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General Comments: 

All reactions were monitored by thin-layer chromatography over silica-gel-coated 

TLC plates (Yantai Chemical Industry Research Institute). The spots on TLC were 

visualized by warming 5% H2SO4 (5% H2SO4 in ethanol) sprayed plates on a hot plate. 

Column chromatography was performed using silica gel (Qingdao Marine Chemical 

Inc., China), and Sephadex LH-20 (GE Healthcare Bio-Sciences AB, Sweden). NMR 

spectra were recorded on a Bruker AM-400 spectrometer (400 MHz). Optical 

rotations were measured at 25 °C with a Rudolph Autopol IV automatic polarimeter 

using a quartz cell with 2 mL capacity and a 1 dm path length. Concentrations (c) are 

given in g/100 mL. High resolution mass spectra were recorded on a Bruker 

micrOTOF II spectrometer using electrospray ionization (ESI).  

All solvents were processed under conventional way before using, and all reagents 

were purchased from Adamas and used without further purification. 

Protoescigenin (1) 

 

To a stirred suspension of commercially available escins (20.00 g) in 1,4-dioxane 

(100.00 mL) was added 2M HCl (100.00 mL). The resulting slurry was then heated to 

95 
o
C, at which temperature all solids were dissolved and a brown solution was 

formed. The stirring was continued for another 4.5 h at the same temperature. The 

reaction mixture was then cooled down to 0 
o
C, to which NaOH solid was added to 

adjust the pH value of the reaction mixture to above 13. After being diluted with 

methanol (2.00 mL) and stirred at room temperature for 10 min, the reaction mixture 

was then heated to 95 
o
C and the stirring was continued overnight. After being cooled 

to room temperature, the reaction mixture was diluted with ethyl acetate under 

vigorous stirring, and all solids were removed by filtration through a pad of Celit. The 
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solids were thoroughly washed with ethyl acetate until TLC showed no 1 was 

detected from the new filtrate. All filtrate was combined, and the organic layer was 

separated. Filtration was followed by concentration under reduced pressure to give a 

residue, which was further purified by silica gel column chromatography 

(dichloromethane/MeOH = 16 : 1 to 6 : 1) to provide protoescigenin 1 (4.21 g) as a 

white solid, whose 
1
H NMR spectrum was shown essentially identical to that reported 

in literature.
[S1]

 

21,22-O-Isopropylidene-24,28-di-O-tert-butyldiphenylsilyl-protoescigenin (2) 

 

To a stirred solution of 1 (20.00 g, 39.47 mmol) and imidazole (16.12 g, 263.82 mmol) 

in dry THF (200.00 mL) was added TBDPSCl (41.05 mL, 157.88 mmol) dropwise at 

room temperature under N2 atmosphere. The stirring was continued at the same 

temperature for another 2 h before ethyl acetate was added to dilute the reaction. The 

resulting mixture was washed saturated aqueous NaHCO3 and brine, and the organic 

layer was then dried over anhydrous Na2SO4. The solid was removed by filtration and 

the filtrate was concentrated in vacuo to afford the crude product, which was then 

subjected to silica gel column chromatography purification (petroleum ether/ethyl 

acetate = 3 : 1 to 2 : 1) to provide the disilylated intermediate (37.31 g, 96%).
[S1]

 

To a stirred solution of the above obtained intermediate (15.00 g, 15.25 mmol) and 

DMP (48.76 mL, 396.53 mmol) in dry acetone (200.00 mL) was added p-TsOH 

(262.6 mg, 1.53 mmol) at room temperature under N2 atmosphere. The mixture was 

then stirred at the same temperature for 15 min before saturated aqueous NaHCO3 

was added to quench the reaction. After being diluted with ethyl acetate, the resulting 

mixture was washed with saturated aqueous NaHCO3 and brine. The organic layer 

was then dried over anhydrous Na2SO4. Afterwards, the volatile solvent was removed 

in vacuo and the obtained residue was purified by silica gel column chromatography 

(petroleum ether/ethyl acetate = 15 : 1) to provide 2 (15.30 g, 98%) as a white 
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solid.
[S1]

 

21,22-O-Isopropylidene-28-O-tert-butyldiphenylsilyl-protoescigen (3) 

 

To a stirred solution of 2 (5.00 g, 4.88 mmol) in dry THF (300.00 mL) was added 

TBAF (1.53 g, 5.86 mmol) at room temperature under N2 atmosphere. The resulting 

mixture was stirred at the same temperature for 13 min, and was then diluted with 

ethyl acetate. The resulting mixture was washed with water and brine, and the organic 

layer was then dried over anhydrous Na2SO4. Filtration and concentration under 

reduced pressure gave a residue, which was further purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 2 : 1 to 1 : 1) to provide 3 (3.53 g, 

92%) as a white solid: [α]D
25

 = 32.7 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 

7.68-7.64 (m, 4 H), 7.44-7.31 (m, 6 H), 5.39 (dd, J = 3.2, 4.0 Hz, 1 H), 4.30 (J = 10.0 

Hz, 1 H), 4.20 (d, J = 10.8 Hz, 1 H), 4.17 (d, J = 10.0 Hz, 1 H), 3.91 (q, J = 4.0 Hz, 1 

H), 3.44 (d, J = 9.6 Hz, 1 H), 3.40 (d, J = 9.6 Hz, 1 H), 3.33 (dd, J = 9.2, 10.0 Hz, 1 

H), 3.18 (d, J = 9.6 Hz, 1 H), 2.98 (d, J = 8.4 Hz, 1 H), 2.81 (d, J = 1.2 Hz, 1 H), 2.75 

(dd, J = 5.2, 14.0 Hz, 1 H), 2.40 (d, J = 3.2 Hz, 1 H), 2.14 (t, J = 14.0 Hz, 1 H), 

1.91-1.53 (m, 9 H), 1.51 (s, 3 H), 1.48 (s, 3 H), 1.43 (m, 1 H), 1.32 (s, 3 H), 1.28-1.24 

(m, 2 H), 1.22 (s, 3 H), 1.07 (s, 6 H), 1.04 (s, 9 H), 1.00-0.91 (m, 2 H), 0.86 (s, 3 H), 

0.83 (d, J = 12.0 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3) δ 140.5, 135.8 (2 C), 133.2, 

133.0, 129.8 (2 C), 127.8 (2 C), 124.4, 108.4, 83.0, 80.8, 76.1, 70.1, 65.2, 64.6, 55.9, 

48.3, 47.0, 45.5, 42.8, 41.7, 40.0, 39.7, 38.5, 36.8, 34.4, 34.2, 33.3, 29.7, 27.7, 27.6, 

27.2, 27.1, 26.8, 23.9, 22.5, 19.3, 18.4, 17.2 (2 C), 16.3; HRMS (ESI) calcd for 

C49H72O6SiK [M+K]
+
 823.4730, found 823.4753. 

3,16,24-Tri-O-benzyl-protoescigenin (4) 
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To a stirred solution of 3 (2.00 g, 2.55 mmol) and BnBr (3.63 mL, 30.57 mmol) in dry 

DMF (4.00 mL) was added NaH (60% dispersed in mineral oil, 815.0 mg, 20.38 

mmol) portionwise at 0 
o
C (caution: H2 gas evolved). After the addition was 

completed, the stirring was continued at the same temperature under N2 atmosphere 

for another 12 h before ethyl acetate was added to dilute the reaction mixture. The 

resulting mixture was thoroughly washed with water and brine, and the organic layer 

was then dried over anhydrous Na2SO4. Filtration and concentration in vacuo gave a 

residue, which was put to the next step without further purification after 

co-evaporated with toluene for three times. 

The above obtained residue was then disollved in a mixed solvent of CH2Cl2/MeOH 

(15.00 ml, v/v = 1 : 2), to which CSA (2.96 g, 12.74 mmol) was added at room 

temperature. The stirring was continued at the same temperature for 6 h before Et3N 

was added to quench the reaction. The volatile solvent was evaporated under reduced 

pressure and the resulting residue was then subjected silica gel column 

chromatography (petroleum ether/ethyl acetate = 3 : 1 to 2 : 1) to furnish 4 (1.19 g, 60% 

over 2 steps) as a white solid: [α]D
25

 = 9.2 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) 

δ 7.36-7.26 (m, 15 H), 5.30 (dd, J = 3.2, 4.0 Hz, 1 H), 4.72 (d, J = 11.2 Hz, 1 H), 4.67 

(d, J = 12.0 Hz, 1 H), 4.47 (s, 2 H), 4.44 (d, J = 11.6 Hz, 1 H), 4.43 (d, J = 11.2 Hz, 1 

H), 4.22 (brs, 1 H), 3.95 (d, J = 9.6 Hz, 1 H), 3.81 (d, J = 9.6 Hz, 1 H), 3.66 (d, J = 

9.6 Hz, 1 H), 3.58 (d, J = 10.8 Hz, 1 H), 3.56 (d, J = 9.2 Hz, 1 H), 3.36 (d, J = 11.2 Hz, 

1 H), 3.04 (dd, J = 4.4, 12.0 Hz, 1 H), 2.59 (brs, 3 H), 2.45 (t, J = 13.6 Hz, 1 H), 2.04 

(dd, J = 4.4, 14.0 Hz, 1 H), 1.92 (dd, J = 3.6, 8.8 Hz, 2 H), 1.83-1.44 (m, 9 H), 1.42 (s, 

3 H), 1.39-1.35 (m, 1 H), 1.22 (s, 3 H), 1.12 (dd, J = 4.4, 13.2 Hz, 1 H), 0.98 (s, 3 H), 

0.92 (s, 3 H), 0.89 (s, 3 H), 0.86 (s, 3 H), 0.82 (dd, J = 2.8, 10.0 Hz, 1 H); 
13

C NMR 

(100 MHz, CDCl3) δ 141.7, 139.5, 139.3, 138.9, 128.4, 128.3, 128.2, 127.8, 127.5, 

127.4 (2 C), 127.2, 123.6, 86.8, 80.1, 78.2, 75.0, 73.5, 73.2, 72.1, 71.9, 71.3, 56.6, 

47.0, 46.9, 46.3, 43.2, 41.6, 41.2, 39.9, 39.1, 37.1, 35.5, 33.6, 29.4, 26.9, 26.4, 23.7, 

22.9, 20.5, 18.7, 16.5, 15.1; HRMS (ESI) calcd for C51H69O6 [M+H]
+
 777.5089, 

found 777.5084. 

3,16,23-Tri-O-benzyl-28-O-tosyl-protoescigenin (5) 
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To a stirred solution of 4 (1.00 g, 1.29 mmol) in dry CH2Cl2 (60.00 mL) was added 

DMAP (47.2 mg, 386.05 μmol), Et3N (0.72 mL, 5.15 mmol), TsCl (981.3 mg, 5.15 

mmol) at 0 
o
C under N2 atmosphere. The reaction mixture was gradually warmed up 

to room temperature and the stirring was continued for another 8 h before ethyl 

acetate was added to dilute the reaction. The resulting mixture was washed 

successively with water, and brine, and then the organic layer was dried over 

anhydrous Na2SO4. Filtration was followed by concentration in vacuo to give the 

crude product, which was further purified by silica gel column chromatography 

(petroleum ether/ethyl acetate = 4 : 1) to furnish tosylate 5 (1.04 g, 87%) as a yellow 

solid: [α]D
25

 = 4.0 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.78 (d, J = 8.0 Hz, 

2 H), 7.36-7.27 (m, 17 H), 5.17 (t, J = 3.6 Hz, 1 H), 4.66 (d, J = 12.0 Hz, 1 H), 4.63 (d, 

J = 11.6 Hz, 1 H), 4.50 (AB, 2 H), 4.44 (d, J = 11.6 Hz, 1 H), 4.42 (d, J = 11.2 Hz, 1 

H), 3.92 (d, J = 9.2 Hz, 1 H), 3.89 (d, J = 9.6 Hz, 1 H), 3.86 (brs, 1 H), 3.82 (d, J = 

9.6 Hz, 1 H), 3.72 (d, J = 9.2 Hz, 1 H), 3.59 (d, J = 9.2 Hz, 1 H), 3.55 (d, J = 9.6 Hz, 1 

H), 3.02 (dd, J = 4.4, 12.0 Hz, 1 H), 2.43 (s, 3 H), 2.39-2.28 (m, 2 H), 2.09 (brs, 2 H), 

1.87-1.50 (m, 9 H), 1.42 (dd, J = 4.0, 12.8 Hz, 1 H), 1.32-1.23 (m, 2 H), 1.35 (s, 3 H), 

1.21 (s, 3 H), 1.09 (dd, J = 2.4, 11.2 Hz, 1 H), 0.94 (s, 3 H), 0.90 (s, 3 H), 0.85 (s, 3 

H), 0.78 (dd, J = 2.4, 11.6 Hz, 1 H), 0.51 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 

145.0, 140.4, 139.5, 139.3, 138.4, 132.7, 130.0, 128.4, 128.3, 128.2 (2 C), 127.9, 

127.6, 127.5, 127.4, 127.3, 127.2, 124.7, 86.7, 78.2, 75.1, 74.2, 73.5, 73.3, 73.0, 71.9, 

71.5, 56.5, 46.8, 46.6, 46.4, 43.1, 41.2, 39.9, 39.7, 39.1, 37.0, 35.3, 33.4, 29.3, 27.4, 

26.3, 23.7, 23.6, 22.9, 21.8, 20.4, 18.6, 16.1, 15.0; HRMS (ESI) calcd for 

C58H78NO8S [M+NH4]
+
 948.5443, found 948.5442. 

3,24-Di-O-benzyl-28-deoxy-protoescigenin (6) 
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To a sealed tube 5 (600.0 mg, 644.27 μmol), zinc dust (421.2 mg, 6.44 mmol), NaI 

(1.93 g, 12.89 mmol), and DMF/dimethoxyethane (12.00 mL, v/v = 3 : 1) were added 

sequentially. The tube was sealed and the mixture was then heated to 105 
o
C under 

vigorous stirring for 12 h. After being cooled to room temperature, filtration through a 

pad of Celite was conducted. The filtrate was diluted with ethyl acetate, which was 

followed by washing with water, 1M HCl, and brine successively. After being dried 

over anhydrous Na2SO4, the organic layer was evaporated under reduced pressure. 

