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1. General procedure for preparation of derivatives F1–F7[1,2] 

Halogenated hydrocarbon or substituted benzyl (5.0 mmol, RI or RBr) was added drop 

wise to a solution of compound FGFC1 (50 mg, 0.057 mmol) and K2CO3 (79.5mg, 0.57 mmol) 

inacetone (2.0 mL). The reaction mixture was reacted at room temperature and the reaction 

was determined by TLC. The reaction mixture was diluted with 50 mL of CH2Cl2 and washed 

three times with 50 mL of brine. The organic layer was dried over anhydrous Na2SO4 and 

concentrated under reduced pressure. The residue was chromatographed on the silica gel to 

yield derivatives F1–F7. 

1.1  

Methyl(R)-5-((2R,3R)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-3-hydroxy-5-methoxy-2-methyl 

-7-oxo-3,4,7,9-tetrahydropyrano[2,3-e]isoindol-8(2H)-yl)-2-((2R,3R)-2-((E)4,8dimethylnona-3,7-dien-1-y

l)-3-hydroxy-5-methoxy-7-oxo-3,4,7,9-tetrahydropyrano[2,3-e]isoindol-8(2H)-yl)pentanoate(F1). 

White amorphous powder, yield 62% (after chromatography with petroleum ether/ethyl acetate, 

1:3 ); 1H NMR (CDCl3, 500 MHz) δ: 6.88 (1H, s), 6.83 (1H, s), 5.09–5.05 (4H, m), 4.41 (1H, d, J = 17.0 Hz), 

4.24 (1H, d, J = 17.0 Hz), 4.205–4.208 (2H, m), 3.93 (2H, dd, J = 10.5, 5.0 Hz), 3.83 (3H, s), 3.82 (3H, s), 3.70 

(3H, s), 3.59–3.53 (1H, m), 2.96–2.91 (2H, m), 2.76–2.68 (2H, m), 2.21–2.12 (6H, m), 2.06–2.02 (5H, m), 



 

 

1.96–1.90 (5H, m), 1.66 (6H, S),1.62–1.61 (6H, m), 1.57 (6H, s), 1.36 (3H, s), 1.33 (3H, s).13C NMR (125 

MHz, CDCl3) δ: 169.7, 168.5, 167.9, 156.6, 156.5, 147.5, 147.3, 135.0, 134.9, 134.7, 134.6, 133.3, 131.3, 128.7, 

127.8, 123.1, 122.5, 121.3, 120.8, 111.6, 111.1, 96.7, 96.6, 78.3, 78.2, 68.5, 68.4, 66.5, 66.4, 65.2, 52.7, 46.5, 43.5, 

40.9, 38.6 (2C), 36.1, 30.9, 28.7, 28.3, 26.2, 25.9, 25.6, 24.7, 24.4, 21.7, 20.6 (2C), 18.4, 18.1, 16.7 (2C), 15.1, 

15.0. ESI-MS: m/z 911 (C54H74N2O10, [M + H]+, Calc. 910.53). 

1.2 

Ethyl(R)-5-((2R,3R)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-5-ethoxy-3-hydroxy-2-methyl-7-oxo-3,4,7,9-

tetrahydropyrano[2,3-e]isoindol-8(2H)-yl)-2-((2R,3R)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-5-ethoxy-

3-hydroxy-7-oxo-3,4,7,9-tetrahydropyrano[2,3-e]isoindol-8(2H)yl)pentanoate 

(F2). 

White amorphous powder, yield 75% (after chromatography with petroleum ether/ethyl acetate, 

1:2); 1H NMR (CDCl3, 500 MHz) δ: 6.88 (1H, s), 6.84 (1H, s), 5.10–5.05 (4H, m), 4.44 (1H, d, J = 16.5Hz), 

4.22 (1H, d, J = 16.5Hz), 4.209–4.207 (2H, m), 4.06 (2H, t, J = 6.5Hz), 3.97–3.92 (7H, m), 3.72–3.67 (1H, m), 

3.59–3.54 (1H, m), 3.00–2.96 (2H, m), 2.80–2.72 (2H, m), 2.18–2.11 (5H, m), 2.06–2.01 (5H, m), 1.96–1.89 

(5H, m), 1.83–1.78 (5H, m), 1.66 (6H, s), 1.57 (12H, s), 1.36 (3H, s), 1.32 (3H, s), 1.05–1.02 (6H, m), 0.87 (3H, 

t, J = 7.5 Hz). 13C NMR (125 MHz, CDCl3) δ: 171.0, 169.6, 169.0, 158.2, 158.1, 148.3, 148.1, 135.6, 135.5, 

