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SI-1 Table for NMR Data of GFC and Xanthochymol 

Table S1. The 1H NMR Data of GFC and Xanthochymol in Different Solvent 

 

no. GFCa,b xanthochymolb 

(synthetic) 

xanthochymolc 

(synthetic) 

xanthochymolc 

(natural)d 

6 2.37, brd (13.9) 2.37, brd (13.9) 2.25, d (14.0) 2.26, m 

 2.07, brd (13.9) 2.06, dd (13.9, 6.8) 2.04, m 2.05, m 

7 1.45, m 1.43, m 1.50, m 1.51, m 

     

10 2.74, brd (13.6) 2.73, dd (13.5, 9.8) 2.71, dd (13.5, 9.4) 2.77, m 

 2.58, brd (13.6) 2.58, brd (13.5) 2.54, m 2.51, m 

11 5.09, t (7.2) 5.08, t (7.5) 5.03, m 5.07, m 

13 1.80, s 1.80, s 1.73, s 1.74, s 

14 1.73, s 1.74, s 1.68, s 1.69, s 

17 7.03, d (1.7) 6.99, s 7.18, d (2.1) 7.21, d (2.1) 

20 6.67, d (8.2) 6.66, d (8.5) 6.70, d (8.3) 6.72, d (8.0) 

21 7.01, dd (8.2, 1.7) 7.00, d (8.5) 6.98, dd (8.3, 2.1) 7.00, dd (8.0, 2.1) 

22  2.17, m 2.01, m 2.02, m 

 1.88, m, 2He 1.88, m 1.92, dd, (14.0, 5.7) 1.93, m 

23 2.64 brd (13.6) 2.64, m 2.54, m 2.51, m 

25 4.43, 2H, s 4.42, 4.41, s 4.50, brs, 2H 4.53, brs, 2H 

26 1.56, s 1.55, s 1.60, s 1.59, s 

27 2.12, me 1.47, m, 2H 1.46, m 1.46, m, 2H 

 1.95, me  1.40, m  

28 1.88, m, 2H 1.86, m, 2H 1.87, 1.83, m 1.85, m, 2H 

30 4.66, 4.64, s 4.66, 4.63, s 4.64, 4.62, s 4.65, brs, 2H 

31 1.69, s 1.70, s 1.68, s 1.69, s 

32 2.16, dd (14.5, 8.0) 2.13, m 2.09, m 2.03, m, 2H 

 1.99, dd (14.5, 7.2) 1.95, m 1.98, m  

33 4.91, t (7.2) 4.92, t (7.5) 4.87, overlap 4.88, m 

35 1.70, s 1.70, s 1.65, s 1.67, s 

36 1.53, s 1.53, s 1.49, s 1.50, s 

37 1.15, s  1.15, s 1.15, s 1.17, s 

38 1.00, s 1.00, s 0.99, s 1.01, s 

a Data from J. Nat. Prod. 2008, 246-250. b Recorded in CDCl3. 
c Recorded in methanol-

d4 +0.1% TFA. d Data from J. Nat. Prod. 2000, 1070-1076. e Signals were most probably 

assigned incorrectly. 
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Table S2. The 13C NMR Data of GFC and Xanthochymol in Different Solvent 

 

no. GFCa,b xanthochymolb 

(synthetic) 

xanthochymolc 

(synthetic) 

xanthochymolc 

(natural)d 

Difference 

in CD3OD 

1 69.1 69.7 69.7 69.8 -0.1 

2 194.0 194.4 194.1 194.4 -0.3 

3 116.0 115.9 117.9 117.9 0 

4 198.1 198.4 195.6 195.7 -0.1 

5 57.8 57.9 59.8 59.9 -0.1 

6 42.6 42.5 43.7 43.9 -0.2 

7 46.8 46.8 47.9 48.1 -0.2 

8 49.6 49.6 50.2 50.4 -0.1 

9 209.2 209.3 210.6 209.8 +0.8 

10 26.4 26.3 27.0 27.2 -0.2 

11 120.2 120.2 121.3 121.4 -0.1 

12 135.1 135.2 135.9 136.0 -0.1 

13 26.1 25.8 26.4 26.6 -0.2 

14 17.9 18.2 18.3 18.5 -0.2 

15 195.8 193.9 195.7 196.4 -0.7 

16 128.3 128.1 129.5 129.5 0 

17 116.5 116.5 117.3 117.5 -0.2 

18 143.3 143.4 147.0 147.0 0 

19 149.4 149.5 152.5 152.5 0 

20 114.4 114.3 115.1 115.2 -0.1 

21 124.3 124.2 125.2 125.3 -0.1 

22 36.5e 36.6 37.7 37.8 -0.1 

23 43.6 43.3 44.7 44.8 -0.1 

24 148.1 147.4 148.9 149.0 -0.1 

25 113.2 113.2 113.5 113.7 -0.2 

26 17.1 17.2 17.7 17.9 -0.2 

27 31.9 31.8 32.7 32.9 -0.2 

28 35.5 35.5 36.8 36.9 -0.1 

29 146.0 146.0 146.3 146.5 -0.2 

30 109.6 109.6 110.4 110.6 -0.2 

31 22.5e 22.7 22.8 23.0 -0.2 

32 29.1f 28.9 30.3 30.4 -0.1 

33 123.9 123.8 125.6 125.7 -0.1 

34 132.9 132.9 133.7 133.7 0 

35 25.8e 26.1 26.0 26.1 -0.1 

36 17.7 17.9 18.2 18.4 -0.2 

37 22.7 22.6 23.2 23.3 -0.1 

38 27.0 27.0 27.3 27.5 -0.2 

a Data from J. Nat. Prod. 2008, 246-250. b Recorded in CDCl3. 
c Recorded in methanol-

d4 +0.1% TFA. d Data from J. Nat. Prod. 2000, 1070-1076. e Exchanged signals. f 

Revised data based on the data of its keto-enol tautomeric isomer (J. Nat. Prod. 2008, 

246-250).  
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SI-2 Experimental Procedures 

General Experimental Procedures. NMR spectra were recorded on a Bruker DRX-500 or 

DRX-600 spectrometer with TMS as the internal standard in CDCl3 or CD3OD. Chemical shifts (δ) 

are expressed in ppm with reference to the solvent signals. ESIMS and HREIMS data were acquired 

on an Agilent Q-TOF mass spectrometer. X-ray data were generated using a Bruker Apex Duo 

instrument. Preparative HPLC was performed on an Agilent 1260 HPLC with a Waters SunFire 

C18 OBD 5 μm column (19 × 250 mm). Silica gel (200–300 mesh, Qingdao Marine Chemical Co., 

Ltd.) were used for column chromatography. Fractions were monitored by TLC (GF 254, Qingdao 

Marine Chemical Co., Ltd.), and spots were visualized by heating silica gel plates immersed in 

H2SO4 in ethanol. 