The resulting residue was then subjected to silica gel column chromatography 

purification (petroleum ether/ethyl acetate = 5 : 1) to furnish 6 (460.9 mg, 94%) as a 

white solid: [α]D
25

 = 27.4 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.35-7.24 (m, 

15 H), 5.33 (t, J = 3.6 Hz, 1 H), 4.68 (d, J = 10.8 Hz, 1 H), 4.65 (d, J = 11.2 Hz, 1 H), 

4.45 (s, 2 H), 4.42 (d, J = 12.0 Hz, 1 H), 4.33 (d, J = 11.2 Hz, 1 H), 3.89 (d, J = 9.6 

Hz, 1 H), 3.80 (d, J = 9.6 Hz, 1 H), 3.78 (s, 1 H), 3.54 (d, J = 9.6 Hz, 1 H), 3.28 (d, J 

= 9.6 Hz, 1 H), 3.03 (dd, J = 4.4, 12.0 Hz, 1 H), 2.40 (t, J = 13.6 Hz, 1 H), 2.17 (dd, J 

= 4.0, 14.0 Hz, 1 H), 1.92-1.89 (m, 3 H), 1.81-1.55 (m, 9 H), 1.49-1.41 (m, 1 H), 1.38 

(s, 3 H), 1.20 (s, 3 H), 1.08 (dd, J = 4.4, 13.2 Hz, 1 H), 0.971 (s, 3 H), 0.966 (s, 3 H), 

0.93 (s, 3 H), 0.88 (s, 3 H), 0.86 (s, 3 H), 0.81 (dd, J = 3.6, 10.4 Hz, 1 H); 
13

C NMR 

(100 MHz, CDCl3) δ 142.4, 139.5, 139.3, 138.8, 128.5, 128.3, 128.2, 127.8, 127.5, 

127.4 (2 C), 127.1, 123.4, 86.8, 81.4, 78.8, 73.5, 73.3, 71.9, 70.9, 56.6, 47.3, 47.0, 

45.6, 43.2, 42.9, 41.6, 39.9, 39.1, 37.1, 35.5, 33.7, 29.6, 27.3, 26.9, 26.3, 23.7, 22.9, 

20.6, 18.7, 16.6, 15.1, 13.9; HRMS (ESI) calcd for C52H69O7 [M+HCOO]
-
 805.5038, 

found 805.5033. 

Compound (7) 
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To a flask containing 6 (100.0 mg, 131.39 μmol), I2 (200.1 mg, 788.33 μmol), PPh3 

(206.8 mg, 788.33 μmol), and imidazole (89.5 mg, 1.31 mmol) was charged dry 

toluene (2.00 mL). The resulting mixture was then heated to reflux, and the stirring 

was continued for 6 h, at which time TLC showed that all starting material was 

consumed. The reaction mixture was then cooled to room temperature, and was then 

diluted with ethyl acetate. The resulting mixture was washed with water and brine, 

and was then dried over anhydrous Na2SO4. Filtration was followed by concentration 

in vacuo to yield a residue, which was further purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 50 : 1) to provide 7 (52.5 mg, 63%) 

as a white solid: [α]D
25

 = 20.5 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 

7.35-7.24 (m, 10 H), 5.36 (t, J = 3.6 Hz, 1 H), 4.86 (d, J = 1.2 Hz, 1 H), 4.73 (dd, J = 

2.0, 3.2 Hz, 1 H), 4.70 (s, 1 H), 4.65 (d, J = 11.6 Hz, 1 H), 4.47 (AB, 2 H), 4.43 (d, J 

= 11.6 Hz, 1 H), 3.79 (d, J = 9.6 Hz, 1 H), 3.68 (d, J = 2.4 Hz, 1 H), 3.54 (d, J = 9.6 

Hz, 1 H), 3.20-3.13 (m, 1 H), 3.10 (dd, J = 2.8, 10.8 Hz, 1 H), 3.02 (dd, J = 4.4, 12.0 

Hz, 1 H), 2.22 (dd, J = 7.2, 13.2 Hz, 1 H), 1.90-1.43 (m, 12 H), 1.40 (s, 3 H), 1.38 (t, 

J = 6.0 Hz, 2 H), 1.20 (s, 3 H), 1.12 (s, 3 H), 0.91 (s, 3 H), 0.90 (s, 3 H), 0.80 (s, 3 H), 

0.77 (d, J = 5.2 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3) δ 152.6, 145.0, 139.5, 139.3, 

128.3, 128.2, 127.6, 127.4, 127.3, 127.1, 126.7, 104.3, 94.7, 86.9, 82.5, 73.5, 73.3, 

71.9, 56.3, 53.2, 51.8, 47.7, 46.8, 56.0, 43.1, 42.6, 41.1, 40.8, 38.8, 37.1, 33.9, 31.2, 

27.3, 24.2, 23.7, 23.4, 23.0, 20.5, 17.8, 14.6; HRMS (ESI) calcd for C44H59O3 [M+H]
+
 

635.4459, found 635.4454. 

 

Figure S1.The ORTEP drawing of 7 with 50% probability ellipsoids. 

3,16-Di-O-acetyl-21,22-O-isopropylidene-24,28-di-O-tert-butyldiphenylsilyl-protoes
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cigenin (8) 

 

To a stirred solution of 2 (1.00 g, 976.95 μmol), PPY (29.0 mg, 195.39 μmol), and 

DIPEA (3.23 mL, 19.54 mmol) in dry toluene (1.00 mL) was added Ac2O (0.92 mL, 

9.77 mmol) at room temperature. After the addition was completed, the reaction 

mixture was heated to reflux and the stirring was continued for 12 h. After being 

cooled to room temperature, the reaction mixture was diluted with ethyl acetate. The 

resulting mixture was successively washed with water, saturated aqueous NaHCO3, 

and brine, and was then dried over anhydrous Na2SO4. Filtration was followed by 

concentration under reduced pressure to afford a residue, which was further purified 

by silica gel column chromatography (petroleum ether/ethyl acetate = 16 : 1) to 

provide 8 (928.8 mg, 86%) as a light yellow foam: [α]D
25

 = 12.0 (c 1.0, CHCl3); 
1
H 

NMR (400 MHz, acetone-d6) δ 7.76-7.72 (m, 8 H), 7.53-7.40 (m, 12 H), 5.50 (t, J = 

3.6 Hz, 1 H), 5.16 (s, 1 H), 4.53 (dd, J = 5.2, 11.2 Hz, 1 H), 4.23 (d, J = 10.0 Hz, 1 H), 

4.10 (dd, J = 10.4 Hz, 1 H), 3.94 (d, J = 10.8 Hz, 1 H), 3.83 (d, J = 10.8 Hz, 1 H), 

3.52 (d, J = 9.2 Hz, 1 H), 3.39 (d, J = 9.2 Hz, 1 H), 2.84 (m, 1 H), 2.26 (t, J = 13.6 Hz, 

1 H), 2.09 (s, 3 H), 1.94 (dd, J = 4.4, 11.2 Hz, 2 H), 1.88 (s, 3 H), 1.75-1.48 (m, 8 H), 

1.45 (s, 3 H), 1.42-1.35 (m, 2 H), 1.33 (s, 3 H), 1.31 (s, 3 H), 1.29-1.19 (m, 2 H), 1.09 

(s, 12 H), 1.07 (s, 12 H), 1.05 (s, 3 H), 0.99 (dd, J = 1.6, 12.0 Hz, 1 H), 0.91 (s, 3 H); 

13
C NMR (100 MHz, acetone-d6) δ 170.5, 169.0, 140.6, 136.6 (2 C), 136.5, 134.4, 

133.7, 133.6, 130.8, 130.7 (2 C), 130.6, 128.7 (2 C), 128.6, 128.5, 126.2, 108.8, 82.4, 

80.7, 75.9, 71.2, 65.7, 65.4, 56.7, 49.0, 47.4, 45.1, 43.6, 42.3, 40.5 (2 C), 39.3, 37.6, 

34.8, 34.1, 31.4, 30.4, 27.6, 27.5, 27.4, 27.1, 24.4 (2 C), 23.1, 22.0, 21.1, 20.8, 19.9, 

19.8, 17.7, 17.2, 15.9; HRMS (ESI) calcd for C69H94O8Si2Na [M+Na]
+
 1129.6380, 

found 1129.6426. 

3,16-Di-O-acetyl-24-O-tert-butyldiphenylsilyl-protoescgenin (9) 
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A solution of 8 (600.0 mg, 541.68 μmol) in a mixed solvent of HOAc and H2O (50 

mL, v/v = 4 : 1) was heated to reflux, and the stirring was continued at the same 

temperature for 30 min. The reaction mixture was cooled down to room temperature, 

and was then diluted with ethyl acetate. The resulting solution was thoroughly washed 

with water, saturated aqueous NaHCO3, and brine, and was then dried over anhydrous 

Na2SO4. Filtration was followed by concentration to afford the diol intermediate, 

which was used directly to the next step without further purification. 

The above obtained diol intermediate was then dissolved in dry THF (5.00 mL), to 

which TBAF (708.2 mg, 2.71 mmol) was added at room temperature. The reaction 

mixture was stirred at the same temperature for 4 h before ethyl acetate was added to 

dilute the reaction. The resulting solution was washed successively with water, 

saturated NaHCO3, and brine, and was then dried over anhydrous Na2SO4. Filtration 

and concentration in vacuo gave the crude product, which was further purified by 

silica gel column chromatography (CH2Cl2/MeOH = 40 : 1) to furnish 9 (422.2 mg, 

94%) as a white solid: [α]D
25

 = 12.3 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 

7.70-7.67 (m, 4 H), 7.45-7.35 (m, 6 H), 5.57 (brs, 1 H), 5.33 (t, J = 3.6 Hz, 1 H), 4.55 

(dd, J = 6.8, 8.0 Hz, 1 H), 3.84 (d, J = 10.8 Hz, 1 H), 3.72 (d, J = 10.8 Hz, 1 H), 3.71 

(d, J = 10.4 Hz, 1 H), 3.61 (d, J = 10.8 Hz, 1 H), 3.51 (d, J = 9.6 Hz, 1 H), 3.38 (d, J = 

11.2 Hz, 1 H), 2.94 (brs, 4 H), 2.29 (t, J = 13.6 Hz, 1 H), 2.10 (s, 3 H), 1.97 (dd, J = 

4.0, 16.0 Hz, 1 H), 1.90 (s, 3 H), 1.86 (dd, J = 3.6, 9.2 Hz, 2 H), 1.74 (d, J = 14.0 Hz, 

1 H), 1.61-1.30 (m, 9 H), 1.27 (s, 3 H), 1.22 (dd, J = 4.4, 9.6 Hz, 1 H), 1.07 (s, 9 H), 

1.01 (s, 6 H), 0.96 (s, 3 H), 0.87 (s, 3 H), 0.85 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) 

δ 171.1, 170.8, 140.6, 136.0, 135.9, 133.8 (2 C), 129.7, 129.6, 127.7, 127.6, 124.4, 

80.6, 78.6, 78.0, 71.1, 70.5, 64.4, 56.2, 47.0, 46.8, 45.3, 42.9, 41.3, 40.9, 39.9, 38.7, 

36.9, 35.5, 33.3, 30.4, 30.0, 29.8, 27.0, 26.8, 23.6 (2 C), 22.8, 22.4, 21.3, 20.0, 19.4, 

18.6, 16.6, 15.5; HRMS (ESI) calcd for C50H72O8SiK [M+K]
+
 867.4628, found 
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867.4643. 

Compound (10) 

 

BAIB (PhI(OAc)2) (97.1 mg, 301.49 μmol) was added to a stirred solution of 9 (100.0 

mg, 120.60 μmol) and TEMPO (4.7 mg, 30.15 μmol) in dry dichloromethane (10.00 

mL) at room temperature under N2 atmosphere. The reaction mixture was stirred at 

the same temperature for 1.5 h, at which time TLC showed that no starting material 

was detected in the reaction mixture. The reaction mixture was diluted with ethyl 

acetate, and was then washed with saturated aqueous Na2S2O3 and brine. After being 

dried over anhydrous Na2SO4, the volatile solvent was removed under reduced 

pressure. The resulting residue was then subjected to silica gel column 

chromatography purification to furnish dialdehyde 10 (55.5 mg, 60%) as a white solid: 

[α]D
25

 = 16.3 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 9.41 (s, 1 H), 9.33 (s, 1 

H), 7.70-7.66 (m, 4 H), 7.44-7.35 (m, 6 H), 6.84 (dd, J = 3.2, 6.0 Hz, 1 H), 5.39 (t, J = 

3.6 Hz, 1 H), 4.55 (dd, J = 5.6, 10.8 Hz, 1 H), 3.87 (d, J = 10.8 Hz, 1 H), 3.70 (d, J = 

10.8 Hz, 1 H), 3.43 (dd, J = 4.8, 8.8 Hz, 1 H), 2.68 (dd, J = 6.0, 19.6 Hz, 1 H), 2.07 

(dd, J = 3.2, 19.2 Hz, 1 H), 1.97-1.88 (m, 1 H), 1.89 (s, 3 H), 1.85-1.41 (m, 12 H), 

1.28 (s, 3 H), 1.19 (s, 3 H), 1.11 (m, 1 H), 1.08 (s, 3 H), 1.07 (s, 9 H), 1.02 (s, 3 H), 

0.94 (dd, J = 2.0, 12.0 Hz, 1 H), 0.82 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 206.1, 

192.3, 170.8, 152.2, 145.1, 138.9, 136.0, 135.9, 133.7 (2 C), 129.7 (2 C), 127.7, 127.6, 

125.0, 80.4, 64.6, 56.4, 47.4, 46.6, 43.9, 42.8, 42.6, 39.7, 38.5, 37.9, 37.2, 33.6, 27.6, 

27.1, 23.6, 23.1, 22.8, 21.4, 21.3, 20.3, 19.4, 17.3, 15.4; HRMS (ESI) calcd for 

C48H67O6Si [M+H]
+
 767.4702, found 767.4692. 

3,24-O-Thionocarbonyl-21,22-O-isopropylidene-28-O-tert-butyldiphynylsilyl-protoe

scigenin (S1) 
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Thiocarbonyl imidazole (45.4 mg, 254.7 μmol) and DMAP (15.6 mg, 127.36 μmol) , 

Et3N (177.0 μL, 1.27 mmol) were added to a stirred solution of 3 (100 mg, 127.36 

μmol) in dry chloromethane (1.00 mL) at 0 
o
C under N2 atmosphere. The reaction 

mixture was then gradually warmed up to room temperature, and the stirring was 

continued for 6 h before ethyl acetate was added to dilute the reaction. The resulting 

solution was washed successively with water, saturated aqueous NaHCO3, and brine, 

and was then dried over anhydrous Na2SO4. Filtration and concentration in vacuo 

gave the crude product, which was further purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 5 : 1) to furnish S1 (96.9 mg, 92%) 

as a white solid: [α]D
25

 = +38.4 (c 1.0, CHCl3); 
1
H NMR (400 MHz, acetone-d6) δ 

7.77-7.72 (m, 4 H), 7.49-7.39 (m, 6 H), 5.45 (t, J = 3.6 Hz, 1 H), 4.76 (d, J = 11.2 Hz, 

1 H), 4.63 (d, J = 10.0 Hz, 1 H), 4.26-4.20 (m, 2 H), 4.08 (d, J = 2.8 Hz, 1 H), 4.02 

(dd, J = 2.0, 11.2 Hz, 1 H), 3.80 (d, J = 4.0 Hz, 1 H), 3.43 (d, J = 9.2 Hz, 1 H), 3.32 (d, 

J = 9.6 Hz, 1 H), 2.80 (dd, J = 4.8, 14.0 Hz, 1 H), 2.36 (t, J = 13.6 Hz, 1 H), 2.02-1.53 

(m, 9 H), 1.47 (s, 3 H), 1.46 (s, 3 H), 1.41 (s, 3 H), 1.36-1.13 (m, 6 H), 1.21 (s, 3 H), 

1.08 (s, 3 H), 1.07 (s, 3 H), 1.05 (s, 9 H), 1.02 (s, 3 H), 0.55 (s, 3 H); 
13

C NMR (100 

MHz, acetone-d6) δ 142.4, 136.5, 133.9, 133.8, 130.7, 130.6, 128.6 (2 C), 125.3, 

108.4, 85.4, 82.2, 76.6, 76.0, 69.3, 65.9, 52.6, 49.1, 46.1, 45.6, 43.0, 41.0, 40.9, 39.8, 

37.3, 36.4, 34.9, 34.8, 33.3, 28.1, 27.8, 27.7, 27.6, 27.5, 27.2, 27.1, 24.4, 19.8, 18.9, 

18.1, 17.9 (2 C), 12.9; HRMS (ESI) calcd for C51H71O8SSi [M+HCOO]
-
 871.4633, 

found 871.4633. 