132.2, 132.1, 131.3, 130.3, 124.1 (2C), 123.7, 123.6, 122.0, 121.3, 112.3, 112.0, 97.3, 97.2, 79.1, 79.0, 69.8 (2C), 

67.5, 67.4, 66.8, 53.7, 47.5, 44.4, 41.9, 39.6 (2C), 37.1, 37.0, 27.3, 26.8, 26.6 (2C), 25.5 (2C), 25.4, 22.5, 21.8, 

21.5, 19.2, 18.9, 17.6 (2C), 15.9 (2C), 10.5 (2C), 10.2. ESI-MS: m/z 953(C57H80N2O10, [M + H]+, Calc. 952.58). 

1.3 

Propyl(R)-5-((2R,3R)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-3-hydroxy-2-methyl-7-oxo-5-propoxy-3,4,

7,9-tetrahydropyrano[2,3-e]isoindol-8(2H)-yl)-2-((2R,3R)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-3-hydr

oxy-7-oxo-5-propoxy-3,4,7,9-tetrahydropyrano[2,3-e]isoindol8(2H)yl)penta-noate(F3) 

White amorphous powder, yield 70% (after chromatography with petroleum ether/ethyl acetate, 1:2); 

1H NMR (CDCl3, 500 MHz) δ: 6.87 (1H, s), 6.84 (1H, s), 5.11–5.05 (4H, m), 4.46 (1H, d, J = 16.5 Hz), 4.23 

(1H, d, J = 16.5Hz), 4.22–4.20 (2H,m), 4.18–4.14 (2H,m), 4.09–4.01 (4H,m), 3.94–3.92 (3H,m), 3.72–3.67 (1H, 

m), 3.59–3.54 (1H, m), 3.04–2.93 (2H, m), 2.80–2.72 (2H, m), 2.15–2.11 (8H, m), 2.06–2.02 (5H, m), 1.96–

1.93(5H, m), 1.66 (12H, s), 1.63–1.61 (2H,m),1.57 (12H, s), 1.42–1.39 (6H, m), 1.36 (3H, s), 1.32 (3H, s), 1.23 

(3H, t, J=7.5 Hz).13C NMR (125 MHz, CDCl3) δ: 170.9, 169.6, 169.0, 158.1, 158.0, 148.3, 148.1, 135.7, 135.6, 

132.1, 131.4, 131.33, 131.32, 124.2, 123.6, 122.1, 121.3, 119.7, 119.5, 111.8, 111.8, 97.3, 97.2, 79.1, 79.0, 67.6, 



 

 

67.5, 64.0, 63.9, 61.3, 53.6, 47.5, 44.4, 41.9, 39.6 (2C), 37.1, 37.0, 27.3, 26.8 (2C), 26.6 (2C), 25.6 (2C), 25.5, 

22.5 (2C), 21.6 (2C), 20.1, 19.3, 19.0, 17.6 (2C), 15.9, 15.8, 14.7 (2C), 14.1. ESI-MS: m/z 1017 (C60H86N2O10, 

[M + Na]+, Calc. 994.63). 

1.4  

Cyanobenzyl (R)-2,5-Bis((2R,3R)-5-((4-cyanobenzyl)oxy)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-3 

hydroxy-2-methyl-7-oxo-3,4,7,9tetrahydropyrano[2,3-e]isoindol-8(2H)yl)pentanoate(F4) 

White amorphous powder, yield 56 %(after chromatography with petroleum ether/ethyl acetate,); 

1H NMR (CDCl3, 500 MHz) δ:7.62 (2H, d, J = 7.5 Hz), 7.59 (2H, d, J = 7.5 Hz), 7.55 (3H, d, J = 7.5 Hz), 7.51 

(3H, d, J = 7.5 Hz), 7.46 (2H, d, J = 7.5 Hz),6.94 (1H, s), 6.90 (1H, s), 5.17–5.05 (6H,m),4.74(4H, s), 4.40 (1H, 

d, J = 16.5 Hz), 4.27–4.18 (3H, m), 3.98–3.96 (2H, m), 3.78–3.45 (3H, m),3.07–3.03 (2H, m), 2.87–2.81 (2H, 

m), 2.21–2.14 (8H, m), 2.04–2.01 (6H, m), 1.96–1.95 (6H, m),1.65(6H,s),1.57 (12H, s),1.26(6H, s).13C NMR 

