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Genaral Information

All reagents were purchased from commercial sources and, unless otherwise noted, were used without
further purification. Organic solutions were concentrated in a rotary evaporator (Biichi Rotavapor)
below 45 °C (70 °C for DMF) under reduced pressure. Reactions were monitored by thin-layer
chromatography (TLC) on 0.25 mm silica gel plates (GF254) and visualized under UV light. Silica gel
(60 A, 300-400 mesh) was used for flash column chromatography. Melting points were determined with
a Melt-Temp II apparatus and were reported without correction. IR spectra were recorded on a Nicolet
iS10 Avatar FT-IR spectrometer using KBr film. The '"H NMR and ?C NMR spectra were measured on
a Bruker AV-300 or Bruker AV-500 instrument using deuterated solvents with tetramethylsilane (TMS)
as internal standard. Multiplicities were defined as s (singlet), d (doublet), t (triplet) or m (multiplet).
El-mass spectra were recorded with a Shimadzu GCMS-2010 mass spectrometer. High resolution mass
spectra (HRMS) were recorded on a Water Q-Tof micro mass spectrometer. The purity (> 95%) of the
compounds is verified by the HPLC study performed on Amethyst C18-P (4.6x150 mm, 5 pm, Merck)
column using a mixture of solvent methanol/water or acetonitrile/water at the flow rate of 2ml/min and peak
detection at 240 nm under UV.

Experimental and compound characterization

1,5-Dihydroxy-3,6-bis(2-methylbut-3-yn-2-yloxy)-9H-xanthen-9-one (7a). To a stirring solution of
OH O compound 7 (1.04 g, 4 mmol) in acetonitrile (20 mL) and tetrahydrofuran (10 mL)
O O was added KI (1.99 g, 12 mmol), K,CO; (1.82 g, 13.2 mmol), 3-chloro-3-
0 o 0 methylbut-1-yne (2.23 mL, 20 mmol) and Cul (76 mg, 0.4 mmol) and stirred at 35
7\\\ OH//< °C for 6 h. The reaction mixture was filtered and the filtration was concentrated.
The residue was purified by column chromatography (16:1 petroleum ether/ethyl
acetate) to afford the titled compound as a light yellow solid (643 mg, 41%). m.p.: 149-150 °C; 'H
NMR (300 MHz, CDCls): 6 1.75 (s, 6H, 2 x -CH3), 1.79 (s, 6H, 2 x -CH3), 2.71 (d, 2H, 2 x -C=CH),
5.84 (s, 1H, Ar-OH), 6.66 (d, J= 2.4 Hz, 1H, Ar-H), 6.91 (d, J=2.4 Hz, 1H, Ar-H), 7.54 (d, J=9.0 Hz,
1H, Ar-H), 7.76 (d, J = 9.0 Hz, 1H, Ar-H), 12.84 (s, 1H, Ar-OH); °C NMR (125 MHz, CDCl5): 6 29.6,
29.7, 72.8, 75.0, 75.3, 75.4, 84.6, 84.7, 97.6, 101.8, 104.1, 115.6, 116.0, 116.8, 136.4, 145.1, 147.3,
157.1, 162.9, 163.1, 180.6; IR (cm™, KBr film): 3291, 2989, 2935, 1649, 1604, 1571, 1442, 1326, 1287,
1202, 1131, 1095, 1061, 869, 817, 688; EI-MS m/z: 392[M]'(6), 311(38), 260(36), 58(100); Anal.
(C23H2006) C, H. Calc: 70.40, 5.14; found: 70.29, 5.12. This reaction also afforded cyclized product 7c
OH O as a yellow oil (125 mg, 8%). '"H NMR (300 MHz, CDCls): 6 1.59 (s, 6H, 2 x -CH3),
O 1.76 (s, 6 H, 2 x -CHs), 2.74 (s, 1H, -C=CH), 4.66 (d, J = 2.1 Hz, 1H, -C=CH.,),

o

(0]

o~ o 4.98 (d, J=2.1 Hz, 1H, -C=CH,), 6.68 (d, J=2.3 Hz, 1H, Ar-H), 6.87-6.92 (m, 2H,
N W/% Ar-H), 7.80 (d, J = 8.8 Hz, 1H, Ar-H), 12.87 (s, 1H, Ar-OH); °C NMR (75 MHz,
CDCly): 25.1, 29.7, 72.8, 74.0, 75.3, 84.8, 91.4, 97.7, 102.0, 104.2, 113.9, 115.4,
118.7, 129.5, 145.0, 147.0, 155.0, 156.9, 162.8, 162.9, 180.2; IR (cm™, KBr film): 3330, 3005, 2933,
1740, 1650, 1605, 1580, 1452, 1364, 1311, 1279, 1221, 1122, 1085, 870, 821; EI-MS m/z: 392[M]'(6),
311(20), 260(10), 98(100).

1,5-Dihydroxy-6-(2-methylbut-3-yn-2-yloxy)-9H-xanthen-9-one (8a). To a stirring solution of
compound 8 (400 mg, 1.64 mmol) in acetonitrile (10 mL) and THF (5 mL) was added
KI (544 mg, 3.28 mmol), K,CO3 (498 mg, 3.61 mmol), 3-chloro-3-methylbut-1-yne
(0.46 mL, 4.10 mmol) and Cul (30 mg, 0.16 mmol) and stirred at 35 °C for 6 h. The
reaction mixture was filtered and the filtration was concentrated. The residue was
purified by column chromatography (8:1 petroleum ether/ethyl acetate) to afford the
titled compound as a light yellow solid (108 mg, 42%). m.p.: 142-144 °C; '"H NMR
(300 MHz, CDCls): 6 1.60 (s, 6H, 2 x -CH3), 2.72 (s, 1H, -C=CH), 5.85 (s, 1H, Ar-OH), 6.80 (d, /= 8.1
Hz, 1H, Ar-H), 7.03 (d, J = 8.1 Hz, 1H, Ar-H), 7.56-7.61 (m, 2H, 2 x Ar-H), 7.80 (d, J = 9.0 Hz, 1H,
Ar-H), 12.72 (s, 1H, Ar-OH); °C NMR (75 MHz, CDCl5): d 29.2, 74.5, 75.0, 84.1, 106.7, 108.1, 110.1,
115.1, 115.6, 116.2, 135.9, 136.1, 144.7, 147.2, 155.8, 161.4, 181.4; IR (cm™, KBr film): 3392, 3280,
2956, 1741, 1646, 1605, 1576, 1464, 1381, 1275, 1260, 1229, 1067, 764, 750; EI-MS m/z: 310[M]"(13),
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244(100), 67(32). This reaction also afforded cyclized product 8¢ as a yellow oil (10 mg, 2%). "H NMR
(300 MHz, CDCls): 6 1.60 (s, 6H, 2 x -CHj3), 4.67 (d, J = 2.3 Hz, 1H, -C=CH,), 4.99
(d, /=23 Hz, 1H, -C=CH»), 6.81 (d, 1H, J=4.1 Hz, Ar-H), 6.91 (d, 1H, J= 8.9 Hz,
Ar-H), 7.01-7.06 (m, 1H, Ar-H?, 7.56-7.61 (m, 1H, Ar-H), 7.83(d, J = 8.9 Hz, 1H,
Ar-H), 12.77 (s, 1H, Ar-OH); °C NMR (75 MHz, CDCl;): 6 25.1, 74.2, 91.6, 107.1,
107.2, 108.6, 110.8, 112.6, 114.2, 115.3, 118.8, 129.9, 147.4, 154.9, 156.1, 161.9,
181.4; IR (cm™, KBr film): 3333, 2985, 2932, 1740, 1646, 1609, 1586, 1462, 1384,
1307, 1276, 1234, 1162, 1081, 795, 765,750; EI-MS m/z: 310[M]"(54), 244(66), 43(100).

4-Hydroxy-3-(2-methylbut-3-yn-2-yloxy)-9H-xanthen-9-one (9a). 9a was prepared from 9 according
to the synthetic procedure described for 8a as a yellow solid. Yield: 33%; m.p.: 171-
173 °C; 'H NMR (300 MHz, CDCl3): 6 1.79 (s, 6H, 2 x -CH3), 2.70 (s, 1H, -C=CH),
5.89 (s, 1H, Ar-OH), 7.39 (t, J = 7.2 Hz, 1H, Ar-H), 7.53-7.61 (m, 2H, 2 X Ar-H),
7.70-7.73 (m, 1H, Ar-H), 7.86 (d, /= 8.9 Hz, 1H, Ar-H), 8.34 (d, /= 8.8 Hz, 1H, Ar-
H); °C NMR (75 MHz, CDCls): § 29.7, 74.9, 75.3, 84.8, 115.7, 116.8, 118.1, 118.2,
121.6, 124.0, 126.7, 134.6, 136.4, 145.3, 147.0, 156.2, 176.7; IR (cm™, KBr film):
3300, 2973, 1726, 1641, 1599, 1576, 1464, 1381, 1275, 1255, 1063, 762, 748; EI-MS m/z: 294[M]'(15),
253(29), 241(18), 58(100), 55(34). This reaction also formed cyclized product 9c as a yellow oil. Yield:
5 3%; "H NMR (300 MHz, CDCl3): 6 1.53 (s, 6H, 2 x -CH3), 4.59 (d, J=2.3 Hz, 1H, -
C=CH,), 4.91 (d, J = 2.3 Hz, 1H, -C=CH>), 6.83 (d, J = 8.8 Hz, 1H, Ar-H), 7.30-
O O 7.34 (m, 1H, Ar-H), 7.63-7.65 (m, 1H, Ar-H), 7.83 (d, J = 8.9 Hz, 1H, Ar-H), 8.27
° ? (d, J =72 Hz, 1H, Ar-H); °C NMR (75 MHz, CDCl;): 6 24.1, 72.9, 90.3, 112.9,
115.7, 117.0, 118.5, 120.7, 123.1, 125.7, 129.0, 133.4, 144.2, 145.7, 154.1, 155.0,
175.2; IR (em™, KBr film): 2975, 2922, 1726, 1640, 1599, 1569, 1465, 1382, 1280,
1260, 1152, 1071, 760,749; EI-MS m/z: 294[M]"(79), 279(29), 228(100), 67(43).

1,5-Dihydroxy-6-(2-methylbut-3-en-2-yloxy)-3-(2-methylbut-3-yn-2-yloxy)-9H-xanthen-9-one (10).

OH O To a stirring solution of compound 7a (200 mg, 0.51 mmol) in ethanol (20 mL) was

O O added Lindlar’ catalyst (Pd, 10 wt% on barium sulfate, 20 mg) under hydrogen (1

0 o o | atm) and stirred at 25 °C for 20 min. The reaction mixture was filtered and the

%\\\ on 4 filtration was concentrated. The residue was purified by column chromatography (8:1

petroleum ether/ethyl acetate) to afford the titled compound as a yellow oil (244 mg,

82%). '"H NMR (300 MHz, CDCls): & 1.56 (s, 6H, 2 x -CH3), 1.73 (s, 6H, 2 x -CH3), 2.69 (s, 1H, -

C=CH), 5.24-5.32 (m, 2H, -CH=CH,), 6.00 (s, 1H, Ar-OH), 6.12-6.21 (m, 1H, -CH=CH,), 6.64 (d, J =

2.2 Hz, 1H, Ar-H), 6.89 (d, J= 2.2 Hz, 1H, Ar-H), 7.12 (d, J = 8.9 Hz, 1H, Ar-H), 7.65 (d, J = 8.9 Hz,

1H, Ar-H), 12.85 (s, 1H, Ar-OH); >C NMR (75 MHz, CDCls): 6 26.9, 29.2, 72.3, 74.8, 82.4, 84.2, 97.1,

101.3,103.5, 114.5, 114.8, 115.3, 115.7, 135.6, 142.2, 144.3, 147.5, 156.6, 162.3, 162.5, 180.1; IR (cm',

KBr film): 3398, 3298, 2925, 2861, 1740, 1650, 1604, 1573, 1443, 1325, 1277, 1204, 1129, 1090, 762,
750; EI-MS m/z: 364[M]"(50), 379(100), 67(51).

1,5-Dihydroxy-3,6-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (12). To a stirring solution of
oH o compound 7a (200 mg, 0.51 mmol) in ethanol (20 mL) was added Lindlar’ catalyst
O O (Pd, 10 wt% on barium sulfate, 20 mg) under hydrogen (1 atm) and stirred at 25 °C
O [0}
_ OH

e}

o for 40 min. The reaction mixture was filtered and the filtration was concentrated.
A= The residue was purified by column chromatography (8:1 petroleum ether/ethyl

acetate) to afford the titled compound as a yellow solid (193 mg, 90%). m.p.: 125-
127 °C; "H NMR (300 MHz, CDCls): §1.56 (s, 6H, 2 x -CH3), 1.58 (s, 6H, 2 x -CH3), 5.27-5.29 (m, 4H,
2 x -CH=CHy), 6.15-6.17 (m, 2H, 2 x -CH=CH,), 6.42 (d, J = 2.2 Hz, 1H, Ar-H), 6.60 (d, J = 2.2 Hz,
1H, Ar-H), 7.11 (d, J = 8.9 Hz, 1H, Ar-H), 7.65 (d, J = 8.9 Hz, 1H, Ar-H), 12.82 (s, 1H, Ar-OH); IR
(cm™, KBr film): 3441, 2960, 2924, 2854, 1649, 1598, 1439, 1283, 1261, 1124, 1104, 1008, 803, 764,
699; EI-MS m/z: 396[M]"(92), 381(65), 341(100), 43(71); Anal. (Cp3H240¢) C, H. Calc: 69.68, 6.10;
found: 69.28, 6.08.
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Compound 14 and 16 were prepared from compound 8a and 9a, respectively, according to the
synthetic procedure described for 10.

1,5-Dihydroxy-6-(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (14). Yield: 89%; Yellow solid,
o m.p.: 150-152 °C; "H NMR (300 MHz, CDCls): 6 1.61 (s, 6H, 2 x -CH3), 5.27-5.35
(m, 2H, -CH=CHy), 5.88 (s, 1H, Ar-OH), 6.14-6.23 (m, 1H, -CH=CH,), 6.79 (d, J =
O O 9.0 Hz, 1H, Ar-H), 7.03 (d, J=9.0 Hz, 1H, Ar-H), 7.17 (d, J = 9.0 Hz, 1H, Ar-H),
0o 0 7.58 (t,J=9.0 Hz, 1H, Ar-H), 7.71(d, /= 9.0 Hz, 1H, Ar-H), 12.76 (s, 1H, Ar-OH);
OH IR (cm™, KBr film): 3333, 2925, 2855, 1740, 1651, 1606, 1461, 1343, 1275, 1225,

\ ] 1122, 1060, 763, 745; EI-MS m/z: 312[M](22), 257(32), 43(100).