21,22-Isopropylidene-24-O-tosyl-28-O-tert-butyldiphenylsilyl-protoescigenin (11) 

 

To a stirred solution of 3 (6.00 g, 7.64 mmol) in dry CH2Cl2 (80.00 mL) was added 
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DMAP (933.6 mg, 7.64 mmol), Et3N (21.24 mL, 152.83 mmol) and TsCl (11.65 g, 

61.13 mmol) successively at 0 
o
C under N2 atmosphere. The reaction mixture was 

then warmed gradually up to room temperature, and the stirring was continued for 12 

h at the same temperature. Ethyl acetate was added to dilute the reaction mixture, and 

the obtained solution was washed with water and brine, and then dried over anhydrous 

Na2SO4. Finally, filtration as well as concentration in vacuo was conducted to get the 

crude product, which was further purified by silica gel column chromatography 

(petroleum ether/ethyl acetate = 3.5 : 1) to provide 11 (6.61 g, 92%) as a light yellow 

solid: [α]D
25

 = +34.3 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.80 (d, J = 8.4 

Hz, 2 H), 7.69-7.65 (m, 4 H), 7.45-7.32 (m, 8 H), 5.38 (t, J = 3.6 Hz, 1 H), 4.29 (d, J 

= 10.4 Hz, 1 H), 4.23 (d, J = 10.0 Hz, 1 H), 4.16 (d, J = 10.4 Hz, 1 H), 4.13 (d, J = 

10.0 Hz, 1 H), 3.91 (dd, J = 3.2, 4.8 Hz, 1 H), 3.41 (d, J = 9.6 Hz, 1 H), 3.28 (d, J = 

11.2 Hz, 1 H), 3.18 (d, J = 9.6 Hz, 1 H), 2.75 (dd, J = 5.2, 14.0 Hz, 1 H), 2.45 (s, 3 H), 

2.36 (d, J = 3.6 Hz, 1 H), 2.13 (t, J = 14.0 Hz, 1 H), 1.89-1.56 (m, 8 H), 1.51 (s, 3 H), 

1.48 (s, 3 H), 1.39-1.21 (m, 6 H), 1.30 (s, 3 H), 1.07 (s, 6 H), 1.06 (s, 3 H), 1.05 (s, 9 

H), 1.00-0.94 (m, 2 H), 0.81 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 144.9, 140.5, 

135.8 (2 C), 133.2, 133.0, 129.9, 129.8 (2 C), 128.1, 127.8 (2 C), 124.3, 108.4, 83.0, 

78.7, 76.1, 72.2, 70.1, 65.2, 55.7, 48.3, 47.0, 45.5, 42.4, 41.7, 40.0, 39.6, 38.6, 36.9, 

34.3, 34.2, 33.4, 29.7, 27.6, 27.1 (2 C), 27.0, 26.8, 23.7, 22.4, 21.8, 19.3, 19.2, 17.2, 

17.0, 15.6; HRMS (ESI) calcd for C56H78O8SSiNa [M+Na]
+
 961.5079, found 

961.5081. 

3,24-Anhydro-21,22-O-isopropylidene-28-O-tert-butyldiphenylsilyl-protoescigenin 

(S2) 

 

To a flask containing 11 (100.0 mg, 106.45 μmol) was charged with 1M LiHBEt3 

(1.06 mL, 1.06 mmol) at room temperature under N2 atmosphere. The resulting 

mixture was stirred at the same temperature for 2 h before ethyl acetate was added to 
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dilute the reaction. The resulting solution was washed with saturated aqueous 

NaHCO3 and brine, and was then dried over anhydrous Na2SO4. Filtration and 

concentration gave a residue, which was further purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 15 : 1) to provide S2 (50.6 mg, 62%) 

as a white solid: [α]D
25

 = +48.0 (c 1.0, CHCl3); 
1
H NMR (400 MHz, acetone-d6) δ 

7.78-7.73 (m, 4 H), 7.50-7.40 (m, 6 H), 5.49 (t, J = 3.6 Hz, 1 H), 4.63 (d, J = 10.0 Hz, 

1 H), 4.56 (dd, J = 2.4, 9.2 Hz, 1 H), 4.36 (d, J = 6.0 Hz, 1 H), 4.26 (d, J = 10.0 Hz, 1 

H), 4.09 (dd, J = 2.8, 4.4 Hz, 1 H), 4.01 (d, J = 6.0 Hz, 1 H), 3.78 (d, J = 4.0 Hz, 1 H), 

3.44 (d, J = 9.2 Hz, 1 H), 3.35 (d, J = 9.2 Hz, 1 H), 2.81 (dd, J = 5.2, 14.4 Hz, 1 H), 

2.37 (t, J = 13.2 Hz, 1 H), 2.02 (m, 2 H), 1.88-1.78 (m, 2 H), 1.67 (t, J = 8.4 Hz, 1 H), 

1.60-1.56 (m, 2 H), 1.47 (s, 3 H), 1.46 (s, 3 H), 1.41 (s, 3 H), 1.39 (s, 3 H), 1.36 (dd, J 

= 2.8, 12.0 Hz, 1 H), 1.29 (s, 3 H), 1.27-1.21 (m, 4 H), 1.08 (s, 3 H), 1.06 (s, 9 H), 

1.02 (s, 3 H), 0.96-0.84 (m, 3 H); 
13

C NMR (100 MHz, acetone-d6) δ 142.5, 136.5, 

134.0, 133.8, 130.7, 130.6, 128.6 (2 C), 125.3, 108.4, 85.4, 82.3, 79.2, 76.6, 76.1, 69.3, 

66.0, 52.6, 49.1, 46.1, 45.6, 43.0, 41.0, 40.9, 39.8, 37.3, 36.4, 34.9, 34.8, 33.3, 28.1, 

27.8, 27.7, 27.6, 27.5, 27.2, 27.1, 24.4, 19.8, 18.9, 18.1, 17.9, 12.9; HRMS (ESI) 

calcd for C49H70O5SiNa [M+Na]
+
 789.4885, found 789.4883. 

21,22-O-Isopropylidene-24-S-methylphenyl-28-O-tert-butyldiphenylsilyl-protoescige

nin (12) 

 

To a stirred solution of 11 (5.00 g, 5.32 mmol) and TolSH (3.31 g, 26.61 mmol) in dry 

DMF (100.00 mL) was added K2CO3 (2.94 g, 21.29 mmol) at room temperature under 

N2 atmosphere. The resulting suspension was then heated to 70 
o
C by oil bath and was 

stirred at the same temperature for 8 h. The reaction mixture was then diluted by 

addition of ethyl acetate, and the obtained solution was washed with water and brine 

successively. After being dried over anhydrous Na2SO4, the volatile solvent was 

evaporated in vacuo to yield the crude product, which was then subjected to silica gel 
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column chromatography purification (petroleum ether/ethyl acetate = 8 : 1) to provide 

12 (3.98 g, 84%) as a white solid: [α]D
25

 = 76.7 (c 1.0, CHCl3); 
1
H NMR (400 MHz, 

CDCl3) δ 7.69-7.65 (m, 4 H), 7.45-7.32 (m, 6 H), 7.27 (d, J = 8.0 Hz, 2 H), 7.12 (d, J 

= 7.6 Hz, 2 H), 5.41 (t, J = 3.6 Hz, 1 H), 4.31 (d, J = 10.4 Hz, 1 H), 4.18 (d, J = 10.0 

Hz, 1 H), 3.92 (q, J = 4.0 Hz, 1 H), 3.42 (d, J = 9.6 Hz, 1 H), 3.38-3.32 (m, 1 H), 3.24 

(d, J = 12.4, 1 H), 3.20 (d, J = 9.6 Hz, 1 H), 3.09 (d, J = 12.0 Hz, 1 H), 2.76 (dd, J = 

5.2, 14.0 Hz, 1 H), 2.39 (s, 1 H), 2.38 (d, J = 4.0 Hz, 1 H), 2.32 (s, 3 H), 2.16 (t, J = 

10.0 Hz, 1 H), 1.93-1.54 (m, 9 H), 1.52 (s, 3 H), 1.49 (s, 3 H), 1.45-1.36 (m, 3 H), 

1.33 (s, 3 H), 1.31-1.27 (m, 2 H), 1.26 (s, 3 H), 1.081 (s, 3 H), 1.077 (s, 3 H), 1.06 (s, 

9 H), 0.98 (s, 3 H), 0.88 (d, J = 10.0 Hz, 1 H), 0.49 (s, 3 H); 
13

C NMR (100 MHz, 

CDCl3) δ 140.5, 136.1, 135.8 (2 C), 134.8, 133.2, 133.0, 129.8, 129.7 (2 C), 127.8 (2 

C), 124.4, 108.4, 83.0, 80.5, 76.1, 70.2, 65.2, 57.2, 48.3, 47.2, 45.5, 42.8, 41.7, 40.0, 

39.7, 39.1, 38.0, 37.1, 34.4, 34.2, 33.3, 29.7, 27.6, 27.3, 27.2, 27.1, 26.8, 24.5, 23.6, 

21.1, 19.3 (2 C), 17.2, 17.1, 16.2; HRMS (ESI) calcd for C56H78O5SSiNa [M+Na]
+
 

913.5232, found 913.5230. 

21,22-O-Isopropylidene-28-O-tert-butyldiphenylsilyl-24-deoxy-protoescigenin (13) 

 

To a solution of 12 (4.00 g, 4.49 mmol) in a mixed solvent of acetone and ethanol 

(120 mL, v/v = 1 : 9) was added ethanol-rinsed Raney Ni (30.00 g). The reaction flask 

was cooled to -78 
o
C, evacuated under reduced pressure, and was then filled with H2 

(balloon). After the process was repeated for three times, the reaction mixture was 

warmed up to room temperature and the stirring was continued for 8 h at the same 

temperature. Filtration and concentration in vacuo afforded the crude product, which 

was further purified by silica gel column chromatography (petroleum ether/ethyl 

acetate = 8 : 1) to furnish 13 (3.42 mg, 99%) as a white solid: [α]D
25

 = 34.5 (c 1.0, 

CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.70-7.66 (m, 4 H), 7.45-7.32 (m, 6 H), 5.41 (t, 

J = 3.6 Hz, 1 H), 4.31 (d, J = 10.0 Hz, 1 H), 4.18 (d, J = 10.0 Hz, 1 H), 3.92 (q, J = 

4.0 Hz, 1 H), 3.42 (d, J = 9.2 Hz, 1 H), 3.24-3.20 (m, 1 H), 3.21 (d, J = 9.6 Hz, 1 H), 
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2.76 (dd, J = 4.8, 14.0 Hz, 1 H), 2.42 (d, J = 3.2 Hz, 1 H), 2.16 (t, J = 13.6 Hz, 1 H), 

1.92-1.60 (m, 6 H), 1.58-1.42 (m, 4 H), 1.52 (s, 3 H), 1.49 (s, 3 H), 1.38-1.25 (m, 5 H), 

1.34 (s, 3 H), 1.080 (s, 3 H), 1.076 (s, 3 H), 1.06 (s, 9 H), 0.98 (s, 3 H), 0.92 (s, 3 H), 

0.78 (s, 3 H), 0.73 (dd, J = 1.6, 12.4 Hz, 1 H), 0.50 (s, 3 H); 
13

C NMR (100 MHz, 

CDCl3) δ 140.5, 135.8 (2 C), 133.2, 133.0, 129.8, 129.7, 127.8, 124.5, 108.4, 83.0, 

79.0, 76.1, 70.2, 65.2, 55.3, 48.2, 46.9, 45.5, 41.8, 40.1, 39.8, 38.9, 38.8, 37.1, 34.4, 

34.2, 33.0, 29.7, 28.2, 27.6, 27.3 (2 C), 27.1, 26.8, 23.6, 19.3, 18.3, 17.3, 17.2, 15.8, 

15.7; HRMS (ESI) calcd for C49H76NO5Si [M+NH4]
+
 786.5487, found 786.5481. 

3,16-Di-O-benzyl-24-deoxy-protoescigenin (14) 

 

To a stirred solution of 13 (2.00 g, 2.60 mmol) and BnBr (4.63 mL, 39.00 mmol) in 

dry DMF (1.00 mL) was added freshly activated powdered 4A MS at room 

temperature. The suspension was stirred at the same temperature for 10 min before it 

was chilled to 0 
o
C, to which NaH (60% dispersed in mineral oil, 1.04 g, 26.00 mmol) 

was added portionwise (Caution: H2 gas evolved during the addition of NaH). The 

stirring was continued for another 12 h at the same temperature before ethyl acetate 

was added to dilute the reaction mixture. Thus obtained solution was thoroughly 

washed with water and brine, and was then dried over anhydrous Na2SO4. Filtration 

and concentration in vacuo afforded the benzylated intermediate, which was directly 

put to the next step without further purification. 

The above obtained residue was dissolved in a mixed solvent of CH2Cl2 and MeOH 

(12.00 mL, v/v = 1 : 2), to which CSA (3.02 g, 13.00 mmol) was added at room 

temperature under N2 atmosphere. The resulting mixture was stirred for 6 h at the 

same temperature before ethyl acetate was added. Thus obtained mixture was washed 

with saturated aqueous NaHCO3 and brine successively, and was then dried over 

anhydrous Na2SO4. Filtration was followed by concentration under reduced pressure 

to afford the crude product, which was further subjected to silica gel column 

chromatography purification (petroleum ether/ethyl acetate = 3 : 1 to 2 : 1) to furnish 
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tiol intermediate 14 (1.31 g, 75% for 2 steps) as a white solid: [α]D
25

 = 29.7 (c 1.0, 

CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.38-7.32 (m, 8 H), 7.29-7.24 (m, 2 H), 5.30 (t, 

J = 3.6 Hz, 1 H), 4.71 (dd, J = 8.8, 11.6 Hz, 1 H), 4.46 (dd, J = 12.0, 12.8 Hz, 1 H), 

4.23 (t, J = 2.8 Hz, 1 H), 3.94 (d, J = 9.6 Hz, 1 H), 3.65 (d, J = 9.6 Hz, 1 H), 3.58 (d, J 

= 11.2 Hz, 1 H), 3.35 (d, J = 11.2 Hz, 1 H), 2.96 (dd, J = 4.0, 11.6 Hz, 1 H), 2.58 (brs, 

3 H), 2.44 (t, J = 13.6 Hz, 1 H), 2.02 (dd, J = 4.4, 14.0 Hz, 1 H), 1.91-1.36 (m, 12 H), 

1.42 (s, 3 H), 1.11 (dd, J = 4.8, 13.6 Hz, 1 H), 1.01 (s, 3 H), 0.97 (s, 3 H), 0.94 (s, 3 

H), 0.88 (s, 3 H), 0.86 (s, 3 H), 0.85 (s, 3 H), 0.76 (d, J = 11.2 Hz, 1 H); 
13

C NMR 

(100 MHz, CDCl3) δ 141.7, 139.6, 138.9, 128.4, 128.3, 127.8, 127.6, 127.4, 127.3, 

123.7, 86.6, 80.2, 78.2, 74.9, 72.2, 71.5, 71.3, 55.8, 47.0, 46.7, 46.3, 41.8, 41.2, 40.0, 

39.0, 38.7, 37.0, 35.5, 32.9, 29.4, 28.4, 26.8, 26.4, 23.6, 22.9, 18.7, 18.4, 16.8 (2 C), 

15.7; HRMS (ESI) calcd for C44H62O5K [M+K]
+
 709.4229, found 709.4232. 

