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1. Experimental

1.1. Methyl 2-((4S,4aS,7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-10-hydroxy-4a,7a,9,9-
tetramethyl-13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-

gJoxocin-8-yl)acetate (9). Yield: 70%, time: 4h; white amorphous powder; [a]p® — 26.1 (c 1.1,
CHCI3) IR(KBr): vmax 3426, 2978, 1732, 1728, 1683, 1372, 1245, 1037 cm™; 'H NMR (300
MHz, CDCls) &: 7.46 (1H, s, H-21), 7.39 (1H, s, H-23), 6.41(1H, s, H-22), 5.79 (1H, s, H-17),
5.09 (1H, s, H:-30), 4.84 (1H, s, Hp-30), 3.69 (1H, d, J = 10.9 Hz, H-3), 3.70(3H, s, OMe), 3.29
(1H, t, J = 3.2 & 3.0 Hz, H-1), 2.90 (1H, d, J = 17.9 Hz, H,-15), 2.59 (1H, d, J = 17.9 Hz, Hj -
15), 2.55 (1H, dd, J = 11.8 & 5.0 Hz, H-5), 2.50 (1H, OL, Hx-6), 2.09 (1H, d, J = 15.2 Hz, Hy-6),
2.18 (1H , br s, H-9), 2.07 (1H, m, H-11), 1.84 (2H, m, H-2), 1.85(1H, m, H,-12) & 1.15 (1H, m,
Hp-12), 1.53 (1H, m), 0.95 (1H, s, H-29), 0.89 (3H, s,H-18), 0.87(3H, s, H-19), 0.80 (1H, s, H-
28); *C NMR (75 MHz, CDCls) 8:174.5(C-7), 170.4 (C-16), 146.4 (C-8), 142.7 (C-23), 140.6
(C-21), 120.9 (C-20), 110.8 (C-22), 109.8 (C-30), 79.9 (C-14), 77.5 (C-17), 74.9(C-3), 72.6 (C-
1), 51.9 (C-9), 50.4 (C-10), 43.8 (C-12), 41.4 (C-13), 39.7 (C-4), 33.9 (C-15), 32.6 (C-6), 32.4
(C-6), 30.9 (C-2), 29.5 (C-11), 27.0 (C-28), 23.8 (C-5), 21.9(C-19), 14.38 (C-29), 13.8 (C-18);

HRMS (ESI+) m/z: 473.2527 [M+H]" (calcd for Co7Hs,07[M+H]*, 473.2533).

1.2.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]oxocin-10-yl
butyrate (10a): Yield: 90%, time: 3h, colorless gum; [a]p® — 34.2 (c 1.1, CHCI3); IR (KBr):
Vmax 2968, 1737, 1718, 1685, 1325, 1235, 1027 cm™; *H NMR (300 MHz, CDCls) &: 7.49 (1H, s,

H-21), 7.39 (1H, s, H-23), 6.43 (1H, s, H-22), 5.80 (1H, s, H-17), 5.00 (1H, dd, J = 10.0 & 6.6



Hz, H-3), 5.09 (1H, s, Ha-30), 4.85 (H, s, Hp-30), 3.69 (3H, s, OMe), 3.24 (1H, t, J = 3.2&2.8
Hz, H-1), 2.90 (1H, d, J = 18.1 Hz, H,-15) & 2.57 (1H, d, J = 18.1Hz, Hy-15), 2.54 (1H, dd, J =
11.6 & 5.1 Hz, H-5), 2.51(1H, overlapping, Hs-6) & 2.15 (1H, d, J = 15.1Hz, Hy-6), 2.23 (2H,
m, butyryl -2), 2.08 (1H, br s,H-9), 2.02 (1H, m, H-11,) & 1.54 (1H, m, H-11;), 1.89 (2H, m, H-
2), 1.87 (2H, m, butyryl -3%), 1.86 (1H, m, Ha-12) &1.31 (1H, m, Hp-12), 1.15 (3H, t, J = 7.5 Hz,
butyryl -4), 0.95 (1H, s,H-29), 0.87 (3H, s, H-18), 0.83 (3H, s, H-19), 0.80 (1H, s,H-28); **C
NMR (75 MHz, CDCls) &: 174.2 (C-7), 172.7 (C- butyry-I), 170.3 (C-16), 146.4 (C-8), 142.5 (C-
23), 140.8 (C-21), 120.9 (C-20), 110.9 (C-22), 110.0 (C-30), 79.97 (C-14), 79.79 (C-17), 74.70
(C-3), 74.14 (C-1), 51.91 (C-9), 50.43 (C-10), 43.8 (C-12), 41.5 (C-13), 38.7 (C-4), 33.8 (C-15),
32.3 (C-6) , 30.9 (butyryl -21), 29.6 (C-2), 29.3 (C-11), 26.9 (C-28) , 23.8 (C-5) , 22.6(butyryl -
3Y, 21.8 (C-19), 18.5 (butyryl -4%), 15.6 (C-29), 13.8(C-18); HRMS (ESI+) m/z: 565.2781
[M+Na]" (calcd for Ca;H4,0gNa [M+Na]*, 565.2771).

1.3 (7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12amethanobenzo[b]pyrano[3,4-g]oxocin-10-yl
propionate (10b). Yield: 85%, time: 2h, colorless gum; [a]p® — 48.5 (c 0.9, CHCIs); IR(KBI):
Vmax 2974, 1734, 1728, 1682, 1334, 1238, 1035 cm™; *H NMR (300 MHz, CDCls) &: 7.49 (1H, s,
H-21), 7.39 (1H, s, H-23), 6.43 (1H, s, H-22), 5.80 (1H, s, H-17), 5.09 (1H, s, Hs-30), 5.00 (1H,
dd, J = 10.0 & 6.6, H-3), 4.85 (1H, s, H,x-30), 3.69(3H, s, OMe), 3.23 (1H, t, J = 3.28 & 2.8 Hz,
H-1), 2.90 (1H, d, J = 18.1Hz, Ha-15) & 2.57 (1H, d, J = 18.1Hz, Hy-15), 2.54 (1H, dd, J = 11.6
& 5.1Hz, H-5), 2.51(1H, overlapping, Ha-6) & 2.15 (1H, d, J = 15.1Hz, Hy-6), 2.23 (2H, g, J =
7.5 & 15.1Hz, propionyl H-2), 2.08 (1H, br s, H-9), 2.02 (1H, m, Ha-11) & 1.54 (1H, m, Hy-11),
1.88 (2H, m, H-2), 1.86 (1H, m, Ha-12) & 1.31 (1H, m, Hy-12), 1.15 (3H, t, J = 7.5Hz, propionyl

H-3), 0.95 (1H, s, H-29), 0.87 (3H, s, H-18), 0.83(3H, s,H-19), 0.80 (1H, s, H-28); **C NMR



(75 MHz,CDCl3) 8: 174.2 (C-7), 173.6 (propionyl C-1), 170.4 (C-16), 146.4 (C-8), 142.5 (C-23),
140.8 (C-21), 120.8 (C-20), 110.9 (C-22), 110.0 (C-30), 79.9 (C-14), 79.7 (C-17), 74.7 (C-3),
74.2 (C-1), 51.9 (C-9), 50.4 (C-10), 43.8 (C-12), 41.5 (C-13), 38.7 (C-4), 33.8 (C-15), 32.3 (C-
6), 29.5 (C-2), 29.4 (C-11), 27.8 (propionyl C-2), 26.9 (C-28), 23.8 (C-5), 21.8 (C-19), 15.6 (C-
28), 13.8 (C-18), 9.21 (propionyl C-3); HRMS (ESI+) m/z: 529.2774 [M+H]* (calcd for
CsoHa105 [M+H]", 529.2795).

