, 0.59 mol, 1.0 eq) and K2CO3 

(205.0 g, 1.49 mmol, 2.5 eq) in 550 mL DMF, was added dimethyl sulfate (123 mL, 1.31 mmol, 

2.2 eq) at 0 ˚C. The mixture was then stirred for 1 h at room temperature, until TLC indicated the 

disappearance of starting material. The reaction was quenched by adding H2O (1.5 L), and stirred 

for another 1 h. The precipitated solid was collected by filtration to yield the desired product 3 

(106.80 g, 92%) as an off-white solid. 

3: M. p. = 76˗78 ˚C. Rf = 0.53 (PE/EA 10:1). 1H NMR (400 MHz, CDCl3) δ 14.03 (s, 1H), 6.06 (d, 

J = 2.2 Hz, 1H), 5.92 (d, J = 2.2 Hz, 1H), 3.85 (s, 3H), 3.82 (s, 3H), 2.61 (s, 3H). The 1H NMR 

spectrum is consistent with the literature.[1] 

 

 

To a solution of compound 3 (106.80 g, 0.54 mol, 1.0 eq) in 640 mL DMF, was added NBS 

(203.50 g, 1.14 mol, 2.1 eq) at 0 ˚C. The mixture was then stirred for 1 h at room temperature, 

until TLC indicated the disappearance of starting material. The reaction was quenched by adding 

H2O (3 L), and stirred for another 1 h. The crude product was obtained by simple filtration and 

then suspended in 1 L of 50% ethanol while stirring for 1 hour. The desired product 4 was 

obtained by filtration as a light-yellow solid (182.01 g, 94%). 

4: M. p. = 110˗112 ˚C. Rf = 0.67 (PE/EA 10:1). 1H NMR (400 MHz, CDCl3) δ 13.79 (s, 1H), 3.95 

(s, 3H), 3.92 (s, 3H), 2.77 (s, 3H). The 1H NMR spectrum is consistent with the literature.[2] 

 

 
A suspension of MeONa/MeOH (30 wt%, ca. 5mol/L, 12 mL, 60 mmol, 7 eq), CuCl (168 mg, 

20 mol%), 2-aminopyridine (160 mg, 20 mol%), and 4 (3.00 g, 8.47 mmol) in 6 mL MeOH was 

heated to 115 °C in a 25 mL of sealed tube, with stirring. After completion of the reaction, the 

reactor was cooled to room temperature. The resulting mixture was quenched with diluted sulfuric 

acid and then extracted with EA (60 mL×3). The combined organic layers were dried over 

anhydrous Na2SO4 and concentrated to give a residue which was purified by column 

chromatography on silica gel (PE/EA = 5:1 to 1:1) to afford 5 (1.43 g, 66%) as a yellow oil and 5’ 
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(0.20 g, 10%) as a light-yellow solid. 

 

The reaction was then scaled up using a Teflon-lined autoclave: 

 
A suspension of MeONa/MeOH (30 wt%, ca. 5mol/L, 315 mL, 1.57 mol, 6 eq), CuCl (5.04 g, 

20 mol%), 2-aminopyridine (4.80 g, 20 mol%), and 4 (90.00 g, 0.25 mmol) in 225 mL MeOH was 

heated to 115 °C in a 1.0 L of Teflon-lined autoclave, with stirring (The maximum pressure can 

reach 5 atm!). After completion of the reaction (about 5 h), the reactor was cooled to room 

temperature. The resulting mixture was quenched with diluted sulfuric acid and then extracted 

with EA (1 L×2).  The combined organic layers were dried over anhydrous Na2SO4 and 

concentrated to give a residue which was purified by column chromatography on silica gel (PE/EA 

= 5:1 to 1:1) to afford 5 (41.75 g, 64%) as a yellow oil and 5’ (5.70 g, 10%) as a light-yellow solid. 