Synthesis of α-ketoester 7 

 

To a solution of cyclohexanone 6 (5.348 g, 30 mmol, 1.0 equiv) in THF (125 mL) was added 

dropwise a solution of LDA (33 mmol, 1.1 equiv) at –78 °C. After stirring the reaction mixture at 

that temperature for 1 h, methyl cyanoformate (5.103 g, 60 mmol, 2.0 equiv) was added. The stirring 

was continued for an additional period of 1 hour, after which the reaction mixture was quenched 

with saturated aq. NH4Cl, allowed to warm to 25 °C, and extracted two times with EtOAc. The 

combined organic layers were washed with brine, dried over Na2SO4 filtered and concentrated in 

vacuo. Purification of the residue by column chromatograph (silica gel, petroleum ether/EtOAc, 9:1) 

to afford α-ketoester 7 (5.734g, 81% yield). 

1H NMR (500 MHz, CDCl3) δ 5.93 (s, 0.5H, b), 5.87 (s, 1H, a), 5.09 (t, J = 7.3 Hz, 1.1H, a), 5.02 

(t, J = 7.0 Hz, 0.6H, b), 3.75 (s, 1.5H, b), 3.74 (s, 3.3H, a), 3.46 (dd, J = 11.3, 5.1 Hz, 1H, a), 3.36 

(dd, J = 13.7, 4.7 Hz, 0.5H, b), 2.48 – 2.29 (m, 4.6H, a + b), 2.21 – 2.10 (m, 2.4H, a + b), 2.08 – 

2.03 (m, 1.7H, a + b), 1.98 (s, 3H, a), 1.97 (s, 1.7H, b), 1.71 (s, 2.9H, a), 1.70 (s, 1.9H, b), 1.62 (s, 
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2.9H, a), 5.93 (s, 1.7H, b); 13C NMR (125 MHz, CDCl3) δ 194.0 (b), 193.7 (a), 171.3 (b), 171.2 

(a), 166.3 (a), 165.4 (b), 134.8 (b), 134.7 (a), 127.2 (b), 126.0 (a), 121.4 (a), 120.3 (b), 53.6 (b), 52.4 

(a), 52.3 (b), 49.7 (a), 39.6 (b), 39.0 (a), 30.9 (b), 30.5 (b), 29.9 (a), 29.6 (a), 26.0 (b), 26.0 (a), 23.2 

(a), 22.4 (b), 18.1 (b), 18.0 (a). 

MS positive ESIMS m/z 259 [M + Na]+, 495 [2M + Na]+. 

Synthesis of ester 9 

 

To a solution of ethyl acetoacetate (10.2 mL, 80 mmol, 1.0 equiv) in anhydrous THF (150 mL) 

was added portion-wise NaH (60 % in mineral oil, 3.68 g, 92 mmol, 1.15 equiv) under argon at 0 ℃. 

After stirring for 1 h the iodide 8 (10 mL, 80mmol, 1.0 equiv) in DMF (50 mL) was added to the 

mixture. The reaction mixture was now allowed to warm to 45 ℃ and stirred overnight in the dark. 

The mixture was quenched with saturated aq. NH4Cl and diluted with EtOAc, extracted three times 

with EtOAc. The combined organic layers were washed with brine, dried over Na2SO4, filtered and 

concentrated. Purification of the residue by column chromatography (silica gel, petroleum 

ether/EtOAc, 10:1) to afford ester 9 (12.988 g, 82% yield). 

The spectral data of ester 9 matched with those in the literature.[1] 

Synthesis of enone 10 

   

To a solution of corresponding ester 9 (9.9 g, 50 mmol, 1.0 equiv) in anhydrous THF (120 mL) 

was successively added Et3N (6.9 mL, 50 mmol, 1.0 equiv) and NaH (60 % in mineral oil, 2.256 g, 

56.4 mmol, 1.15 equiv) under argon at 0 ℃, After stirring for 10 min at this temperature TBSCl 

(11.304 g, 75 mmol, 1.5 equiv) was added and the mixture was stirred for 30 min at 0 ℃. The 
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solution was quenched with saturated aq. NaHCO3 and diluted with EtOAc, extracted three times 

with EtOAc. The combined organic layers were washed with brine, dried over Na2SO4, filtered and 

concentrated. The crude product was used without further purification. 

To a solution of the crude product in anhydrous Et2O (10 mL) was added dropwise i-Bu2AlH (150 

mL, 3M in hexanes, 3.0 equiv) under argon at –78 ℃. The resulting solution was allowed to stir at 

the same temperature for 20 min. The reaction was quenched with saturated aq. potassium sodium 

tartrate at –78 ℃ and gradually warm to room temperature. The resulting suspension was diluted 

with EtOAc, extracted three times with EtOAc. The combined organic layers were washed with 

brine, dried over Na2SO4, filtered and concentrated. The crude product was used without further 

purification. 

The crude product was added aq. 2N HCl (10 mL) at room temperature. After stirring at that 

temperature for 30 min, the resulting mixture was extracted three times with n-pentane. The 

combined organic layers were washed with brine, dried over Na2SO4, filtered and concentrated. 