1.4 (7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl
isobutyrate (10c): Yield: 90%, time: 3h; colorless gum, [a]p? — 54.2 (¢ 0.7, CHCls); IR(KBr):
Vmax 2994, 1737, 1722, 1692, 1324, 1231, 1031 cm™; *H NMR (300 MHz, CDCls) &: 7.50 (1H, s,
H-21), 7.39 (1H, s, H-23), 6.43(1H, s, H-22), 5.81 (1H, s, H-17), 5.09 (1H, s, H,-30), 4.98 (1H,
dd, J = 10.9 & 5.6Hz, H-3), 4.85 (1H, s, H,-30), 3.69(3H, s, OMe), 3.23 (1H,t, J =3.28 & 2.8
Hz, H-1), 2.55(1H, dd, J = 13.6 & 6.1 Hz, H-5), 2.91 (1H, d, J = 18.1Hz, H,-15), 2.58 (1H, d, J
= 18.1Hz, Hy-15), 2.51(1H, OL, Ha-6) & 2.14 (1H, d, J = 15.1Hz, Hy-6), 2.05 (1H, m, H-2Y),
2.04 (1H, m, He-11) & 1.56 (1H, m, Hp-11), 2.03 (1H , br s, H-9), 1.90 (2H, m, H-2), 1.88 (1H,
m, Hy-12) & 1.32 (1H, m, Hy-12), 1.18 (6H, d, J = 6.9 Hz, isobutyryl -3 & 4), 0.97 (1H, s,H-
29), 0.87 ( 3H, s, H-18), 0.83 (3H, s, H-19), 0.80 (3H, s, H-28); *C NMR (75 MHz,CDCl5) §:
176.1 (C-7), 174.2 (isobutyryl -1), 170.3 (C-16), 146.4(C-8), 142.5 (C-23), 140.8 (C-21), 120.9
(C-20), 110.9 (C-22), 110.0 (C-30), 79.9 (C-14), 79.8 (C-17), 74.7 (C-3), 73.9 (C-1), 51.9 (C-9),
50.4 (C-10), 43.8 (C-12), 41.5 (C-13), 38.8 (C-4), 33.8 (C-15),32.3 (C-6), 31.9 (isobutyryl -2),
29.6 (C-2), 29.5 (C-11), 26.8 (C-26), 23.8 (C-5), 21.8 (C-21.90), 19.1 (C-3), 18.8 (isobutyryl -3,
4), 15.6 (C-29), 13.84 (C-18); HRMS (ESI+) m/z: 543.2934 [M+H]" (calcd for CaiHa30s

[M+H]", 543.2952).



1. 5. (7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-gJoxocin-10-yl ~ 2-
chloroacetate (12). Yield: 79%, time: 3h, colorless oil; [a]p®> — 32.7 (¢ 1.2, CHCI3); IR(KBI):
Vmax 2992, 1731, 1725, 1698, 1324, 1237, 1034 cm™; *H NMR (300 MHz, CDCls) 8: 7.49 (1H,
bs, H-21), 7.39 (1H, bs, H-23), 6.43( 1H, bs, H-22), 5.79 (1H, s, H-17), 5.11(1H, H,-30), 5.05
(1H, dd, J = 10.5 & 5.8Hz, H-3), 4.87(1H, s, Hs-30), 4.06 (2H, chloroacetyl-H-2"), 3.69(3H, s,
OMe), 3.25 (1H, t, J = 3.2 & 6.0 Hz, H-1), 2.91 (1H, d, J = 18.3Hz, H-15) & 25 (1H,d, J =
18.3Hz, Hy-15), 2.59(1H, d, J = 15.1Hz, Ha-6) & 2.12 (1H, d, J = 15.1Hz, Hy-6), 2.54 (1H, m,
H-5), 2.22 (1H, m, Ha-12)& 1.18 (1H, m, Hy-12), 2.09 (1H, br s,H-9), 2.07 (2H, m, H-2), 1.94
(1H, m, Ha-11) & 1.52 (1H, m, Hy-11), 0.99 (1H, s, H-29), 0.87 (3H, s, H-18), 0.83 (1H, s, H-
19), 0.83(1H, s, ol, H-28); *C NMR (75 MHz, CDCls) &: 174.1 (C-7), 170.6 (C-16), 166.5
(chloroacetyl-1%), 146.1 (C-8), 142.6(C-23), 140.8 (C-21), 120.7 (C-20), 111.1 (C-22), 109.9 (C-
30), 80.0 (C-14), 79.8 (C-17), 77.5 (C-3), 74.5 (C-1), 52.0(C-9), 43.8(C-10), 41.4(C-12), 41.0(C-
13), 40.4(chloroacetyl-C-2'), 38.9(C-14), 33.82 (C-15), 32.28 (C-6), 29.41 (C-2), 29.31 (C-11),
26.87 (C-28), 23.82 (C-5), 21.89 (C-19), 15.5(C-29), 13.8 (C-18); HRMS (ESI+) m/z:
571.2094M+Na]" (calcd for Co9H37Cl OgNa [M+Na]*, 571.2069).

1. 6.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl  4-
cyanobenzoate (11a). Yield: 70%, time: 11h; light yellow gum; [a]po® — 19.2 (c 0.6, CHCIy);
IR(KBr): vmax 3094, 1736, 1723, 1698, 1336, 1239, 1036 cm™; *H NMR (300 MHz, CDCls) &:
8.11 (2H,d, J= 85 Hz, Ar-3'& Ar-5), 7.75 (2H, d, J = 8.5Hz, Ar-2' &Ar-6), 7.52(1H, s, H-
21), 7.41 (1H, s, H-23), 6.45( 1H, s, H-22), 5.84 (1H, s, H-17), 5.12(1H, H,-30), 5.24 (1H, dd, J

= 10.5 & 6.2 Hz, H-3), 4.87(1H, s, Ho-30), 3.70(3H, s, OMe), 3.30 (1H, t, J = 3.2 & 2.8 Hz, H-