Methyl 3,16-di-O-benzyl-24-deoxy-28-protoescigeninate (15) 

 

To a saturated aqueous NaHCO3 solution (20.00 mL) were added KBr (354.7 mg, 

2.98 mmol) and TBACl (497.1 mg, 1.79 mmol) successively at room temperature to 

form solution A. To a mixed solution of saturated aqueous NaHCO3 (6.00 mL) and 

brine (12.00 mL) was added 5% aqueous NaOCl (17.74 mL, 14.90 mmol) at room 

temperature to form solution B. To a stirred solution of 14 (2.00 g, 2.98 mmol) in 

CH2Cl2 (50.00 mL) were added TEMPO (46.57 mg, 298.1 µmol) and solution A 

successively at room temperature. The mixture was then cooled to 0 
o
C, to which 

solution B (1.00 mL) was added. The stirring was continued at the same temperature 

and additional solution B (0.50 mL) was added at the interval of 30 min until TLC 

showed that all starting material was consumed completely. Dichloromethane was 

added to dilute the reaction. The resulting mixture was washed successively with 

water, saturated aqueous Na2S2O3, and brine, and was then dried over anhydrous 

Na2SO4. Filtration was followed concentration in vacuo to afford a syrup, which was 
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put to the next step without further purification. 

The above obtained syrup was dissolved a mixed solvent of 
t
BuOH and THF (160 mL, 

v/v = 3 : 1), to which 2-methyl-2-butene (2.50 mL, 29.81 mmol) and a solution of 

NaH2PO4 (3.58 g, 29.81 mmol) and NaClO2 (1.62 g, 17.9 mmol) in 30 mL water were 

added successively at room temperature. The reaction mixture was stirred at the same 

temperature overnight, then 3M HCl was added to adjust the pH value of the reaction 

to 2-3. Extracted with ethyl acetate for three times and the organic layers were 

combined, which were then washed with brine and dried over anhydrous Na2SO4. 

Filtration and concentration under reduced pressure afforded the crude product, which 

was put the next step without further purification. 

The above obtained crude carboxylic acid intermediate was finally dissolved in DMF 

(20.00 mL), to which Cs2CO3 (3.88 g, 11.92 mmol) and MeI (1.86 mL, 29.81 mmol) 

were added at room temperature under N2 atmosphere. The reaction mixture was 

stirred at the same temperature for another 6 h before ethyl acetate was added. The 

resulting solution was washed successively with water and brine, and was then dried 

over anhydrous Na2SO4. Filtration and concentration in vacuo gave the crude product, 

which was further purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 6 : 1 to 4 : 1) to provide methyl ester 15 (1.25 g, 60% over 3 

steps) as a white solid: [α]D
25

 = 33.2 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 

7.38-7.31 (m, 8 H), 7.30-7.24 (m, 2 H), 5.39 (t, J = 4.0 Hz, 1 H), 4.69 (d, J = 11.6 Hz, 

2 H), 4.50 (t, J = 2.8 Hz, 1 H), 4.47 (dd, J = 9.6, 10.4 Hz, 2 H), 3.95 (d, J = 9.2 Hz, 1 

H), 3.67 (s, 3 H), 3.63 (d, J = 9.2 Hz, 1 H), 3.08 (dd, J = 4.4, 14.4 Hz, 1 H), 2.96 (dd, 

J = 4.4, 11.6 Hz, 1 H), 2.45 (t, J = 14.0 Hz, 1 H), 2.18 (brs, 2 H), 1.92 (dd, J = 3.6, 8.8 

Hz, 2 H), 1.84-1.78 (m, 1 H), 1.70-1.47 (m, 7 H), 1.38 (s, 3 H), 1.36-1.26 (m, 2 H), 

1.14 (dd, J = 4.4, 13.2 Hz, 1 H), 1.00 (s, 3 H), 0.96 (s, 3 H), 0.94 (s, 3 H), 0.92 (m, 1 

H), 0.86 (s, 3 H), 0.85 (s, 3 H), 0.76 (dd, J = 1.5, 12.0 Hz, 1 H), 0.71 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ 175.6, 141.6, 139.6, 138.6, 128.4, 128.3, 127.9, 127.5, 

127.3, 123.6, 86.6, 76.0, 75.8, 71.6, 71.5, 55.9, 52.5, 46.8, 46.5, 41.7, 40.4, 39.7, 39.0, 

38.5, 37.1, 35.2, 33.0, 29.2, 28.6, 28.4, 26.3, 23.5, 22.9, 18.9, 18.4, 16.9, 16.8, 15.5; 

HRMS (ESI) calcd for C45H63O6 [M+H]
+
 699.4619, found 699.4598 
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Methyl 3,16-di-O-benzyl-21,22-di-O-mesyl-24-deoxy-28-protoescigeninate (S3) 

 

To a stirred solution of 15 (200 mg, 286.13 µmol), DMAP (174.8 mg, 1.43 mmol), 

and Et3N (0.60 mL, 4.29 mmol) in dry CH2Cl2 (2.00 mL) was added freshly activated 

4A MS at room temperature. The suspension was stirred at the same temperature for 

30 min before MsCl (0.22 mL, 2.86 mmol) was added under N2 atmosphere. The 

resulting mixture was heated to 60 
o
C, and the stirring was continued for another 6 h. 

Filtration was conducted to remove the MS, and the filtrate was diluted with ethyl 

acetate. The solution was washed with water and brine, and then dried over anhydrous 

Na2SO4. Filtration was followed by concentration under reduced pressure to afford the 

crude product, which was further purified by silica gel column chromatography 

(petroleum ether/ethyl acetate = 10 : 1 to 8 : 1) to provide S3 (195.7 mg, 80%) as a 

white solid: [α]D
25

 = -3.0 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 

1.6, 8.4 Hz, 2 H), 7.39-7.26 (m, 8 H), 5.44 (d, J = 9.6 Hz, 1 H), 5.38 (t, J = 3.6 Hz, 1 

H), 5.12 (d, J = 9.6 Hz, 1 H), 4.685 (d, J = 12.0 Hz, 1 H), 4.682 (d, J = 10.8 Hz, 1 H), 

4.46 (d, J = 10.8 Hz, 1 H), 4.45 (d, J = 12.0 Hz, 1 H), 4.35 (dd, J = 1.6, 3.6 Hz, 1 H), 

3.65 (s, 3 H), 3.14 (s, 3 H), 3.10 (m, 1 H), 2.96 (dd, J = 4.4, 11.6 Hz, 1 H), 2.86 (s, 3 

H), 2.55 (t, J = 14.0 Hz, 1 H), 1.94-1.37 (m, 12 H), 1.35 (s, 3 H), 1.17 (dd, J = 4.4, 

13.6 Hz, 1 H), 1.09 (s, 3 H), 1.01 (s, 3 H), 1.00 (s, 3 H), 0.92 (s, 3 H), 0.85 (s, 3 H), 

0.76 (dd, J = 2.0, 12.8 Hz, 1 H), 0.67 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 173.2, 

139.8, 139.5, 136.9, 129.9, 128.5, 128.3, 128.1, 127.6, 127.3, 125.1, 86.5, 85.1, 82.3, 

73.5, 71.5, 70.7, 56.3, 55.8, 53.1, 46.6, 46.1, 41.7, 41.2, 39.8, 39.2, 39.0, 38.8, 38.5, 

37.0, 36.6, 33.0, 30.0, 28.4, 27.0, 26.5, 23.6, 22.8, 20.0, 18.3, 16.8 (2 C), 15.4; HRMS 

(ESI) calcd for C47H67O10S2 [M+H]
+
 855.4170, found 855.4208. 

Methyl 3,16-di-O-benzyl-21,22-di-oxo-24-deoxy-28-protoescigeninate (16) 
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To a stirred solution of 15 (200.0 mg, 286.13 µmol) in dry DMSO (2.00 mL) was 

added IBX (801.2 mg, 2.86 mmol) at room temperature under N2 atmosphere. The 

reaction mixture was stirred at the same temperature for 8 h, and then ethyl acetate 

was added. The resulting mixture was washed with saturated aqueous Na2S2O3, water, 

and brine, and was then dried over anhydrous Na2SO4. Filtration and concentration in 

vacuo gave the crude product, which was then subjected to further purification by 

silica gel column chromatography (petroleum ether/ethyl acetate = 20 : 1 to 15 : 1) to 

provide 16 (143.2 mg, 72%) as a light yellow foam: [α]D
25

 = -28.0 (c 1.0, CHCl3); 
1
H 

NMR (400 MHz, CDCl3) δ 7.37-7.24 (m, 8 H), 7.21-7.19 (m, 2 H), 5.50 (t, J = 3.6 Hz, 

1 H), 4.68 (d, J = 11.6 Hz, 1 H), 4.45-4.39 (m, 3 H), 4.20 (d, J = 10.8 Hz, 1 H), 3.72 

(s, 3 H), 3.62 (dd, 4.8, 14.0 Hz, 1 H), 3.03 (t, J = 14.0 Hz, 1 H), 2.96 (dd, J = 4.4, 11.6 

Hz, 1 H), 2.00 (dd, J = 4.4, 8.0 Hz, 1 H), 1.93 (dd, J = 3.6, 9.2 Hz, 2 H), 1.84-1.78 (m, 

1 H), 1.70-1.48 (m, 7 H), 1.43-1.32 (m, 2 H), 1.38 (s, 3 H), 1.20 (s, 3 H), 1.01 (s, 3 H), 

0.96 (s, 3 H), 0.93 (s, 3 H), 0.92 (dd, J = 3.6, 13.6 Hz, 1 H), 0.85 (s, 3 H), 0.76 (dd, J 

= 2.0, 12.4 Hz, 1 H), 0.70 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 200.1, 198.1, 169.5, 

139.6, 138.8, 136.6, 128.9, 128.4, 128.3, 128.1, 127.6, 127.4, 125.8, 86.5, 80.8, 72.0, 

71.5, 65.4, 55.8, 52.9, 46.8, 46.2, 41.0, 40.9, 39.8, 39.0, 38.5, 37.1, 32.9, 28.4, 28.3, 

26.8, 24.0, 23.7, 23.3, 22.8, 18.3, 17.0, 16.8, 15.4; HRMS (ESI) calcd for C45H59O6 

[M+H]
+
 695.4306, found 695.4280. 

Methyl 3,16-di-O-benzyl-21-oxo-echinocystate (17) 

 

A flame-dried flask containing 16 (1.00 g, 1.44 mmol) were treated with THF (10.00 

mL) and methanol (60.00 mL). After being cooled to -78 
o
C, the flask was evacuated 

under recued pressure and refilled with N2. After this process was repeated for 3 times, 

SmI2 (0.1M in THF, 144 mL, 14.4 mmol) was added via a syringe at the same 

temperature. Afterwards, the evacuation/refilling process was repeated for another 3 

times (caution: the reaction is highly air-sensitive, thus the air should be strictly 

excluded by gas exchange from air to N2). The reaction mixture was then warmed up 
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to room temperature and the stirring was continued at the same temperature for 4 h, 

during which time the reaction system changed from blackish green to purple and 

then to colorless. Ethyl acetate was added to dilute the reaction and the resulting 

mixture was washed with saturated aqueous NaHCO3 and brine, and was then dried 

over anhydrous Na2SO4. Filtration was followed by concentration in vacuo to provide 

a residue, which was further purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 18 : 1 to 15 : 1) to afford 17 (921.1 mg, 94%) as a white solid: 

[α]D
25

 = 30 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.35-7.24 (m, 10 H), 5.46 (t, 

J = 3.6 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.47 (d, J = 10.0 Hz, 1 H), 4.44 (d, J = 

11.2 Hz, 1 H), 4.34 (d, J = 10.4 Hz, 1 H), 4.08 (dd, J = 2.0, 2.8 Hz, 1 H), 3.64 (s, 3 H), 

3.37 (dd, J = 5.6, 14.4 Hz, 1 H), 2.95 (dd, J = 4.0, 11.6 Hz, 1 H), 2.67 (d, J = 15.2 Hz, 

1 H), 2.64 (t, J = 14.0 Hz, 1 H), 2.39 (d, J = 15.6 Hz, 1 H), 1.93-1.90 (m, 2 H), 

1.82-1.77 (m, 1 H), 1.71-1.47 (m, 7 H), 1.39-1.25 (m, 4 H), 1.32 (s, 3 H), 1.19 (s, 3 H), 

1.00 (s, 3 H), 0.93 (s, 3 H), 0.91 (m, 1 H), 0.85 (s, 3 H), 0.78 (s, 3 H), 0.75 (dd, J = 

2.0, 12.4 Hz, 1 H), 0.69 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 211.9, 174.5, 141.2, 

139.6, 137.5, 129.2, 128.3 (2 C), 127.8, 127.6, 127.4, 124.2, 86.6, 80.5, 72.5, 71.5, 

55.8, 53.7, 52.4, 47.3, 46.8, 44.5, 44.4, 41.1, 40.4, 39.8, 39.0, 38.5, 37.1, 32.8, 28.9, 

28.4, 27.2, 26.6, 24.8, 18.4, 16.9, 16.8, 15.4; HRMS (ESI) calcd for C45H64NO5 

[M+NH4]
+
 698.4779, found 698.4748. 