5: Major product. Rf = 0.50 (PE/EA 10:1).1H NMR (400 MHz, CDCl3) δ 13.16 (s, 1H), 4.08 (s, 

3H), 3.95 (s, 3H), 3.86 (s, 3H), 3.81 (s, 3H), 2.68 (s, 3H). The 1H NMR spectrum is consistent 

with the literature.[3] 

5’: Minor product. M. p. = 110˗112 ˚C, Rf = 0.30 (PE/EA 5:1). 1H NMR (400 MHz, CDCl3) δ 

13.81 (s, 1H), 5.97 (s, 1H), 3.94 (s, 3H), 3.90 (s, 3H), 3.81 (s, 3H), 2.62 (s, 3H). The 1H NMR 

spectrum and the melting point are consistent with those of 2-hydroxy-3,4,6-trimethoxy 

acetophenone, which indicates that the bromine atom in the para position of the phenolic hydroxyl 

group was removed.[4] 
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Condition A: To a suspension of 5 (1.80 g, 7.02 mmol, 1.0 eq) and 6a[3] (2.19 g, 7.73 mmol, 

1.1 eq) in THF (10 mL) was added LiHMDS (1 M solution in THF, 21 mL, 21 mmol, 3.0 eq) at 

0 °C. The reaction mixture was then stirred at room temperature for 1 h, until TLC indicated the 

disappearance of starting material. The resulting mixture was quenched with saturated aqueous 

NH4Cl and extracted with EA (80 mL×3). The combined organic layer was washed with brine, 

dried over anhydrous Na2SO4, and concentrated under reduced pressure. The crude product was 

purified by recrystallization from MeOH to afford 8 (2.3 g, 77%) as a yellow solid. The product 

was applied to the following reaction without characterization. 

Condition B: To a suspension of NaH (60%, 31.20 g, 0.78 mol, 4 eq) in THF (500mL) was 

added methyl 3,4-dimethoxybenzoate 7a (50.00 g, 0.255 mol, 1.3 eq) and 5 (50.00 g, 0.195 mol, 

1.0 eq), and the reaction mixture was then stirred at 65 °C for 4 h, until TLC indicated the 

disappearance of starting material. The resulting mixture was quenched with diluted sulfuric acid 

and extracted with EA (1 L×3). The combined organic layer was washed twice with saturated 

aqueous NaHCO3, dried over anhydrous Na2SO4, and concentrated under reduced pressure. The 

crude product was purified by recrystallization from MeOH to afford 8 (62.77 g, 76%) as a yellow 

solid. The product was applied to the following reaction without characterization. 

 

 

To a suspension of 8 (68.50 g, 163 mmol) in HOAc (550 mL) was added NaOAc (102.75 g, 

1.25 mol, 7.7 eq) at room temperature. The reaction mixture was then stirred at 100 °C for 3 h, 

until TLC indicated the disappearance of starting material. The resulting clear solution was poured 

into water (1.5 L), and stirred at room temperature for 30 min. The precipitated solid was collected 

by filtration. The crude product was purified by recrystallization from EA/PE to afford 1a (61.63 g, 

94%) as a light-yellow solid. 

Nobiletin (1a): M. p. = 136˗138 ˚C, Rf = 0.53 (PE/EA 1:1). 1H NMR (400 MHz, DMSO) δ 7.64 

(dd, J = 8.5, 2.1 Hz, 1H), 7.54 (d, J = 2.1 Hz, 1H), 7.15 (d, J = 8.5 Hz, 1H), 6.86 (s, 1H), 4.02 (s, 

3H), 3.97 (s, 3H), 3.88 (s, 3H), 3.85 (s, 3H), 3.84 (s, 3H), 3.78 (s, 3H). 13C NMR (101 MHz, 

DMSO) δ 175.81, 160.27, 151.76, 150.94, 149.02, 147.51, 147.15, 143.52, 137.66, 123.14, 119.33, 

114.27, 111.86, 108.93, 106.30, 61.88, 61.79, 61.50, 61.39, 55.71, 55.68. The 1H NMR and 13C 

NMR spectra are consistent with the literature.[5] 
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To a suspension of 5 (2.00 g, 7.80 mmol, 1.0 eq) and benzotriazole derivative 6b[6] (2.19 g, 

8.64 mmol, 1.1 eq) in THF (10 mL) was added LiHMDS (1 M solution in THF, 23 mL, 23 mmol, 

3.0 eq) at 0 °C. The reaction mixture was then stirred at room temperature for 1 h, until TLC 

indicated the disappearance of starting material. The resulting mixture was quenched with 

saturated aqueous NH4Cl and extracted with EA (80 mL×3). The combined organic layer was 

washed with brine, dried over anhydrous Na2SO4, and concentrated under reduced pressure. The 

crude product was purified by column chromatography on silica gel (PE/EA = 5:1) to afford a 

yellow oil intermediate. The intermediate was applied to the following reaction without 

characterization. 