1), 2.92 (1H, d, J = 18.1Hz, H,-15) & 2.59 (1H, d, J = 18.1Hz, Hy-15), 2.54 (1H, dd, J = 13.6 &
6.1Hz, H-5), 2.63 (1H, d, J = 15.1Hz, H,-6), 2.01 (2H, m), 2.24 ( 1H, m, Hx:-12) & 1.32 (1H, m,
Hp-12), 2.12 (1H, d, J = 15.1, Hyx-6), 2.05 (1H, m, Ha-11) & 1.24 ( 1H, m, Hyp-11), 2.02 (1H, brs,
H-9), 0.89 (3H, s, H-18), 0.88 (3H, s, H-19), 0.88 (3H, s, ol, H-28), 1.10 (1H, s, H-29); ** C
NMR (75 MHz,CDCls) &: 174.1 (C-7), 170.2 (C-16), 164.0 (ester carbonyl C-1), 146.2 (C-8),
142.6 (C-23), 140.8 (C-21), 134.28 (Ar-4"), 132.26 (Ar-1"), 127.04 (Ar-3" & Ar-5"),120.9 (C-
20), 116.36 (Ar-2"&Ar-6"), 111.1 (C-22), 109.9 (C-30), 80.1 (C-14), 79.8 (C-17), 77.4 (C-3),
74.6 (C-1), 52.0 (C-9), 50.4 (C-10), 43.9 (C-12), 41.5 (C-13), 39.0 (C-4), 33.8 (C-15), 32.3 (C-
6), 29.41 (C-2), 29.68 (C-11), 27.08 (C-28), 23.88 (C-5), 21.94 (C-19), 15.9 (C-29), 13.8 (C-18);
MS (ESI+) m/z: 602.2 [M+H]".
1.7.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl ~ 4-
chlorobenzoate (11b). Yield: 65%, Time:12h; light yellow gum; [o]p> — 24.1 (c 0.8, CHCl5)
IR(KBr): vmax 3097, 1731, 1721, 1694, 1335, 1232, 1031 cm™; *H NMR (300 MHz, CDCls) &:
7.95 (4H, d, J = 8.6 Hz, Ar H-3"& H-5"), 7.42 (4H, d, J = 8.5Hz, Ar H-2"& H-6"), 7.52 (1H, s,
H-21), 7.40 (1H, s, H-23), 6.45(1H, s, H-22), 5.12(1H, H,-30), 5.85 (1H, s, H-17), 5.21 (1H, dd,
J =105 & 6.2 Hz, H-3), 4.87(1H, s, H,-30), 3.70(3H, s, OMe), 3.29 (1H, t, J = 3.28 & 2.30 Hz,
H-1), 2.92 (1H, d, J = 18.1Hz, Hy-15), 2.58 (1H, d, J = 18.1Hz, H.-15), 2.64( 1H, d, J = 15.1Hz,
Ha-6) & 2.14 (1H, d, J = 15.1Hz, H,-6), 2.53 (1H, dd, J = 13.6 & 6.1Hz, H-5), 2.26 (1H, m, H,-
12) & 1.31 (1H, m, Hp-12), 2.06 (1H, m, Ha-11) & 1.22 (1H, m, Hp-11), 2.01 (1H, br s,H-9), 2.00
(2H, m, H-2), 1.09 (1H, s, H-29), 0.88 (3H, s, H-18), 0.87 (3H, s, H-19), 0.87(3H, s, ol, H-28);
3C NMR (75 MHz, CDCl3) &: 174.2 (C-7), 170.3 (C-16), 164.8 (ester carbonyl- C-1), 146.3 (C-

8), 142.6 (C-23), 140.8 (C-21), 139.3 (Ar-4"), 130.8 (Ar-3"& 5"), 128.8 (Ar-2" & 6"), 127.8 (Ar-



1"), 120.9 (C-20), 111.0 (C-21), 110.0 (C-22), 80.0 (C-14), 79.8 (C-17), 75.6 (C-3), 74.7 (C-1),
51.9 (C-9), 50.4 (C-10), 43.8 (C-12), 41.5 (C-13), 39.0 (C-4), 33.8 (C-15), 32.3 (C-6), 29.6 (C-
2), 29.3 (C-11), 27.0 (C-28), 23.8 (C-5), 21.9 (C-19), 15.9 (C-29),13.8 (C-18); HRMS (ESI+)
m/z633.2249 M+Na]" (calcd for C34H390sCINa [M+Na]*, 633.2225).

1. 8. (7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl  4-
(trifluoromethyl)benzoate (11c). Yield: 70%, time: 12h, Yellow gum; [a]p? — 41.3 (c 0.9,
CHCIl3); IR(KBr): vma 3087, 1734, 1728, 1691, 1331, 1233, 1033cm™; *H NMR (300 MHz,
CDCI3) 6: 8.13 (2H, d, J = 8.1, Ar-3"&Ar-5"), 7.72 (2H, d, J = 8.1Hz, Ar-2"&Ar-6"), 7.53 (1H,
s, H-21), 7.41 (1H, s, H-23), 6.45(1H, s, H-22), 5.86 (1H, s, H-17), 5.12(1H, Hp-30), 5.25 (1H,
dd, J = 9.1 & 7.5Hz, H-3), 4.87(1H, s, Ha-30), 3.69(3H, s, OMe), 3.30 (1H, t, J = 3.2 & 2.8Hz,
H-1), 2.92 (1H , d , J = 18.1Hz, H.-15), 2.60 (1H, d, J = 18.1Hz, Hy-15), 2.57(1H , d, J =
16.0Hz, H,-6) & 2.12 (1H, d, J = 16 Hz, Hp-6), 2.54 (1H , dd , J = 17.3& 7.1Hz, H-5), 2.22 (1H,
m, Ha-12) & 1.33 (1H, m,Hyp-12), 2.04 (1H, br s, H-9), 2.04 (2H, m, H-2), 2.03 (1H, m, H,-11),
1.41(1H, m, Hp-11), 1.11 (1H, s, H-29), 0.89 (3H, s,H-18), 0.88 (3H, s,H-19), 0.88 (3H, s, OL,
H-28); 3C NMR (75 MHz, CDCls) &: 174.1(C-7), 170.2 (C-16), 164.4 (ester carbonyl-C-1%),
146.2 (C-8), 142.6 (C-23), 140.8 (C-21), 133.7 (Ar-4"), 129.8 (Ar-3"& Ar-5"), 125.4 (Ar-2"&
Ar- 6"),125.4 (Ar-1"), 120.9 (C-20), 111.0 (C-22), 110.0 (C-30), 80.1 (C-14), 79.8 (C-17), 76.0
(C-3), 74.7 (C-1), 57.8 (C-9), 51.9 (C-10), 43.9 (C-12), 41.5 (C-13), 39.0 (C-4), 33.8 (C-15),
32.3 (C-6), 31.9 (C-2), 29.4 (C-11), 27.0 (C-28), 23.9 (C-5), 21.9 (C-19), 15.9 (C-29),13.8 (C-
18); HRMS (ESI+) m/z: 667.2519 [M+Na]" (calcd for CssHzgF30gNa [M+Na]", 667.2489).