Methyl 

oleana-3,16-di-O-benzyloxyl-12,21-dien-28-oate-21-trifluoromethylsulfonate (18) 

 

To a stirred solution of 17 (681.0 mg, 1.0 mmol) in dry THF (20.00 mL) was added 

1M KHMDS in THF (10.00 mL, 10.0 mmol) at -78 
o
C under N2 atmosphere. After 

being stirred for 10 min at the same temperature, Comins’ reagent (785.4 mg, 2.00 

mmol) was added, and the stirring was continued at -78 
o
C for another 8 h before 

ethyl acetate was added to dilute the reaction mixture. The resulting solution was 

washed successively with saturated aqueous NaHCO3 and brine, and was then dried 
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over anhydrous Na2SO4. Filtration and concentration in vacuo afforded the crude 

product, which was then subjected to purification by silica gel column 

chromatography (petroleum ether/ethyl acetate = 50 : 1 to 20 : 1) to provide 18 (748.0 

mg, 92%) as a white solid: [α]D
25

 = 16.8 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) 

δ 7.38-7.24 (m, 10 H), 5.60 (s, 1 H), 5.46 (t, J = 3.6 Hz, 1 H), 4.69 (d, J = 12.0 Hz, 1 

H), 4.60 (d, J = 11.2 Hz, 1 H), 4.46 (d, J = 11.6 Hz, 1 H), 4.43 (d, J = 11.2 Hz, 1 H), 

4.15 (t, J = 3.6 Hz, 1 H), 3.67 (s, 3 H), 3.14 (dd, J = 4.0, 14.8 Hz, 1 H), 2.97 (dd, J = 

4.4, 11.6 Hz, 1 H), 2.78 (dd, J = 13.2, 14.8 Hz, 1 H), 1.95-1.91 (m, 2 H), 1.85-1.79 (m, 

1 H), 1.72-1.50 (m, 7 H), 1.44 (m, 2 H), 1.34 (s, 3 H), 1.33 (dd, J = 3.6, 12.8 Hz, 1 H), 

1.21 (s, 3 H), 1.01 (s, 3 H), 0.99 (s, 3 H), 0.96 (s, 3 H), 0.93-0.89 (m, 1 H), 0.86 (s, 3 

H), 0.77 (s, 3 H), 0.77 (dd, J = 1.6, 12.4 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3) δ 

173.3, 158.3, 141.0, 139.6, 138.4, 128.3, 127.9, 127.6 (2 C), 127.4, 124.3, 120.1, 

116.9, 116.8, 86.6, 78.7, 72.5, 71.5, 55.9, 53.6, 52.8, 46.8 (2 C), 41.6, 39.6, 39.1, 39.0, 

38.6, 37.2, 36.0, 33.3, 29.0, 28.4, 26.3, 25.8, 25.5, 23.6, 22.9, 18.4, 17.0, 16.8, 15.6; 

HRMS (ESI) calcd for C46H60F3O7S [M+H]
+
 813.4006, found 813.3963. 

Methyl oleana-3,16-di-benzyloxyl-12,21-dien-28-oate (19) 

 

To a sealed tube charged with 18 (200.0 mg, 245.99 µmol), HCO2NH4 (62.1 mg, 984 

µmol), and Pd(PPh3)4 (28.4 mg, 24.60 µmol) was added dry toluene (2 mL) under N2 

atmosphere. The mixture was then heated to 80 
o
C by an oil bath and the stirring was 

continued at the same temperature for 6 h. After being cooled to room temperature, 

the reaction mixture was diluted with ethyl acetate, washed with brine, and then dried 

over anhydrous Na2SO4. Filtration as well concentration under reduced pressure 

provided a residue, which was further purified by silica gel column chromatography 

(petroleum ether/ethyl acetate = 50 : 1 to 20 : 1) to afford 19 (148.9 mg, 91%) as a 

white solid: [α]D
25

 = 27.4 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.38-7.22 (m, 

10 H), 5.68 (dd, J = 1.2, 9.6 Hz, 1 H), 5.45 (d, J = 10.0 Hz, 1 H), 5.44 (t, J = 3.6 Hz, 1 

H), 4.69 (d, J = 12.0 Hz, 1 H), 4.62 (d, J = 12.0 Hz, 1 H), 4.45 (d, J = 12.0 Hz, 1 H), 
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4.42 (d, J = 11.6 Hz, 1 H), 4.17 (t, J = 3.2 Hz, 1 H), 3.63 (s, 3 H), 3.17 (dd, J = 3.6, 

14.4 Hz, 1 H), 2.97 (dd, J = 4.4, 12.0 Hz, 1 H), 2.52 (dd, J = 12.4, 14.4 Hz, 1 H), 

1.94-1.91 (m, 2 H), 1.84-1.79 (m, 1 H), 1.70-1.50 (m, 7 H), 1.42-1.36 (m, 2 H), 1.34 

(s, 3 H), 1.22-1.17 (m, 1 H), 1.05 (s, 3 H), 1.00 (s, 3 H), 0.95 (s, 3 H), 0.94 (dd, J = 

3.6, 13.6 Hz, 1 H), 0.90 (s, 3 H), 0.85 (s, 3 H), 0.77 (s, 3 H), 0.77 (dd, J = 2.0, 12.8 Hz, 

1 H); 
13

C NMR (100 MHz, CDCl3) δ 175.4, 142.9, 140.9, 139.6, 139.3, 128.3, 128.2, 

127.6, 127.3, 127.2, 125.3, 123.1, 86.6, 79.4, 72.4, 71.5, 55.9, 53.2, 52.4, 46.8, 44.9, 

41.7, 39.7, 39.5, 39.0, 28.5, 37.2, 33.4, 33.0, 30.6, 29.8, 29.4, 28.4, 28.0, 25.6, 23.5, 

22.9, 18.4, 17.1, 16.8, 15.6; HRMS (ESI) calcd for C45H61O4 [M+H]
+
 665.4564, 

found 665.4547. 

Methyl echinocystate (20) 

 

To a solution of 19 (140.0 mg, 210.54 µmol) in mixed solvent of MeOH and THF 

(5.00 mL, v/v = 4: 1), was added 10% Pd/C (45.0 mg). The reaction flask was then 

subjected to gas-exchange from air to H2 at low temperature for three times. The 

resulting suspension was stirred at room temperature for 12 h, then the black solid 

was removed by filtration through a pad of Celite and silica gel. The filtrate was 

concentrated in vacuo to yield a residue, which was further purified by silica gel 

column chromatography (petroleum ether/ethyl acetate = 6 : 1 to 4 : 1) to provide 20 

(100.4 mg, 98%) as a white solid: [α]D
25

 = 24.8 (c 1.0, CHCl3); 
1
H NMR (400 MHz, 

CDCl3) δ 5.39 (t, J = 3.6 Hz, 1 H), 4.52 (td, J = 1.2, 3.6 Hz, 1 H), 3.60 (s, 3 H), 

3.23-3.19 (m, 1 H), 3.06 (dd, J = 4.4, 14.4 Hz, 1 H), 2.17 (dd, J = 12.8, 14.8 Hz, 1 H), 

1.90-1.70 (m, 6 H), 1.65-1.44 (m, 9 H), 1.40-1.29 (m, 3 H), 1.34 (s, 3 H), 1.20-1.16 

(m, 1 H), 1.13 (ddd, J = 1.6, 4.8, 12.8 Hz, 1 H), 0.98 (s, 3 H), 0.96 (s, 3 H), 0.905 (s, 3 

H), 0.895 (s, 3 H), 0.77 (s, 3 H), 0.75 (dd, J = 2.0, 12.8 Hz, 1 H), 0.72 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ 177.6, 142.9, 123.0, 79.1, 75.1, 55.4, 52.0, 48.9, 46.9, 

46.5, 41.4, 40.7, 39.6, 38.9, 38.6, 37.2, 35.7, 35.6, 33.0, 32.9, 30.7, 30.5, 28.2, 27.3, 

27.2, 24.9, 23.4, 18.4, 17.1, 15.7, 15.6; HRMS (ESI) calcd for C31H50O4K [M+K]
+
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525.3341, found 525.3338. 

Echinocystic acid (21) 

 

To a sealed tube charged with 20 (100.0 mg, 205.45 µmol) was added LiOH (59.0 mg, 

2.47 mmol) and 1,4-dioxane (0.5 mL). The tube was sealed and was then heated to 

150 
o
C via an oil bath. The stirring was continued at the same temperature for 8 h. 

After being cooled to room temperature, 3M HCl was added to the reaction mixture to 

adjust the pH value of the reaction mixture to 2-3, which was followed by the addition 

of ethyl acetate to dilute the reaction mixture. The resulting mixture was washed with 

water and brine, and was then dried over anhydrous Na2SO4. Filtration and 

concentration in vacuo gave a residue, which was further purified by silica gel 

chromatography (DCM/MeOH = 10 : 1) to provide echinocystic acid (88.3 mg, 91%) 

as a white solid: [α]D
25

 = 48.5 (c 0.1, MeOH); 
1
H NMR (400 MHz, DMSO-d6) δ 5.20 

(t, J = 3.6 Hz, 1 H), 4.72 (d, J = 3.2 Hz, 1 H), 4.32 (brs, 1 H), 4.30 (d, J = 5.2 Hz, 1 H), 

3.35 (brs, 1 H), 3.02-2.97 (m, 1 H), 2.91 (dd, J = 4.4, 14.0 Hz, 1 H), 2.24 (dd, J = 12.4, 

14.4 Hz, 1 H), 1.95 (td, J = 4.8, 12.8 Hz, 1 H), 1.82-1.39 (m, 12 H), 1.31 (s, 3 H), 

1.27-1.17 (m, 3 H), 1.09-1.04 (m, 1 H), 0.97 (dd, J = 3.6, 12.8 Hz, 2 H), 0.90 (s, 3 H), 

0.89 (s, 3 H), 0.85 (s, 3 H), 0.83 (s, 3 H), 0.68 (s, 3 H), 0.67 (s, 3 H); 
13

C NMR (100 

MHz, DMSO-d6) δ 178.2, 144.0, 121.2, 76.8, 73.0, 54.9, 47.3, 46.4, 46.2, 41.0, 40.1, 

38.9, 38.4, 38.1, 36.6, 35.2, 34.7, 32.9, 32.7, 31.5, 30.3, 28.3, 27.0, 26.5, 24.2, 22.9, 

18.1, 16.8, 16.1, 15.2; HRMS (ESI) calcd for C30H52NO4 [M+NH4]
+
 490.3891, found 

490.3874. 

Methyl 3,16-di-O-benzyl-21-oxo-24-deoxy-28-protoescigeninate (22) 

 

To a stirred solution of (COCl)2 (3.78 mL, 44.71 mmol) in dry dichloromethane 

(35.00 mL) was added a solution of DMSO (6.35 mL, 89.42 mmol) in dry 

S25



dichloromethane (60.00 mL), which was dried over freshly activated powdered 4A 

MS, dropwise at -78 
o
C under N2 atmosphere. After the addition was completed, the 

stirring was continued for another 15 min at the same temperature before a solution of 

14 (2.00 g, 2.98 mmol) in dry dichloromethane (10 mL) was added. The resulting 

mixture was stirred at -78 
o
C for another 16 h, then Et3N (20.00 mL) was added 

carefully at the same temperature. After the addition was completed, the stirring was 

continued for another 15 min at the same temperature. Then the mixture was 

gradually warmed up to room temperature, to which ethyl acetate was added. The 

resulting solution was washed successively with saturated aqueous NaHCO3 and brine, 

and was then dried over anhydrous Na2SO4. Filtration was followed by concentration 

under reduced pressure to afford a residue, which was put to the next step directly 

without further purification. 

The above obtained residue was dissolved in a mixed solvent of 
t
BtOH (120.00 mL) 

and THF (80.00 mL), to which 2-methyl-2-butene (2.50 mL, 29.81 mmol) and a 

solution of NaClO2 (2.16 g, 23.85 mmol) and NaH2PO4 (3.58 g, 29.81 mmol) in water 

(30.00 mL) were added successively at room temperature. The reaction mixture was 

stirred at the same temperature for 8 h before 3M HCl was added to adjust the pH 

value of the reaction mixture to 2-3. Ethyl acetate was then added to dilute the 

reaction mixture, and the resulting mixture was washed successively with saturated 

aqueous Na2S2O3, water, and brine, and was then dried over anhydrous Na2SO4. 

Filtration and concentration under reduced pressure presented the crude product, 

which was put to the next step without further purification. 

The above obtained crude carboxylic acid intermediate was then dissolved in dry 

DMF (20 mL), to which KHCO3 (1.19 g, 11.9 mmol) and MeI (1.86 mL, 29.81 mmol) 

were added successively at room temperature under N2 atmosphere. The reaction 

mixture was stirred at the same temperature for 6 h before ethyl acetate was added. 

The resulting mixture was washe with water and brine, and was then dried over 

anhydrous Na2SO4. Filtration and evaporation under reduced pressure gave a residue, 

which was finally purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 10 : 1 to 6 : 1) to provide 22 (1.21 g, 58% over 3 steps) as a 
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white solid: [α]D
25

 = 40.4 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.37-7.24 (m, 

10 H), 5.44 (t, J = 3.6 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.44-4.36 (m, 4 H), 4.20 (d, 

J = 10.0 Hz, 1 H), 3.71 (s, 3 H), 3.39 (dd, J = 5.6, 14.0 Hz, 1 H), 2.95 (dd, J = 4.0, 

11.6 Hz, 1 H), 2.66 (t, J = 14.0 Hz, 1 H), 1.93-1.88 (m, 3 H), 1.83-1.77 (m, 1 H), 

1.66-1.47 (m, 6 H), 1.43-1.36 (m, 2 H), 1.33 (s, 3 H), 1.33-1.29 (m, 1 H), 1.24 (s, 3 H), 

1.00 (s, 3 H), 0.92 (s, 3 H), 0.90 (m, 1 H), 0.85 (s, 3 H), 0.74 (s, 3 H), 0.72 (m, 1 H), 

0.68 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 212.2, 173.2, 140.6, 139.6, 137.3, 129.6, 

128.3, 128.2, 127.9, 127.6, 127.4, 124.6, 68.5, 74.6, 73.2, 72.5, 71.5, 59.7, 55.8, 52.6, 

47.5, 46.8, 42.9, 41.6, 40.5, 40.0, 39.0, 38.4, 37.1, 32.6, 28.8, 28.4, 27.9, 27.5, 24.8, 

23.6, 22.8, 18.3, 16.8, 16.7, 15.3; HRMS (ESI) calcd for C46H61O8 [M+HCOO]
-
 

741.4361, found 741.4348. 

Methyl 3,16-di-O-benzyl-21-oxo-28-echinocystate (17) 

 

Except for the applied amount of SmI2 (10 eq), similar procedure as that used for the 

synthesis of 17 from 16 was adopted to mediate the transformation form 22 (600 mg, 

860.87 μmol) to 17 (551.1 mg, 94%) as a white solid after silica gel column 

chromatography purification. 