Purification of the residue by column chromatography (silica gel, n-pentane/acetone, 50:1) to afford 

enone 10 (5.244 g, 76% overall yield). 

The spectral data of enone 10 matched with those in the literature.[2] 

Synthesis of compound 11 

 

α-Ketoester 7 (2.36 g, 10 mmol, 1.0 equiv) was charged to a flame dried flask and enone 10 (2.76 

g, 20 mmol, 2.0 equiv) was added under argon. The resulting mixture was cooled to 0 °C and 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU) (299 μL, 2 mmol, 0.2 equiv) was added to obtain a yellow 

solution. After stirring the solution for 72 hours at 0 °C, the reaction was quenched with aq. 2N HCl, 

and extracted three times with EtOAc. The combined organic layers were washed with brine, dried 

over Na2SO4, filtered and concentrated. Purification of the residue by column chromatography to 
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(silica gel, petroleum ether/EtOAc, 6:1) afford a pair of diastereoisomers 11a and 11b (2.412 g for 

11a and 0.801 g for 11b, 3:1, 86% yield). 

11a: 1H NMR (600 MHz, CDCl3) δ 5.86 (s, 1H), 5.01 (t, J = 7.1 Hz, 1H), 4.70 (s, 1H), 4.64 (s, 1H), 

3.72 (s, 3H), 2.72 – 2.68 (m, 1H), 2.42 (brs, 2H), 2.28 – 2.22 (m, 2H), 2.20 (s, 3H), 2.07 – 2.02 (m, 

1H), 1.98 (s, 3H), 1.96 – 1.89 (m, 2H), 1.80 – 1.72 (m, 2H), 1.71 (s, 3H), 1.69 – 1.65 (m, 1H), 1.68 

(s, 3H), 1.61 (s, 3H), 1.51 – 1.45 (m, 1H); 13C NMR (150 MHz, CDCl3) δ 210.9, 195.6, 172.1, 

164.0, 144.1, 133.6, 124.9, 119.7, 109.4, 56. 9, 51.5, 47.5, 35.6, 33.75, 33.71, 32.1, 30.9, 29.6, 29.2, 

25.0, 21.6, 21.4, 17.1. 

MS positive ESIMS m/z 375 [M + H]+, 413 [M + K]+, 771 [2M + Na]+. HRESIMS m/z 397.2358 

[M + Na]+ (calcd for C23H34O4Na, 397.2349). 

11b: 1H NMR (600 MHz, CDCl3) δ 5.77 (s, 1H), 5.04 (t, J = 7.0 Hz, 1H), 4.71 (s, 1H), 4.67 (s, 1H), 

3.70 (s, 3H), 2.89 – 2.85 (m, 1H), 2.58 (brs, 1H), 2.47 – 2.39 (m, 2H), 2.20 (dd, J = 13.8, 10.3 Hz, 

1H), 2.09 (s, 3H), 2.04 – 2.00 (m, 2H), 1.98 (s, 3H), 1.95 (dd, J = 13.7, 4.9 Hz, 1H), 1.72 – 1.67 (m, 

3H), 1.71 (s, 3H), 1.61 (s, 3H), 1.50 – 1.42 (m, 1H); 13C NMR (150 MHz, CDCl3) δ 210.4, 196.1, 

172.9, 162.9, 144.3, 133.7, 126.0, 119.6, 109.3, 55.9, 51.4, 47.0, 36.5, 35.7, 33.8, 31.9, 30.7, 29.5, 

28.7, 25.0, 21.7, 21.4, 17.1. 

MS positive ESIMS m/z 375 [M + H]+, 397 [M + Na]+,413 [M + K]+, 771 [2M + Na]+. HRESIMS 

m/z 397.2357  [M + Na]+ (calcd for C23H34O4Na, 397.2349). 

Crystal data for 11b: C23H34O4, M = 374.50, a = 9.1816(5) Å, b = 23.6417(12) Å, c = 10.0047(5) 

Å, α = 90°, β = 102.444(2)°, γ = 90°, V = 2120.69(19) Å3, T = 100.(2) K, space group P121/n1, Z = 

4, μ(Cu Kα) = 0.624 mm-1, 21766 reflections measured, 4182 independent reflections (Rint = 0.1293). 

The final R1 values were 0.0786 (I > 2σ(I)). The final wR(F2) values were 0.2113 (I > 2σ(I)). The 

final R1 values were 0.1086 (all data). The final wR(F2) values were 0.2536 (all data). The goodness 

of fit on F2 was 1.114. 
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Synthesis of silyl-ether 12 

 

CuCN (107.5 mg, 1.2 mmol, 0.3 equiv) was charged to a flame dried flask and CuMe2Li (22.4 

mL, 0.5 M in Et2O, 11.2 mmol, 2.8 equiv) was added dropwise under argon at –30 °C. After stirring 

2 min, compound 11a (1.5 g, 4 mmol, 1.0 equiv) in anhydrous Et2O (20 mL) was added dropwise. 

The resulting bright yellow suspension was continued to stir at the same temperature for 20 min. 

HMPA (2.78 mL, 16 mmol, 4.0 equiv) and TESCl (1.68 mL, 10 mmol, 2.5 equiv) were successively 

added and the reaction mixture was gradually warmed to 0 °C and additionally stirred for 5 min at 

0 °C. The reaction mixture was quenched by saturated aq. NaHCO3 and extracted three times with 

EtOAc. The combined organic layers were washed with brine, dried over Na2SO4, filtered and 

concentrated. Purification of the residue by column chromatography (silica gel, petroleum 

ether/EtOAc, 30:1) to afford silyl-ether 12 (1.552 g, 77% yield). 