1. 9. (7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-

13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl 2,4-



dinitrobenzoate (11d). Yield: 85%, time: 10h; yellow gum [a]p® — 21.3 (c 0.8, CHCls);
IR(KBr): vmax 2997, 1741, 1732, 1701, 1337, 1237, 1033cm™; *H NMR (300 MHz, CDCls) &:
9.24 (1H, t, J = 2.2Hz, Ar-3"), 9.13 (1H, bs, Ar-5"), 9.13 (1H, bs, Ar-6"), 7.53 (1H, s, H-21),
7.42 (1H, s, H-23), 6.46( 1H, s, H-22), 5.83(1H, s, H-17), 5.34 (1H, dd, J = 12 & 4.5 Hz, H-3),
5.14 (1H, Hyx-30), 4.89 (1H, s, H,-30), 3.70 (3H, s, OMe), 3.34 (1H, t, J = 3.28 & 2.3Hz, H-1),
2.94 (1H, d, J = 18.1Hz, H,-15)& 2.61 (1H, d, J = 18.1Hz, H,-15), 2.62(1H, d , J = 15.1Hz, H,-
6) & 2.14 (1H, d, J = 15.1Hz, Hy-6), 2.55 (1H, dd, J = 13.6 & 6 Hz, H-5), 2.28 (1H, m,Ha-12) &
1.35 (1H, m, Hy-12), 2.07 (2H, m, H-2), 2.06 (1H, m, Ha-11) &1.23 (1H, m, Hy-11), 2.05 (1H, br
s H-9), 1.09 (1H, s,Hy-29), 0.88 (3H, s,Hs-18), 0.87 (3H, s, Hpx-19), 0.87(1H, s, ol, Hs-28), 3C
NMR (75 MHz, CDCl3) &: 174.0(C-7), 170.2(C-16), 161.6 (ester carbonyl C-1), 153.1(Ar-4"),
148.6 (Ar-2"), 145.9(C-8), 142.7 (C-23), 140.0 (C-21), 134.08 (Ar-1"), 131.5 (Ar-6"), 129.3 (Ar-
5"), 122.3 (Ar-3"), 120.8 (C-20), 111.3 (C-22), 109.9 (C-30), 80.2 (C-14), 79.8 (C-17), 77.9 (C-
3), 74.5 (C-1), 52.0 (C-9), 50.3 (C-10), 43.8 (C-12), 41.4 (C-13), 39.1 (C-4), 33.8 (C-15), 32.2
(C-6), 29.6 (C-2), 29.4 (C-11), 27.1(C-28), 23.8 (C-5), 21.9 (C-19), 16.0 (C-29), 13.9 (C-18).
HRMS (ESI+) m/z: 667.2475 [M+H]" (calcd for CasHaoN2O1, [M+H]", 667.2497).
1.10.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl
thiophene-2-carboxylate (11e). Yield: 80%, time:12h; light brown gum; [o]o® — 54.5 (c 0.6,
CHCIl3); IR(KBr): vma 3097, 1721, 1715, 1699, 1329, 1237, 1033cm™; *H NMR (300 MHz,
CDCly) &: 7.79 (1H, dd, J = 0.9, 3.5, Ar-4") , 7.55 ( 1H, dd, J = 1.1, 5.0 Hz, Ar-2") , 7.11 (1H,
m, Ar-3"), 7.51(1H, bs, H-21), 7.39 (1H, bs, H-23), 6.44(1H, bs, H-22), 5.85 (1H, s, H-17), 5.14
(1H, dd, J = 16.8 & 9.4 Hz, H-3), 5.11 (1H, Hy-30), 4.86 (1H, s, Ha-30), 3.69 (3H, s, OMe), 3.29

(1H,t,J = 3.2 & 6.0 Hz, H-1), 2.91 (1H, d, J = 18.1Hz, H,;-15)& 2.61 (1H, d, J = 18.1Hz, Hy-



15), 2.54 (1H, dd, J = 10 & 4.9 Hz, H-5), 2.62 (1H, d, J = 15.1Hz, H,-6) & 2.14 (1H, d, J =
15.1Hz, Hyp-6), 2.28 (1H, m, Ha-12) & 1.35 (1H, m,Hy-12), 2.07 (2H, m, H-2), 2.06 (1H , m, Ha-
11) & 1.23 (1H, m, Hy-11), 2.05 (1H, br s H-9), 1.07 (3H, s,H-29), 0.89 (3H, s, H-18), 0.86 (3H,
s,H-19), 0.8(3H, s, ol,H-28); * C NMR (75 MHz, CDCl;) &: 174.2 (C-7), 170.2(C-16), 161.4
(ester carbonyl- C-1), 146.3 (C-8), 142.6(C-23), 140.9 (C-21),134.0 (Ar-1") 133.24 (Ar-2"),
132.20 (Ar-4"), 127.76 (Ar-3"), 120.9 (C-20), 110.9 (C-22), 110.0 (C-30), 80.0 (C-14), 79.7 (C-
17), 75.6 (C-3), 74.7 (C-1), 51.9 (C-9), 50.4 (C-10), 43.8 (C-12), 41.5 (C-13), 39.0 (C-4), 33.8
(C-15), 32.3 (C-6),29.2 (C-2), 29.6 (C-11), 27.0 (C-28), 23.9 (C-5), 21.9 (C-19), 15.8 (C-29),
13.84 (C-18); ESI-MS: m/z 605.2 [M+Na]".

1.11.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl ~ 2-
morpholinoacetate (13a). Yield: 81%, Time: 4h; oil; [a]o® — 65.1 (c 0.6, CHCls); IR(KBr):
Vmax 2983, 1742, 1731, 1689, 1331, 1241, 1031cm™.*H NMR (300 MHz, CDCls) 8: 7.48 (1H, bs,
H-21), 7.39 (1H, bs, H-23), 6.43 (1H, bs, H-22), 5.79 (1H, s, H-17),5.06 (1H, d, J = 11.7 & 5.7
Hz, H-3), 5.10 (1H, s, Hs-30), 4.86 (1H, s, Hy-30), 3.76(4H, m, morpholine -5"&3"), 3.69(3H, s,
OMe), 3.26 (2H, s, chloroacetyl-H-2"), 3.24 (1H,t, J =3.2 & 3.0 Hz, H-1), 290 (1H ,d , J =
18.1Hz, H,-15) & 2.56 (1H, d, J = 18.1Hz, Hy-15), 2.60 (4H, m, morpholine H-2"& H-6"), 2.56
(1H, m, H-5), 1.84 (2H, m, H-2), 2.54 (1H, OL,H,-6) & 2.10 (1H, d, J = 15.2 Hz, Hyx-6), 2.21
(1H, br s,H-9), 2.07 (1H, m, Ha-11)& 1.54 (1H, m, Hy-11), 1.86(1H, m, H,-12)&1.16 (1H, m,
Hp-12), 0.95 (1H, s,H-29), 0.88 (3H, s,H-18), 0.83 (3H, s, H-19), 0.80 (3H, s,H-28); **C NMR
(75 MHz, CDCl3) 8: 174.21(C-7), 170.3(C-16), 169.3(chloroacetyl-1), 146.2 (C-8), 142.6 (C-
23), 140.9 (C-21), 120.8 (C-20), 111.0 (C-22), 109.9 (C-30), 80.0 (C-14), 79.7 (C-17), 74.9 (C-