(125 MHz, CDCl3) δ: 170.6, 169.5, 168.8, 157.4, 157.3, 148.6, 148.4, 138.3, 138.2, 136.8, 135.9, 135.8, 132.1, 

131.9, 131.6, 131.5, 131.3, 131.0, 130.9, 130.4, 130.3, 130.1, 129.9, 129.7, 129.4, 129.2 (2C), 124.1, 123.4, 123.3, 

122.9, 122.3, 118.8 (2C), 118.6 (2C), 118.3 (2C), 112.7, 112.4 (2C), 112.1, 97.5, 97.4, 79.4, 79.3, 68.9, 68.8, 67.4, 

65.6, 63.9, 53.7, 47.6, 44.7, 41.8, 39.6, 37.0, 35.9, 31.9, 29.6, 29.1, 27.2, 27.1, 26.9, 26.6, 25.7, 25.4, 22.7, 21.6, 

19.4, 19.2, 17.6 (2C), 16.0, 14.1. ESI-MS: m/z 1214 (C75H83N5O10, [M + H]+, Calc. 1213.61). 

1.5 

4-(Trifluoromethoxy)benzyl(R)-2,5-bis((2R,3R)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-3-hydroxy-2-me

thyl-7-oxo-5-((4-(trifluoromethoxy)benzyl)oxy)-3,4,7,9-tetrahydropyrano[2,3-e]isoi 

ndol-8(2H)-yl) pentanoate(F5)  

White amorphous powder, yield 72.6 %(after chromatography with petroleum ether/ethyl acetate ); 

1H NMR (CDCl3, 500 MHz) δ:7.47–7.45 (4H, m), 7.32 (2H, d, J=8.5 Hz),7.24–7.22 (4H,m), 7.16–7.12(2H, m), 

6.96 (1H, s), 6.94 (1H, s),5.14 (2H, s),5.09–5.05 (8H, m), 4.42 (1H, d, J = 16.5Hz), 4.27–4.20 (3H, m), 3.96–

3.93 (2H, m),3.73–3.69 (1H, m),3.55–3.52 (2H, m),3.05–3.01(2H, m),2.85–2.77(2H,m),2.23–2.11 (6H, m), 

2.06–1.99 (6H, m), 1.97–1.93 (6H, m),1.65(6H,s),1.64–1.62 (2H, m),1.57 (12H, s),1.42 (3H, s),1.37 (3H, s).13C 

NMR (125 MHz, CDCl3) δ: 170.8, 169.4, 168.8, 157.7, 157.6, 149.1, 148.9, 147.1, 139.2, 138.6, 136.0, 135.9, 

135.4, 134.1, 132.5, 131.5, 129.6 (2C), 128.7 (2C), 128.1, 127.9, 127.8, 127.3, 127.2, 124.5, 124.4, 124.2, 124.1, 

124.0 (2C), 123.5 (2C), 122.9, 122.8, 122.3, 121.1 (2C), 119.1 (2C), 112.5, 112.0, 97.7, 97.6, 79.3, 79.2, 69.5, 

69.4, 67.6, 67.4, 66.0, 53.7, 47.5, 44.5, 41.9, 39.7, 37.1, 34.8, 34.5, 29.7 (2C), 29.4, 27.0, 26.6 (2C), 22.7 (2C), 

21.6, 21.1, 19.4, 19.1, 17.6 (2C), 16.0, 14.1. ESI-MS: m/z 1343 (C75H83F9N2O10, [M + H]+, Calc. 1342.59). 



 

 

1.6 

4-Bromobenzyl(R)-2,5-bis((2R,3R)-5-((4-bromobenzyl)oxy)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-3-h

ydroxy-2-methyl-7-oxo-3,4,7,9-tetrahydropyrano[2,3-e]isoindol-8(2H)yl)pentanoate(F6) 

White amorphous powder, yield 82.3%(after chromatography with petroleum ether/ethyl acetate ); 

1H NMR (CDCl3, 500 MHz) δ:7.50-7.48 (4H, m), 7.40 (2H, d, J=8.5Hz), 7.30-7.28 (4H, m), 7.14 (2H, d, 

J=8.5Hz), 6.93 (1H, s), 6.90 (1H, s), 5.13–5.01 (10H, m),4.40 (1H, d, J=17.0Hz),4.25–4.15(3H, m),3.95–3.91 