4-Hydroxy-3-(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (16). Yield: 87%; white solid, m.p.:
5 100-102 °C; 'H NMR (300 MHz, CDCls): 6 1.60 (s, 6H, 2 x -CHs), 5.26-5.35 (m,
2H, -CH=CH,), 5.90 (s, 1H, Ar-OH), 6.14-6.24 (m, 1H, -CH=CH), 7.15 (d, /= 8.9
O O Hz, 1H, Ar-H), 7.37 (t, J= 7.5 Hz, 1H, Ar-H), 7.60 (d, J = 8.1 Hz, 1H, Ar-H), 7.69-
(@) o 7.72 (m, 2H, Ar-H), 8.32 (d, J = 8.1 Hz, 1H, Ar-H); IR (cm'l, KBr film): 3375,
OH {( 2924, 2854, 1740, 1645, 1603, 1462, 1384, 1233, 1073, 807, 733; EI-MS m/z:

\ | 294[M]"(4), 122(36), 105(59), 57(100).

General procedure for allylation. To a stirring solution of required hydroxyxathone (10, 12, 14 and
16, 1 mmol) in acetone (20 mL) was added K,CO; (276 mg, 2 mmol) and allyl bromide (242 mg, 2
mmol) and stirred at 35 °C for 4 h. The reaction mixture was filtered and the filtration was concentrated.
The residue was purified by column chromatography (16:1 petroleum ether/ethyl acetate) to afford
allylated product 11, 13, 15 and 17, respectively.

5-Allyloxy-1-hydroxy-6-(2-methylbut-3-en-2-yloxy)-3-(2-methylbut-3-yn-2-yloxy)-9H-xanthen-9-
one (11). Yield: 80%; yellow oil; "H NMR (300 MHz, CDCls): § 1.58 (s, 6H, 2 x -CH3), 1.75 (s, 6H, 2
oH O x -CH3), 2.71 (s, 1H, -C=CH), 4.64-4.69 (m, 2H, -OCH,-), 5.19-5.44 (m, 4H, 2 x -
CH=CH,), 6.12-6.23 (m, 2H, 2 x -CH=CH,), 6.70 (d, J = 2.2 Hz, 1H, Ar-H), 6.83
o o o | (d,J=2.0Hz, 1H, Ar-H), 7.12 (d, J = 9.0 Hz, 1H, Ar-H), 7.84 (d, J = 9.0 Hz, 1H,
ﬁ\ 0 5 Ar-H), 12.85 (s, 1H, Ar-OH); IR (cm™, KBr film): 3274, 3059, 2962, 2824, 1739,
N ﬁ \ | 1634, 1600, 1505, 1446, 1275, 1225, 1001, 764, 750; EI-MS m/z: 434[M]'(45),

175(81), 69(100).
5-Allyloxy-1-hydroxy-3,6-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one  (13). Yield: 79%;
OH 0 yellow oil; "H NMR (300 MHz, CDCls): 6 1.57 (s, 12H, 4 x -CH3), 4.66 (d, J=5.9

O O Hz, 2H, -OCH,-), 5.18-5.31 (m, 6H, 3 x -CH=CH,), 6.11-6.17 (m, 3H, 3 x -
o o o | CH=CH,), 6.43 (d, J=2.2 Hz, 1H, Ar-H), 6.57 (d, J= 2.1 Hz, 1H, Ar-H), 7.10 (d,
A o 5 J=9.0 Hz, 1H, Ar-H), 7.82 (d, J = 9.0 Hz, 1H, Ar-H), 12.80 (s, 1H, Ar-OH); "°C

// \ | NMR (75 MHz, CDCL): 6 27.2, 27.4, 74.7, 81.3, 82.4, 97.9, 101.7, 103.6, 104.2,
104.3, 116.2, 117.2, 118.2, 120.1, 134.0, 138.6, 143.3, 143.5, 151.0, 155.3, 157.1,
162.8, 164.0, 180.5; IR (cm™, KBr film): 3339, 2925, 2850, 1741, 1640, 1599, 1450, 1332, 1269, 1187,
1131, 1063, 824, 736; EI-MS m/z: 436[M]"(8), 69(100), 55(43).

5-Allyloxy-1-hydroxy-6-(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (15). Yield: 87%; yellow oil;
'H NMR (300 MHz, CDCl3): 6 1.59 (s, 6H, 2 x -CHs), 4.69 (d, J = 5.8 Hz, 2H, -
OCHz;-), 5.21-5.44 (m, 4H, 2 x -CH=CH,), 6.13-6.24 (m, 2H, 2 x -CH=CH,), 6.79 (d,
J=7.8 Hz, 1H, Ar-H), 6.99 (d, J = 8.1 Hz, 1H, Ar-H), 7.14-7.19 (m, 1H, Ar-H), 7.57
(t, J=8.1 Hz, 1H, Ar-H), 7.87 (d, J = 9.0 Hz, 1H, Ar-H), 12.75(s, 1H, OH); IR (cm’',
KBr film): 3416, 2974, 2926, 1776, 1715, 1660, 1589, 1464, 1381, 1272, 1260, 1125,
748; EI-MS m/z: 352[M](6), 284(60), 243(60), 69(61), 43(100).

4-Allyloxy-3-(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (17). Yield: 85%; light yellow oil; 'H
NMR (300 MHz, CDCls): 0 1.51 (s, 6H, 2 x -CH3), 4.64 (d, J= 5.9 Hz, 2H, -OCH;-), 5.11-5.38 (m, 4H,
2 x -CH=CHy), 6.08-6.17 (m, 2H, 2 x -CH=CH>), 7.06 (d, J = 9.0 Hz, 1H, Ar-H), 7.29 (t, J= 7.5 Hz,
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o 1H, Ar-H), 7.48 (d, J = 8.3 Hz, 1H, Ar-H), 7.60-7.63 (m, 1H, Ar-H), 7.87 (d, J =
9.0 Hz, 1H, Ar-H), 8.23 (d, J = 8.3 Hz, 1H, Ar-H); °C NMR (75 MHz, CDCl;): ¢
O 5 O o | 272,747,823, 1142, 1174, 117.6, 118.10, 118.15, 1210, 121.6, 123.9, 126.6,
) 134.1, 134.4, 138.7, 143.5, 151.1, 155.1, 156.2, 176.6; IR (cm™', KBr film): 3091,
ﬂ Q| 2985, 2932, 1741, 1645, 1601, 1568, 1462, 1440, 1381, 1275, 1233, 1125, 1079,
/ 998, 927, 750; EI-MS m/z: 336[M] (4), 279(11), 206(100).

General procedure for Claisen/Diels-Alder cascade reaction. A solution of required substrate (11,
13, 15 and 17, 200 mg) in DMF (2 mL) was stirred under nitrogen at 120 °C for 2 h. The reaction
mixture was then cooled to room temperature and concentrated. The residue was purified by column
chromatography (16:1 petroleum ether/ethyl acetate) to afford caged compound 18-19, 20-21, 22 and 23,
respectively.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H,11H-
furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (18). Yield: 31%; yellow solid, m.p.: 110-109 °C; 'H
NMR (300 MHz, CDCls): 6 1.18 (s, 3H, C1o-H), 1.39 (s, 3H, Ca-H), 1.45 (s,
6H, Ci4-H, C;s-H), 1.76-1.89 (m, 2H, C;;-H), 2.54-2.70 (m, 3H, Ci6-H, Ca»-
H), 3.50-3.52 (m, 1H, C5-H), 3.87 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.43-4.50 (m,
2H, C;7-H, Ca3-H,), 5.52 (d, J=10.2 Hz, 1H, C»-H), 5.96 (s, 1H, C4-H), 6.63
(d, /=99 Hz, 1H, C;,-H), 7.28 (d, J = 6.9 Hz, 1H, Cs-H), 12.74 (s, 1H, C;-
OH); *C NMR (75 MHz, CDCl3): d 16.7, 25.9, 27.2, 27.83, 27.88, 28.6, 41.2,
45.2,73.7,76.9, 82.2, 87.7, 96.7, 100.6, 102.6, 114.7, 117.2, 125.9, 130.7, 132.9, 135.2, 158.6, 159.9,
162.2, 178.5, 199.5; IR (cm'l, KBr film): 3452, 2931, 2852, 1740, 1645, 1633, 1599, 1461, 1390, 1325,
1161, 1151, 1065, 828, 755; EI-MS m/z: 434[M]"(23), 385(62), 133(100), 69(45); HRMS (ESI): calcd.
for CasHz606s [M + H]" 435.1808, found 435.1803; HPLC (60% acetonitrile in water): tg = 10.0 min,
99.0%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H,11H-

furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (19). Yield: 46%; yellow solid, m.p.: 102-104 °C; 'H
NMR (300 MHz, CDCl3): § 1.14 (s, 3H, C1o-H), 1.38 (s, 3H, Ca0-H), 1.44-1.45 (m,
6H, C14-H, C15-H), 1.71-1.91 (m, 2H, Cz]-H), 2.54-2.69 (1’1’1, 3H, C16-H, sz-H),
3.52-3.53 (m, 1H, C;-H), 3.92 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.42-4.44 (m, 1H, C,7-H),
4.50 (dd, J;= 3.9 Hz, J,= 8.1 Hz, 1H, Cy3-H,), 5.55 (d, /= 9.9 Hz, 1H, C;,-H), 6.01
(s, 1H, C,-H), 6.56 (d, J = 10.2 Hz, 1H, Cy;-H), 7.30 (d, J = 6.9 Hz, 1H, Cs-H),
12.56 (s, 1H, C;-OH); *C NMR (75 MHz, CDCL): § 17.1, 25.5, 27.7, 28.4, 28.5,
29.1,41.9,45.7,74.3, 78.4,82.7, 88.5,97.8, 101.1, 101.7, 115.1, 117.4, 127.0, 31.4, 133.2, 135.8, 154.5,
162.8, 164.8, 179.0, 199.8; IR (cm'l, KBr film): 3279, 2968, 2921, 1737, 1644, 1634, 1588, 1435, 1380,
1333, 1128, 826; EI-MS m/z: 434[M]'(7), 169(90), 147(70), 119(60), 69(100); HRMS (ESI): calcd. for
CasHa606 [M + H] 435.1808, found 435.1819; HPLC (60% acetonitrile in water) : tg = 19.7 min, 99.3%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-furo[3,4-
d]xanthene -7,13-dione (20). Yield: 37%; yellow solid, m.p.: 112-114 °C; '"H NMR (300 MHz, CDCl;):
0 1.14 (s, 3H, C1o-H), 1.37 (s, 3H, Cy-H), 1.76 (s, 3H, C;5-H), 1.81 (s, 3H, Cy4-
H), 2.55-2.71 (m, 5H, C,;-H, Cy-H, Ci6-H), 3.35-3.37 (m, 2H, C;;-H), 3.50-
3.52 (m, 1H, C;-H), 3.88 (d, /= 7.8 Hz, 1H, Cy3-Hp), 4.42-4.51 (m, 2H, Cys-H,
Cy-Hy), 5.22-5.26 (m, 1H, Ci»-H), 6.02 (s, 1H, C4-H), 7.28 (d, J = 7.2 Hz, 1H,
Cs-H), 12.81 (s, 1H, C;-OH); C NMR (75 MHz, CDCly): 6 17.8, 18.1, 21.1,
25.77, 25.84, 29.8, 34.5, 36.6, 38.1, 45.7, 78.7, 83.3, 95.8, 101.3, 107.7, 117.1, 121.4, 133.1, 134.2,
134.9, 136.5, 159.6, 162.1, 164.7, 177.7, 198.9; IR (cm™, KBr film): 3347, 2968, 2926, 1740, 1644,
1634, 1598, 1430, 1380, 1272, 1130, 826, 742; EI-MS m/z: 436[M](9), 169(86), 147(46), 69(100);
HRMS (ESI): calcd. for CysHysOs [M + Na]™ 459.1784, found 459.1796; HPLC (80% acetonitrile in
water): tg = 3.0 min, 99.2%.
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8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-furo[3,4-
d]xanthene-7,13-dione (21). Yield: 49%; yellow solid, m.p.: 143-144 °C; "H NMR (300 MHz, CDCls):
0 1.10 (s, 3H, Cyo-H), 1.37 (s, 3H, Cx-H), 1.73 (s, 3H, C;s-H), 1.81 (s, 3H, C4-H),
2.52-2.71 (m, 5H, Cy-H, Cx-H, C16-H), 3.27-3.35 (m, 2H, C;;-H), 3.47-3.60 (m, 1H,
C;-H), 3.91 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.38-4.41 (m, 1H, Cy7-H), 4.51 (dd, J;= 3.3
Hz, J,= 7.2 Hz, 1H, Cp3-H,), 5.15-5.25 (m, 1H, C1»-H), 6.05 (s, 1H, C,-H), 7.28 (d, J
= 6.6 Hz, 1H, Cs-H), 12.41 (s, 1H, C;-OH); °C NMR (75 MHz, CDCl3): 6 17.9, 18.1,
21.9,25.81, 25.86, 29.8, 34.7, 38.1, 45.7, 78.4, 83.5, 97.2, 101.5, 106.5, 111.4, 117.1,
121.4, 133.0, 134.2, 135.1, 136.5, 158.2, 163.1, 164.6, 178.2, 198.5; IR (cm™', KBr film): 3325, 2965,
2923, 1739, 1644, 1634, 1600, 1454, 1328, 1190, 1151, 1062, 832, 740; EI-MS m/z: 436[M]'(14),
335(78), 169(100), 147(90), 69(95); HRMS (ESI): calcd. for CaHysOg [M +H]™ 437.1964, found
437.1972; HPLC (80% acetonitrile in water): tr = 3.8 min, 99.2%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-
7,13-dione (22). Yield: 71%; yellow solid; m.p.: 128-130 °C; 'H NMR (300 MHz, CDCls): 6 0.98 (s,
3H, C14-H), 1.25 (s, 3H, C;s-H), 1.72-1.92 (m, 2H, C;¢-H), 2.58-2.78 (m, 3H, Cy;-H,
Cy7-H), 3.55 (dd, J;= 3.3 Hz, J,= 9.0 Hz, 1H, C;-H), 3.91 (d, J = 6.0 Hz, 1H, Cs-
Hp), 4.37-4.41 (m, 1H, Cp-H), 4.52 (dd, J;= 3.9 Hz, J,= 6.0 Hz, 1H, C3-H,), 6.49
(d, J = 8.4 Hz, 1H, C»-H), 6.54 (d, J = 8.4 Hz, 1H, C4-H), 7.35-7.60 (m, 2H, Cs-H,
Cg-H), 12.10 (s, 1H, C;-OH); °C NMR (75 MHz, CDCl;): J 16.4, 24.9, 27.3, 28.3,
412,454, 73.8, 81.8, 88.4, 105.7, 106.9, 109.0, 117.5, 132.1, 132.9, 135.4, 138.2,
159.0, 162.5, 180.6, 200.1; IR (cm’l, KBr film): 3457, 2968, 2908, 1735, 1643, 1600, 1462, 1369, 1281,
1260, 1228, 1053, 1033, 801, 764, 750; EI-MS m/z: 352[M](9), 324(78), 255(60), 227(100), 213(76),
69(64); HRMS (ESI): caled. for CyHy0Os [2M + Na]" 727.2519, found 727.2525; HPLC (80%
acetonitrile in water): tg = 5.8 min, 99.3%.