3), 74.6 (C-1), 66.77 (morpoline -3"& 5"), 59.1 (C-2"), 53.21(morpoline -2"& 6"), 51.9 (C-9),



50.3 (C-10), 43.8 (C-12), 41.5 (C-13), 38.7 (C-4), 33.8 (C-15), 32.3 (C-6), 29.7 (C-2), 29.3 (C-
11), 27.0 (C-28), 23.8 (C-5), 21.9 (C-19), 15.6 (C-29), 13.8 (C-18). HRMS (ESI+) m/z:
600.3167 [M+H]" (calcd for C33H4sNOgNa [M+Na]*,600.3167)
1.12.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl-2-
(pyrrolidin-1-yl)acetate (13b). Yield: 85%, time: 4h; yellow gum; [o]p® — 54.8 (¢ 0.4, CHCIs);
IR(KBr): vmax 2992, 1732, 1734, 1699, 1321, 1241, 1034cm™; *H NMR (300 MHz, CDCls) &: *H
NMR (300Hz , CDCly): 7.50 (1H, bs, H-21), 7.39 (1H, bs, H-23), 5.80 (1H, s, H-17), 6.43 (1H,
bs, H-22), 5.10 (1H, s, H.-30), 5.06 (1H, d, J = 11.7 &5.7 Hz, H-3), 4.85 (1H, s, Hy-30),
3.69(3H, s, OMe), 3.43 (4H, m, pyrrolidine H-2" & H-5"), 3.26 (2H, s, chloroacetyl H-2"), 3.23
(1H,t,J=3.2 & 3.0 Hz, H-1), 2.90 (1H, d, J = 18.1Hz, H,-15), 2.58 (1H, d , J = 18.1Hz, H,-
15), 2.54 (1H, m, H-5), 2.50 (1H, d, J = 15.6 Hz, Ha-6) & 2.09 (1H, d, J = 15.6 Hz, Hy-6), 2.18
(1H, br s, H-9), 2.06 (1H, m, H.-11)&1.55 (1H, m, Hy-11), 2.86(4H, m, pyrrolidine H-3" & H-
4"), 1.85(1H, m, Hy-12) & 1.15 (1H, m, Hy-12), 1.84 (2H, m, H-2), 0.95 (3H, s, H-19), 0.87 (3H,
s, H-18), 0.82 (3H, s, H-19), 0.81 (3H, s, H-28); °C NMR (75 MHz, CDCl3) &: 174.2(C-7),
170.4(C-16), 174.5 (chloroacetyl C-1), 146.3 (C-8), 142.6 (C-23), 140.9 (C-21), 120.8 (C-20),
110.9 (C-22), 110.0 (C-30), 79.9 (C-14), 79.7 (C-17), 74.6 (C-3), 72.6 (C-1), 57.2 (chloroacetyl
C-2"), 51.94 (pyrrolidine C-2"& C-5"),50.3 (C-9), 47.3 (C-10), 43.8 (C-12), 41.5 (C-13), 38.7 (C-
4), 33.8 (C-15), 32.3 (C-6), 29.6 (C-2), 29.3 (C-11), 26.9 (C-28), 24.58 (pyrrolidine C-3'& C-4'),
23.8 (C-5), 22.49, 21.8 (C-19), 15.6 (C-29), 13.8 (C-18) ; HRMS (ESI+) m/z: 584.3222 [M+H]*
(calcd for Cs3H4NOg [M+Na]", 584.3217).
1.13.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-

13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl ~ 2-



(4-methylpiperazin-1-yl)acetate (13c). Yield: 85%, time: 5h; yellow oil; [a]o™ — 52.6 (c 0.6,
CHCI3); IR(KBr): vmax 2988, 1731, 1741, 1698, 1331, 1242, 1038cm™; *H NMR (300
MHz,CDClg) &: 7.48 (1H, bs, H-21), 7.39 (1H, bs, H-23), 5.79 (1H, s, H-17), 6.43 (1H, bs, H-
22), 5.10 (1H, s, Hp-30), 5.05 (1H, d, J = 12 & 4.5 Hz, H-3), 4.85 (1H, s, Ha-30), 3.68 (3H,s
,OMe), 3.25 (2H, m, chloroacetyl H-2"), 3.24 (1H, t, J = 3.2 & 3.0 Hz, H-1), 3.20 (4H, m,
piperazine H-3"&H-5"), 2.90 (1H, d, J = 18.1Hz, H,-15), 2.58 (1H, d, J = 18.1Hz, Hy-15), 2.54
(4H, m, piperazine H-2" & H-6"), 2.53 (1H , dd , J = 11.8 & 5.0 Hz, H-5), 2.50 (1H, d, J = 16.0
Hz, Ha-6) & 2.10 (1H, d, J = 15.2 Hz, Hy-6), 2.32(3H, m), 2.26 (3H, s, N-Methyl) 2.08 (1H, br s,
H-9), 2.21(1H, m, Ho-12) & 1.14 (1H, m,Hp-12), 2.01 (1H, m, Ha-11) &1.53 (1H, m,Hy-11), 1.84
(2H, m, H-2), 0.87 (3H, s, H-18), 0.82 (3H, s, H-19), 0.80 (3H, s, H-28), 0.95 (3H, s, H-29); **C
NMR (75 MHz, CDCls) &: 174.22 (C-7), 170.38 (C-16), 169.51 (chloroacetyl C-1), 146.28 (C-
8), 142.62 (C-23), 140.89 (C-21), 120.8 (C-20), 110.9 (C-22), 109.9 (C-30), 79.9 (C-14), 79.7
(C-17), 74.6 (C-3), 74.8 (C-1),59.2 (C-2"), 54 (piperazine C-2" & 6"), 52.68(piperazine C-3"&C-
5"), 51.9(C-9), 50.3 (C-10), 45.74 (N-Methyl), 43.8 (C-12), 41.5 (C-13), 38.6 (C-4), 33.8 (C-15),
32.3 (C-6), 29.6 (C-2), 29.3 (C-11), 26.9 (C-28), 23.8 (C-5), 21.8 (C-19), 15.6 (C-29), 13.8 (C-
18); HRMS (ESI+) m/z: 613.3484 [M+H]" (calcd for CaaHasN,Og [M+H]", 613.3483).