1H NMR (500 MHz, CDCl3) δ 5.02 (t, J = 7.2 Hz, 1H), 4.68 (s, 1H), 4.65 (s, 1H), 4.52 (s, 1H), 

3.63 (s, 3H), 2.85 – 2.80 (m, 1H), 2.20 (dd, J = 14.3, 6.3 Hz, 1H), 2.16 (s, 1H), 2.11 – 2.06 (brs, 

1H), 1.93 (t, J = 8.1 Hz, 2H), 1.84 (dd, J = 14.6, 3.3 Hz, 1H), 1.79 – 1.72 (m, 2H), 1.69 (s, 6H), 1.67 

– 1.59 (m, 2H), 1.57 (s, 3H), 1.41 – 1.35 (m, 2H), 1.01 (s, 3H), 0.95 (t, J = 8.0 Hz, 9H), 0.87 (s, 3H), 

0.67 – 0.62 (m, 6H); 13C NMR (125 MHz, CDCl3) δ 212.4, 176.2, 149.0, 145.7, 132.5, 123.8, 115.4, 

110.0, 52.2, 51.9, 48.9, 39.6, 35.9, 35.2, 34.9, 33.5, 31.9, 29.8, 29.7, 29.6, 28.7, 26.2, 23.5, 22.7, 

18.0, 14.3, 6.9, 5.2. 

MS positive ESIMS m/z 505 [M + H]+, 527 [M + Na]+, 1032 [2M + Na]+. HRESIMS m/z 527.3523 

[M + Na]+ (calcd for C25H40O3Na, 527.3527). 
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Synthesis of compound 13 

 

To a solution of Ph3PCH3
+ Br– (1.072 g, 3 mmol, 3 equiv) in THF (10 mL) was added one portion 

KOtBu (393 mg, 3.5 mmol, 3.5 equiv) under argon at 0 °C. The resulting mixture was allowed to 

warm to room temperature and stirred for 1 h, the yellow suspension was cooled to 0 °C again 

followed by dropwise addition of silyl-ether 12 (504 mg, 1 mmol, 1.0 equiv, dissolved in 5 mL THF). 

Subsequently, the mixture was further stirred at room temperature for 6 hours. The reaction mixture 

was quenched with saturated aq. NH4Cl and extracted three times with EtOAc. The combined 

organic layers were washed with brine, dried over Na2SO4 filtered and concentrated in vacuo. 

Purification of the residue by column chromatograph (silica gel, petroleum ether/EtOAc 2:1) to 

afford compound 13 (154 mg, 43% yield). 

1H NMR (600 MHz, CDCl3) δ 5.08 (brs, 1H), 4.75 (s, 1H), 4.69 (s, 1H), 3.92 (d, J = 17.2, 1H), 

3.42 (d, J = 17.2, 1H), 2.68 (dd, J = 14.6, 4.9 Hz, 1H), 2.62 (d, J = 13.6, 1H), 2.31 – 2.24 (m, 3H), 

2.14 – 2.04 (m, 4H), 1.79 – 1.74 (m, 2H), 1.72 (s, 3H), 1.70 (s, 3H), 1.65 – 1.60 (m, 2H), 1.62 (s, 

3H), 1.45 – 1.38 (m, 2H), 1.12 (s, 3H), 0.83 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 211.8, 203.7, 

203.0, 144.9, 133.5, 122.9, 111.2, 63.1, 59.0, 53.1, 45.3, 42.3, 39.9, 35.5, 35.0, 34.9, 29.9, 28.2, 26.1, 

26.0, 22.2, 19.9, 18.1. 

MS positive ESIMS m/z 359 [M + H]+, 381 [M + Na]+, 397 [M + K]+, 739 [2M + Na]+. HRESIMS 

m/z 381.2404 [M + Na]+ (calcd for C25H40O3Na, 381.2400). 
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Synthesis of cyclohexanone 14 

 

Preparation of Tebbe reagent: To a solution of titanocene dichloride (3.734 g, 15 mmol, 1.0 equiv) 

in anhydrous toluene (13.5 mL) was added dropwise AlCl3 (31.5 mL, 1M in hexanes, 2.1 equiv) 

under argon at 0 °C. The resulting suspension was allowed to warm to 45 °C and stirred for 48 hours. 

The crude product was used for Tebbe olefination without purification. 

To a solution of silyl-ether 12 (1.008 g, 2.0 mmol, 1.0 equiv) in anhydrous THF (6 mL) was added 

dropwise Tebbe reagent (30 mL, 10 mmol, 5 equiv) under argon at –10 °C. After stirring for 5 min, 

the resulting suspension was gradually warm to 0 °C and then quenched with saturated aq. potassium 

sodium tartrate, extracted three times with EtOAc. The combined organic layers were washed with 

brine, dried over Na2SO4, filtered and concentrated. The crude product was used without further 

purification. 

The crude product was dissolved in THF (3 mL) and tetrabutylammonium fluoride (3 mL) was 

added at room temperature. After stirring for 30 min, the resulting mixture was quenched with aq. 

2N HCl and extracted three times with EtOAc. The combined organic layers were washed with 

brine, dried over Na2SO4, filtered and concentrated. Purification of the residue by column 

chromatography (silica gel, petroleum ether/EtOAc, 50:1) to afford cyclohexanone 14 (683 mg, 88% 

overall yield). 

1H NMR (500 MHz, CDCl3) δ 5.11 (t, J = 7.4 Hz, 1H), 4.75 (s, H), 4.71 (s, H), 4.66 (s, H), 4.60 (s, 

H), 3.73 (s, 3H), 2.50 (d, J = 13.6 Hz, 1H), 2.23 – 2.19 (brs, 1H), 2.15 – 1.75 (m, 8H), 1.73 – 1.52 

(m, 2H), 1.70 (s, 3H), 1.66 (s, 3H), 1.65 (s, 3H), 1.59 (s, 3H), 1.41 – 1.35 (m, 2H), 1.04 (s, 3H), 0.82 

(s, 3H); 13C NMR (125 MHz, CDCl3) δ 209.2, 172.9, 147.3, 145.8, 132.7, 123.2, 112.9, 109.8, 62.3, 

53.0, 52.1, 43.9, 42.4, 39.1, 35.8, 35.4, 32.9, 31.9, 29.8, 28.2, 26.1, 22.7, 20.5, 18.7, 17.9. 
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HRESIMS m/z 411.2875 [M + Na]+ (calcd for C25H40O3Na, 411.2870). 