1-(3-Methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione
(23). Yield: 78%; white solid; m.p.: 114-116 °C; 'H NMR (300 MHz, CDCls): 6 0.94 (s, 3H, C14-H),
1.27 (s, 3H, C;s-H), 1.75-1.86 (m, 2H, Ci¢-H), 2.57-2.66 (m, 3H, C,;;-H, C,7-H),
3.50-3.52 (m, 1H, C;-H), 3.89 (d, J = 7.8 Hz, 1H, C3-Hp), 4.38-4.40 (m, 1H, Ci»-
H), 4.52-4.54 (m, 1H, C;3-Hy), 7.02-7.07 (m, 2H, Cs-H, Cg-H), 7.28-7.31 (m, 1H,
C»-H), 7.50 (t, J = 7.6 Hz, 1H, C3-H), 7.94 (d, J= 9.8 Hz, 1H, C;-H); >C NMR (75
MHz, CDCl5): ¢ 16.9, 25.2, 27.8, 29.0, 41.8, 45.7, 74.4, 82.9, 88.4, 118.2, 118.4,
119.3, 121.9, 127.0, 131.4, 134.4, 135.4, 136.2, 159.6, 176.2, 199.3; IR (cm™', KBr
film): 2963, 2894, 1741, 1674, 1614, 1464, 1318, 1238, 1124, 751, 690; EI-MS m/z: 336[M]"(3),
308(100), 239(35), 211(16); HRMS (ESI): caled. for CyH2004 [M + Na]' 359.1259, found 359.1241;
HPLC (80% acetonitrile in water): tg = 6.0 min, 99.4%.

8,10-Hydroxy-3,3-dimethyl-10-(2-methylbut-3-yn-2-yloxy)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (28). Compound 28 was prepared according to our previously
reported procedure ). yellow solid; m.p: 168-170 °C; "H NMR (300 MHz, CDCl5):
o 1.11 (s, 3H), 1.23 (s, 3H), 1.33 (s, 3H), 1.61 (s, 3H), 2.26 (dd, J; =13.5 Hz, J, = 4.5
Hz, 1H), 2.37 (d, J=9.6 Hz, 1H), 2.54 (d, J = 7.8 Hz, 2H), 3.42-3.46 (m, 2H), 4.34-
4.40 (m, 1H), 5.96 (d, J = 2.1 Hz, 1H), 5.98 (d, /= 2.1 Hz, 1H), 7.35 (d, /= 6.9 Hz,
1H), 12.40 (s, 1H); *C NMR (75 MHz, CDCl5): J 16.80, 26.20, 26.60, 30.06, 30.14,
32.22, 48.68, 49.94, 84.63, 85.46, 91.13, 107.14, 108.34, 109.40, 120.64, 135.84, 136.95, 137.30,
140.75, 159.52, 165.61, 182.36, 206.60. ESI-MS m/z: 336[M-H]; HRMS (ESI): calcd. for Cy3H240¢
[M + Na]" 419.1471, found 419.1478; HPLC (80% acetonitrile in water): tg = 4.1 min, 99.2%.
8-Hydroxy-1-(3-methylbut-2-en-yl)-3,3-dimethyl-10-(2-methylbut-3-yn-2-yloxy)-3,3a,4,5-
tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (24). To a stirring solution of
compound 28 (200 mg, 0.43 mmol) in acetone (10 mL) was added KI (86 mg, 0.52 mmol), K,COs (72
mg, 0.52 mmol), 3-chloro-3-methylbut-1-yne (0.1 mL, 0.86 mmol) and Cul (8 mg, 43 umol) and stirred
at reflux for 30 min. The reaction mixture was filtered and the filtration was concentrated. The residue
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was purified by column chromatography (8:1 petroleum ether/ethyl acetate) to
afford the titled compound as a yellow solid (170 mg, 85%). m.p.: 149-150 °C; 'H
NMR (300 MHz, CDCl3): 6 1.12 (s, 3H, Cy4-H), 1.28 (s, 3H, Cys-H), 1.39 (s, 3H,
Cio-H), 1.70 (s, 3H, Cy-H), 1.71 (s, 6H, Ci4-H, C;5-H), 2.32 (dd, J; = 4.5 Hz, J> =
13.5 Hz, 1H, C;-H), 2.42 (d, J = 9.6 Hz, 1H, Cx-H), 2.61 (d, J = 9.0 Hz, 2H, Cis-
H), 2.68 (s, 1H, Cy;-H), 3.48-3.50 (m, 2H, C;;-H), 4.41-4.45 (m, 1H, C;7-H), 6.33
(d, J=2.1 Hz, 1H, C4-H), 6.50 (d, J = 2.1 Hz, 1H, C,-H), 7.41 (d, J = 6.9 Hz, 1H, Cs-H), 12.35 (s, 1H,
C;-OH); IR (cm™, KBr film): 3388, 2919, 2869, 1740, 1640, 1595, 1451, 1275, 1120, 1107, 1033,750;
EI-MS m/z: 462[M]"(5), 169(31), 69(100); Anal. (C23H300s) C, H. Calc: 72.71, 6.54; found: 72.46, 6.49.

Preparation of caged compounds 29 and 30. A solution of compound 24 (100 mg, 0.22 mmol) in
DMF (2 mL) was stirred under nitrogen at 120 °C for 2 h. The reaction mixture was then cooled to
room temperature and concentrated. The residue was purified by column chromatography (16:1
petroleum ether/ethyl acetate) to afford caged compounds 29 and 30 as isomers.

8-Hydroxy-1-(3-methylbut-2-en-yl)-3,3,11,11-tetramethyl-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione  (29). Yield: 41%; m.p.: 121-123 °C; 'H
NMR (300 MHz, CDCls): 61.15 (s, 3H, Cy9-H), 1.27-1.28 (m, 4H, Cyo-H, Cy;-
H,), 1.40 (s, 3H, C4-H), 1.44 (s, 6H, C14-H, C;5-H), 1.67 (s, 3H, C,s5-H), 2.32
(dd, J; = 13.5 Hz, J, = 4.4 Hz, 1H, Cy-Hp), 2.41 (d, J = 9.6 Hz, 1H, Cy-H),
2.59 (d, J = 8.1 Hz, 2H, Cis-H), 3.48 (t, J = 5.5 Hz, 1H, C;-H), 4.44-4.49 (m,
1H, Ci7-H), 5.52 (d, J = 10.0 Hz, 1H, Cy»-H), 6.00 (s, 1H, C4-H), 6.63 (d, J =
10.0 Hz, 1H, C;;-H), 7.40 (, J = 6.9 Hz, 1H, Cs-H), 12.71 (s, 1H, C;-OH); IR
(cm™’, KBr film): 3398, 2941, 2863, 1740, 1649, 1630, 1599, 1460, 1360, 1285, 1195, 11245, 840, 750;
EI-MS m/z: 462[M]"(35), 169(100), 69(55); HRMS (ESI): calcd. for C,sH300¢ [M + H]™ 463.2121,
found 463.2125; HPLC (95% acetonitrile in water): tg = 4.8 min, 98.8%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-3,3,11,11-tetramethyl-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione  (30). Yield: 50%; m.p.: 113-114 °C; 'H
NMR (300 MHz, CDCl;): 01.08 (s, 3H, C9-H), 1.29-1.30 (m, 4H, Cy-H, C;;-H,),
1.38 (s, 3H, Cas-H), 1.45 (s, 6H, C14-H, C;s-H), 1.67 (s, 3H, Ca5-H), 2.34 (dd, J, =
13.5 Hz, J, = 4.5 Hz, 1H, Cy-Hp), 2.50 (d, J = 9.5 Hz, 1H, Cx-H), 2.56 (d, J = 7.5
Hz, 2H, Cy¢-H), 3.50 (t, J = 5.5 Hz, 1H, C;-H), 4.45-4.50 (m, 1H, C,7-H), 5.55 (d,
J=10.1 Hz, 1H, C5-H), 6.01 (s, 1H, C4-H), 6.65 (d, J = 10.1 Hz, 1H, C;;-H), 7.46
(,J = 6.9 Hz, 1H, Cg-H), 12.66 (s, 1H, C;-OH); IR (cm™, KBr film): 3300, 2970,
2913, 1741, 1640, 1634, 1590, 1455, 1375, 1260, 1131, 837, 747; EI-MS m/z: 462[M]"(15), 169(90),
147(65), 69(100); HRMS (ESI): calcd. for Co3H3006 [M + H]"463.2121, found 463.2118; HPLC (95%
acetonitrile in water): tg = 4.1 min, 99.1%.

Compounds 30 and 31 was prepared according to our previously reported procedure 52,

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3-dimethyl-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (31). '"H NMR (300 MHz, CDCls): § 1.12 (s, 3H),1.30 (s,
3H),1.36 (dd, J;= 13.6 Hz, J,= 10.5 Hz, 1H), 1.40 (s, 3H), 1.67 (s, 3H), 1.77 (d, J
= 1.1 Hz, 3H), 1.82 (s, 3H), 2.33 (dd, J;= 13.6 Hz, J,= 4.5 Hz, 1H), 2.39 (d, J=
9.6 Hz, 1H), 2.59-2.61 (m, 2H), 3.35-3.39 (m, 2H), 3.48 (dd, J;= 6.8, J,= 4.3 Hz,
1H), 4.44-4.48 (m, 1H), 5.23-5.26 (m, 1H), 6.08 (s, 1H), 6.60 (br s, 1H), 7.40 (d, J
= 6.8 Hz, 1H), 12.80 (s, 1H); ESI-MS m/z: 463 [M-H]; HPLC (80% acetonitrile in
water): tg = 4.6 min, 98.9%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3-dimethyl-3,3a,4,5-tetrahydro-1,5-methano-

1H,7H-furo[3,4-d]xanthene-7,13-dione (32). '"H NMR (300 MHz, CDCls): J 1.04(s, 3H), 1.24-1.26 (m,
4H), 1.38 (s, 3H), 1.69 (s, 3H), 1.76 (s, 3H), 1.81 (s, 3H), 2.35 (dd, J,= 13.2 Hz, J,= 4.4 Hz, 1H), 2.46
(d, J= 9.2 Hz, 1H), 2.56-2.59 (m, 2H), 3.41-3.49 (m, 2H), 3.50-3.53 (m, 1H), 4.30-4.45 (m, 1H), 5.22-
5.27 (m, 1H), 6.04 (s, 1H), 6.09 (br s, 1H), 7.46 (d, J= 6.8 Hz, 1H), 12.60 (s, 1H); °*C NMR (75 MHz,
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CDCl): 6 16.9, 18.2, 22.3, 25.6, 25.7, 25.9, 29.0, 29.2, 30.3, 47.0, 49.2, 83.2, 84.5,
90.5, 97.0, 101.0, 105.6, 117.7, 121.1, 133.3, 133.9, 134.9, 135.4, 157.9, 163.0,
163.9, 179.4, 203.1; ESI-MS m/z: 463 [M-H]; HRMS (ESI): calcd. for CysH3,06
[M + Na]" 487.2097, found 487.2104; HPLC (80% acetonitrile in water): tg = 3.8 min,
99.1%.

Compounds 33 and 34 was prepared according to our previously reported procedure !,

8-Hydroxy-1-(3-methylbut-2-en-yl)-3,3-dimethyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-
furo[3,4-d]xanthene-7,13-dione (33). yellow solid; mp: 130-132 °C. '"H NMR (300 MHz, CDCl3): 0.95
(s, 3H), 1.18-1.25 (m, 4H), 1.30 (s, 3H), 1.61 (s, 3H), 2.26 (dd, J;= 13.5 Hz, J,=4.5
Hz, 1H), 2.37 (d, J = 9.6 Hz, 1H), 2.54 (d, J = 7.8 Hz, 2H), 3.44 (dd, J,;= 6.9 Hz, J,=
4.5 Hz, 1H), 4.32-4.36 (m, 1H), 6.43 (dd, J,= 8.1 Hz, J,= 0.9 Hz, 1H), 6.45 (dd, J,=
8.1 Hz, J,=0.9 Hz, 1H), 7.32 (t, J = 8.1 Hz, 1H), 7.41 (d, J = 9.6 Hz, 1H), 12.00 (s,
1H); °C NMR (75 MHz, CDCL): 16.68, 24.95, 25.49, 29.05, 29.14, 30.27, 46.98,
48.82, 83.53, 84.46, 90.02, 106.12, 107.38, 109.37, 118.64, 133.88, 134.90, 135.30,
138.75, 159.59, 162.90, 181.33, 202.69; EI-MS m/z: 380[M]", 352; Anal. (C23H,40s) C, H. Calc: 72.61,
6.36; found: 72.60, 6.67; HPLC (80% acetonitrile in water): tg = 4.7 min, 99.5%.

1-(3-Methylbut-2-en-yl)-3,3-dimethyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-furo[3,4-
d]xanthene-7,13-dione (34, Cluvenone). yellow solid; mp: 124-126 °C. "H NMR (300 MHz, CDCl;):
0.84 (s, 3H), 1.15-1.30 (m, 7H), 1.66 (s, 3H), 2.27 (dd, J; = 13.5Hz, J,= 4.5Hz, 1H),
2.39 (d, J=9.6Hz, 1H), 2.55 (d, /= 9.3Hz, 2H), 3.41-3.47 (m, 1H), 4.33-4.37 (m, 1H),
6.97-7.02 (m, 2H), 7.36 (d, J = 6.9 Hz, 1H), 7.45 (dd, J,= 8.4 Hz, J,= 7.2 Hz, 1H),
7.87 (d, J = 8.4 Hz, 1H); >C NMR (75 MHz, CDCLs): 16.69, 25.14, 25.33, 29.12,
30.33, 30.93, 46.84, 48.83, 83.52, 84.62, 90.37, 118.10, 118.97, 119.14, 121.87,
126.99, 133.76, 134.78, 134.94, 136.21, 159.67, 176.52, 203.02. Anal. (C23H2404) C,
H. Calc: 72.80, 6.64; found: 5.81, 6.60; HPLC (80% acetonitrile in water): tg = 5.1 min, 99.4%.