Methyl 21-β-ethylsulfenyl-echinocystate (23) 

 

To a stirred solution of 17 (100.0 mg, 146.85 mmol) and EtSH (87.0 µL, 1.17 mmol) 

in dry dichloromethane (1.00 mL) was added BF3•Et2O (72.5 µL, 587.40 µmol) 

dropwise at 0 
o
C under N2 atmosphere. The mixture was gradually warmed up to 

room temperature and the stirring was continued at the same temperature for 5 h 

before an additional portion of BF3•Et2O (36.3 µL, 293.70 µmol) was added. The 

reaction mixture was then stirred at room temperature for another 3 h, at which time 

TLC showed that all starting material was consumed. Ethyl acetate was added to 
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dilute the reaction mixture, and the resulting solution was washed successively with 

saturated aqueous NaHCO3 and brine. Dried over anhydrous Na2SO4, filtered through 

a pad of Celite, and evaporated in vacuo gave a residue, which was further purified by 

silica gel column chromatography (petroleum ether/ethyl acetate = 12 : 1 to 10 : 1) to 

provide 23 (69.1 mg, 86%) as a white solid: [α]D
25

 = 33.6 (c 1.0, CHCl3); 
1
H NMR 

(400 MHz, CDCl3) δ 5.38(t, J = 3.6 Hz, 1 H), 4.64 (dd, J = 3.2, 4.0 Hz, 1 H), 3.30 (dd, 

J = 4.8, 12.4 Hz, 1 H), 3.23 (d, J = 10.4 Hz, 1 H), 3.11 (dd, J = 3.2, 14.8 Hz, 1 H), 

2.57 (td, J = 2.4, 7.6 Hz, 1 H), 2.38 (t, J = 13.6 Hz, 1 H), 2.25 (dd, J = 4.8, 14.0 Hz), 

1.90-1.82 (m, 4 H), 1.67-1.50 (m, 7 H), 1.47-1.30 (m, 6 H), 1.37 (s, 3 H), 1.26 (t, J = 

7.2 Hz, 3 H), 1.07 (s, 3 H), 0.98 (s, 3 H), 0.96 (s, 3 H), 0.91 (s, 3 H), 0.77 (s, 3 H), 

0.74 (dd, J = 1.6, 11.6 Hz, 1 H), 0.68 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 176.1, 

142.2, 123.4, 79.1, 75.2, 55.4, 52.2, 51.6, 50.4, 48.7, 46.8, 41.3, 40.7, 40.0, 39.5, 38.9, 

38.6, 37.2, 36.2, 35.3, 33.1, 30.9, 28.2, 27.3, 27.2, 26.4, 23.4, 19.7, 18.4, 17.0, 15.7, 

15.5, 15.4; HRMS (ESI) calcd for C33H54O4SNa [M+Na]
+
 569.3635, found 569.3606. 

Methyl echinocystate (20) 

 

Similar procedure as that used for the synthesis of 13 was adopted to mediate the 

transformation of 23 (60.0 mg, 109.72 µmol) to 20 (51.3 mg, 96%). 

Methyl 3,16-di-O-benzyl-21-β-hydroxyl-echinocystate (24)---From diketone (16) 

 

To a flask charged with 16 (500.0 mg, 719.47 µmol) were added THF (5.0 mL) and 

methanol (25.0 mL) successively. The reaction flask was then subjected to 

gas-exchange from air to N2 at -78 
o
C for three times. To the reaction flask SmI2 

(0.1M in THF, 115.0 mL, 11.51 mmol) and H2O (2.0 mL) were added successively at 

-78 
o
C, the reaction flask was then subjected to gas-exchange for another 3 times. The 

reaction mixture was then warmed up to room temperature, and the stirring was 
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continued for 4 h at room temperature before ethyl acetate was added to dilute the 

reaction mixture. The resulting mixture was washed with saturated aqueous Na2S2O3, 

saturated aqueous NaHCO3, and brine, and was then dried over anhydrous Na2SO4. 

Filtration was followed by concentration under reduced pressure to give a residue, 

which was further purified by silica gel column chromatography (toluene/ethyl acetate 

= 18 : 1 to 10 : 1) to furnish 24β (432.6 mg, 88%) and 24α (27.9 mg, 6%), 

respectively. The pure 24β was obtained as a white solid: [α]D
25

 = 29.4 (c 1.0, CHCl3); 

1
H NMR (400 MHz, CDCl3) δ 7.37-7.24 (m, 10 H), 5.39 (t, J = 4.0 Hz, 1 H), 4.75 (d, 

J = 11.2 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.44 (d, J = 12.0 Hz, 1 H), 4.37 (d, J = 

11.2 Hz, 1 H), 4.22 (t, J = 2.8 Hz, 1 H), 4.07 (dd, J = 1.2, 11.2 Hz, 1 H), 3.61 (s, 3 H), 

3.08 (dd, J = 4.4, 14.4 Hz, 1 H), 2.95 (dd, J = 4.4, 11.6 Hz, 1 H), 2.34 (t, J = 14.0 Hz, 

1 H), 1.96-1.88 (m, 3 H), 1.83-1.77 (m, 1 H), 1.69-1.46 (m, 8 H), 1.41-1.29 (m, 3 H), 

1.34 (s, 3 H), 1.17 (dd, J = 4.8, 13.2 Hz, 1 H), 0.99 (s, 3 H), 0.93 (s, 3 H), 0.91 (s, 3 

H), 0.86 (s, 3 H), 0.84 (s, 3 H), 0.74 (dd, J = 2.0, 11.6 Hz, 1 H), 0.71 (s, 3 H); 
13

C 

NMR (100 MHz, CDCl3) δ 176.0, 142.0, 139.6, 138.6, 128.4, 128.3, 127.7, 127.6, 

127.6, 123.4, 86.6, 82.0, 73.8, 71.8, 71.5, 55.9, 52.2, 51.6, 47.2, 46.8, 41.4, 40.0, 39.8, 

39.6, 39.0, 38.5, 37.2, 35.7, 33.2, 28.9, 28.4, 28.3, 26.0, 23.5, 22.9, 18.4, 17.5, 17.0, 

16.8, 15.5; HRMS (ESI) calcd for C45H62O5K [M+K]
+
 721.4229, found 721.4231. 

The pure 24α was obtained as a white solid: [α]D
25

 = 25.0 (c 1.0, CHCl3); 
1
H NMR 

(400 MHz, CDCl3) δ 7.40-7.24 (m, 10 H), 5.40 (t, J = 3.6 Hz, 1 H), 4.86 (brs, 1 H), 

4.84 (d, J = 10.4 Hz, 1 H), 4.69 (d, J = 12.0 Hz, 1 H), 4.45 (d, J = 11.6 Hz, 1 H), 4.40 

(d, J = 10.8 Hz, 1 H), 4.16 (t, J = 3.2 Hz, 1 H), 3.61 (s, 3 H), 3.21 (dd, J = 4.4, 10.4 

Hz, 1 H), 3.13 (dd, J = 4.4, 14.8 Hz, 1 H), 2.96 (dd, J = 4.4, 11.6 Hz, 1 H), 2.15-2.08 

(m, 2 H), 1.93-1.78 (m, 5 H), 1.70-1.49 (m, 7 H), 1.42-1.32 (m, 2 H), 1.39 (s, 3 H), 

1.00 (s, 3 H), 0.96 (s, 3 H), 0.95 (s, 3 H), 0.94 (s, 3 H), 0.92 (m, 1 H), 0.85 (s, 3 H), 

0.77 (d, J = 10.8 Hz, 1 H), 0.84 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 176.5, 142.1, 

139.6, 135.9, 129.0, 128.8, 128.6, 128.3, 127.6, 127.4, 123.6, 86.5, 79.9, 72.2, 71.7, 

71.5, 56.0, 52.4, 50.1, 46.8, 41.39, 41.35, 39.8, 39.5, 39.0, 38.6, 38.2, 37.2, 35.8, 33.4, 

28.4, 28.0, 27.4, 25.6, 25.2, 23.5, 22.8, 18.4, 17.0, 16.8, 15.6; HRMS (ESI) calcd for 

C45H62O5Na [M+Na]
+
 705.4490, found 705.4439. 
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Methyl 3,16-di-O-benzyl-21-β-hydroxyl-echinocystate (24)---From monoketone (17) 

 

Except for the applied amount of SmI2 (6.0 eq), similar procedure as that used for the 

synthesis of 24 from 16 was adopted to mediate the transformation of 17 (200.0 mg, 

293.70 µmol) to 24 (192.6 mg, 96%). 

3,16-Di-O-benzyl-acacic acid lactone (25) 

 

To a stirred solution of 24 (100.0 mg, 146.42 µmol) in dry THF (1.00 mL) was added 

1M KHMDS in THF (0.59 mL, 590.00 µmol) at -78 
o
C under N2 atmosphere. The 

reaction mixture was stirred at the same temperature for 6 h before ethyl acetate was 

added to dilute the reaction mixture. The resulting solution was washed with water 

and brine, and was then dried over anhydrous Na2SO4. Filtration and concentration in 

vacuo gave the crude product, which was further purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 12 : 1 to 10 : 1) to provide 25 (94.3 

mg, 99%) as a white solid: [α]D
25

 = 24.6 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) 

δ 7.37-7.24 (m, 10 H), 5.42 (dd, J = 3.2, 4.8 Hz, 1 H), 4.68 (d, J = 12.0 Hz, 1 H), 4.56 

(s, 2 H), 4.44 (d, J = 12.0 Hz, 1 H), 4.20 (d, J = 5.6 Hz, 1 H), 3.89 (dd, J = 5.2, 10.4 

Hz, 1 H), 2.94 (dd, J = 4.4, 11.6 Hz, 1 H), 2.56-2.52 (m, 1 H), 2.45 (dd, J = 5.6, 12.0 

Hz, 1 H), 2.12 (d, J = 11.6 Hz, 1 H), 2.10 (dd, J = 5.6, 14.0 Hz, 1 H), 1.93-1.75 (m, 4 

H), 1.66-1.36 (m, 8 H), 1.20 (s, 3 H), 1.14 (dd, J = 10.4, 14.4 Hz, 1 H), 1.03 (s, 3 H), 

1.00 (s, 3 H), 0.99 (s, 3 H), 0.90 (s, 3 H), 0.88 (dd, J = 3.6, 11.2 Hz, 1 H), 0.85 (s, 3 

H), 0.74 (s, 3 H), 0.74 (d, J = 11.6 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3) δ 180.9, 

139.5, 139.4, 138.9, 128.3 (2 C), 127.9, 127.6, 127.5, 127.3, 124.6, 86.4, 83.7, 74.9, 

72.2, 71.4, 56.0, 49.1, 47.0, 43.0, 41.6, 41.2, 40.1, 39.0, 38.4, 37.1, 34.0, 33.5, 32.3, 

28.6, 28.4 (2 C), 27.9, 24.7, 23.6, 22.8, 18.3, 16.7, 16.2, 15.6; HRMS (ESI) calcd for 

C44H58O4K [M+K]
+
 689.3967, found 689.3954. 
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Acacic acid lactone (26) 

 

Except for the reaction media (MeOH/THF = 3 mL : 1 mL), similar procedure as that 

used for the synthesis of 20 was adopted to convert 25 (80.0 mg, 122.9 µmol) to 

acacic acid lactone 26 (55.5 mg, 96%) as a white solid:
[S2]

 [α]D
25

 = -0.4 (c 1.0, CHCl3); 

1
H NMR (400 MHz, CDCl3) δ 5.39 (td, J = 1.2, 3.6 Hz, 1 H), 4.24 (d, J = 5.6 Hz, 1 H), 

4.01 (dd, J = 4.8, 12.4 Hz, 1 H), 3.23 (dd, J = 4.8, 10.8 Hz, 1 H), 2.61 (dd, J = 6.8, 

12.4 Hz, 1 H), 2.44 (dd, J = 5.6, 11.6 Hz, 1 H), 2.11-2.04 (m, 2 H), 1.92-1.89 (m, 4 H), 

1.77 (dd, J = 12.8, 14.4 Hz, 1 H), 1.64-1.53 (m, 4 H), 1.49-1.39 (m, 4 H), 1.23 (s, 3 H), 

1.13-1.06 (m, 1 H), 1.03 (s, 3 H), 1.00 (s, 6 H), 0.96 (dd, J = 1.6, 6.4 Hz, 1 H), 0.91 (s, 

3 H), 0.89 (s, 3 H), 0.80 (s, 3 H), 0.75-0.71 (m, 1 H); 
13

C NMR (100 MHz, CDCl3) δ 

125.1, 83.9, 79.0, 67.4, 55.5, 49.8, 47.0, 43.7, 43.3, 40.6, 40.3, 38.8, 38.6, 37.1, 36.4, 

33.9, 32.2, 29.0 (2 C), 28.1, 27.2, 26.6, 23.9, 23.5, 18.3, 16.1, 15.7, 15.6; HRMS (ESI) 

calcd for C31H47O6 [M+HCOO]
-
 515.3367, found 515.3380. 

Methyl 3-O-benzyl-16,21-anhydro-echinocystate (27) 

 

To a stirred solution of 24 (100.0 mg, 146.42 μmol) in dry toluene (1.00 mL) was 

added Burgess’ reagent (69.8 mg, 292.83 μmol) at room temperature under N2 

atmosphere. The reaction mixture was then heated to 100 
o
C and the stirring was 

continued at the same temperature for 2 h. The reaction mixture was then cooled to 

room temperature, to which ethyl acetate was added. The resulting mixture was 

washed with water and brine, and was then dried over anhydrous Na2SO4. Filtration 

was followed by concentration to afford the crude product, which was further purified 

by silica gel column chromatography (petroleum ether/ethyl acetate = 40 : 1 to 20 : 1) 

to provide 27 (33.6 mg, 40%) as a white solid: [α]D
25

 = 10.8 (c 1.0, CHCl3); 
1
H NMR 

(400 MHz, CDCl3) δ 7.37-7.23 (m, 5 H), 5.32 (t, J = 3.6 Hz, 1 H), 4.68 (d, J = 11.6 
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Hz, 1 H), 4.47-4.45 (m, 1 H), 4.44 (d, J = 11.6 Hz, 1 H), 3.76 (d, J = 6.8 Hz, 1 H), 

3.62 (s, 3 H), 3.02-2.97 (m, 1 H), 2.95 (dd, J = 4.4, 11.6 Hz, 1 H), 2.14 (d, J = 11.6 Hz, 

1 H), 2.09 (dd, J = 6.4, 11.6 Hz, 1 H), 2.01 (dd, J = 6.0, 16.0 Hz, 1 H), 1.90-1.86 (m, 2 

H), 1.81-1.74 (m, 2 H), 1.66-1.47 (m, 8 H), 1.42 (s, 3 H), 1.40 (dd, J = 3.6, 12.0 Hz, 1 

H), 1.34-1.26 (m, 2 H), 1.00 (s, 3 H), 0.97 (s, 3 H), 0.89 (s, 6 H), 0.84 (s, 3 H), 0.76 

(dd, J = 2.0, 11.6 Hz, 1 H), 0.63 (s, 3 H); 
13

C NMR (100 MHz, CDCl3) δ 174.2, 143.0, 

139.6, 128.3, 127.6, 127.3, 122.7, 86.6, 83.0, 79.7, 71.5, 55.7, 51.8, 50.3, 47.2, 40.3, 

40.2, 40.1, 39.8, 39.0, 38.4, 37.6, 37.1, 36.1, 32.0, 31.8, 30.4, 29.1, 28.4, 27.0, 23.5, 

22.8, 18.3, 16.8, 16.7, 15.2; HRMS (ESI) calcd for C38H54O4Na [M+Na]
+
 597.3914, 

found 597.3936. 