The above obtained yellow oil (2.92 g) was dissolved in HOAc (29 mL). Then NaOAc (9.20 

g, 112.15 mmol, 15 eq) was added at room temperature. The reaction mixture was then stirred at 

100 °C for 3 h, until TLC indicated the disappearance of starting material. The reaction mixture 

was concentrated under reduced pressure to remove HOAc. Then water and saturated aqueous 

Na2CO3 was added, and the aqueous layers were extracted with EA (60 mL×3). The combined 

organic layer was washed with brine, dried over Na2SO4 and concentrated. The crude product was 

purified by recrystallization from EA/PE to afford 1b (2.55 g, 88%, 2 steps) as an off-white solid. 

Tangeretin (1b): M. p. = 150˗152 ˚C, Rf = 0.27 (PE/EA 2:1). 1H NMR (400 MHz, DMSO) δ 7.96 

(d, J = 8.9 Hz, 2H), 7.10 (d, J = 8.9 Hz, 2H), 6.72 (s, 1H), 4.02 (s, 3H), 3.95 (s, 3H), 3.83 (s, 6H), 

3.78 (s, 3H). 13C NMR (101 MHz, DMSO) δ 175.75, 161.98, 160.34, 150.93, 147.52, 147.14, 

143.56, 137.74, 127.73, 123.05, 114.63, 114.31, 106.05, 61.89, 61.84, 61.51, 61.39, 55.49. The 1H 

NMR and 13C NMR spectra are consistent with the literature.[7] 

 

 

To a solution of tangeretin (1b) (1.00 g, 2.68 mmol, 1.0 eq) in DCM (20 mL) was added BCl3 

(1 M solution in DCM, 10 mL, 10 mmol, 3.7 eq) at ˗20 °C. The mixture was then stirred at ˗20 °C 

for 10 min. When TLC indicated the disappearance of starting material, the resulting mixture was 

quenched with saturated aqueous NaHCO3 and filtrated through a short pad of celite. The resulting 

filtrate was extracted with EA (80 mL×3) and the combined organic layer was washed with brine, 

dried over anhydrous Na2SO4, yielding a crude product that was further purified by 

recrystallization from EA/PE to afford 1d (0.92 g, 96%) as a light-yellow solid. 

Gardenin B (1d): M. p. = 180˗182 ˚C, Rf = 0.29 (PE/EA 5:1). 1H NMR (400 MHz, CDCl3) δ 
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12.58 (s, 1H), 7.88 (d, J = 8.8 Hz, 2H), 7.02 (d, J = 8.8 Hz, 2H), 6.59 (s, 1H), 4.12 (s, 3H), 3.98 (s, 

3H), 3.96 (s, 3H), 3.89 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 182.93, 163.97, 162.69, 152.87, 

149.43, 145.70, 136.44, 132.91, 128.00, 123.36, 114.53, 106.90, 103.65, 62.08, 61.65, 61.06, 

55.48. The 1H NMR and 13C NMR spectra are consistent with the literature.
[8]

 

 

 

To a suspension of 5 (2.00 g, 7.80 mmol, 1.0 eq) and benzotriazole derivative 6c[9] (2.70 g, 

8.62 mmol, 1.1 eq) in THF (10 mL) was added LiHMDS (1 M solution in THF, 23 mL, 23 mmol, 

3.0 eq) at 0 °C. The reaction mixture was then stirred at room temperature for 1 h, until TLC 

indicated the disappearance of starting material. The resulting mixture was quenched with 

saturated aqueous NH4Cl and extracted with EA (80 mL×3). The combined organic layer was 

washed with brine, dried over anhydrous Na2SO4, and concentrated under reduced pressure. The 

crude product was purified by column chromatography on silica gel (PE/EA = 5:1 then 3:1) to 

afford a yellow semi-solid intermediate. The intermediate was applied to the following reaction 

without characterization. 

The above obtained yellow intermediate (2.82 g) was dissolved in HOAc (28 mL). Then 

NaOAc (7.70 g, 93.87 mmol, 15 eq) was added at room temperature. The reaction mixture was 

then stirred at 100 °C for 3 h, until TLC indicated the disappearance of starting material. The 

reaction mixture was concentrated under reduced pressure to remove HOAc. Then water and 

saturated aqueous Na2CO3 was added, and the aqueous layers were extracted with EA (60 mL×3). 