Synthesis of compound 16 

 

To a solution of cyclohexanone 14 (544 mg, 1.4 mmol, 1.0 equiv) in anhydrous Et2O (3 mL) was 

added dropwise potassium bis(trimethylsilyl)amide (2.8 mL, 1 M in THF, 2.8 mmol, 2.0 equiv) 

under argon at –30 °C. After stirring the reaction mixture at that temperature for 1 h, a freshly 

prepared mixture of MgBr2·Et2O (1.085 g, 4.2 mmol, 3.0 equiv) in Et2O (9 mL) was added. After 

stirring for 10 min at –30 °C, acetaldehyde (0.26 mL, 4.2 mmol, 3.0 equiv) was added at –30 °C 

and then gradually warm to 0 °C and additionally stirred for 5 min at 0 °C. The reaction mixture 

was quenched with saturated aq. NH4Cl solution, extracted three times with EtOAc. The combined 

organic layers were washed with brine, dried over Na2SO4, filtered and concentrated. The crude 

product was used without further purification. 

To a solution of crude product in DCM (7.5 mL) was successively added NaHCO3 (118 mg, 1.4 

mmol, 1.0 equiv) and Dess-Martin reagent (1.188 g, 2.8 mmol, 2.0 equiv) under argon at 0 °C. 

Subsequently, the reaction mixture was allowed to warm to room temperature. After stirring for 30 

min at room temperature, the reaction mixture was quenched with saturated aq. NaHCO3 and 

extracted three times with DCM. The combined organic layers were washed with brine, dried over 

Na2SO4, filtered and concentrated. Purification of the residue by column chromatography (silica gel, 

petroleum ether/EtOAc, 15:1) to afford a pair of enantiomers diketones 16a and 16b (294 mg for 

16a and 151 mg for 16b, 1.95:1, 74% overall yield). 

16a: 1H NMR (400 MHz, CDCl3) δ 5.08 (t, J = 6.5 Hz, 1H), 4.78 (s, 1H), 4.73 (s, 1H), 4.68 (s, 1H), 

4.62 (s, 1H), 3.75 (s, 3H), 3.66 (s, 1H), 2.25 – 2.20 (brs, 1H), 2.18 – 1.95 (m, 5H), 2.13 (s, 3H), 1.90 

– 1.79 (m, 2H), 1.79 – 1.56 (m, 6H), 1.71 (s, 3H), 1.68 (s, 3H), 1.60 (s, 3H), 1.44 – 1.39 (m, 2H), 

1.10 (s, 3H), 1.04 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 206.5, 204.7, 172.1, 147.0, 145.6, 133.2, 
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122.8, 113.3, 109.9, 69.7, 62.7, 52.4, 44.3, 44.1, 43.2, 36.2, 35.3, 32.8, 32.7, 32.2, 27.5, 26.8, 26.1, 

22.7, 18.8, 17.9, 16.0.  

16b: 1H NMR (400 MHz, CDCl3) δ 5.16 (t, J = 6.8 Hz, 1H), 4.73 (s, 1H), 4.66 (s, 1H), 4.63 (s, 

2H), 3.82 (s, 1H), 3.66 (s, 3H), 2.34 – 2.22 (m, 3H), 2.18 (s, 3H), 1.93 – 1.82 (m, 3H), 1.78 – 1.66 

(m, 3H), 1.72 (s, 3H), 1.69 (s, 3H), 1.63 – 1.33 (m, 5H), 1.60 (s, 3H), 1.59 (s, 3H), 1.09 (s, 3H), 1.02 

(s, 3H); 13C NMR (125 MHz, CDCl3) δ 205.6, 204.4, 173.2, 146.5, 146.1, 133.0, 123.1, 113.1, 

109.7, 69.6, 59.9, 51.9, 43.7, 43.5, 42.1, 37.9, 35.4, 35.0, 33.0, 32.2, 26.9, 26.0, 24.6, 22.8, 18.0, 

17.7. 

MS positive ESIMS m/z 431 [M + H]+, 453 [M + Na]+, 469 [M + K]+. HRESIMS m/z 453.2981 

[M + Na]+. 

Synthesis of compound 17 

 

To a solution of diketone 16 (280 mg, 0.65 mmol, 1.0 equiv) in DMF was added portion-wise 

NaH (60% in mineral oil, 30 mg, 0.75 mmol, 1.15 equiv) under argon at 0 °C. The mixture was 

stirred for 1 h at this temperature and then allylchloroformiate (172 μL, 1.625 mmol, 2.5 equiv) was 

added dropwise. The mixture was allowed to warm to room temperature and was further stirred 

overnight. The reaction mixture was quenched with saturated aq. NH4Cl and extracted with EtOAc. 

The combined organic layers were washed with brine, dried over Na2SO4, filtered and concentrated. 

Purification of the residue by column chromatography (silica gel, petroleum ether/EtOAc, 12:1) to 

afford two regioisomeric allyl vinyl carbonates 17a and 17b (192 mg for 17a and 119 mg for 17b, 

1.6:1, 93% overall yield). 

17a: 1H NMR (500 MHz, CDCl3) δ 5.98 – 5.90 (m, 1H), 5.38 (d, J = 17.2 Hz, 1H), 5.30 (d, J = 

10.5 Hz, 1H), 4.99 (t, J = 7.4 Hz, 1H), 4.71 (s, 1H), 4.68 – 4.65 (m, 4H), 4.61 (s, 1H), 3.69 (s, 3H), 

2.42 (t, J = 13.9 Hz, 1H), 2.11 – 2.02 (m, 3H), 1.93 (s, 3H), 1.89 (dd, J = 14.6, 3.4 Hz, 1H), 1.85 – 



S13 

 

1.80 (m, 2H), 1.74 (q, J = 7.0 Hz, 1H), 1.70 – 1.65 (m, 1H), 1.67 (s, 3H), 1.65 – 1.55 (m, 1H), 1.61 

(s, 3H), 1.58 (s, 3H), 1.45 – 1.30 (m, 2H), 1.18 (s, 3H), 1.11 (s, 3H); 13C NMR (125 MHz, CDCl3) 

δ 203.2, 171.9, 151.9, 149.2, 147.5, 145.9, 135.6, 133.4, 131.2, 123.0, 119.7, 112.7, 109.7, 69.2, 

60.5, 52.5, 43.9, 42.9, 41.9, 37.6, 35.4, 32.8, 32.3, 27.5, 26.5, 26.0, 22.7, 18.9, 18.2, 18.1, 18.0. 