1.14.(7aS,8S,10S,11aS,12aS)-4-(furan-3-y1)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl ~ 2-
(4-ethylpiperazin-1-yl)acetate (13d). Yield: 83%, time: 5h; yellow gum. [o]o® — 69.2 (c 0.7,
CHCIl3); IR(KBr): vmax 2997, 1737, 1742, 1697, 1327, 1242, 1037cm™; *H NMR (300 MHz, in
CDCls) & (in ppm): 7.50 (1H, bs, H-21), 7.40 (1H, bs, H-23), 6.43 (1H, bs, H-22), 5.79 (1H, s, H-
17), 5.11 (1H, s, Ha-30), 5.00 (1H, d, J = 11.8 & 4.7 Hz, H-3), 4.86 (1H, s, Hy-30), 3.69 (3Hs,

OMe),3.25 (2H, s, H-2") 3.24 (1H, t, J = 3.2 & 3.0 Hz, H-1), 3.32 (2H, s, chloroacetyl H-1'), 2.90



(1H, d, J = 18.1Hz, Ha-15) & 2.58 (1H, d, J = 18.1Hz, H,-15), 2.55 (1H, dd, J = 11.8 & 5.0 Hz,
H-5), 2.54 (4H, m, piperazine H-2"& H-6"), 2.51(4H, m, piperazine H-3"&H-5"), 2.50 (1H,
OL,Hs-6) & 2.09 (1H, d, J = 15.2Hz, Hy-6), 2.33(2H,m, ethyl H-1"), 2.18 (1H, br s, H-9), 2.07
(1H, m, Ha-11) & 1.53 (1H, m, Hy-11), 1.84 (2H, m, H-2), 1.85(1H, m, H,-12) &1.15 (1H, m,
Hy-12), 1.27 (3H, t, J =7.5 Hz, ethyl H-2"), 0.94 (1H, s, H-29), 0.87 (3H, s, H-18), 0.83 (3H, s,
H-19), 0.80 (1H, s, H-28); *C NMR (75 MHz, CDCls) &: 174.2(C-7), 170.9 (C-16), 170.4
(chloroacetyl C-1), 146.2 (C-8), 142.6 (C-23), 140.8 (C-21), 120.8 (C-20), 111.0 (C-22), 109.9
(C-30), 80.0(C-14), 80.0 (C-17), 74.6 (C-3), 74.6(C-1), 59.1(C-2'), 52.80 (piperazine C-2"&C-
6"), 51.97 (piperazine C-3"&5"), 51.4 (C-9), 50.3(C-10), 43.8(C-12), 41.4(C-13), 38.7(C-4), 33.8
(C-15), 32.3 (C-6), 31.9 (C-1™), 29.6 (C-2), 29.3 (C-11), 26.9 (C-28), 23.8(C-5), 22.6 (C-2"),
21.9(C-19), 15.7 (C-29), 13.9 (C-18); ESI-MS: m/z 627.3 [M+H]".
1.15.tert-butyl-4-(2-(((7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-
4a,7a,9,9-tetramethyl-13-methylene-2-oxododecahydro-1H-7,12a-
methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl)oxy)-2-oxoethyl)piperazine-1-carboxylate
(13e). Yield: 86%, time: 4h; yellow gum; [a]p® — 38.1 (c 0.5, CHCl3); IR(KBr): vmax 2995,
1735, 1732, 1695, 1325, 1242, 1035cm™; *H NMR (300 MHz, CDCl3) &: 7.49 (1H, bs, H-21),
7.39 (1H , bs, H-23), 6.43 (1H, bs, H-22), 5.78 (1H, s, H-17), 5.10 (1H, s, Ha-30), 5.04 (1H, d, J
=12 & 4.5 Hz, H-3), 4.85 (1H, s, Hp-30), 3.69 (3H, s, OMe), 3.35 (4H, m, piperazine H-3"&H-
5", 3.24 (1H, t, J = 3.2 & 3.0 Hz, H-1), 3.23 (2H, m, chloroacetyl H-1"), 2.90 (1H,d,J=18.1
Hz, Ha-15), 2.57 (1H, d, J = 18.1 Hz, Hy-15), 2.55(1H, m, H-5), 2.50 (1H, d, J = 16.0Hz, Ha-6)
& 2.10 (1H, d, J = 15.8 Hz, Hy-6), 2.28(4H, m, piperazine H-2" & H-6") 2.08 (1H, brs, H-9),
2.21 (1H, m, Ha-11) &1.53 (1H, m, Hy-11),1.85(1H, m, H,-12) & 1.16(1H, m, Hy-12), 1.84 (2H,

m, H-2), 1.47 (9H, s, boc-3Me), 0.94 (3H, s, H-29), 0.87 (3H, s, H-18), 0.82(3H, s, H-19), 0.80



(3H, s, H-28); HRMS (ESI+) m/z: 721.3672 [M+Na]® (calcd for CsgHssN,O10Na[M+H]",

721.3670).

1.16.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-
tetramethyl-13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-
gJoxocin-10-yl-2-(4-(2-hydroxyethyl)piperazin-1-yl)acetate (13f). Yield: 75%, time: 6h;
yellow gum; [a]p?® — 44.6 (c 0.6, CHCIs); IR(KBr): vmax 3497, 1731, 1718, 1698, 1328, 1238,
1033cm™; *H NMR (300 MHz, CDCls) &: 7.48(1H, bs, H-21), 7.39 (1H, bs, H-23), 6.43(1H, bs,
H-22), 5.79 (1H, s, H-17), 5.10 (1H, s, Hs-30), 5.05 (1H, d, J = 11.1 & 5.2 Hz, H-3), 4.85 (1H, s,
Hy-30), 3.69 (3H, s, OMe), 3.69 (2H, t, J = 5.2,0-CH»-2"), 3.24(2H, m, H-2),3.26(2H, s,
chloroacetyl, H-2") 3.23 (1H, t, J = 3.2 & 3.0 Hz, H-1), 2.4 (1H, m, H-5), 2.90 (1H, d, J =
18.1Hz, H,-15), 2.65 (4H, m, H-3"& H-5"), 2.61(2H,t, J = 5.2 Hz, N-CH, H-1"), 2.57 (1H,d, J
=18.1, Hy-15), 2.51 (1H, d, J = 15.2, H,-6) & 2.09 (1H, d, J = 15.2Hz, Hy-6), 2.17 (1H, br, H-9),
2.14 (4H, m, piperazine H-2"& H-6") 2.07 (1H, m, H,-11) & 1.56 (1H, m, Hp-11),1.98 (1H, m,
Ha-12), 1.86 (2H, m, H-2), 1.16(1H, m, Hp-12), 0.95 (3H, s, H-29), 0.87 (3H, s, H-18), 0.82 (3H,
s, H-19), 0.80 (3H, s,H-28); °C NMR (75 MHz, CDCls) &: 174.1(C-7), 170.3 (C-16), 169.4
(chloroacetyl C-1%), 146.3(C-8), 142.6 (C-23), 140.9 (C-21), 120.8 (C-20), 110.9 (C-22), 109.9
(C-30), 80.0(C-14), 79.7 (C-17), 74.9 (C-3), 74.6(C-1), 59.19 (O-CH»-2"), 59.1 (C-2"), 57.5 (N-
CH»-1™), 52.5(piperazine C-3"&C-5"), 51.9(C-9), 50.9 (piperazine C-2"& C-6") 50.4(C-10),
43.8 (C-12), 41.5 (C-13), 38.7(C-4), 33.8 (C-15), 32.3 (C-6), 29.6(C-11), 27.0 (C-28), 23.8 (C-
5), 21.9 (C-19), 15.6 (C-29), 13.8 (C-18); HRMS (ESI+) m/z; calcd for CssHsiN2Og [M+H]":
643.3589; found: 643.3599 [M+H]".
1.17.(7aS,8S,10S,11aS,12aS)-4-(furan-3-y1)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-