(2H, m),3.71–3.65(1H, m),3.55–3.51(2H, m),3.04–2.99 (2H,m),2.85–2.77(2H,m),2.20–2.10 (7H, m), 2.05–2.00 

(5H, m), 1.97–1.91 (6H, m),1.65(6H,s),1.63–1.61 (2H,m), 1.56(12H, s),1.37(3H, s),1.34(3H, s).13C NMR (125 

MHz, CDCl3) δ: 170.1, 169.5, 168.8, 157.6, 157.5, 148.4, 148.3, 135.9, 135.8, 135.6, 135.5, 134.3, 132.2, 131.7 

(2C), 131.59, 131.6, 131.4, 131.3, 131.1, 130.4, 130.3, 129.7, 129.1, 128.8, 128.5, 124.1, 124.0, 123.5, 123.4, 

122.7, 122.3, 122.0, 121.9, 121.8, 119.0, 118.9, 112.5, 112.1, 97.6, 97.5, 79.3, 79.2, 69.4, 69.3, 67.4, 67.3, 66.1, 

53.6, 47.5, 44.5, 41.8, 39.6, 37.0, 33.4, 31.9, 29.7, 29.3, 27.1, 26.9, 26.6, 25.7, 25.4, 23.2, 22.7, 21.6, 19.4, 19.1, 

17.6 (2C), 16.0, 14.1. ESI-MS: m/z 1373 (C72H83Br3N2O10, [M + H]+, Calc. 1372.36). 

1.7  

2-bromobenzyl(R)-2,5-bis ((2R,3R)-5-((2-Bromobenzyl)oxy)-2-((E)-4,8-dimethylnona-3,7-dien-1-yl)-3- 

hyd-roxy-2-methyl-7-oxo-3,4,7,9-tetrahydropyrano[2,3-e]isoindol-8(2H)-yl)pentanoa-te(F-7). 

White amorphous powder, yield 73.2% (after chromatography with petroleum ether/ethyl acetate ); 

1H NMR (CDCl3, 500 MHz) δ:7.58–7.55 (4H, m),7.51 (1H, d,J=8.0Hz ), 7.34–7.32 (3H, m), 7.25 (1H, t, J=8.0 

Hz), 7.17–7.13 (3H,m), 7.01 (1H,s), 6.98 (1H, s), 5.22–5.05 (10H, m), 4.48 (1H, d, J = 16.5Hz), 4.29–4.18 (3H, 

m), 3.96–3.95 (2H, m), 3.75–3.47 (3H, m),3.10–3.06 (2H, m), 2.91–2.83 (2H, m), 2.22–2.13(7H, m),2.05–2.01 

(5H,m), 1.97–1.93 (6H, m),1.65(6H,s),1.62–1.60 (2H, m),1.57 (12H, s),1.38 (3H, s),1.34 (3H, s).13C NMR 

(125 MHz, CDCl3) δ: 170.6, 169.5, 168.8, 157.49, 157.50, 148.4, 148.3, 136.0, 135.91, 135.93, 135.8, 134.6, 

132.8 (2C), 132.6, 132.4, 131.4, 131.3, 130.1, 129.9, 129.8 (2C), 129.3, 129.2, 128.6, 127.5, 127.4, 124.2, 124.1, 

123.5, 123.4, 123.3, 122.9, 122.3, 122.1, 119.1, 119.0, 112.5, 112.1, 97.8, 97.7, 79.3, 79.2, 69.8, 69.7, 67.5, 67.4, 

66.6, 53.6, 47.5, 44.5, 41.9, 39.6 (2C), 37.1, 37.0, 29.7, 29.3, 27.3, 27.2, 26.9, 26.6, 25.7, 25.5, 22.7, 21.6, 19.4, 

19.1, 17.7 (2C), 16.0, 14.1. ESI-MS: m/z 1373 (C72H83Br3N2O10, [M + H]+, Calc. 1372.36). 
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2.2 F2 NMR Spectra 

 

 

 

 

 



 

 

 

2.3 F3 NMR Spectra 

 

 

 

 

 



 

 

2.4 F4 NMR Spectra 

 

 

  



 

 

2.5 F5 NMR Spectra 

 

 

 



 

 

 

2.6 F6 NMR Spectra 

 

 



 

 

 

2.7 F7 NMR Spectra 

 

 