The combined organic layer was washed with brine, dried over Na2SO4 and concentrated. The 

crude product was purified by recrystallization from EA/PE to afford 1c’ (2.03 g, 60%, 2 steps) as 

an off-white solid. 

5'-Methoxynobiletin (1c’): M. p. = 115˗117 ˚C, Rf = 0.25 (PE/EA 2:1). 1H NMR (400 MHz, 

DMSO) δ 7.29 (s, 2H), 6.94 (s, 1H), 4.02 (s, 3H), 3.98 (s, 3H), 3.89 (s, 6H), 3.84 (s, 3H), 3.78 (s, 

3H), 3.74 (s, 3H). 13C NMR (101 MHz, DMSO) δ 175.93, 159.86, 153.25, 151.09, 147.54, 147.21, 

143.57, 140.35, 137.62, 126.18, 114.26, 107.28, 103.39, 61.90, 61.77, 61.52, 61.43, 60.20, 56.07. 

The 1H NMR and 13C NMR spectra are consistent with the literature.[10] 

 

 

To a solution of 1c’ (1.00 g, 2.31 mmol, 1.0 eq) in DCM (20 mL) was added BCl3 (1 M 
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solution in DCM, 10 mL, 10 mmol, 4.3 eq) at ˗20 °C. The mixture was then stirred at ˗20 °C for 

10 min. When TLC indicated the disappearance of starting material, the resulting mixture was 

quenched with saturated aqueous NaHCO3 and filtrated through a short pad of celite. The resulting 

filtrate was extracted with EA (80 mL×3) and the combined organic layer was washed with brine, 

dried over anhydrous Na2SO4, yielding a crude product that was further purified by 

recrystallization from EA/PE to afford 1c (0.92 g, 95%) as a light-yellow solid. 

Gardenin A (1c): M. p. = 163˗165 ˚C, Rf = 0.40 (PE/EA 3:1). 1H NMR (400 MHz, CDCl3) δ 

12.46 (s, 1H), 7.17 (s, 2H), 6.63 (s, 1H), 4.12 (s, 3H), 3.98 (s, 3H), 3.97 (s, 6H), 3.96 (s, 3H), 3.94 

(s, 3H). 13C NMR (101 MHz, CDCl3) δ 182.92, 163.62, 153.60, 153.09, 149.49, 145.73, 141.58, 

136.61, 132.90, 126.29, 106.96, 104.78, 103.67, 61.96, 61.69, 61.09, 61.03, 56.24. The 1H NMR 

and 13C NMR spectra are consistent with the literature.[11] 

 

To a stirred solution of 5 (616 mg, 2.4 mmol, 1 equiv) in DMF (6 mL) were added NaH (0.23 

g, 9.60 mmol, 4.0 eq, previously washed with PE to remove mineral oil) and 3-hydroxy-4,5-

dimethoxybenzaldehyde (438 mg, 2.40 mmol, 1 equiv). After stirring at rt for 1 h, the reaction 

mixture was quenched with 1 M HCl aq, and the resulting mixture was extracted with EtOAc. The 

organic layer was washed with brine, dried over anhydrous Na2SO4, and concentrated. The crude 

product was purified by column chromatography on silica gel (PE/EA = 5:1) to afford an orange 

oil intermediate. The intermediate was applied to the following reaction without characterization. 

The above obtained chalcone intermediate (0.91 g, 2.16 mmol) was dissolved in DMSO (9 

mL). I2 (55 mg, 0.217 mmol, 10 mol%) was added, and the mixture was stirred at 120 ˚C for 2 h. 

When TLC indicated the disappearance of starting material, the reaction mixture was cooled to 

room temperature, and then water and saturated aqueous NaHSO3 was added. The aqueous layers 

were extracted with EA (40 mL×3). The combined organic layer was washed with brine, dried 

over Na2SO4 and concentrated. The crude product was purified by recrystallization from EA/PE to 

afford 1e’ (0.89 g, 88%, 2 steps) as an off-white solid. 