MS positive ESIMS m/z 515 [M + H]+, 537 [M + Na]+, 553 [M + K]+. HRESIMS m/z 537.3188 

[M + Na]+ (calcd for C31H46O6Na, 537.3187). 

17b: 1H NMR (500 MHz, CDCl3) δ 5.93 – 5.85 (m, 1H), 5.35 (d, J = 17.2 Hz, 1H), 5.27 (d, J = 

10.5 Hz, 1H), 4.74 (s, 1H), 4.70 (s, 1H), 4.66 (s, 1H), 4.61 (s, 1H), 4.58 (d, J = 5.8 Hz, 2H), 3.61 (s, 

3H), 2.26 (s, 3H), 2.22 – 2.05 (m, 4H), 1.96 (dd, J = 14.5, 2.7 Hz, 1H), 1.88 – 1.58 (m, 5H), 1.71 (s, 

3H), 1.67 (s, 3H), 1.63 (s, 3H), 1.61 (s, 3H), 1.43 – 1.34 (m, 3H), 1.15 (s, 3H), 1.04 (s, 3H); 13C 

NMR (125 MHz, CDCl3) δ 204.2, 173.2, 152.6, 147.4, 145.9, 144.5, 140.2, 133.1, 131.2, 123.1, 

119.6, 112.8, 109.7, 69.4, 52.6, 50.1, 43.8, 40.7, 38.7, 37.9, 35.4, 32.3, 31.6, 29.5, 28.0, 26.1, 25.1, 

22.8, 21.1, 18.4, 17.9.  

HRESIMS m/z 537.3197 [M + Na]+ (calcd for C31H46O6Na, 537.3187). 

Synthesis of compound 18 

 

Tris(dibenzylideneacetone)dipalladium(0) (8.3 mg, 0.009 mmol, 0.025 equiv) and tri(p-

tolyl)phosphine (6.6 mg, 0.0216 mmol, 0.06 equiv) were dissolved in toluene (5 mL) and stirred for 

30 min at room temperature. Then, a solution of the pair of regioisomers 17 (185 mg, 0.36 mmol, 

1.0 equiv) in toluene (2 mL) was added slowly. The resulting mixture was stirred at 60 °C for 2 h, 

and then filtered through a plug of silica gel using petroleum ether/ethyl acetate (7:1) to afford C-

allylated diketone 18a and 18b. The desired product 18a was purified by HPLC (MeOH/H2O, 93:7). 

(108 mg for 18a and 38 mg for 18b, 2.8:1, 87% overall yield). 

18a: 1H NMR (500 MHz, CDCl3) δ 5.36 – 5.28 (m, 1H), 5.10 (t, J = 6.0 Hz, 1H), 4.93 (d, J = 10.2 
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Hz, 1H), 4.88 (d, J = 16.9 Hz, 1H), 4.80 (s, 1H), 4.76 (s, 1H), 4.67 (s, 1H), 4.63 (s, 1H), 3.74 (s, 

3H), 3.17 (dd, J = 14.3, 5.0 Hz, 1H), 2.26 – 2.17 (m, 3H), 2.10 (s, 3H), 1.89 – 1.75 (m, 6H), 1.74 – 

1.58 (m, 2H), 1.79 (s, 3H), 1.69 (s, 3H), 1.65 (s, 3H), 1.61 (s, 3H), 1.51 – 1.38 (m, 2H), 1.03 (s, 3H), 

0.96 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 208.0, 205.6, 172.3, 146.2, 145.1, 133.2, 132.0, 122.0, 

116.4, 112.0, 108.7, 72.9, 59.6, 51.5, 42.6, 39.5, 36.9, 36.5, 36.0, 34.4, 32.0, 31.4, 30.1, 27.0, 25.2, 

21.8, 21.3, 20.8, 18.1, 17.0. 

HRESIMS m/z 493.3293 [M + Na]+ (calcd for C30H46O4Na, 493.3288). 

18b: 1H NMR (500 MHz, CDCl3) δ 5.69 – 5.61 (m, 1H), 5.10 – 5.02 (m, 2H), 5.01 (d, J = 10.1 Hz, 

1H), 4.77 (s, 1H), 4.68 (s, 1H), 4.66 (s, 1H), 4.61 (s, 1H), 3.74 (s, 3H), 3.04 (dd, J = 16.5, 5.7 Hz, 

1H), 2.62 (q, J = 8.2 Hz,1H), 2.32 – 2.22 (brs, 2H), 2.08 – 2.01 (m, 3H), 2.05 (s, 3H), 1.87 – 1.84 

(m, 3H), 1.79 – 1.66 (m, 2H), 1.70 (s, 3H), 1.67 (s, 3H), 1.64 – 1.57 (m, 2H), 1.61 (s, 3H), 1.60 (s, 

3H), 1.49 – 1.36 (m, 3H), 0.82 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 207.9, 204.8, 172.7, 146.9, 

145.9, 135.5, 132.5, 123.4, 117.4, 113.3, 109.8, 75.0, 64.0, 52.4, 44.5, 42.9, 37.9, 36.3, 35.4, 35.2, 

32.8, 31.3, 29.9, 29.8, 28.4, 26.2, 24.1, 22.8, 20.0, 18.9, 18.0. 

HRESIMS m/z 493.3295 [M + Na]+ (calcd for C30H46O4Na, 493.3288). 