Methyl 3,16-di-O-benzyl-21,22-dehydro-21-phenyl-echinocystate (28a) 

 

A sealed tube was charged 18 (60.0 mg, 73.80 μmol), phenyl boronic acid (18.0 mg, 

146.60 μmol), PdCl2(dppf) (16.2 mg, 22.14 μmol), and Cs2CO3 (96.18 mg, 295.19 

μmol) successively. The sealed tube was then evacuated and refilled with N2 for two 

times, to which dry toluene (1.00 mL) was added. The resulting suspension was again 

subjected to gas-exchange at -78 
o
C for three times, and then heated to 100 

o
C. The 

stirring was continued for 16 h at the same temperature before the reaction mixture 

was cooled to room temperature. Ethyl acetate was added to dilute the reaction 

mixture, and the resulting mixture was washed with water and brine successively, and 

was then dried over anhydrous Na2SO4. Filtration was followed by concentration to 

give the crude product, which was further purified by silica gel column 

chromatography (petroleum ether/ethyl acetate = 60 : 1 to 50 : 1) to provide 28a (47.0 

mg, 86%) as a white solid: [α]D
25

 = 10.2 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) 

δ 7.41-7.32 (m, 8 H), 7.30-7.21 (m, 5 H), 7.09-7.07 (m, 2 H), 5.51 (t, J = 4.0 Hz, 1 H), 

5.35 (s, 1 H), 4.71 (d, J = 12.0 Hz, 1 H), 4.70 (d, J = 11.6 Hz, 1 H), 4.48 (dd, J = 8.8, 

11.6 Hz, 1 H), 4.24 (t, J = 3.2 Hz, 1 H), 3.63 (s, 3 H), 3.37 (dd, J = 3.6, 14.8 Hz, 1 H), 

2.98 (dd, J = 4.4, 11.6 Hz, 1 H), 2.78 (dd, J = 12.8, 14.8 Hz, 1 H), 1.97-1.94 (m, 2 H), 
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1.85-1.79 (m, 1 H), 1.74-1.61 (m, 4 H), 1.55-1.51 (m, 2 H), 1.43-1.33 (m, 2 H), 1.39 

(s, 3 H), 1.29-1.22 (m, 3 H), 1.25 (s, 3 H), 1.01 (s, 3 H), 0.97 (s, 3 H), 0.95 (dd, J = 

3.6, 14.0 Hz, 1 H), 0.86 (s, 3 H), 0.80 (s, 3 H), 0.79 (s, 3 H), 0.79 (dd, J = 2.0, 13.2 Hz, 

1 H); 
13

C NMR (100 MHz, CDCl3) δ 175.1, 150.6, 142.7, 142.6, 139.6, 139.3, 129.0, 

128.3 (2 C), 127.6, 127.5, 127.3 (3 C), 126.5, 126.4, 123.3, 86.7, 79.8, 72.5, 71.5, 

56.0, 53.9, 52.4, 47.5, 46.9, 41.8, 39.6, 39.5, 39.1, 38.6, 37.2, 35.7, 33.5, 29.3, 29.0, 

28.4, 27.8, 25.6, 23.6, 22.9, 18.4, 17.2, 16.8, 15.6; HRMS (ESI) calcd for C51H64O4Na 

[M+Na]
+
 763.4697, found 763.4703. 

Methyl 21-phynyl-echinocystate (29a) 

 

Similar procedure as that used for the synthesis of 20 was adopted to convert 28a 

(40.0 mg, 53.98 μmol) to 29a (27.3 mg, 90%) as a mixture of α/β stereoisomers (α/β = 

11 : 8), which were separated by silica gel column chromatography (petroleum 

ether/ethyl acetate = 12 : 1 to 10 : 1). The α-isomer was obtained as a white solid: 

[α]D
25

 = 41.8 (c 0.5, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.24-7.12 (m, 5 H), 5.44 

(t, J = 4.0 Hz, 1 H), 4.65 (t, J = 3.6 Hz, 1 H), 3.62 (s, 3 H), 3.39 (dd, J = 4.0, 13.2 Hz, 

1 H), 3.22-3.18 (m, 2 H), 2.49 (dd, J = 12.8, 14.4 Hz, 1 H), 2.22 (t, J = 14.0 Hz, 1 H), 

1.97 (dd, J = 4.4, 14.4 Hz, 1 H), 1.93 (dd, J = 4.0, 8.4 Hz, 2 H), 1.86 (dd, J = 4.0, 15.6 

Hz, 1 H), 1.67-1.46 (m, 10 H), 1.43 (s, 3 H), 1.38-1.24 (m, 6 H), 1.00 (s, 3 H), 0.93 (s, 

3 H), 0.90 (s, 3 H), 0.78 (s, 3 H), 0.75 (s, 3 H), 0.73 (s, 3 H); 
13

C NMR (100 MHz, 

CDCl3) δ 176.9, 142.7, 129.4, 127.6, 126.2, 123.2, 79.1, 75.4, 55.4, 52.2, 49.7 (2 C), 

49.0, 46.8, 41.4, 40.4, 39.5, 38.9, 38.6, 37.8, 37.2, 36.0, 34.6, 33.1, 31.0, 28.2, 27.4, 

27.1, 23.5, 19.6, 18.4, 17.0, 15.7, 15.6; HRMS (ESI) calcd for C37H54O4Na [M+Na]
+
 

585.3914, found 585.3912. The β-isomer was obtained as a white solid: [α]D
25

 = 45.4 

(c 0.5, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.28-7.11 (m, 5 H), 5.59 (t, J = 3.6 Hz, 

1 H), 4.12 (dd, J = 3.6, 10.0 Hz, 1 H), 3.66 (s, 3 H), 3.32 (dd, J = 3.2, 14.8 Hz, 1 H), 

3.24 (dd, J = 5.2, 11.2 Hz, 1 H), 2.46 (dd, J = 2.0, 6.0 Hz, 1 H), 2.12 (dd, J = 13.2, 

14.8 Hz, 1 H), 1.93-1.90 (m, 2 H), 1.87 (dd, J = 3.6, 14.4 Hz, 1 H), 1.74-1.50 (m, 15 
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H), 1.23 (s, 3 H), 1.22 (d, J = 2.8 Hz, 1 H), 1.08 (s, 3 H), 1.00 (s, 3 H), 0.93 (s, 3 H), 

0.87 (s, 3 H), 0.79 (s, 3 H), 0.77 (dd, J = 1.6, 11.6 Hz, 1 H); 
13

C NMR (100 MHz, 

CDCl3) δ 178.2, 143.4, 140.6, 128.8, 127.8, 126.1, 123.5, 79.1, 71.4, 55.6, 52.9, 52.5, 

47.5, 47.1, 45.9, 42.1, 41.6, 40.4, 39.0, 38.9, 37.2, 34.8, 34.2, 32.9, 29.2, 28.3, 28.2, 

27.4, 27.0, 23.5, 18.4, 17.9, 16.1, 15.7; HRMS (ESI) calcd for C37H55O4 [M+H]
+
 

563.4095, found 563.4092. 

Methyl 3,16-di-O-benzyl-21,22-dehydro-21-furanyl-echinocystate (28b) 

 

Similar procedure as that used for the synthesis of 28a was adopted to mediate the 

coupling between 18 (100.0 mg, 123.00 μmol) and furanyl boronic acid (27.5 mg, 

245.99 μmol) to provide 28b (82.7 mg, 92%) as a light yellow solid: [α]D
25

 = -28.7 (c 

1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.38-7.18 (m, 11 H), 6.36 (dd, J = 1.6, 3.2 

Hz, 1 H), 6.28 (d, J = 3.2 Hz, 1 H), 5.98 (s, 1 H), 5.48 (t, J = 4.0 Hz, 1 H), 4.69 (d, J = 

12.0 Hz, 1 H), 4.63 (d, J = 11.6 Hz, 1 H), 4.45 (d, J = 12.0 Hz, 2 H), 4.25 (t, J = 3.2 

Hz, 1 H), 3.62 (s, 3 H), 3.27 (dd, J = 3.6, 14.8 Hz, 1 H), 2.96 (dd, J = 4.4, 11.6 Hz, 1 

H), 2.74 (dd, J = 12.8, 14.8 Hz, 1 H), 1.95-1.92 (m, 2 H), 1.83-1.78 (m, 1 H), 

1.72-1.50 (m, 8 H), 1.40-1.33 (m, 1 H), 1.38 (s, 3 H), 1.34 (s, 3 H), 1.26 (dd, J = 3.6, 

12.8 Hz, 1 H), 1.02 (s, 3 H), 1.00 (s, 3 H), 0.96 (s, 3 H), 0.94 (dd, J = 3.2, 14.6 Hz, 1 

H), 0.85 (s, 3 H), 0.78 (s, 3 H), 0.77 (dd, J = 2.4, 12.8 Hz, 1 H); 
13

C NMR (100 MHz, 

CDCl3) δ 174.9, 155.1, 142.4, 141.0, 139.8, 139.6, 139.2, 128.3, 128.2, 127.6, 127.4, 

127.3, 127.2, 126.4, 123.3, 110.7, 107.0, 86.6, 79.8, 72.5, 71.5, 56.0, 53.8, 52.5, 47.9, 

46.8, 41.7, 39.6, 39.0, 38.6, 37.2, 34.6, 33.4, 29.5, 29.0, 28.4, 27.7, 25.6, 23.6, 22.9, 

18.4, 17.1, 16.8, 15.6; HRMS (ESI) calcd for C49H63O5 [M+H]
+
 731.4670, found 

731.4657. 

Methyl 16-O-benzyl-21,22-dehydro-21-tetrahydrofuranyl-chinocystate (29b) 
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Similar procedure as that used for the synthesis of 29a was adopted to convert 28b 

(60.0 mg, 82.08 μmol) to 29b (32.3 mg, 61%) as a mixture of diasteroisomers (α/β = 

4 : 3), which were separated by silica gel column chromatography (petroleum 

ether/ethyl acetate = 10 : 1 to 8 ：1). The pure 29bα was obtained as a white solid: 

[α]D
25

 = +15.1 (c 0.5, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.39-7.28 (m, 4 H), 

7.24-7.19 (m, 1 H), 5.70 (s, 1 H), 5.42 (t, J = 3.6 Hz, 1 H), 4.57 (d, J = 11.6 Hz, 1 H), 

4.48 (d, J = 12.0 Hz, 1 H), 4.39-4.35 (m, 1 H), 4.18 (dd, J = 2.8, 4.4 Hz, 1 H), 

3.95-3.89 (m, 1 H), 3.80-3.74 (m, 1 H), 3.62 (s, 3 H), 3.24 (dd, J = 4.4, 10.8 Hz, 1 H), 

3.19 (dd, J = 3.6, 14.8 Hz, 1 H), 2.66 (dd, J = 12.8 Hz, 1 H), 2.13-2.06 (m, 1 H), 1.92 

(m, 2 H), 1.67-1.53 (m, 12 H), 1.42-1.35 (m, 3 H), 1.32 (s, 3 H), 1.12 (s, 3 H), 1.11 

(dd, J = 3.6, 12.4 Hz, 1 H), 0.99 (s, 3 H), 0.95 (s, 3 H), 0.93 (s, 3 H), 0.78 (s, 3 H), 

0.76 (s, 3 H), 0.73 (m, 1 H); 
13

C NMR (100 MHz, CDCl3) δ 175.4, 148.6, 142.8, 

139.5, 128.1, 127.5, 127.1, 123.0, 121.4, 79.6, 79.1, 78.1, 72.7, 67.6, 55.4, 53.5, 52.3, 

48.1, 46.9, 41.7, 39.5, 39.4, 38.9, 38.6, 37.2, 34.5, 34.1, 33.4, 28.4, 28.2, 27.4, 26.5, 

25.6, 23.5, 18.5, 17.1, 15.7, 15.6; HRMS (ESI) calcd for C42H61O5 [M+H]
+
 645.4514, 

found 645.4503. 29bβ was obtained as a white solid: [α]D
25

 = +42.5 (c 0.5, CHCl3);  

1
H NMR (400 MHz, CDCl3) δ 7.32-7.21 (m, 5 H), 5.60 (d, J = 1.2 Hz, 1 H), 5.43 (t, J 

= 3.6 Hz, 1 H), 4.63 (d, J = 11.6 Hz, 1 H), 4.34 (d, J = 11.6 Hz, 1 H), 4.26 (t, J = 7.2 

Hz, 1 H), 4.16 (t, J = 3.2 Hz, 1 H), 4.00-3.95 (m, 1 H), 3.71-3.65 (m, 1 H), 3.61 (s, 3 

H), 3.24 (dd, J = 4.4, 10.4 Hz, 1 H), 3.20 (dd, J = 3.6, 16.0 Hz, 1 H), 2.61 (dd, J = 

12.4, 14.8 Hz, 1 H), 2.04-1.79 (m, 5 H), 1.69-1.38 (m, 13 H), 1.35 (s, 3 H), 1.17 (dd, J 

= 3.6, 12.8 Hz, 1 H), 0.99 (s, 3 H), 0.93 (s, 3 H), 0.88 (s, 3 H), 0.78 (s, 3 H), 0.764 (s, 

3 H), 0.756 (dd, J = 2.0, 12.4 Hz, 1 H); 
13

C NMR (100 MHz, CDCl3) δ 175.4, 150.0, 

142.7, 139.2, 128.2, 127.2 (2 C), 123.0, 120.8, 79.8, 79.1, 77.6, 72.4, 68.0, 55.5, 53.2, 

52.4, 47.2, 46.9, 41.6, 39.5, 39.1, 38.9, 38.6, 37.2, 34.4, 34.2, 33.4, 28.4, 28.2, 27.6, 

27.4, 26.2, 25.6, 23.5, 18.5, 17.1, 15.7, 15.6; HRMS (ESI) calcd for C42H61O5 [M+H]
+
 

645.4514, found 645.4502. 

Benzyl echinocystate (30) 
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To a stirred solution of 21 (120.0 mg, 253.86 μmol) in dry DMF (1.00 mL) were 

added KHCO3 (101.7 mg, 1.02 mmol) and BnBr (180.9 µL, 1.52 mmol) successively 

at room temperature under N2 atmosphere. The reaction mixture was stirred at the 

same temperature for 5 h before ethyl acetate was added to dilute the reaction mixture. 

The resulting mixture was washed successively with water and brine, and was then 

dried over anhydrous Na2SO4. Filtration was followed by concentration to give a 

residue, which was further purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 12 : 1 to 10 : 1) to furnish 30 (137.2 mg, 96%) as a white solid: 

[α]D
25

 = 27.5 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.37 (m, 5 H), 5.38 (t, J = 

3.6 Hz, 1 H), 5.08 (AB, 2 H), 4.55 (td, J = 1.2, 3.6 Hz, 1 H), 3.23 (dd, J = 4.0, 10.8 Hz, 

1 H), 3.11 (dd, J = 4.8, 14.8 Hz, 1 H), 2.19 (dd, J = 12.8, 14.4 Hz, 1 H), 1.93-1.72 (m, 

6 H), 1.64-1.42 (m, 8 H), 1.31-1.09 (m, 4 H), 0.98 (s, 3 H), 0.96 (s, 3 H), 0.90 (s, 3 H), 

0.88 (s, 3 H), 0.77 (s, 3 H), 0.74 (dd, J = 2.0, 12.0 Hz, 1 H), 0.59 (s, 3 H); 
13

C NMR 

(100 MHz, CDCl3) δ 176.7, 142.8, 136.2, 128.6, 128.4, 128.2 (2 C), 123.1, 79.1, 75.1, 

66.5, 55.4, 48.9, 46.8, 46.5, 41.5, 40.8, 39.6, 38.9, 38.6, 37.1, 35.6 (2 C), 33.0, 32.9, 

30.7, 30.5, 28.2, 27.3, 27.1, 24.8, 23.4, 18.4, 17.1, 15.7, 15.6; HRMS (ESI) calcd for 

C37H58NO4 [M+NH4]
+
 580.4360, found 580.4344. 