5,6-Bis(allyloxy)-1-hydroxy-9H-xanthen-9-one (35). To a stirring solution of compound 8 (1.22 g, 11
mmol) in acetone (20 mL) was added K,CO; (1.66 g, 12 mmol) and allyl bromide
(1.31 g, 11 mmol) and stirred at 35°C for 4 h. The reaction mixture was filtered and the
filtration was concentrated. The residue was purified by column chromatography (8:1
petroleum ether/ethyl acetate) to afford the titled compound as yellow solid (1.53 g,
95%). m.p.: 113-114°C; "H NMR (300 MHz, CDCl3): 6 4.69-4.76 (m, 4H, 2 x OCH,),
5.18-5.50 (m, 4H, 2 x CH=CH,), 5.98-6.25 (m, 2H, 2 x CH=CH,), 6.79 (d, J = 8.4 Hz,
1H, Ar-H), 6.98-7.01 (m, 2H, Ar-H?, 7.60 (t, J = 8.4 Hz, 1H, Ar-H), 7.99 (d, J = 9.0 Hz, 1H, Ar-H),
12.72 (s, 1H, Ar-OH); IR (KBr, cm™): 3052, 1653, 1601, 1581, 1478, 1459, 1284, 1232, 1086, 792; EI-
MS m/z: 324[M]"(100), 283(80).

1-Allyl-8-hydroxy-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (36). A
solution of compound 35 (100 mg, 0.30 mmol) in decalin (2 mL) was stirred under
nitrogen at 180 °C for 3 h. The reaction mixture was then cooled to room temperature
and purified by column chromatography (16:1 petroleum ether/ethyl acetate) to afford
the titled compound 36 as a yellow solid (51 mg, 51%). m.p.: 127-128 °C; '"H NMR
(300 MHz, CDCls): 6 1.83-1.93 (m, 2H, C4-H), 2.46-2.54 (m, 1H, C;s-H), 2.62 (dd,

® J; =3.3 Hz, J,= 7.8 Hz, 1H, C;-H,), 2.78-2.85 (m, 1H, C;;-Hp), 3.53-3.56 (m, 1H,
Cs-H), 3.89 (d, J = 8.1 Hz, 1H, Ci¢-H,), 4.50-4.59 (m, 2H, C3-H), 4.74 (d, J = 10.2 Hz, 1H, Ci¢-Hp),
5.20-5.26 (m, 1H, Ci»-H), 6.50-6.56 (m, 2H, C,-H, C4-H) 7.38 (d, J = 6.9 Hz, 1H, Cs-H), 7.44 (d, J =
8.4 Hz, 1H, C3-H), 12.05 (s, 1H, C;-OH); IR (KBr, cm™): 3413, 3076, 2982, 1734, 1643, 1604, 1463,
1377, 1229, 1034, 800, 780; EI-MS m/z: 324[M]'(40), 296(100); HRMS (ESI) calcd. for C;oH;c04 [M +
Na]" 347.0895, found 347.0872. HPLC (80% acetonitrile in water): tg = 4.2 min, 98..5%
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General procedure for preparation of 37, 39, 42 and 44. To a stirring solution of required
hydroxyxathone (10, 12, 14 and 16, 1 mmol) in acetone (20 mL) was added K,CO3 (276 mg, 2 mmol)
and (E)-1,4-dibromobut-2-ene (428 mg, 2 mmol) and stirred at 35°C for 4 h. The reaction mixture was
filtered and the filtration was concentrated. The residue was purified by column chromatography (16:1
petroleum ether/ethyl acetate) to afford product 37, 39, 42 and 44, respectively.

(E)-5-(4-Bromobut-2-enyloxy)-1-hydroxy-3-(2-methylbut-3-yn-2-yloxy)-6-(2-methylbut-3-en-2-
yloxy)-9H-xanthen-9-one (37). Yield: 76%; yellow oil; "H NMR (300 MHz, CDCls): 6 1.58 (s, 6H, 2 x
oo -CHj3), 1.70 (s, 6H, 2 x -CHz3), 2.73 (s, 1H, -C=CH), 3.97 (d, J = 5.2 Hz, 2H, -
BrCH,-), 4.66-4.69 (m, 2H, -OCH>-), 5.20-5.29 (m, 2H, -CH=CH,), 6.09-6.23 (m,
. o 3H, -CH=CH,,-CH=CH-), 6.70 (d, J = 2.0 Hz, 1H, Ar-H), 6.83 (d, /= 2.0 Hz, 1H,

7\ Ar-H), 7.12 (d, J = 9.0 Hz, 1H, Ar-H), 7.84 (d, J = 9.0 Hz, 1H, Ar-H), 12.83 (s,
NS
B

6]
; 1H, Ar-OH); IR (cm’', KBr film): 3357, 3074, 2984, 2934, 1744, 1651, 1600,
1564, 1435, 1276, 1261, 1126, 1100, 1057, 995, 927, 818, 764, 749; EI-MS m/z:
[ 528[M]7(3), 526(3), 336(33), 206(48), 175(100), 161(57).

(E)-5-(4-Bromobut-2-enyloxy)-1-hydroxy-3,6-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one
(39). Yield: 76%; yellow oil, "H NMR (300 MHz, CDCl;): 6 1.50 (s, 12H, 4 x -CH3), 3.89-3.91 (m, 2H,
on o -BrCH,-), 4.60 (d, J = 3.9 Hz, 2H, -OCH,-), 5.13-5.25 (m, 4H, 2x-CH=CHy,), 6.01-

O O 6.10 (m, 4H, 2x-CH=CH,, -CH=CH-), 6.37 (d, J = 2.1 Hz, 1H, Ar-H), 6.50 (d, J =
A A | 2.1 Hz, 1H, Ar-H), 7.04 (d, J = 9.0 Hz, 1H, Ar-H), 7.76 (d, J = 9.0 Hz, 1H, Ar-H),
%\? 0O <<

f/// '

12.73 (s, 1H, Ar-OH); IR (KBr, cm™): 3333, 2977, 2926, 1744, 1644, 1606, 1504,
1435, 1277, 1127, 1093, 972, 818, 751; EI-MS m/z: 530[M]'(3), 528(3),313(56),

B 260(100), 83(90).
(E)-5-(4-Bromobut-2-enyloxy)-1-hydroxy-6-(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one  (42).
—orm o) Yield: 74%; yellow solid; m.p.: 56-58 °C; '"H NMR (300 MHz, CDCl;): & 1.59 (s,
O O 6H, 2 x -CH3), 3.86 (d, J = 3.3 Hz, 2H, -BrCH,-), 4.70 (d, J = 3.9 Hz, 2H, -OCH>-),
o o | 5.21-5.30 (m, 2H, -CH=CH,), 6.04-6.23 (m, 3H, -CH=CH, -CH=CH-), 6.79 (d, J =

0 8.1 Hz, 1H, Ar-H), 6.99 (d, J = 8.4 Hz, 1H, Ar-H), 7.15 (d, J = 9.3 Hz, 1H, Ar-H),
f/ﬂ \ | 7.57(t,J=8.4Hz 1H, Ar-H), 7.88 (d, /= 9.3 Hz, 1H, Ar-H), 12.71 (s, 1H, Ar-OH);

IR (cm’', KBr film): 3286, 2979, 2932, 1740, 1645, 1601, 1560, 1462, 1439, 1381,
1269, 1232, 1079, 995, 930, 806, 735; EI-MS m/z: 446[M]"(2), 444(2),297(32),
244(63), 69(100).

(E)-4-(4-Bromobut-2-enyloxy)-3-(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (44). Yield: 77%;
yellow solid; m.p.: 65-67 °C; "H NMR (300 MHz, CDCl5): § 1.58 (s, 6H, 2 x -CH3),
3.97-3.98 (m, 2H, -BrCH,-), 4.72 (d, J = 3.8 Hz, 2H, -OCH,-), 5.19-5.28 (m, 2H, -
CH=CH,), 6.11-6.24 (m, 3H, -CH=CH, -CH=CH-), 7.14 (d, J = 9.0 Hz, 1H, Ar-H),
7.38 (t,J=17.2 Hz, 1H, Ar-H), 7.56 (d, J= 8.3 Hz, 1H, Ar-H), 7.69 (t, /= 7.1 Hz, 1H,
Ar-H), 7.95 (d, J= 9.0 Hz, 1H, Ar-H), 8.31 (d, J = 8.0 Hz, 1H, Ar-H); °C NMR (75
MHz, CDCl3): 6 17.3, 31.6, 33.0, 82.4, 114.3, 117.3, 117.6, 118.1, 121.2, 121.7,
124.0, 126.7, 129.8, 130.8, 134.5, 138.5, 143.4, 151.1, 155.1, 156.2, 176.6; IR (cm,
KBr film): 2985, 2932, 1740, 1645, 1620, 1601, 1567, 1462, 1439, 1378, 1275, 1233, 1128, 1079, 992,
810, 765, 750; EI-MS m/z: 430[M]"(10), 428(10), 295(42), 69(100).

General procedure for preparation of 41a-d. To a stirring solution of corresponding substituted
acrylic acid (0.77 mmol) in DCM (10 mL) was added DMAP (225 mg, 1.84 mmol) and EDC-HCI (166
mg, 0.92 mmol) and stirred at room temperature for 30 min, and then a solution of compound 12 (200
mg, 0.51 mmol) in DCM (5 mL) was added and the reaction mixture was stirred at room temperature for
another 2 h. The reaction mixture was filtered and the filtration was concentrated. The residue was
purified by column chromatography (8:1 petroleum ether/ethyl acetate) to afford product 4la-d,
respectively.

—Br
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5-Acryloyloxy-1-hydroxy-3,6-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (41a). Yield: 80%;
OH O yollow oil; "H NMR (300 MHz, CDCls): ¢ 1.50-1.61 (m, 12H, 4 x -CH3), 5.22-5.27
(m, 4H, 2 x -CH=CHa), 6.09-6.14 (m, 2H, 2 x -CH=CH,), 6.43 (d, J = 2.1 Hz, 1H,
0 o o | Ar-H), 6.46 (d, J= 2.1 Hz, 1H, Ar-H), 6.62-6.64 (m, 3H, -OCOCH=CH,), 7.17 (d, J
A < << =9.0 Hz, 1H, Ar-H), 7.97 (d, J = 9.0 Hz, 1H, Ar-H), 12.76 (s, 1H, Ar-OH); EI-MS
ﬁo N\ 1 m/z: 450[M]7(7), 433(10), 382(22), 314(18), 260(41), 69(100).

(E)-5-(But-2-enoyloxy)-1-hydroxy-3,6-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (41b).
oH 0 Yield: 71%; yollow oil; 'H NMR (300 MHz, CDCl3): 0 1.51-1.60 (m, 12H, 4 x -
O O CHs), 2.05-2.13 (m, 3H, -CHj3), 5.21-5.30 (m, 4H, 2 x -CH=CH,), 6.09-6.15 (m, 2H,
O
_ (o]

o o | 2 x-CH=CH,), 6.45 (d, J = 2.4 Hz, 2H, Ar-H), 6.51-6.75 (m, 1H, -OCOCH=CH-),

Ao << 7.10 (d, J = 9.0 Hz, 1H, Ar-H), 7.18-7.26 (m, 1H, -OCOCH=CH-), 7.87 (d, J = 9.0

ﬁo \'| Hz, 1H, Ar-H), 12.69 (s, 1H, -OH); EI-MS m/z: 464[M]"(8), 447(15), 396(21),
341(19), 69(100).

(E)-1-Hydroxy-5-(4-methoxy-4-oxobut-2-enoyloxy)-3,6-bis(2-methylbut-3-en-2-yloxy)-9H-
xanthen-9-one (41c). Yield: 74%; yollow oil; "H NMR (300 MHz, CDCl;): 6 1.51-
1.60 (m, 12H, 4 x -CH3), 3.81 (s, 3H, -OCHj3), 5.22-5.29 (m, 4H, 2 x -CH=CH,),
6.10-6.15 (m, 2H, 2 x -CH=CH,), 6.36 (d, J = 2.1 Hz, 2H, Ar-H), 7.08-7.19 (m, 2H, -
CH=CH-), 7.41 (d, J = 9.0 Hz, 1H, Ar-H), 7.91 (d, J = 9.0 Hz, 1H, Ar-H), 12.63 (s,
1H, Ar-OH); EI-MS m/z: 508[M]" (9), 69(100).

5-(Cinnamoyloxy)-1-hydroxy-3,6-bis(2-methylbut-3-en-2-yloxy)-9H-xanthen-9-one (41d). Yield:
75%; yollow oil; '"H NMR (300 MHz, CDCl;): 6 1.51-1.60 (m, 12H, 4 x -CH3),

OH O
5.21-5.30 (m, 4H, 2 x -CH=CH,), 6.09-6.15 (m, 2H, 2 x -CH=CH,), 6.43 (d, J =
o ® 5 ) o | 2.4 Hz, 2H, Ar-H), 6.51-6.75 (m, 2H, -CH=CH-), 7.18 (d, J = 9.0 Hz, 1H, Ar-H),

A K 5 7.38-7.57 (m, 5SH, Ar-H), 7.91 (d, J= 9.0 Hz, 1H, Ar-H), 12.69 (s, 1H, Ar-OH); EI-
[ N\
Ph

MS m/z: 526[M]" (10), 498(17), 436(15), 380(26), 69(100).

General procedure for preparation of caged compounds 46-52 and 53-59. To a stirring solution
of compound 37 (0.20 mmol) in DMF (5 mL) was added potassium carbonate (0.40 mmol) and the
corresponding amine (0.30 mmol) and the solution was stirred at 35 °C for 1 h. The reaction mixture
was partitioned between ethyl acetate (15 mL) and water (20 mL). The water layer was extracted with
ethyl acetate (15 mL x 2). The organic layer was combined, washed with saturated NaCl solution (10
mL x 2), dried over sodium sulfate, fiterted and concentrated to afford 38 as yellow oil. The yellow oil
was then dissolved in DMF (3 mL) and the reaction solution was stirred at 120°C under nitrogen for 2 h.
The reaction mixture was cooled to room temperature and concentrated. The residue was purified by
column chromatography (16:1 petroleum ether/ethyl acetate) to afford 46-52 and 53-59 as isomers.