Synthesis of compound 19 

 

To a solution of diketone 18a (80 mg, 0.17 mmol, 1.0 equiv) in anhydrous THF (4.5 mL) was 

added one portion KOtBu (58 mg, 0.51 mmol, 3 equiv) under argon at 0 °C. After stirring for 15 

min at this temperature, the reaction was quenched with saturated aq. NH4Cl and extracted three 

times with EtOAc. The combined organic layers were washed with brine, dried over Na2SO4, 

filtered and concentrated. Purification of the residue by column chromatography (silica gel, 

petroleum ether/EtOAc, 15:1) to afford compound 19 (70 mg, 94% yield). 

1H NMR (500 MHz, CDCl3) δ 5.69 – 5.60 (m, 1H), 5.08 (d, J = 17.1, 1H), 5.04 (d, J = 10.2, 1H), 
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4.83 (t, J = 6.7 Hz, 1H), 4.68 (d, J = 15.7 Hz, 2H), 4.54 (d, J = 11.8 Hz, 2H), 3.56 (d, J = 17.1 Hz, 

2H), 3.40 (d, J = 17.2 Hz, 2H), 2.81 – 2.74 (m, 1H), 2.47 (dd, J = 12.5, 8.7 Hz, 1H), 2.31 (d, J = 

13.9 Hz, 1H), 2.16 (brs, 1H), 2.08 (dd, J = 14.0, 11.3 Hz, 1H), 1.97 (dd, J = 13.8, 6.3 Hz, 1H), 1.86 

(t, J = 8.1 Hz, 2H), 1.72 (s, 3H), 1.71 – 1.68 (m, 1H), 1.66 (s, 3H), 1.51 (s, 3H), 1.41 (s, 3H), 1.45 

– 1.36 (m, 3H), 1.33 – 1.28 (m, 2H), 1.22 (s, 3H), 0.97 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 

210.8, 202.7, 202.5, 148.6, 146.1, 133.9, 132.5, 122.6, 120.5, 114.6, 109.8, 71.5, 64.0, 63.1, 52.5, 

46.8, 44.7, 43.4, 38.4, 35.4, 32.3, 32.2, 29.1, 26.5, 25.9, 23.4, 22.7, 18.1, 16.5. 

HRESIMS m/z 437.3062 [M - H]— (calcd for C29H41O3, 437.3061). 

Synthesis of compound 20 

 

Grubbs 2nd generation catalyst (10.2 mg, 0.012 mmol, 0.1 equiv) was added to a dried 15 mL 

glass pressure tube. The tube was then cooled to –78 °C, compound 19 (53 mg, 0.12 mmol, 1.0 

equiv) dissolved in DCM (2 mL) was added quickly under argon. Subsequently, isobutylene (6.8 

mL) was condensed along the bottom of the tube at –78 °C. The tube was sealed and slowly warmed 

to 52 °C. After stirring for 6 h at that temperature, the tube was re-cooled to –78 °C for 5 min before 

opened to the air. Then, the reaction mixture was allowed to warm to room temperature for 

evaporation of isobutylene. The resulting solution was concentrated and filtered through a plug of 

silica gel using petroleum ether/EtOAc (3:1). The product was purified by HPLC (MeOH/H2O, 93:7) 

to afford 20 (37.5 mg, 67% yield). 

1H NMR (600 MHz, CDCl3) δ 4.91 (t, J = 7.3 Hz, 1H), 4.83 (t, J = 6.7 Hz, 1H), 4.69 (s, 1H), 4.65 

(s, 1H), 4.57 (s, 1H), 4.55 (s, 1H), 3.54 (d, J = 17.2 Hz, 1H), 3.46 (d, J = 17.3 Hz, 1H), 2.85 – 2.80 

(m, 1H), 2.57 (s, 1H), 2.56 (s, 1H), 2.29 (d, J = 13.8 Hz, 1H), 2.18 – 2.12 (brs, 1H), 2.09 (dd, J = 

13.8, 11.3 Hz, 1H), 1.96 (dd, J = 13.9, 6.3 Hz, 1H), 1.90 – 1.82 (m, 2H), 1.73 – 1.69 (m, 1H), 1.72 

(s, 3H), 1.66 (s, 3H), 1.64 (s, 3H), 1.62 (s, 3H), 1.50 (s, 3H), 1.47 (s, 3H), 1.46 – 1.36 (m, 3H), 1.31 
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– 1.27 (m, 1H), 1.24 (s, 3H), 0.97 (s, 3H); 13C NMR (150 MHz, CDCl3) δ 211.2, 203.2, 202.9, 

148.7, 146.2, 136.4, 133.8, 122.7, 118.0, 114.5, 109.8, 71.1, 63.8, 63.0, 52.4, 46.8, 44.9, 43.3, 38.4, 

35.5, 32.2, 29.1, 27.0, 26.6, 26.2, 25.9, 23.5, 22.7, 18.1, 18.0, 16.6. 

MS positive ESIMS m/z 467 [M + H]+, 489 [M + Na]+. HRESIMS m/z 489.3342 [M + Na]+ (calcd 

for C29H41O3, 489.3339). 

Synthesis of (±)-xanthochymol 

 

To a solution of compound 20 (23 mg, 0.05 mmol, 1.0 equiv), samarium (III) chloride (4 mg, 

0.005 mmol, 0.1 equiv), triethylamine (9 μL, 0.06 mmol, 1.2 equiv) in 3 mL of toluene under argon 

was stirred at 0 °C for 10 min. After 4-(cyanocarbonyl)-1,2-phenylene diacetate (24.7 mg, 0.1 mmol, 

2.0 equiv) was added, the mixture was warmed to room temperature and stirred for 2 hours. Then 

toluene was evaporated and potassium carbonate (5.6 mg, 0.04 mmol) and methanol (2 mL) were 

added into the resulting solution and stirred for 2 hours. The reaction was quenched with aq. 2N 

HCl. and extracted three times with EtOAc. The combined organic layers were washed with brine, 

dried over Na2SO4, filtered and concentrated. Purification of the residue by HPLC (MeOH/H2O 

with 0.1% HCOOH, 95:5) to afford (±)-xanthochymol (18.1 mg, 60% overall yield). 