Benzyl 3-O-tert-butyldimethylsilyl-echinocystate (31) 

 

To a stirred solution of 30 (130.0 mg, 230.97 μmol) in dry THF (0.30 mL) were added 

imidazole (94.4 mg, 1.39 mmol) and TBSCl (139.3 mg, 923.89 μmol) successively at 

room temperature under N2 atmosphere. The reaction mixture was stirred at the same 

temperature for 8 h before ethyl acetate was added. The resulting mixture was washed 

with water and brine, and was then dried over anhydrous Na2SO4. Filtration as well as 

concentration in vacuo gave the crude product, which was further purified by silica 
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gel column chromatography (petroleum ether/ethyl acetate = 60 : 1) to provide 31 

(143.9 mg, 92%) as a white solid: [α]D
25

 = 23.6 (c 1.0, CHCl3); 
1
H NMR (400 MHz, 

CDCl3) δ 7.37-7.28 (m, 5 H), 5.39 (t, J = 3.6 Hz, 1 H), 5.08 (AB, 2 H), 4.56 (td, J = 

1.2, 4.0 Hz, 1 H), 3.20 (dd, J = 4.8, 11.1 Hz, 1 H), 3.11 (dd, J = 4.8, 14.8 Hz, 1 H), 

2.19 (dd, J = 13.2, 14.8 Hz, 1 H), 1.92-1.72 (m, 6 H), 1.59-1.42 (m, 8 H), 1.34 (s, 3 H), 

1.31-1.10 (m, 4 H), 0.96 (s, 3 H), 0.905 (s, 3 H), 0.898 (s, 3 H), 0.89 (s, 12 H), 0.74 (s, 

3 H), 0.71 (dd, J = 2.0, 12.0 Hz, 1 H), 0.59 (s, 3 H), 0.04 (s, 6 H); 
13

C NMR (100 

MHz, CDCl3) δ 176.7, 142.7, 136.2, 128.6, 128.2 (2 C), 123.2, 79.6, 75.1, 66.5, 55.5, 

49.0, 46.9, 46.5, 41.5, 40.8, 39.7, 39.5, 38.7, 37.0, 35.6 (2 C), 33.1, 32.9, 30.7, 30.5, 

28.6, 27.8, 27.2, 26.1, 25.8, 24.8, 23.5, 18.6, 18.3, 17.1, 16.3, 15.6; HRMS (ESI) 

calcd for C43H69O4Si [M+H]
+
 677.4960, found 677.4954. 

Benzyl 16-O-benzyl-echinocystate (32) 

 

Similar procedure as those used for the synthesis of 14 was adopted to mediate the 

transformation of 31 (130.0 mg, 192.00 μmol) to 32 (111.6 mg, 89% over 2 steps), 

and 32 was obtained as a white solid after silica gel column chromatography 

(petroleum ether/ethyl acetate = 12 : 1): [α]D
25

 = 3.5 (c 1.0, CHCl3); 
1
H NMR (400 

MHz, CDCl3) δ 7.38-7.25 (m, 10 H), 5.36 (t, J = 3.6 Hz, 1 H), 5.08 (AB, 2 H), 4.73 (d, 

J = 11.2 Hz, 1 H), 4.37 (d, J = 11.6 Hz, 1 H), 4.26 (t, J = 2.8 Hz, 1 H), 3.23 (dd, J = 

3.6, 5.6 Hz, 1 H), 3.10 (dd, J = 4.4, 14.4 Hz, 1 H), 2.26 (dd, J = 13.2, 14.4 Hz, 1 H), 

1.89-1.79 (m, 4 H), 1.77 (dd, J = 4.8, 6.0 Hz, 1 H), 1.70-1.45 (m, 10 H), 1.38-1.25 (m, 

2 H), 1.35 (s, 3 H), 1.10-1.04 (m, 2 H), 0.98 (s, 3 H), 0.93 (s, 3 H), 0.89 (s, 3 H), 0.79 

(s, 3 H), 0.78 (s, 3 H), 0.73 (dd, J = 2.0, 12.0 Hz, 1 H), 0.58 (s, 3 H); 
13

C NMR (100 

MHz, CDCl3) δ 176.5, 143.1, 138.9, 136.2, 128.6, 128.3, 128.2, 127.7, 127.4, 122.9, 

82.5, 79.1, 71.8, 66.4, 55.4, 49.0, 46.8, 46.3, 41.6, 40.7, 39.5, 38.9, 38.6, 37.1, 35.3, 

33.2, 32.9, 32.0, 30.6, 28.8, 28.2, 27.3, 25.9, 24.5, 23.4, 18.4, 17.0, 15.7, 15.5; HRMS 

(ESI) calcd for C44H60O4K [M+K]
+
 691.4123, found 691.4122. 

Benzyl 3-O-diethylhydrosilyl-16-O-benzyl-echnocystate (33) 
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A sealed tube was charged with 32 (100.0 mg, 153.15 μmol) and [Ir(cod)OMe]2 (1.0 

mg, 1.53 μmol). After being sealed, the tube was chilled to -78 
o
C and gas-exchanged 

from air to N2 was then conducted for three times. Afterwards, to the sealed tube dry 

THF (0.50 mL) and Et2SiH2 (23.8 µL, 183.78 μmol) were added successively at the 

same temperature. After the gas-exchange process was repeated for another 3 times, 

the reaction mixture was warmed up to room temperature, and the stirring was 

continued for 16 h. Evaporation under reduced pressure afforded the crude product, 

which was further purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 100 : 1) to give 33 (108.7 mg, 96%) as a colorless syrup: [α]D
25

 = 

1.3 (c 1.0, CHCl3); 
1
H NMR (400 MHz, acetone-d6) δ 7.42-7.25 (m, 10 H), 5.33 (t, J 

= 4.0, 1 H), 5.10 (AB, 2 H), 4.79 (d, J = 11.2 Hz, 1 H), 4.49 (t, J = 2.4 Hz, 1 H), 4.41 

(d, J = 11.2 Hz, 1 H), 4.31 (t, J = 2.8 Hz, 1 H), 3.30 (dd, J = 4.8, 10.8 Hz, 1 H), 3.14 

(dd, J = 4.4, 14.4 Hz, 1 H), 2.32 (t, J = 13.6 Hz, 1 H), 2.06-1.51 (m, 13 H), 1.40 (s, 3 

H), 1.36-1.29 (m, 2 H), 1.09 (dd, J = 4.0, 12.4 Hz, 2 H), 1.02-0.97 (m, 8 H), 0.95 (s, 3 

H), 0.94 (s, 3 H), 0.93 (s, 3 H), 0.78 (s, 3 H), 0.77 (s, 3 H), 0.70-0.64 (m, 4 H), 0.63 (s, 

3 H); 
13

C NMR (100 MHz, acetone-d6) δ 176.4, 143.9, 139.7, 139.7, 137.4, 129.2, 

129.0, 128.9, 128.8, 128.6, 128.1, 123.6, 83.2, 82.0, 72.3, 66.8, 56.1, 49.5, 47.6, 47.0, 

42.2, 41.5, 40.3, 40.0, 39.8, 39.2, 37.7, 36.0, 33.9, 33.2, 32.6, 31.1, 29.2, 28.8, 27.8, 

26.4, 24.7, 24.1, 19.2, 17.5, 16.6, 15.9, 7.2, 7.1, 6.4, 6.0; HRMS (ESI) calcd for 

C48H71O4 [M+H]
+
 739.5116, found 739.5108. 

Benzyl 16-O-benzyl-23-hydroxyl-echinocystate (34) 

 

A sealed tube was charged with 33 (120.0 mg, 162.34 μmol), Me4Phen (4.8 mg, 20.29 

μmol), norbornene (22.9 mg, 243.52 μmol) successively. The reaction tube was then 

evacuated under reduced pressure for 30 min, then [Ir(cod)OMe]2 (5.38 mg, 8.12 
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μmol) was added under N2 atmosphere. Afterwards, the reaction tube was chilled to 

-78 
o
C, and the gas-exchange process was conducted for 3 times at the same 

temperature. To the reaction tube, dry THF (1.00 mL) was then added, which was 

followed by 3 times of gas-exchange at -78 
o
C. After being stirred at room 

temperature for 1 h, the reaction mixture was then heated to 120 
o
C, and the stirring 

was continued for another 36 h. After being cooled to room temperature, KHCO3 

(162.5 mg, 1.62 mmol), MeOH (1.00 mL), and 30% H2O2 (331.65 µL, 3.25 mmol) 

were added successively. The resulting mixture was then heated to 50 
o
C, and the 

stirring was continued for another 16 h before ethyl acetate was added. The resulting 

mixture was washed with NaHSO3, water, and brine, and was then dried over 

anhydrous Na2SO4. Filtration was followed by concentration to give the crude product, 

which was further purified by silica gel column chromatography (petroleum 

ether/ethyl acetate = 3 : 1 to 2 : 1) to afford 34 (32.6 mg, 30% over 2 steps) as a white 

solid: [α]D
25

 = 18.1 (c 1.0, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.37-7.24 (m, 10 

H), 5.35 (t, J = 3.6 Hz, 1 H), 5.07 (AB, 2 H), 4.71 (d, J = 11.2 Hz, 1 H), 4.36 (d, J = 

11.2 Hz, 1 H), 4.25 (t, J = 3.2 Hz, 1 H), 3.73 (d, J = 9.6 Hz, 1 H), 3.65 (dd, J = 6.8, 

8.4 Hz, 1 H), 3.43 (d, J = 10.4 Hz, 1 H), 3.09 (dd, J = 4.4, 14.4 Hz, 1 H), 2.25 (dd, J = 

13.2, 14.6 Hz, 1 H), 1.92-1.81 (m, 4 H), 1.79-1.68 (m, 2 H), 1.65-1.57 (m, 5 H), 

1.51-1.38 (m, 3 H), 1.34 (s, 3 H), 1.25-1.19 (m, 1 H), 1.09-0.97 (m, 3 H), 0.933 (s, 3 

H), 0.927 (s, 3 H), 0.89 (s, 3 H), 0.85 (dd, J = 3.6, 10.4 Hz, 1 H), 0.78 (s, 3 H), 0.57 (s, 

3 H); 
13

C NMR (100 MHz, CDCl3) δ 176.5, 143.1, 138.8, 136.2, 128.6, 128.3, 128.2, 

127.7, 127.4, 122.8, 82.5, 77.1, 72.4, 71.8, 66.4, 50.0, 49.0, 46.8, 46.3, 41.9, 41.6, 

40.7, 39.5, 38.3, 37.0, 35.3, 33.0, 32.9, 32.0, 30.6, 28.8, 26.9, 26.0, 24.5, 23.4, 18.6, 

17.0, 15.9; HRMS (ESI) calcd for C44H61O5 [M+H]
+
 669.4514, found 669.4509. 

Benzyl 16-O-benzyl-quillaic ester (35) 

 

Similar procedure as that used for the transformation of 14 to its aldehyde 

intermediate (Anelli oxidation) was applied to convert 34 (30.0 mg, 44.85 μmol) to 35 
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(25.7 mg, 86%) as a white solid after silica gel column chromatography (petroleum 

ether/ethyl acetate = 8 : 1 to 6 : 1): [α]D
25

 = 46.5 (c 1.0, CHCl3); 
1
H NMR (400 MHz, 

acetone-d6) δ 9.31 (s, 1 H), 7.42-7.28 (m, 10 H), 5.34 (t, J = 3.6 Hz, 1 H), 5.10 (AB, 2 

H), 4.78 (d, J = 11.2 Hz, 1 H), 4.42 (d, J = 11.2 Hz, 1 H), 4.30 (dd, J = 1.2, 3.2 Hz, 1 

H), 3.83-3.78 (m, 1 H), 3.73 (d, J = 5.2 Hz, 1 H), 3.14 (dd, J = 4.4, 14.4 Hz, 1 H), 

2.31 (dd, J = 12.8, 14.4 Hz, 1 H), 1.99-1.84 (m, 4 H), 1.78-1.65 (m, 6 H), 1.62-1.44 

(m, 3 H), 1.41 (s, 3 H), 1.37-1.29 (m, 2 H), 1.25 (dt, J = 3.2, 12.4 Hz, 1 H), 1.17-1.04 

(m, 3 H), 1.00 (s, 3 H), 0.97 (s, 3 H), 0.94 (s, 3 H), 0.91 (dd, J = 1.2, 12.4 Hz, 1 H); 

13
C NMR (100 MHz, acetone-d6) δ 203.9, 176.4, 144.0, 139.8, 137.4, 129.3, 129.0, 

128.9, 128.8, 128.7, 128.2, 123.4, 83.2, 72.3 (2 C), 66.8, 56.2, 49.5, 47.9, 47.5, 47.1, 

42.3, 41.6, 40.6, 39.0, 36.6, 36.0, 33.2 (2 C), 32.6, 31.1, 29.2, 27.2, 26.4, 24.7, 24.1, 

21.3, 17.5, 16.0, 9.4; HRMS (ESI) calcd for C44H59O5 [M+H]
+
 667.4357, found 

667.4336. 

Quillaic acid (36) 

 

Except for the reaction media (MeOH/THF = 3 mL : 1 mL), similar procedure as that 

used for the synthesis of 20 was adopted to convert 35 (23.0 mg, 34.49 μmol) to 36 

(15.4 mg, 92%) as a white solid after silica gel column chromatography 

(dichloromethane/methanol = 16 : 1 to 12 ：1):
[S3]

 [α]D
25

 = 70.0 (c 0.1, MeOH); 
1
H 

NMR (400 MHz, DMSO-d6) δ 12.01 (s, 1 H), 9.24 (s, 1 H), 5.22 (t, J = 3.6 Hz, 1 H), 

4.72 (d, J = 4.4 Hz, 1 H), 4.65 (d, J = 5.2 Hz, 1 H), 4.23 (d, J = 3.6 Hz, 1 H), 

3.69-3.64 (m, 1 H), 2.91 (dd, J = 4.4, 14.0 Hz, 1 H), 2.25 (dd, J = 12.4, 14.4 Hz), 

1.95-1.77 (m, 4 H), 1.69-1.49 (m, 6 H), 1.46-1.39 (m, 1 H), 1.34 (s, 3 H), 1.30-0.94 

(m, 7 H), 0.90 (s, 3 H), 0.88 (s, 3 H), 0.87 (s, 3 H), 0.83 (s, 3 H), 0.77 (d, J = 11.6 Hz, 

1 H), 0.68 (s, 3 H); 
13

C NMR (100 MHz, DMSO-d6) δ 207.1, 178.2, 144.0, 121.0, 

72.9, 70.4, 55.1, 47.2, 46.4, 46.0, 41.1, 40.1, 39.3, 37.7, 35.4, 35.2, 34.6, 32.9, 31.8, 

31.4, 30.2, 26.5, 26.0, 24.1, 22.8, 20.3, 16.8, 15.3, 8.9; HRMS (ESI) calcd for 

C30H50NO5 [M+NH4]
+
 504.3684, found 504.3692. 
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