8-Hydroxy1-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-(pyrrolidin-1-ylmethyl)-3,3a,4,5-

tetrahydro-1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (46). Yield: 24%;
yellow solid; m.p.: 184-185 °C; "H NMR (300 MHz, CDCl5): J 1.26 (s, 3H,
C1o-H), 1.30 (s, 3H, Ca-H), 1.43 (s, 3H, C;s-H), 1.45 (s, 3H, C 4-H), 1.79-
1.81 (m, 4H, Cy-H, Cy¢-H), 2.25-2.41 (m, 4H, C,;-H, Cys-H, Cy,-H), 2.55-
2.68 (m, 6H, Ci¢-H, Cos-H, Co5-H), 3.64 (d, J = 4.5 Hz, 1H, C;-H), 3.87 (d,
J=17.8 Hz, 1H, Cy3-Hp), 4.42-4.43 (m, 1H, C,7-H), 4.50 (dd, J; =3.9 Hz, J,
= 7.8 Hz, 1H, Cp3-H,), 5.53 (d, J = 10.2 Hz, 1H, C»-H), 5.95 (s, 1H, C4-H),
6.63 (d, J=9.9 Hz, 1H, Cy;-H), 7.15 (d, J = 6.6 Hz, 1H, Cs-H), 12.73 (s, 1H, C;-OH); *C NMR (75
MHz, CDCls): 6 16.2 (C-19), 22.5 (C-26), 24.5 (C-20), 26.7 (C-16), 28.7 (C-14), 28.7 (C-15), 39.8 (C-
21), 46.2 (C-22), 49.0 (C-7), 53.1 (C-25), 57.4 (C-24), 73.5 (C-23), 77.5 (C-13), 81.2 (C-5), 87.2 (C-
10a), 95.2 (C-4), 100.1 (C-9a), 102.1 (C-2), 114.2 (C-11), 116.6 (C-17), 125.4 (C-12), 128.6 (C-8),
131.9 (C-8a), 134.8 (C-18), 158.1 (C-4a), 159.4 (C-3), 161.7 (C-1), 177.9 (C-9), 199.0 (C-6); IR (cm'l,
KBr film): 3440, 2973, 2920, 1741, 1645, 1633, 1598, 1455, 1387, 1316, 1151, 1098, 883, 804; EI-MS
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m/z: 517[M]"(6), 420(60), 84(100), 58(72); HRMS (ESI): calcd. for C3;H3sNOs [M + H]" 518.2543,
found 518.2559; HPLC (90% methanol in water): tg = 7.8 min, 98.8%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-(piperidin-1-ylmethyl)-3,3a,4,5-tetrahydro-
1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (47). Yield: 29%; yellow
solid; m.p.: 192-194 °C; "H NMR (300 MHz, CDCl;): 6 1.16 (s, 3H, C/o-
H), 1.37 (s, 3H, Cy-H), 1.45 (s, 6H, Cy4-H, Ci5-H), 1.47-1.69 (m, 6H,
C26-H, C26’-H, C27-H), 2.11-2.17 (1’1’1, 3H, C21-H, C24-H), 2.21-2.40 (m, SH,
Ca-H, Cps5-H, C,5-H), 2.54-2.69 (m, 2H, Cy¢-H), 3.63 (dd, J,= 3.0 Hz, J,
= 6.9 Hz, 1H, C;-H), 3.84 (d, J= 8.1 Hz, 1H, Cy3-Hp), 4.42-4.50 (m, 2H,
Ci7-H, Cy;-H,), 5.53 (d, /= 9.9 Hz, 1H, C»-H), 5.96 (s, 1H, C4-H), 6.63
(d, J=10.2 Hz, 1H, C;-H), 7.14 (d, J = 6.9 Hz, 1H, Cs-H), 12.75 (s, 1H, C;-OH); IR (cm™', KBr film):
3451, 2935, 1740, 1651, 1634, 1599, 1456, 1320, 1276, 1261, 1168, 1057, 764, 750; EI-MS m/z:
531[M]'(5), 434(59), 98(100), 58(50), 55(12); HRMS (ESI): calcd. for C3,H37NOg [M + H]" 532.2699,
found 532.2709; HPLC (95% methanol in water): tg = 9.2 min, 99.3%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-morpholinomethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (48). Yield: 29%; yellow solid;
m.p.: 177-178 °C; 'H NMR (300 MHz, CDCls): § 1.17 (s, 3H, Cjo-H),
1.39 (s, 3H, Cao-H), 1.68 (s, 6H, C14-H, Cy5-H), 2.11-2.16 (m, 2H, Ca4-H),
2.20-2.31 (m, 2H, Cy-H, Cyp-H), 2.38-2.39 (m, 4H, Cas-H, Cps-H ),
2.59-2.66 (m, 2H, C;¢-H), 3.62-3.69 (m, 5H, C;-H, Cy-H, Cys-H ), 3.86
(d, J = 8.4 Hz, 1H, Cy3-Hp), 4.42-4.51 (m, 2H, C7-H, Cp:-H,), 5.53 (dd,
J=9.9 Hz, 1H, C»-H), 5.96 (s, 1H, C4-H), 6.63 (d, J=9.9 Hz, 1H, Cy;-
H), 7.14 (d, J = 6.9 Hz, 1H, Cs-H); 12.72 (s, 1H, C;-OH); IR (cm™, KBr film): 3445, 2961, 2920, 1738,
1651, 1633, 1598, 1455, 1316, 1260, 1118, 1025, 801, 745; EI-MS m/z 533[M]'(9), 436(62), 100(100),
70(8), 56(13); HRMS (ESI): calcd. for C3;H3sNOg [M + H]™ 534.2492, found 534.2503; HPLC (90%
methanol in water): tg = 5.7 min, 99.3%.

4-Diethylaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (49). Yield: 30%; yellow solid;
m.p.: 149-151°C; '"H NMR (300 MHz, CDCl3): 6 0.96-0.98 (m, 6H, Cas-
H, C26"H), 1.16 (S, 3H, C19-H), 1.38 (S, 3H, Czo-H), 1.45 (S, 6H, C14-H,
C15-H), 2.13-2.29 (m, 6H, C24-H, C25-H, C25’-H), 2.45-2.68 (m, 4H, C16-
H, C;;-H, Cx;-H), 3.66 (d, J= 6.6 Hz, 1H, C;-H), 3.84 (d, /= 7.8 Hz, 1H,
Ca3-Hp), 4.42-4.51 (m, 2H, Cy7-H, Ca3-Hy), 5.53 (d, J=9.9 Hz, 1H, C)»-
H), 5.96 (s, 1H, C4-H), 6.63 (d, J = 9.9 Hz, 1H, C;;-H), 7.15 (d, J = 6.9
Hz, 1H, Cs-H), 12.77 (s, 1H, C;-OH); IR (cm™, KBr film): 3433, 2964, 2928, 1740, 1645, 1633, 1599,
1455, 1387, 1317, 1260, 1096, 1018, 801, 704; EI-MS m/z: 519[M]'(4), 422(22), 86(100), 58(9);
HRMS (ESI): caled. for C3;H37NOg [M + H]" 520.2699, found 520.2712; HPLC (90% methanol in
water): tg = 10.4 min, 99.3%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-dipropylaminomethyl-3,3a,4,5-tetrahydro-
1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (50). Yield: 30%; yellow
solid; m.p.: 172-174 °C; "H NMR (300 MHz, CDCl3): 6 0.86 (t, J= 7.2
Hz, 6H, C,7-H, Cy7-H), 1.15 (s, 3H, Cyo-H), 1.33-1.38 (m, 7H, Cy-H,
C26—H, C26’—H), 1.45 (S, 6H, C14—H, C15—H), 2.20-2.33 (m, 8H, C21—H, sz—
H, Cy4-H, Cy5-H, Cy5-H), 2.55-2.63 (m, 2H, Cy¢-H), 3.67 (d, J= 6.9 Hz,
1H, C;-H), 3.84 (d, J= 7.8 Hz, 1H, Cyx-Hp), 4.41-4.50 (m, 2H, C,s-H,
Cx-Hy), 5.53 (d, /=9.9 Hz, 1H, Cj,-H), 5.96 (s, 1H, C4-H), 6.63 (d, J =
9.9 Hz, 1H, Cy;-H), 7.13 (d, J = 6.9 Hz, 1H, Cs-H), 12.78 (s, 1H, C;-OH); IR (cm™, KBr film): 3427,
2961, 2932, 1740, 1645, 1634, 1599, 1452, 1390, 1313, 1263, 1172, 1095, 1065, 818, 803, 765; EI-MS
m/z: 547[M]"(8), 450(53), 114(100), 86(27), 72(20), 69(10), 58(9); HRMS (ESI): calcd. for C33H4NOg
[M + H]" 548.3012, found 548.3021; HPLC (95% methanol in water): tg = 10.0 min, 98.9%.
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8-Hydroxy4-diisopropylaminomethyl-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-tetrahydro-
1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (51). Yield: 25%; yellow
solid; m.p.: 185-186 °C; "H NMR (300 MHz, CDCL): 6 0.90-0.99 (m,
12H, C26—H, C26’—H, C27—H, C27’—H), 1.16 (S, 3H, C19—H), 1.38 (S, 3H,
Cy-H), 1.46 (s, 6H, Cy4-H, C;s-H), 2.18-2.30 (m, 4H, C;;-H, Cx»-H,
Cu-H), 2.59-2.64 (m, 2H, Cy6-H), 2.91-3.00 (m, 2H, Cys-H, Cys-H),
3.64-3.67 (m, 1H, C;-H), 3.81 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.42-4.50 (m,
2H, Cy7-H, Cy3-H,), 5.53 (d, J=10.2 Hz, 1H, Cy;-H), 5.96 (s, 1H, Cy4-
H), 6.64 (d, J = 9.9 Hz, 1H, C,;-H), 7.17 (d, J = 6.9 Hz, 1H, Cs-H),
12.80 (s, 1H, C;-OH); IR (cm™, KBr film): 3445, 2968, 2920, 1738, 1651, 1645, 1593, 1455, 1391,
1313, 1261, 1096, 1021, 801; EI-MS m/z: 547[M]"(2), 114(100), 72(13), 69(5); HRMS (ESI): calcd. for
C33H4NOg [M + H]" 548.3012, found 548.3023; HPLC (95% methanol in water): tg = 14.5 min, 98.9%.

4-Dibutylaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-tetrahydro-
1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[3,2-b]xanthene-7,15-dione (52). Yield: 32%; yellow
solid; m.p.: 200-202 °C; '"H NMR (300 MHz, CDCls): § 0.89 (t, J=7.2
Hz, 6H, Cys-H, Cys-H), 1.17 (s, 3H, Cy9-H), 1.26-1.34 (m, 8H, Cy-H,
Cy¢-H, Cp7-H, Cy7-H), 1.39 (s, 3H, Cy-H), 1.44 (s, 6H, Cs-H, C;s-H),
2.12-2.23 (m, 4H, C;-H, Cy-H, Cy4-H), 2.26-2.41 (m, 4H, C5-H, Cys:-
H), 2.59-2.63 (m, 2H, C¢-H), 3.65 (d, J = 6.6 Hz, 1H, C;-H), 3.83 (d,
J=38.1 Hz, 1H, Cy3-Hp), 4.43-4.49 (m, 2H, C;7-H, C»3-H,), 5.52 (d, J =
10.2 Hz, 1H, Cy»-H), 5.96 (s, 1H, C4-H), 6.63 (d, J=10.2 Hz, 1H, C;,-H), 7.13 (d, J = 6.9 Hz, 1H, Cs-
H); 12.77 (s, 1H, C;-OH); IR (cm™, KBr film): 3421, 2962, 2932, 1741, 1691, 1644, 1599, 1457, 1095,
1022, 799, 731; EI-MS m/z 575[M]'(5), 478(43), 142(100), 100(38), 58(14); HRMS (ESI): calcd. for
C3sH4sNOg [M +H]'™ 576.3325, found 576.3336; HPLC (95% acetonitrile in water): tg = 13.2 min,
99.6%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-(pyrrolidin-1-ylmethyl)-3,3a,4,5-tetrahydro-

1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (53). Yield: 35%,; yellow
solid; m.p.: 179-180 °C; "H NMR (300 MHz, CDCl3): ¢ 1.13 (s, 3H, Cj9-H),
1.38 (s, 3H, Cy-H), 1.44 (s, 3H, Cy5-H), 1.45 (s, 3H, C14-H), 1.70-1.80 (m,
4H, Ca¢-H, Cae-H ), 2.22-2.30 (m, 3H, Ca;-H, Cp4-H), 2.40-2.46 (m, SH, Cys-
H, C25-H, C25’-H), 2.58-2.65 (I’Il, 2H, C16-H), 3.63 (dd, J[ =2.1 HZ, J2: 6.9 HZ,
1H, C;-H), 3.89 (d, J = 7.8 Hz, 1H, Cy;-Hp), 4.42-4.44 (m, 1H, C,;-H), 4.52
(dd, J; = 3.6 Hz, J, = 8.4 Hz, 1H, Ca;-H,), 5.54 (d, J = 9.9 Hz, 1H, C»-H),
6.01 (s, 1H, C,-H), 6.54 (d, J = 6.9 Hz, 1H, C,;-H), 7.17 (d, J = 9.9 Hz, 1H, Cs-H), 12.58 (s, 1H, C;-
OH); *C NMR (75 MHz, CDCl3): 6 17.1 (C-19), 23.6 (C-26), 25.5 (C-20), 27.8 (C-16), 28.4 (C-14),
28.5 (C-15), 41.1 (C-21), 47.3 (C-22), 50.2 (C-7), 54.1 (C-25), 58.5 (C-24), 74.7 (C-23), 78.4 (C-13),
82.2 (C-5), 88.6 (C-10a), 97.8 (C-2), 101.1 (C-9a), 101.7 (C-4), 115.1 (C-11), 117.5 (C-17), 127.0 (C-
12), 129.9 (C-8), 132.7 (C-8a), 135.8 (C-18), 154.6 (C-4a), 162.8 (C-3), 164.8 (C-1), 178.9 (C-9), 199.9
(C-6); IR (cm™', KBr film): 3280, 2963, 2896, 1737, 1646, 1628, 1587, 1413, 1310, 1260, 1091, 1024,
865, 799, 705; EI-MS m/z: 517[M]"(6), 420(59), 84(100); HRMS (ESI): calcd. for C33H4NOs [M + H]*
518.2543, found 518.2548; HPLC (90% methanol in water): tg = 6.9 min, 98.6%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-(piperidin-1-ylmethyl)-3,3a,4,5-tetrahydro-