1e’: M. p. = 198˗199 ˚C, Rf = 0.41 (PE/EA 1:1). 1H NMR (400 MHz, CDCl3) δ 7.24 (d, J = 2.0 Hz, 

1H), 7.04 (d, J = 2.0 Hz, 1H), 6.63 (s, 1H), 6.43 (brs, 1H), 4.11 (s, 3H), 4.03 (s, 3H), 3.99 (s, 3H), 

3.97 – 3.93 (m, 9H). 13C NMR (101 MHz, CDCl3) δ 177.41, 160.87, 152.59, 151.50, 149.83, 

148.31, 147.70, 144.08, 138.42, 138.00, 127.00, 114.74, 107.61, 106.58, 102.01, 62.20, 61.95, 

61.76, 61.60, 61.03, 55.95. The 1H NMR and 13C NMR spectra are consistent with the literature.[12] 
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To a solution of 1e’ (0.89 g, 2.13 mmol, 1.0 eq) in DCM (20 mL) was added BCl3 (1 M 

solution in DCM, 9 mL, 9 mmol, 4.2 eq) at ˗20 °C. The mixture was then stirred at ˗20 °C for 10 

min. When TLC indicated the disappearance of starting material, the resulting mixture was 

quenched with saturated aqueous NaHCO3 and filtrated through a short pad of celite. The resulting 

filtrate was extracted with EA (50 mL×3) and the combined organic layer was washed with brine, 

dried over anhydrous Na2SO4, yielding a crude product that was further purified by column 

chromatography on silica gel (PE/EA = 1:1) to afford 1e (0.67 g, 78%) as a yellow solid. 

Gardenin C (1e): M. p. = 180˗181 ˚C, Rf = 0.34 (PE/EA 3:1). 1H NMR (400 MHz, CDCl3) δ 

12.48 (s, 1H), 7.22 (d, J = 2.0 Hz, 1H), 7.05 (d, J = 2.0 Hz, 1H), 6.61 (s, 1H), 6.18 (s, 1H), 4.12 (s, 

3H), 4.00 (s, 3H), 3.98 (s, 3H), 3.96 (s, 3H), 3.95 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 182.98, 

163.63, 153.08, 152.55, 149.74, 149.42, 145.77, 138.77, 136.54, 132.95, 126.69, 106.96, 106.76, 

104.84, 102.33, 62.07, 61.69, 61.11(×2), 55.98. The 1H NMR and 13C NMR spectra are 

consistent with the literature.[13] 

 

 

To a stirred solution of 5 (2.53 g, 9.87 mmol, 1 equiv) in DMF (20 mL) were added NaH 

(946 mg, 39.42 mmol, 4.0 eq, previously washed with PE to remove mineral oil) and Isovanillin 

(1.50 g, 9.87 mmol, 1 equiv). After stirring at rt for 1 h, the reaction mixture was quenched with 1 

M HCl aq, and the resulting mixture was extracted with EtOAc. The organic layer was washed 

with brine, dried over anhydrous Na2SO4, and concentrated. The crude product was applied to the 

following reaction without characterization. 

The above obtained chalcone intermediate was dissolved in DMSO (35 mL). I2 (250 mg, 

0.985 mmol, 10 mol%) was added, and the mixture was stirred at 120 ˚C for 2 h. When TLC 

indicated the disappearance of starting material, the reaction mixture was cooled to room 

temperature, and then water and saturated aqueous NaHSO3 was added. The aqueous layers were 

extracted with EA (100 mL×3). The combined organic layer was washed with brine, dried over 

Na2SO4 and concentrated. The crude product was purified by recrystallization from EA/PE to 

afford 1f’ (3.30 g, 86%, 2 steps) as a yellow solid. 

3'-Demethylnobiletin (1f’): M. p. = 170˗171 ˚C, Rf = 0.38 (PE/EA 1:1). 1H NMR (400 MHz, 

CDCl3) δ 7.53 (d, J = 2.2 Hz, 1H), 7.47 (dd, J = 8.5, 2.2 Hz, 1H), 6.96 (d, J = 8.5 Hz, 1H), 6.61 (s, 
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1H), 6.44 (s, 1H), 4.11 (s, 3H), 4.03 (s, 3H), 3.97 – 3.93 (m, 9H). 13C NMR (101 MHz, CDCl3) δ 

177.41, 161.18, 151.33, 149.55, 148.23, 147.67, 146.11, 143.95, 137.98, 124.42, 118.66, 114.71, 

112.26, 110.76, 106.82, 62.16, 61.98, 61.73, 61.56, 55.98. The 1H NMR and 13C NMR spectra are 

consistent with the literature.[14] 