13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl ~ 2-



(4-(furan-3-carbonyl)piperazin-1-yl)acetate (13g). Yield: 88%, yellow gum; [a]o® — 53.9 (c
1.0, CHCIl3); IR(KBr): vmax 2997, 1731, 1719, 1698, 1337, 1237, 1034cm™; *H NMR (300 MHz,
CDCly) &: 7.48 (1H , bs, H-21), 7.47 (1H, bs, furan-H), 7.39 (1H, bs, H-23),,6.43 (1H, bs, H-22),
6.47 (1H, bs, furan-H ), 6.99(1H , bs, furan-H), 5.79 (1H, s, H-17), 5.07(1H, d, J = 11.5 & 5.09
Hz, H-3), 5.10 (1H, s, Ha-30), 4.85 (1H, s, Hy-30), 3.87(4H, m, piperazine H-3" & H-5"), 3.69
(3H, s, OMe), 3.26 (2H, s, chloroacetyl C-2), 3.25 (1H, t, J = 3.2 & 3.0, H-1), 2.90 (1H, d, J =
17.9 Hz, H,-15), 2.67(4H, m, piperazine H-2" & H-6"), 2.57 (1H , d, J = 17.9 Hz, H.-15), 2.54
(1H,dd, J=11.2 & 5.0 Hz, H-5), 2.58 (1H, d, J = 14.8 Hz, H;-6) & 2.09 (1H, d, J = 14.8 Hz,
Hy-6), 2.17 (1H, brs, H-9), 2.11(1H, m, Hy-11) & 1.53 (1H, m, Hy-11), 2.21(1H , m, Hs-12)
&1.16 (1H , m, Hy-12), 1.86 (2H, m, H-2), 0.95 (1H, s), 0.87 (3H, s, H-18), 0.82 (3H, s, H-19),
0.81 (1H, s); **C NMR (75 MHz, CDCls) &: 207(Keto C-1") 174.1(C-7), 170.3(C-16),
169.3(chloroacetyl-1), 159.04, 147.82(furan C), 146.2(C-8), 143.63 (furan C), 142.6(C-23),
140.8(C-21), 120.8(C-20), 116.37(furan C), 111.2(C-22), 109.9(C-30), 79.9 (C-14), 79.8 (C-17),
74.6 (C-3), 75.05 (C-1), 59.04 (C-2'), 52.9(piperazine C-3"&5"), 52.3(piperazine C-2"&6"), 51.9
(C-9), 50.3(C-10), 43.8 (C-12), 38.7(C-13), 33.8 (C-4), 32.3 (C-15), 30.9 (C-6), 29.6 (C-2),
29.3(C-11), 27.0 (C-28), 23.8 (C-5), 21.8 (C-19), 15.6 (C-29), 13.8 (C-18); HRMS (ESI+) m/z:
693.3389 [M+H]"( calcd for CssHagN>010 [M+H]*, 693.3381).

1.18.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl ~ 2-
(4-benzoylpiperazin-1-yl)acetate (13h). Yield: 89%, time: 6h; yellow gum; [a]p® — 41.9 (c 0.4,
CHCIl3); IR(KBr): vma 3097, 1721, 1715, 1699, 1329, 1237, 1033cm™; *H NMR (300 MHz,
CDCl3) 8; 7.49 (1H , bs, H-21), 7.39 (1H, bs, H-23), 7.39 (5H , m, 5Ar-H), 6.39 (1H , Ol, H-22),

5.79 (1H, s, H-17), 5.10 (1H, s, Ha-30), 5.05(1H, d, J = 11.7 & 5.05 Hz, H-3), 4.85 (1H, s, Hy-



30), 3.85(4H, m, piperazine H-3" & H-5"), 3.69 (3H, s, OMe), 3.27(2H, S, chloroacetyl -2'), 3.26
(A1H,t,J =3.2 & 3.0 Hz, H-1), 2.91 (1H, d, J = 17.9 Hz, H,;-15), 2.71 (1H , d, J = 17.9 Hz, Hp-
15), 2.55 (1H, dd , J = 11.2 & 5.0 Hz, H-5), 2.52 (1H, d, J = 14.8 Hz, H.-6) & 2.15 (1H, d, J =
14.8 Hz, Hy-6), 2.66(4H, m, piperazine H-2" & H-6"), 2.17 (1H, brs, H-9), 2.11(1H, m, H,-11) &
1.86(1H, m, Hy-11), 2.22(1H , m, Ha-12) &1.17 (1H , m, Hy-12), 1.87 (2H, m, H-2), 0.95 (1H, s,
H-29), 0.87 (3H, s, H-18), 0.82 (3H, s, H-19), 0.80 (3H, s, H-28): *C NMR (75 MHz, CDCls) &:
207.0 (keto C-1"), 174. 1(C-7), 176.2 (chloroacetyl C-1), 170.3 (C-16), 146.2 (C-8), 140.8 (C-
21), 135.6 (Ar- C), 129.6 (Ar- C), 128.4 (Ar- C), 127.0 (Ar- C), 120.8 (C-20), 111.0 (C-22),
109.9 (C-30), 79.9 (C-14), 79.8 (C-17), 74.6 (C-3), 75.0(C-1), 58.97 (chloroacetyl C-2"), 52.9
(piperazine C-3"&5"), 52.4 (piperazine C- 2"&6"), 51.9 (C-9), 50.3 (C-10), 43.8 (C-12), 43.8 (C-
13), 38.6 (C-4), 30.9 (C-15), 27.0 (C-6), 29.3 (C-2), 29.6 (C-11), 21.8 (C-19), 23.8 (C-5), 15.6
(C-29), 13.8 (C-18); HRMS (ESI+) m/z: 703.3591 [M+H]*( calcd for CaoHsiN,Og [M+H],
703.3589).