1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (54). Yield: 41%; yellow
solid; m.p.: 189-191°C; "H NMR (300 MHz, CDCls): ¢ 1.12 (s, 3H, Cj9-H),
1.39 (s, 3H, Cy-H), 1.44 (s, 3H, C;s-H), 1.45 (s, 3H, Ci4-H), 1.49-1.67 (m,
6H, Cy6-H, Cy6-H, Cy7-H), 2.00-2.16 (m, 2H, Cys-H), 2.20-2.40 (m, SH, C;;-
H, C25-H, C25’-H), 2.53-2.69 (l’Il, H, C16-H, sz-H), 3.64 (dd, J]Z 2.7 HZ, J2:
6.6 Hz, 1H, C;-H), 3.86-3.88 (m, 1H, Cy-Hp), 4.41-4.42 (m, 1H, Ci7-H),
4.47-4.51 (m, 1H, Cy3-Hy), 5.54 (d, J = 9.9 Hz, 1H, Ci»-H), 6.02 (s, 1H, C»-
H), 6.55 (d, J=9.9 Hz, 1H, C,;-H), 7.16 (d, J= 6.6 Hz, 1H, Cs-H), 12.58 (s, 1H, C;-OH); IR (cm™', KBr
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film): 3274, 2963, 2905, 1741, 1644, 1594, 1413, 1260, 1088, 1024, 864, 801, 701; EI-MS m/z:
531[M]'(5), 434(49), 98(100), 58(39), 55(12); HRMS (ESI): calcd. for C3,H3;NOg [M + H]" 532.2699,
found 532.2713; HPLC (95% methanol in water): tg = 8.0 min, 99.2%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-morpholinomethyl-3,3a,4,5-tetrahydro -1,5-
methano-1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (55). Yield: 40%; yellow solid;
m.p.: 164-166 °C; "H NMR (300 MHz, CDCls): 6 1.12 (s, 3H, C1o-H), 1.37 (s,
3H, Cy-H), 1.45 (s, 6H, Ci4-H, Ci5-H), 2.12-2.22 (m, 2H, Cys-H), 2.31-2.39
(m, 6H, Cy-H, Cx-H, Ca5-H, Cy5-H), 2.58-2.65 (m, 2H, C,¢-H), 3.60-3.76 (m,
5H, Cs-H, Cyx-H, Cys-H ), 3.89 (d, J= 8.1 Hz, 1H, Cy3-Hp), 4.40-4.42 (m, 1H,
Ci7-H), 4.52 (dd, J; = 3.6 Hz, J, = 7.8 Hz, 1H, Cy;-H,), 5.56 (d, /= 9.9 Hz,
1H, C1,-H), 6.02 (s, 1H, C,-H), 6.55 (d, J = 10.2 Hz, 1H, Cy;-H), 7.17 (d, J =
6.6 Hz, 1H, Cg-H), 12.57 (s, 1H, C;-OH); IR (cm’l, KBr film): 3286, 2956, 2903, 1735, 1644, 1590,
1275, 1261, 1116, 1036, 801, 750; EI-MS m/z: 533[M]"(4), 436(30), 100(100), 70(9), 56(13); HRMS
(ESI): calcd. for C3;H3sNO7 [M + H]" 534.2492, found 534.2498; HPLC (90% methanol in water): tg =
5.0 min, 97.6%.

4-Diethylaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (56). Yield: 40%; yellow solid;
m.p.: 140-142 °C; "H NMR (300 MHz, CDCls): 6 0.95 (m, 6H, Ca¢-H, Ca-
H), 1.16 (s, 3H, Cio-H), 1.38 (s, 3H, Cy-H), 1.45 (s, 6H, C14-H, C;s-H),
2.16-2.20 (m, 6H, Cy-H, Cys-H, Cys5-H), 2.48-2.65 (m, 4H, C;s-H, C,;-H,
Cx-H), 3.67 (d, J= 6.9 Hz, 1H, C;-H), 3.89 (d, J= 7.5 Hz, 1H, Cyx-Hp),
4.41-4.43 (m, 1H, C,7-H), 4.51 (dd, J,= 3.6 Hz, J,= 8.1 Hz, 1H, Cx-H,),
5.55(d, J=9.9 Hz, 1H, C;5-H), 6.02 (s, 1H, C>-H), 6.55 (d, J=9.9 Hz, 1H,
Ci1-H), 7.17 (d, J= 6.9 Hz, 1H, Cs-H), 12.60 (s, 1H, C;-OH); IR (cm’, KBr
film): 3422, 2962, 2920, 1738, 1644, 1634, 1587, 1434, 1319, 1257, 1125, 1101, 1063, 798, 751; EI-MS
m/z: 519IM]*(3), 422(21), 86(100), 58(10); HRMS (ESI): calcd. for C3;H37NOg [M + H]" 520.2699,
found 520.2708; HPLC (90% methanol in water): tg = 8.9 min, 98.7%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-4-dipropylaminomethyl-3,3a,4,5-tetrahydro-
1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (57). Yield: 41%; yellow
solid; m.p.: 169-170 °C; "H NMR (300 MHz, CDCl3): 6 0.86 (t, J= 7.2 Hz,
6H, C27-H, C27’-H), 1.12 (S, 3H, C]g-H), 1.33-1.37 (m, 7H, Cz()-H, C26-H,
Cye-H), 1.44-1.46 (m, 6H, C14-H, C;s-H), 2.15-2.37 (m, 8H, C;;-H, Cy,-H,
Cys-H, Cys-H, Cy5-H), 2.53-2.70 (m, 2H, Cy-H), 3.68 (d, J= 6.9 Hz, 1H,
Cs-H), 3.89 (d, J=7.8 Hz, 1H, Cy3-Hp), 4.40-4.42 (m, 1H, C,7-H), 4.50 (dd,
J;=3.3 Hz, J,= 7.8 Hz, 1H, Cy3-H,), 5.50 (d, J= 9.9 Hz, 1H, Ci,-H), 6.02
(s, 1H, C,-H), 6.55 (d, /= 10.2 Hz, 1H, Cy;-H), 7.15 (d, J= 6.9 Hz, 1H, Cs-
H), 12.61 (s, 1H, C;-OH); IR (cm™', KBr film): 3416, 2962, 2938, 1738, 1644, 1635, 1587, 1431, 1260,
1128, 1103, 801; EI-MS m/z: 547[M]'(8), 450(45), 114(100), 86(25), 72(19), 58(30); HRMS (ESI):
caled. for C33H4 NOg [M + H]" 548.3012, found 548.3021; HPLC (95% acetonitrile in water): tg = 12.0
min, 98.5%.

8-Hydroxy-4-diisopropylaminomethyl-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-

tetrahydro-1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (58). Yield: 36%;
yellow solid; m.p.: 166-168 °C; "H NMR (300 MHz, CDCls): § 0.91-0.99 (m,
12H, C26-H, C26’-H, C27-H, C27’-H), 1.12 (S, 3H, C]g-H), 1.38 (S, 3H, CZO'H),
1.45 (s, 6H, Ci4-H, Ci5-H), 2.18-2.31 (m, 4H, C;;-H, Cy-H, Cys-H), 2.57-2.64
(m, 2H, C;6-H), 2.92-3.01 (m, 2H, C,5-H, C,5-H), 3.67-3.69 (m, 1H, C;-H),
3.86 (d, J=7.8 Hz, 1H, Cy3-Hp), 4.41-4.43 (m, 1H, C,7-H), 4.50 (dd, J,;= 3.6
Hz, J,= 7.8 Hz, 1H, C3-H,), 5.55 (d, J = 10.2 Hz, 1H, C,-H), 6.02 (s, 1H,
C»-H), 6.56 (d, J=9.9 Hz, 1H, Cy;-H), 7.19 (d, J = 6.9 Hz, 1H, Cs-H), 12.62 (s, 1H, C;-OH); IR (cm’’,
KBr film): 3428, 2963, 2906, 1741, 1644, 1584, 1415, 1260, 1095, 1024, 799, 765; EI-MS m/z:
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547[M]1°(2), 114(100), 72(14), 69(4); HRMS (ESI): calcd. for C33H4NOg [M + H]" 548.3012, found
548.3019; HPLC (95% methanol in water): tg = 12.2 min, 99.0%.

4-Dibutylaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-11,11-dimethyl-3,3a,4,5-tetrahydro-
1,5-methano-1H,7H,11H-furo[3,4-g]pyrano[2,3-c]xanthene-7,15-dione (59). Yield: 43%,; yellow
solid; m.p.: 190-191°C; 'H NMR (300 MHz, CDCls): 0 0.87-0.92 (m, 6H,
Cys-H, Cys-H), 1.12 (s, 3H, Cy9-H), 1.26-1.30 (m, 8H, Cy6-H, Cy¢-H, Cy7-H,
C,7-H), 1.38 (s, 3H, Cy-H), 1.44-1.45 (m, 6H, C4-H, Cy5-H), 2.13-2.37 (m,
8H, Cy1-H, Cao-H, Ca4-H, Cas-H, Cos-H), 2.53-2.69 (m, 2H, C6-H), 3.67 (d,
J=6.6 Hz, 1H, C;-H), 3.88 (d, J= 7.8 Hz, 1H, Cx-Hp), 4.41-4.43 (m, 1H,
Ci7-H), 4.50 (dd, J;= 3.6 Hz, J,= 7.8 Hz, 1H, Cy3-H,), 5.55 (d, J = 9.9 Hz,
1H, C1»-H), 6.02 (s, 1H, C,-H), 6.55 (d, J=9.9 Hz, 1H, Cy;-H), 7.15 (d, J = 6.9 Hz, 1H, Cs-H), 12.61 (s,
1H, C;-OH); IR (cm'l, KBr film): 3421, 2963, 2927, 1738, 1649, 1644, 1584, 1416, 1261, 1090, 1013,
801, 765; EI-MS m/z: 575[M]'(5), 478(36), 142(100), 100(34), 58(14); HRMS (ESI): calcd. for
C3sHusNOg [M + H]" 576.3325, found 576.3336; HPLC (95% acetonitrile in water): tg = 13.6 min,
98.1%.

General procedure for preparation of caged compounds 61-81 and 82-103. To a stirring solution
of compound 37 (0.20 mmol) in DMF (5 mL) was added potassium carbonate (0.40 mmol) and the
corresponding amine or alcohol or acid (0.30 mmol) and the solution was stirred at 35 °C for 1 h. The
reaction mixture was partitioned between ethyl acetate (15 mL) and water (20 mL). The water layer was
extracted with ethyl acetate (15 mL x 2). The organic layer was combined, washed with saturated NaCl
solution (10 mL x 2), dried over sodium sulfate, fiterted and concentrated to afford 40 as yellow oil.
The yellow oil was then dissolved in DMF (3 mL) and the reaction solution was stirred at 120 °C under
nitrogen for 2 h. The reaction mixture was cooled to room temperature and concentrated. The residue
was purified by column chromatography (8:1 petroleum ether/ethyl acetate) to afford 61-81 and 82-103
as isomers.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-(pyrrolidin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (60). Yield: 27%; yellow solid; m.p.: 162-163 °C;
'H NMR (300 MHz, CDCL): 6 1.13 (s, 3H, Cio-H), 1.37 (s, 3H, Cao-H),
1.72 (s, 3H, C;s5-H), 1.78-1.80 (m, 7H, C4-H, Cy6-H, Cy¢-H), 2.18-2.36 (m,
4H, Cz]-H, sz-H, C24-H), 2.51-2.65 (1’1’1, 6H, C25-H, C25’-H, C16-H), 3.07
(d, J=6.9 Hz, 2H, Cy;-H), 3.58 (dd, J; = 3.0 Hz, J, = 6.9 Hz, 1 H, C;-H),
3.81 (d, J = 8.1 Hz, 1H, Cp3-Hp), 4.34-4.43 (m, 2H, C7-H, Cy3-H,), 5.20-
5.24 (m, 1H, C»-H), 5.86 (s, 1H, C4-H), 7.12 (d, J = 6.9 Hz, 1H, Cs-H),
12.77 (s, 1H, C;-OH); IR (cm™, KBr film): 3347, 2971, 2920, 1736, 1645, 1633, 1594, 1459, 1327,
1061, 819, 746; EI-MS m/z: 519[M]'(6), 422(50), 84(100), 58(98), 55(18); HRMS (ESI): calcd. for
C31H37NOg [M + H]"520.2699, found 520.2709; HPLC (65% acetonitrile in water): tg = 2.3 min, 99.0%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-(piperidin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (61). Yield: 25%; yellow solid; m.p. 200-202 °C; 'H
NMR (300 MHz, CDCls): ¢ 1.10 (s, 3H, Cyo-H), 1.37 (s, 3H, Cy-H),
1.40-1.42 (m, 2H, Cy7-H), 1.52-1.54 (m, 4H, C,6-H, Cas-H), 1.75 (s, 3H,
» | Cis-H), 1.81 (s, 3H, Ci4-H), 2.06-2.10 (m, 2H, Cp4-H), 2.26-2.27 (m, 2H,