 

 

To a solution of 1f’ (1.50 g, 3.86 mmol, 1.0 eq) in DCM (15 mL) was added BCl3 (1 M 

solution in DCM, 15 mL, 15 mmol, 3.9 eq) at ˗20 °C. The mixture was then stirred at ˗20 °C for 

10 min. When TLC indicated the disappearance of starting material, the resulting mixture was 

quenched with saturated aqueous NaHCO3 and filtrated through a short pad of celite. The resulting 

filtrate was extracted with EA (50 mL×3) and the combined organic layer was washed with brine, 

dried over anhydrous Na2SO4, yielding a crude product that was further purified by 

recrystallization from EA/PE to afford 1e (0.97g, 68%) as a yellow solid. 

Gardenin D (1f): M. p. = 197˗198 ˚C, Rf = 0.68 (PE/EA 1:1). 1H NMR (400 MHz, CDCl3) δ 

12.56 (s, 1H), 7.54 – 7.42 (m, 2H), 6.97 (d, J = 9.1 Hz, 1H), 6.58 (s, 1H), 5.91 (s, 1H), 4.12 (s, 

3H), 3.98 (s, 3H), 3.98 (s, 3H), 3.95 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 182.99, 163.92, 

152.96, 149.80, 149.43, 146.07, 145.79, 136.50, 132.99, 124.34, 119.24, 112.34, 110.75, 106.98, 

104.13, 62.14, 61.68, 61.10, 56.12. The 1H NMR and 13C NMR spectra are consistent with the 

literature.[15] 

 

 

To a suspension of 5’ (1.94 g, 8.57 mmol, 1.0 eq) and 6a (2.67 g, 9.42 mmol, 1.1 eq) in THF 

(10 mL) was added LiHMDS (1 M solution in THF, 25 mL, 25 mmol, 3.0 eq) at 0 °C. The 

reaction mixture was then stirred at room temperature for 1 h, until TLC indicated the 

disappearance of starting material. The resulting mixture was quenched with saturated aqueous 

NH4Cl and extracted with EA (80 mL×3). The combined organic layer was washed with brine, 

dried over anhydrous Na2SO4, and concentrated under reduced pressure. The crude product was 
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purified by recrystallization from MeOH to afford 9 (2.85 g, 85%) as a light-yellow solid. The 

product was applied to the following reaction without characterization. 

To a solution of 9 (2.85 g, 7.30 mmol) in HOAc (28 mL) was added NaOAc (8.98 g, 109.47 

mmol, 15 eq) at room temperature. The reaction mixture was then stirred at 100 °C for 10 h, until 

TLC indicated the disappearance of starting material. The reaction mixture was concentrated 

under reduced pressure to remove HOAc. Then water and saturated aqueous Na2CO3 was added, 

and the aqueous layers were extracted with EA (50 mL×3). The combined organic layer was 

washed with brine, dried over Na2SO4 and concentrated. The crude product was purified by 

recrystallization from EA/PE to afford 1g (1.96 g, 72%) as a light-yellow solid. 

Isosinensetin (1g): M. p. = 198˗200 ˚C, Rf = 0.37 (EA). 1H NMR (400 MHz, CDCl3) δ 7.58 (dd, J 

= 8.5, 1.9 Hz, 1H), 7.41 (d, J = 1.9 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 6.60 (s, 1H), 6.44 (s, 1H), 

4.01 (s, 3H), 3.99 (s, 3H), 3.97 (s, 3H), 3.96 (s, 3H), 3.95 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 

177.64, 160.30, 156.33, 156.14, 151.77, 151.63, 149.07, 130.54, 123.86, 119.38, 111.05, 108.81, 

108.37, 106.96, 92.38, 61.32, 56.42, 56.14, 55.90, 55.78. The 1H NMR and 13C NMR spectra are 

consistent with the literature.[16] 
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4. 1H and 13C-NMR Spectra 
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Compound 4 
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Compound 5 
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Compound 5’ 
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Nobiletin (1a) 
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Tangeretin (1b) 
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Gardenin B (1d) 
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5'-Methoxynobiletin (1c’) 
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Gardenin A (1c) 
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Compound 1e’ 
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Gardenin C (1e) 
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3'-Demethylnobiletin (1f’) 
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Gardenin D (1f) 
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Isosinensetin (1g) 
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