1.19.(7aS,8S,10S,11aS,12aS)-4-(furan-3-yl)-8-(2-methoxy-2-oxoethyl)-4a,7a,9,9-tetramethyl-
13-methylene-2-oxododecahydro-1H-7,12a-methanobenzo[b]pyrano[3,4-g]Joxocin-10-yl ~ 2-
(diethylamino)acetate (13i). Yield: 90%, Time: 4h: oil; [o]o” — 43.2 (c 0.9, CHCI3); IR(KBI):
vmax 3087, 1731, 1725, 1698, 1339, 1233, 1034cm™; *H NMR (300 MHz, CDCl3) &: 7.50 (1H,
bs, H-21), 7.39 (1H, bs, H-23), 6.43(1H, bs, H-22), 5.81 (1H, s, H-17), 5.10 (1H, s, Ha-30), 5.04
(I1H, d, J = 115 & 5.09 Hz, H-3), 4.86 (1H, s, Hy,-30), 3.69 (3H, s, OMe), 3.24 (2H, s,
chloroacetyl -2"), 3.23 (1H, t, J = 3.2 & 3.0, H-1), 2.90 (1H, d, J = 18.1Hz, H;-15), 2.70 (4H , m,
N,N,-Diethyl-2CH,), 2.57 (1H, d, J = 18.1Hz, H,-15), 2.55 (1H, m, H-5), 2.50 (1H, d, J =
16.0Hz, Ha-6) & 2.09 (1H, d, J = 15.2 Hz, Hy-6), 2.18 (1H, br s,H-9), 1.87(1H, m,Ha-11) &

1.53(1H, m, Hy-11), 2.21(1H, m, Hs-12), 1.86 (2H, m, H-2), 1.15 (1H, m, Hy-12), 1.07 (6H , t,



J= 7.1 & 14.2 Hz, N,N,-Diethyl 2Me), 0.96 (1H, s, H-29), 0.87 (3H, s, H-18), 0.83 (3H, s, H-
19), 0.80 (3H, s, H-28),;**C NMR (75 MHz, CDCls) &:181.1(chloroacetyl C-1%), 174.2 (C-7),
170.4 (C-16), 146.2 (C-8), 142.6 (C-23), 140.8 (C-21), 120.8 (C-20), 111.0 (C-22), 109.9 (C-30),
80.0 (C-14), 74.6 (C-17), 59.9 (chloroacetyl-2), 52.0 (N,N,-Diethyl -2CH,-), 51.4 (C-9), 50.3
(C-10), 43.8 (C-12), 41.4 (C-13), 38.7 (C-4), 33.8 (C-15), 32.3 (-6), 31.9 (C-2), 29.3 (C-11),
26.9(C-28), 23.8 (C-5), 21.90 (C-19), 15.73 (C-29), 14.10 (N,N,-Diethyl-2Me), 13.9 (C-18);

HRMS (ESI+) m/z: 586.3347 [M+H]" (calcd for C3sHasNOg [M+H]", 586.3374).
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Figure 1: HRESIMS, IR and 1H NMR Spectrums of Compound 1
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Figure 2: *C NMR & DEPT 135° Spectrums of Compound 1
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Figure 3: HSQC Spectrum of Compound 1
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Figure 4: HMBC Spectrum of Compound 1
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Figure 6: NOESY Spectrum of Compound 1
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Figure 7: HRESIMS, IR and 1H NMR Spectrums of Compound 2
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Figure 13: HRESIMS,'H &*C NMR of Compound 9
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Figure 14: HRESIMS,'H &"*C NMR of Compound 10a
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Figure 15: HRESIMS,'H &"*C NMR of Compound 10b
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Figure 16: HRESIMS,'H &**C NMR of Compound 10c
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Figure 17: HRESIMS,'H &*C NMR of Compound 11a
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Figure 18: HRESIMS,'H &"*C NMR of Compound 11b
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Figure 19: HRESIMS,'H &"*C NMR of Compound 11c




“HATTONAL CENTRE FOR MASS SPECTROMETRY

KSB-CBS-DINITRO #1-80 RT: 0.01-0.38 AV: 08 NL: 1.31E4
T: FTMS {1.1} +p ESI Full ms [100.00-2000.00]

B851.14286

Relative Abundance
o
=]

667.24752

C34 H3g O 12 N2 = 667.24075

168.5 RDBE
-3.34924 ppm

B70.18366

| LLLL, \Hu

13

\ JEE @

=
ig
=l

| S

1

[bad] [Lod]] [Lo]f iOOlb i8]

[0]Jo.9 [ 11][3.2
ok

10 9 8 7 6

5

200 175 150 125

100

Figure 20: HRESIMS,'H &"*C NMR of Compound 11d
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Figure 22: HRESIMS,'H &*C NMR of Compound 12
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Figure 23: HRESIMS,'H &*C NMR of Compound 13a
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Figure 24: HRESIMS,'H &*C NMR of Compound 13b
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T: FTMS {1,1} + p ESI Full ms [100.00-2000.00]
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Figure 25: HRESIMS,'H &"*C NMR of Compound 13c




Elemental Composition Report

Single Mass Analysis
Tolerance = 20.0 PPM [
Element prediction: Off

Number of isotope peaks used for i-FIT = 3

Monoisotopic Mass, Odd and Even Electron lons

DBE: min =-1.5, max = 30.0

31 formula(e) evaluated with 1 results within limits (all resuits (up to 1000) for each mass)

Elements Used:
C:0-35 H:0-52 N:0-2 0:0-10
20160904_02 4 (0.323)
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Figure 26:"H &"3C NMR of Compound 13d




TNATIONAL CTENTRE FOR MASS SPECTROMET

KSB-CBS-MN-BOC #4-37 RT: 0.02-0.13 AV: 34 NL: 6.338E6
T: FTMS {1,1} + p ESI Full ms [100.00-2000.00]
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Figure 27: HRESIMS,'H &"*C NMR of Compound 13e




CAICT-HRMS\21.08 2013\KSB-CBS-8-N-OH CSIR-AINDIAN INSTITUTE OF CHEMICAL TEGHNOLOGY 23-08-13:
B-SIVA NATIONAL CENTRE FOR MASS SPECTROMETRY

KSB-CBS8-N-OH #3-37 RT. 0.02-0 14 AV. 35 NL: 7.19E6

T FTMS {1,1} + p ESI Full ms [100.00-2000.00]
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Figure 28: HRESIMS,'H &*C NMR of Compound 13f




SANCT-HRMS\21_08. 201 3WKSB-CBS-N-F CSIR-INDLAN INSTITUTE OF CHEMICAL TECHMNOLOGY
EX=T\v"N NATIONAL CENTRE FOR MASS SPECTROMETRY
{(SB-CBS MN-F #3 27 RT: D02 0.11_Av: 25 MNL: 8.03E6
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Figure 29: HRESIMS,'H &*C NMR of Compound 13g




T T-ARMASZ T 08 Z0 TR SB-CBS-MN-B

<SB-CBS-MN-B #3-29 RT: 0.02-0.11 AMWN: 27 RNL: 2 23E7
r: FIMS {1.1} + p ESI Full ms [100.00-2000.00]
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Figure 30: HRESIMS,'H &*C NMR of Compound 13h




A TTONAL CENTHRE FOR WA PECTROMETR

KSB-CBS-N-DIET #3-25 RT: 0.03-0. 11 AW: 23 MNL: 2 38E7
T: FTMS {1,1} + p ES| Full ms [100.00-2000.00]
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Figure 31: HRESIMS,'H &"*C NMR of Compound 13i