7l Cy1-H, Cx-H), 2.30-2.34 (m, 4H, Cys-H, Cys-H ), 2.53-2.69 (m, 2H,
s ®| Ci6-H), 3.35 (d, J= 6.9 Hz, 2H, C,;-H), 3.60 (dd, J;, = 3.3 Hz, J>, = 6.9
Hz, 1 H, C;-H), 3.81 (d, J = 7.8 Hz, 1H, Cy:-Hp), 4.41-4.44 (m, 2H, C/-
H, Cy3-H,), 5.23-5.25 (m, 1H, C5-H), 5.95 (s, 1H, C,-H), 7.13 (d, J = 6.9 Hz, 1H, Cs-H), 12.82 (s, 1H,
C1-OH); IR (cm™, KBr film): 3368, 2935, 1736, 1645, 1633, 1596, 1454, 1320, 1061, 817; EI-MS m/z:
533[M]"(3), 436(30), 98(72), 58(100), 55(17); HRMS (ESI): calcd. for C3,H3oNOg [M + H]" 534.2856,
found 536.2864; HPLC (65% acetonitrile in water): tg = 7.2 min, 99.5%.
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8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-morpholinomethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (62). Yield: 29%; yellow solid; m.p.: 102-103 °C;
'H NMR (300 MHz, CDCls): 6 1.05 (s, 3H, C1o-H), 1.39 (s, 3H, Cy0-H),
1.74 (s, 3H, C;5-H), 1.81 (s, 3H, C4-H), 2.07-2.14 (m, 2H, Cy4-H), 2.21-
2.30 (m, 2H, C;;-H, Cx-H), 2.34-2.44 (m, 4H, Cys-H, C,5-H), 2.54-2.70
(m, 2H, Cy6-H), 3.33-3.36 (m, 2H, C,;-H), 3.62-3.63 (m, 1H, C;-H), 3.64-
3.69 (m, 4H, Cys-H, Cy¢-H), 3.83 (d, J = 8.4 Hz, 1H, Cys-Hp), 4.41-4.43
(m, 1H, Ci7-H), 4.50 (dd, J; = 3.3 Hz, J, = 8.4 Hz, 1H, Cy3-H,), 5.21-5.25
(m, 1H, C1»-H), 6.00 (s, 1H, C4-H), 7.14 (d, J = 6.9 Hz, 1H, Cs-H), 12.78 (s, 1 H, C;-OH); >C NMR (75
MHz, CDCls): 6 16.8 (C-19), 17.4 (C-14), 20.6 (C-11), 25.0 (C-20), 25.3 (C-15), 27.2 (C-16), 38.2 (C-
21), 46.5 (C-22), 49.1 (C-7), 53.1 (C-25), 60.1(C-24), 66.3(C-26), 73.9 (C-23), 81.9 (C-5), 87.4 (C-10a),
107.3 (C-2), 100.6 (C-9a), 94.7 (C-4), 117.0 (C-17), 120.9 (C-12), 128.9 (C-8), 132.7 (C-8a), 133.4 (C-
13), 135.5 (C-18), 158.5 (C-4a), 161.7 (C-1), 163.9 (C-3), 178.3 (C-9), 199.7 (C-6); IR (cm™', KBr film):
3280, 1969, 2924, 1736, 1644, 1633, 1598, 1457, 1381, 1117, 1087, 1068, 863, 816, 735; EI-MS m/z:
535[M]"(3), 438(16), 382(6), 100(63), 58(100); HRMS (ESI): calcd. for C3;H3;NO; [M + H]" 536.2648,
found 536.2657; HPLC (65% acetonitrile in water): tg = 2.0 min, 99.1%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-(piperazin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-

methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (63). Yield: 20%; yellow solid; m.p.: 159-160 °C;
'H NMR (300 MHz, CDCls): 6 1.10 (s, 3H, Co-H), 1.38 (s, 3H, Cy0-H),
1.74 (s, 3H, Cy5-H), 1.81 (s, 3H, C14-H), 2.04-2.29 (m, 5H, C;;-H, Cx»-H,
C24—H, N27—H), 2.31-2.41 (1’1’1, 4H, C25—H, C25’—H ), 2.60-2.62 (m, 2H, C16—
H), 2.85-2.90 (m, 4H, C6-H, Cy¢-H ), 3.33-3.35 (m, 2H, C;,-H), 3.60 (dd,
J1=3.3Hz,J,=6.6 Hz, 1H, C;-H), 3.80 (d, /= 8.1 Hz, 1H, Cy3-Hp), 4.41-
4-43 (m, 1H, C,7-H), 4.49 (dd, J; = 3.9 Hz, J> = 8,1 Hz, 1H, Cy;-H,), 5.23
(t, 1H, C1o-H), 5.94 (s, 1H, C4-H), 7.12 (d, J = 6.6 Hz, 1H, Cs-H), 12.80 (s, 1H, C;-OH); IR (cm™, KBr
film): 3387, 2959, 2918, 1743, 1644, 1633, 1597, 1320, 1274, 1169, 1149, 1090, 818, 764, 749; EI-MS
m/z: 534[M]7(6), 437(31), 207(21), 99(100), 70(31), 56(46), 55(35); HRMS (ESI): calcd. for
C31H3sN,O0g [M + H]"535.2808, found 535.2811; HPLC (50% acetonitrile in water): tg = 1.7 min, 98.8%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-((4-methylpiperazin-1-yl)methyl)-3,3a,4,5-
tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (64). Yield: 23%; yellow solid; m.p.:
227-229 °C; '"H NMR (300 MHz, CDCls): § 1.12 (s, 3H, C1o-H), 1.37 (s,
3H, Cy-H), 1.75 (s, 3H, C;5-H), 1.81 (s, 3H, Ci4-H), 2.11-2.21 (m, 4H,
C24-H, C21-H, sz-H), 2.35 (S, 3H, C27-H), 2.51-2.69 (m, IOH, C25-H, Czs’-
H, Cy6-H, Cy¢-H, Cy6-H), 3.34-3.36 (m, 2H, C;;-H), 3.60-3.63 (m, 1H, C;-
H), 3.81 (d, J = 8.1 Hz, 1H, Cy3-Hp), 4.41-4.42 (m, 1H, C;7-H), 4.48 (dd,
J; =3.9 Hz, J, = 8.1 Hz, 1H, Cy3-H,), 5.24-5.26 (m, 1H, C-H), 5.99 (s,
1H, C4-H), 7.12 (d, J = 6.9 Hz, 1H, Cs-H), 12.81 (s, 1H, C;-OH); IR (cm™, KBr film): 3369, 2968, 2920,
1735, 1641, 1633, 1590, 1446, 1316, 1166, 1143, 1095, 1063, 815; EI-MS m/z: 548[M]"(15), 451(65),
395(29), 113(100), 98(32), 70(82), 58(94); HRMS (ESI): calcd. for C3,HyN20¢ [M + H]" 549.2965,
found 549.2973; HPLC (60% acetonitrile in water): tg = 1.7 min, 98.7%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-((4-oxopiperidin-1-yl)methyl)-3,3a,4,5-tetrahydro-
1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (65). Yield: 26%; yellow solid; m.p.: 168-170
°C; '"H NMR (300 MHz, CDCls): 6 1.14 (s, 3H, C1o-H), 1.38 (s, 3H, Cao-
H), 1.76 (s, 3H, Cys-H), 1.82 (s, 3H, C4-H), 2.26-2.35 (m, 4H, C3;-H, Cx»-
H, Cy4-H), 2.40-2.46 (m, 4H, Cy-H, Cye-H ), 2.52-2.80 (m, 6H, C,¢c-H,
Cys-H, Cys-H), 3.35-3.37 (m, 2H, Cy;-H), 3.67 (d, J = 6.9 Hz, 1H, C;-H),
3.84 (d, J = 8.4 Hz, 1H, Cy3-Hp), 4.39-4.46 (m, 1H, C7-H), 4.51 (dd, J; =
3.3 Hz, J> = 8.4 Hz, 1H, Cy;-H,), 5.24-5.26 (m, 1H, C»-H), 6.06 (s, 1H,
C4-H), 7.16 (d, J = 6.9 Hz, 1H, Cs-H), 12.80 (s, 1H, C,-OH); IR (cm™', KBr film): 3265, 2964, 2914,
1739, 1712, 1644, 1633, 1599, 1453, 1315, 1190, 1152, 1057, 816, 736; EI-MS m/z: 547[M](5),
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450(17), 394(13), 112(100), 83(14), 58(26); HRMS (ESI): calcd. for C3,H3;NO; [M + H]" 548.2648,
found 548.2655; HPLC (60% acetonitrile in water): tg = 2.3 min, 99.0%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-((2,4-dioxopyrrolidin-1-yl)methyl)-3,3a,4,5-
tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (66). Yield: 24%; yellow solid; m.p.:
220-222 °C; 'H NMR (300 MHz, CDCL): 6 1.06 (s, 3H, Cjo-H), 1.30 (s,
3H, Ca-H), 1.64 (s, 3H, Cis-H), 1.73 (s, 3H, C14-H), 2.16-2.18 (m, 1H,
Cx-H), 2.24-2.27 (m, 1H, C;;-H), 2.45-2.53 (m, 2H, C;s-H), 2.67 (s, 4H,
Cae-H, Coe-H), 3.23-3.31 (m, 5H, Cy;-H, C7-H, Ca4-H), 3.80 (d, J= 8.1 Hz,
1H, Cy3-Hp), 4.31-4.33 (m, 1H, C7-H), 4.39 (dd, J;= 3.6 Hz, J,= 8.1 Hz,
1H, C3-Hy), 5.16 (t, J = 6.6 Hz, 1H, C»-H), 5.90 (s, 1H, C4-H), 6.43 (brs,
1H, C3-OH), 7.12 (d, J = 6.6 Hz, 1H, Cs-H), 12.71 (s, 1H, C;-OH); IR (cm™', KBr film): 3242, 2958,
2921, 1737, 1703, 1633, 1598, 1451, 1404, 1320, 1180, 1057, 818; EI-MS m/z: 547[M]"(14), 407(93),
255(72), 69(100), 55(71); HRMS (ESI): calcd. for C3;H33NOg [M + H]" 548.2284, found 548.2302;
HPLC (50% acetonitrile in water): tg = 20.4 min, 98.7%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-dimethylaminomethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (67). Yield: 27%; yellow solid; m.p.: 165-166 °C;
'H NMR (300 MHz, CDCl): 6 1.13 (s, 3H, C1o-H), 1.38 (s, 3H, Cxo-H),
1.72 (s, 3H, C;s-H), 1.80 (s, 3H, C4-H), 2.08-2.18 (m, 4H, C,;-H, Cy-H,
Cas-H), 2.22 (s, 6H, Ca5-H, Co5-H ), 2.52-2.64 (m, 2H, C16-H), 3.31 (d, J =
6.9 Hz, 2H, C,,-H), 3.55 (dd, J, = 2.7 Hz, J, = 6.9 Hz, 1H, C;-H), 3.81 (d, J
= 8.1 Hz, 1H, Cy3-Hp), 4.38-4.42 (m, 2H, Cy7-H, Cy3-H,), 5.23 (t,J = 6.6 Hz,
1H, C1»-H), 5.87 (s, 1H, C4-H), 7.11 (d, J = 6.9 Hz, 1H, Cs-H), 12.77 (s, 1H,
C;-OH); IR (cm™, KBr film): 3246, 2964, 2912, 1740, 1634, 1594, 1452, 1319, 1272, 1188, 1053, 815,
768, 753; EI-MS m/z: 493[M]'(8), 396(68), 84(14), 58(100); HRMS (ESI): calcd. for CaoH3sNOg
[M + H]" 494.2543, found 494.2546; HPLC (60% acetonitrile in water): tg = 2.3 min, 99.2%.

4-Diethylaminomethyl-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (68). Yield: 32%; yellow solid; m.p.: 122-123 °C;
'"H NMR (300 MHz, CDCL): § 0.96 (t, J = 6.9 Hz, 6H, Cys-H, Cas-H),
1.12 (s, 3H, Cio-H), 1.37 (s, 3H, Cx-H), 1.76 (s, 3H, C;5s-H), 1.82 (s, 3H,
Cis-H), 2.14-2.28 (m, 4H, C;;-H, Cy-H, Cys-H), 2.40-2.58 (m, 4H, C,s-H,
Cys-H), 2.62-2.70 (m, 2H, Cy¢-H), 3.36 (d, /= 6.9 Hz, 2H, C;;-H), 3.64 (d,
J=6.6 Hz, 1H, C;-H), 3.83 (d, J = 7.8 Hz, 1H, Cy3-Hp), 4.41-4.49 (m, 2H,
Ci7-H, C3-Hy), 5.24 (t, J = 6.9 Hz, 1H, C »-H), 5.98 (s, 1H, C,-H), 7.15 (d,
J=6.9 Hz, 1H, Cs-H), 12.84 (s, 1H, C;-OH); IR (cm™', KBr film): 3327, 2962, 2920, 1741, 1643, 1633,
1599, 1455, 1319, 1063, 815, 748; EI-MS m/z: 521[M]'(6), 424(41), 86(100), 58(74); HRMS (ESI):
caled. for C3;H3oNOg [M + H]" 522.2856, found 522.2865; HPLC (65% acetonitrile in water): tg = 5.7
min, 98.8%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-dipropylaminomethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (69). Yield: 30%; yellow solid; m.p.: 166-167 °C;
'H NMR (300 MHz, CDCl3): 6 0.86 (t, J = 6.9 Hz, 6H, Cy7-H, C27-H),
1.13 (S, 3H, C19-H), 1.30-1.40 (m, 7H, Czo-H, C26-H, C26’-H), 1.76 (S,
3H, C15—H), 1.82 (S, 3H, C14—H), 2.12-2.22 (1’1’1, 4H, C2]—H, CQQ—H, C24—
H), 2.21-2.37 (m, 4H, C,s-H, Cys:-H ), 2.58-2.67 (m, 2H, Ci¢-H), 3.36
(d, J=17.2 Hz, 2H, C;,-H), 3.66 (d, J= 6.9 Hz, 1H, C;-H), 3.84 (d, J =
7.8 Hz, 1H, Cy3-Hp), 4.41-4.50 (m, 2H, C,7-H, Cy3-H,), 5.19-5.27 (m,
1H, C2-H), 6.00 (s, 1H, C4-H), 7.14 (d, J = 6.6 Hz, 1H, Cs-H), 12.83 (s, 1H, C;-OH); IR (cm™, KBr
film): 3263, 2956, 2926, 1735, 1644, 1634, 1590, 1449, 1328, 1269, 1184, 1063, 818, 750; EI-MS m/z:
549[M]'(11), 452(85), 114(100), 86(25), 72(24), 58(78); HRMS (ESI): calcd. for C33H43NOg [M + H]"
550.3169, found 550.3178; HPLC (65% acetonitrile in water): tg = 9.3 min, 99.6%.