Synthesis of (±)-cycloxanthochymol 
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To a solution of (±)-xanthochymol (12 mg, 0.02 mmol, 1.0 equiv) in toluene (5 mL), HCl (37% 

solution, 5 μL) was added under argon. The mixture was refluxed for 2 h and then diluted with water, 

extracted three times with EtOAc. The combined organic layers were washed with brine, dried over 

Na2SO4, filtered and concentrated. Purification of the residue by HPLC (MeOH/H2O with 0.1% 

HCOOH, 95:5) to afford (±)-cycloxanthochymol (9.8 mg, 81% yield). 

1H NMR (600 MHz, CD3OD) δ 7.28 (d, J = 2.0 Hz, 1H), 6.96 (dd, J = 8.2, 2.0 Hz, 1H), 6.70 (d, J 

= 8.2 Hz, 1H), 4.79 (s, 2H), 4.60 (s, 2H), 3.09 (dd, J = 14.2, 3.4 Hz, 1H), 2.74 – 2.56 (m, 2H), 2.46 

(dd, J = 13.5, 5.9 Hz, 1H), 2.29 – 2.24 (m, 2H), 2.19 – 2.09 (m, 2H), 2.04 (q, J = 7.3 Hz, 1H), 1.73 

(s, 3H), 1.69 (s, 3H), 1.67 (s, 3H), 1.63 – 1.56 (m, 2H), 1.59 (s, 6H), 1.54 – 1.47 (m, 2H), 1.35 – 

1.29 (m, 3H), 1.24 (s, 3H), 1.20 – 1.13 (m, 1H), 1.15 (s, 3H), 1.08 – 0.99 (m, 3H), 1.00 (s, 2H), 0.84 

(s, 3H); 13C NMR (150 MHz, CD3OD) δ 207.9, 196.4, 194.2, 173.8, 152.6, 146.7, 146.0, 135.5, 

134.0, 131.2, 126.8, 126.3, 124.6, 121.2, 115.9, 115.5, 111.8, 88.5, 69.5, 52.9, 47.5, 47.1, 43.0, 39.8, 

36.2, 30.6, 29.4, 28.8, 28.8, 27.0, 26.6, 26.6, 26.1, 22.9, 22.3, 21.5, 18.6, 18.3. 
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SI-3. The Original NMR and MS Spectra of New Compounds 

 

Figure S1. ESIMS of 7. 

 

Figure S2.1H NMR spectrum of 7 in CDCl3. 
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Figure S3. 13C NMR spectrum of 7 in CDCl3. 

 
Figure S4. ESIMS of 11a. 
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Figure S5. HRESIMS of 11a. 
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Figure S6.1H NMR spectrum of 11a in CDCl3. 

 

Figure S7. 13C NMR spectrum of 11a in CDCl3. 
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Figure S8. ESIMS of 11b. 
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Figure S9. HRESIMS of 11b. 
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Figure S10.1H NMR spectrum of 11b in CDCl3. 

 

Figure S11. 13C NMR spectrum of 11b in CDCl3. 
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Figure S12. ESIMS of 12. 
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Figure S13. HRESIMS of 12. 
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Figure S14.1H NMR spectrum of 12 in CDCl3. 

 

Figure S15. 13C NMR spectrum of 12 in CDCl3. 
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Figure S16. ESIMS of 13. 
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Figure S17. HRESIMS of 13. 
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Figure S18.1H NMR spectrum of 13 in CDCl3. 

 

Figure S19. 13C NMR spectrum of 13 in CDCl3. 
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Figure S20. HRESIMS of 14. 
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Figure S21.1H NMR spectrum of 14 in CDCl3. 

 

Figure S22. 13C NMR spectrum of 14 in CDCl3. 
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Figure S23. ESIMS of 16. 
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Figure S24. HRESIMS of 16. 
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Figure S25.1H NMR spectrum of 16a in CDCl3. 

 

Figure S26. 13C NMR spectrum of 16a in CDCl3. 
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Figure S27.1H NMR spectrum of 16b in CDCl3. 

 

Figure S28. 13C NMR spectrum of 16b in CDCl3. 
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Figure S29. ESIMS of 17a. 



S38 

 

 

Figure S30. HRESIMS of 17a. 
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Figure S31.1H NMR spectrum of 17a in CDCl3. 

 

Figure S32. 13C NMR spectrum of 17a in CDCl3. 
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Figure S33. HRESIMS of 17b. 
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Figure S34.1H NMR spectrum of 17b in CDCl3. 

 

Figure S35. 13C NMR spectrum of 17b in CDCl3. 
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Figure S36. ESIMS of 18a. 
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Figure S37.1H NMR spectrum of 18a in CDCl3. 

 

Figure S38. 13C NMR spectrum of 18a in CDCl3. 
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Figure S39. ESIMS of 18b. 
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Figure S40.1H NMR spectrum of 18b in CDCl3. 

 

Figure S41. 13C NMR spectrum of 18b in CDCl3. 
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Figure S42. HRESIMS of 19. 
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Figure S43.1H NMR spectrum of 19 in CDCl3. 

 

Figure S44. 13C NMR spectrum of 19 in CDCl3. 
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Figure S45. ESIMS of 20. 
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Figure S46. HRESIMS of 20. 
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Figure S47. 1H NMR spectrum of 20 in CDCl3. 

 

Figure S48. 13C NMR spectrum of 20 in CDCl3. 
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Figure S49.1H NMR spectrum of (±)-xanthochymol in CDCl3. 

 

Figure S50. 13C NMR spectrum of (±)-xanthochymol in CDCl3.
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Figure S51.1H NMR spectrum of (±)-xanthochymol in CD3OD. 

 

Figure S52. 13C NMR spectrum of (±)-xanthochymol in CD3OD. 
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Figure S53.1H NMR spectrum of (±)-cycloxanthochymol in CD3OD. 

 

Figure S54. 13C NMR spectrum of (±)-cycloxanthochymol in CD3OD. 