S17



8,10-Dihydroxy-4-diisopropylaminomethyl-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (70). Yield: 27%; yellow solid; m.p.: 196-197 °C;
'H NMR (300 MHz, CDCl3): § 0.90-0.99 (m, 12H, Cys-H, Co¢-H, Ca7-H,
Cy7-H), 1.13 (s, 3H, Cy9-H), 1.37 (s, 3H, Cy-H), 1.82 (s, 3H, C;s-H), 1.88 (s,
» | 3H, Ciy-H), 2.18-2.32 (m, 4H, C,;-H, Cy2-H, Cy4-H), 2.54-2.69 (m, 2H, C¢-
% H), 2.91-3.00 (m, 2H, C,s-H, Cys-H), 3.36-3.38 (m, 2H, C;;-H), 3.64-3.67
1 ]2/ (m, 1H, C;-H), 3.82 (d, J= 7.5 Hz, 1H, Cy;-Hp), 4.41-4.51 (m, 2H, C,s-H,
Ca3-Hy), 5.23-5.27 (m, 1H, Cj»-H), 6.02 (s, 1H, C4-H), 6.29 (brs, 1H, C;-
OH), 7.13 (d, J = 6.6 Hz, 1H, Cs-H), 12.87 (s, 1H, C,;-OH); IR (cm™, KBr film): 3323, 2963, 2919, 1735,
1644, 1634, 1596, 1455, 1322, 1182, 1060, 817, 737; EI-MS m/z: 549[M]'(4), 114(100), 72(39), 58(57);
HRMS (ESI): calcd. for C33Hy3sNOg [M + H]" 550.3169, found 550.3173; HPLC (60% acetonitrile in
water): tg = 26.2 min, 99.5%.

4-Dibutylaminomethyl)-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (71). Yield: 31%; yellow solid; m.p.: 190-192 °C;
'H NMR (300 MHz, CDCls): 6 0.90 (t, J = 6.9 Hz, 6H, Cas-H, Cag-H),
1.14 (S, 3H, C]g-H), 1.25-1.32 (m, 8H, C26-H, C26’-H, C27-H, C27’-H),
1.38 (s, 3H, Cy-H), 1.74 (s, 3H, Cy5-H), 1.81 (s, 3H, Ci4-H), 2.10-2.25
(I’Il, 4H, C21-H, C22-H, C24-H), 2.27-2.42 (1’1’1, 4H, C25-H, C25’-H ), 2.57-
2.76 (m, 2H, Cy6-H), 3.35 (d, /= 6.9 Hz, 2H, C;,-H), 3.65 (d, J= 6.6 Hz,
1H, C;-H), 3.84 (d, J = 7.8 Hz, 1H, Cy-Hp), 4.47-4.50 (m, 2H, C;7-H,
Cx-Hy), 5.23-5.27 (m, 1H, C-H), 5.98 (s, 1H, Cs-H), 7.13 (d, J= 6.9 Hz, 1H, Cs-H), 12.82 (s, 1H, C;-
OH); IR (cm™, KBr film): 3256, 2964, 2927, 1740, 1644, 1634, 1594, 1454, 1324, 1186, 1056, 820; EI-
MS m/z: 577IM]'(6), 480(44), 142(100), 100(25); HRMS (ESI): calcd. for C3sH4/NOs [M + H]'
578.3482, found 578.3474; HPLC (65% acetonitrile in water): tg = 15.1 min, 99.3%.

4-Diethanolaminomethyl-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (72). Yield: 28%; yellow solid; m.p.: 168-170 °C;
'H NMR (300 MHz, CDCl3): 6 1.12 (s, 3H, C1o-H), 1.37 (s, 3H, Ca-H),
1.74 (s, 3H, Cys-H), 1.81 (s, 3H, Cy4-H), 2.26-2.30 (m, 2H, Cys-H),
2.34-2.42 (m, 2H, C21-H, C22-H), 2.53-2.68 (m, 6H, C16-H, C25-H, C25’-

; - H), 3.06 (dd, J;= 7.5 Hz, J,= 14.7 Hz, 2H, Cy-OH, C,,-OH), 3.32-
A N 3.35 (m, 2H, Cy;-H), 3.59 (t, J= 4.8 Hz, 4H, Cy¢-H, Cy6-H), 3.66-3.69
(m, 1H, C;-H), 3.88 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.39-4.41 (m, 1H, C,7-
H), 4.48 (dd, J,= 3.6 Hz, J,= 7.8 Hz, 1H, Cy3-H,), 5.22-5.26 (m, 1H, C,-H), 6.03 (s, 1H, C4-H), 7.15 (d,
J=6.9 Hz, 1H, Cs-H), 12.77 (s, 1H, C;-OH); IR (cm™, KBr film): 3381, 2962, 2920, 1732, 1644, 1633,
1593, 1452, 1060, 765, 748; EI-MS m/z: 553[M]"(6), 456(14), 174(17), 118(100), 58(17); HRMS (ESI):
calcd. for C3;H3oNOg [M + H]" 554.2754, found 554.2764; HPLC (65% acetonitrile in water): tg = 1.3
min, 98.8%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-isopropoxymethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (73). Yield: 27%; yellow solid; m.p.: 100-101 °C;
'H NMR (300 MHz, CDCls): d 1.09-1.13 (m, 9H, Cio-H, C¢-H, Cas-H),
1.37 (s, 3H, Cy-H), 1.75 (s, 3H, Cy5-H), 1.82 (s, 3H, Ci4-H), 2.18-2.30 (m,
2H, C;;-H, Cys-H), 2.59-2.67 (m, 2H, Ci¢-H), 3.15-3.17 (m, 2H, Cys-H),
3.36 (d, J = 6.9 Hz, 2H, C,;-H), 3.46-3.50 (m, 1H, Cys-H), 3.69 (dd, J, =
3.0 Hz, J,= 6.9 Hz, 1H, C;-H), 3.89 (d, J= 7.8 Hz, 1H, Cy;-Hp), 4.48-4.52
(m, 2H, Cy7-H, Cy;3-Hy), 5.22-5.25 (m, 1H, Ci,-H), 6.01 (s, 1H, C4-H), 6.80
(brs, 1H, C3-OH), 7.14 (d, J = 6.9 Hz, 1H, Cg-H), 12.81 (s, 1H, C,;-OH); IR (cm™, KBr film): 3316,
2973, 2914, 1738, 1644, 1634, 1593, 1458, 1331, 1278, 1151, 1090, 815, 762, 745; EI-MS m/z:
508[M]'(28), 480(30), 437(72), 407(100), 255(75), 69(82); HRMS (ESI): calcd. for C3H360; [M-H]"
507.2383, found 507.2386; HPLC (60% acetonitrile in water): tg = 2.7 min, 99.2%.
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8,10-Dihydroxy-4-hydroxyethoxymethyl-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (74). Yield: 22%; yellow solid; m.p.: 68-69 °C; 'H
NMR (300 MHz, CDCl3): ¢ 1.13 (s, 3H, Cio-H), 1.37 (s, 3H, Cy-H),
1.75 (s, 3H, Cys-H), 1.81 (s, 3H, Cy4-H), 2.22-2.24 (m, 1H, Cy-H),
2.32-2.41 (m, 1H, Cy;-H), 2.59-2.65 (m, 2H, Cys-H), 3.25-3.36 (m, 4H,
Ci1-H, Cy4-H), 3.49-3.52 (m, 2H, Cy-H), 3.66 (dd, J,= 3.0 Hz, J,= 6.9
Hz, 1H, C;-H), 3.71-3.73 (m, 2H, C,s-H), 3.89 (d, J= 7.8 Hz, 1H, Cy;3-
Hpg), 4.40-4.42 (m, 1H, C7-H), 4.50 (dd, J;= 3.6 Hz, J,= 7.8 Hz, 1H,
Cx-Hy), 5.22-5.26 (m, 1H, Cj,-H), 6.01 (s, 1H, C4-H), 6.78 (brs, 1H, C5-OH), 7.14 (d, J= 6.9 Hz, 1H,
Cg-H), 12.77 (s, 1H, C;-OH); IR (cm™, KBr film): 3375, 3233, 2962, 2914, 1739, 1651, 1633, 1599,
1452, 1322, 1272, 1051, 813, 751; EI-MS m/z: 510[M]"(13), 407(83), 255(48), 207(63), 78(67), 69(100),
55(58); HRMS (ESI): caled. for Ca9H3405 [M-H]" 509.2175, found 509.2179; HPLC (65% acetonitrile in
water): tg = 1.5 min, 99.4%.

4-((Benzyloxy)methyl)-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (75). Yield: 20%; yellow solid; m.p.: 70-72 °C; 'H
NMR (300 MHz, CDCls): 6 1.12 (s, 3H, Cy9-H), 1.37 (s, 3H, Cy-H),
1.75 (s, 3H, Cis-H), 1.82 (s, 3H, Cy4-H), 2.17-2.19 (m, 1H, Ca-H),
2.34-2.39 (m, 1H, Cy;-H), 2.54-2.71 (m, 2H, C¢-H), 3.22 (d, J = 7.8
Hz, 2H, Cy4-H), 3.36 (d, J = 6.9 Hz, 2H, C,;-H), 3.69 (dd, J,= 3.0 Hz,
J,=6.6 Hz, 1H, C;-H), 3.87 (d, J = 7.8 Hz, 1H, Cy3-Hp), 4.39-4.50 (m,
4H, Ci7-H, Cy3-H,, Cos5-H), 5.24 (t, J= 6.9 Hz, 1H, Ci»-H), 5.99 (s, 1H,
Cs-H), 7.06 (d, J= 6.9 Hz, 1H, Cs-H), 7.28-7.35 (m, 5H, Ph), 12.79 (s,
1H, C;-OH); IR (cm™, KBr film): 3304, 2968, 2909, 1738, 1643, 1626, 1599, 1455, 1316, 1272, 1095,
1054, 813, 750, 695; EI-MS m/z: 556[M]'(9), 528(12), 407(27), 255(19), 91(100), 69(29); HRMS (ESI):
caled. for Cs34H3607 [M-H]" 555.2383, found 555.2394; HPLC (60% acetonitrile in water): tg = 5.2 min,
99.4%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-phenethoxylmethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (76). Yield: 21%; yellow solid; m.p.: 123-124 °C;
'H NMR (300 MHz, CDCls): 6 1.12 (s, 3H, C1o-H), 1.37 (s, 3H, Ca-H),
1.76 (s, 3H, Cis-H), 1.82 (s, 3H, Ci4-H), 2.05-2.09 (m, 1H, Cxn-H),
2.29-2.31 (m, 1H, Cy-H), 2.53-2.65 (m, H, C;¢-H), 2.80-2.85 (m, 2H,
Ca-H), 3.16 (d, J = 7.8 Hz, 2H, Ca4-H), 3.36 (d, J = 6.6 Hz, 2H, C;;-H),
3.58-3.59 (m, 3H, C;-H, Cys-H), 3.83 (d, J = 7.8 Hz, 1H, Cy3-Hp), 4.39-
4.45 (m, 2H, Ci-H, Ca3-Hy), 5.23-5.25 (m, 1H, Cy,-H), 6.00 (s, 1H, Cy-
H), 6.78 (brs, 1H, C;-OH), 7.03 (d, J= 6.6 Hz, 1H, Cs-H), 7.16-7.26 (m,
5H, Ph), 12.81 (s, 1H, C;-OH); IR (cm’', KBr film): 3333, 2962, 2909, 1738, 1644, 1634, 1599, 1452,
1322, 1263, 1095, 806, 748, 695; EI-MS m/z: 570[M]"(9), 542(17), 407(48), 255(22), 105(100), 69(28);
HRMS (ESI): calcd. for C3sH3s07 [M-H]" 569.2539, found 569.2548; HPLC (60% acetonitrile in water):
tr = 6.3 min, 99.0%.

4-Acetoxymethyl-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-

1H,7H-furo[3,4-d]xanthene-7,13-dione (77). Yield: 26%; yellow solid; m.p.: 182-184 °C; 'H NMR
(300 MHz, CDCl5): 6 1.13 (s, 3H, C1o-H), 1.37 (s, 3H, C50-H), 1.77 (s, 3H,
Cis-H), 1.82 (s, 3H, Cy4-H), 2.06 (s, 3H, Cy6-H), 2.17-2.19 (m, 1H, Cx-H),
2.38-2.42 (m, 1H, Cy;-H), 2.55-2.70 (m, 2H, C¢-H), 3.37 (d, J = 6.9 Hz,
o| 2H, Cy,-H), 3.63 (dd, J;= 3.0 Hz, J,= 6.9 Hz, 1H, C;-H), 3.74-3.81 (m, 1H,
Ca4-H,), 3.89-3.97 (m, 2H, Cy3-Hp, Co4-Hp), 4.40-4.41 (m, 1H, C,7-H), 4.51
(dd, J;=3.3 Hz, J,=7.8 Hz, 1H, Cy3-H,), 5.22-5.25 (m, H, Cj»-H), 6.00 (s,
1H, C4-H), 6.39 (brs, 1H, C3-OH), 7.15 (d, J = 6.9 Hz, 1H, Cs-H), 12.78 (s, 1H, C;-OH); IR (cm™', KBr
film): 3351, 2961, 2908, 1735, 1646, 1633, 1596, 1451, 1322, 1057, 813, 760; EI-MS m/z: 508[M]"(36),
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407(39), 255(32), 203(36), 69(100), 55(40); HRMS (ESI): calcd. for C9H3,05 [M-H]" 507.2019, found
507.2016; HPLC (50% acetonitrile in water): tg = 2.2 min, 99.5%.

4-Benzoyloxymethyl-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (78). Yield: 25%; yellow solid; m.p.: 64-65 °C; 'H
NMR (300 MHz, CDCLs): 6 1.14 (s, 3H, Co-H), 1.38 (s, 3H, Ca-H),
1.76 (s, 3H, Cy5-H), 1.82 (s, 3H, Ci4-H), 2.29-2.31 (m, 1H, Cx»-H),
2% 2.57-2.65 (m, 3H, Cy;-H, Ci¢-H), 3.36 (d, J = 6.9 Hz, 2H, C,;-H),
w7 3.71-3.73 (m, 1H, C5-H), 3.95 (d, J = 7.8 Hz, 1H, C14-H,), 4.06 (m,
5% | 1H, Cy-Hp), 4.17-4.19 (m, 1H, Cy3-Hp), 4.35-4.40 (m, 1H, C,;-H),
4.53-4.54 (m, 1H, Cy3-Hy), 5.22-5.26 (m, 1H, Ci,-H ), 6.02 (s, 1H,
C4-H), 6.78 (brs, 1H, C5-OH), 7.21 (d, J = 6.9 Hz, 1H, Cg-H), 7.43-7.48 (m, 2H, Cys-H, Cs--H), 7.57-
7.59 (m, 1H, Co-H), 8.00 (d, J = 7.8 Hz, 2H, C»7-H, C,7--H), 12.76 (s, 1H, C;-OH); IR (cm™, KBr film):
3363, 2968, 2914, 1744, 1720, 1644, 1634, 1596, 1452, 1319, 1266, 1098, 1066, 1025, 815, 712; EI-MS
m/z: STO[M]'(11), 407(15), 122(37), 105(100), 77(70), 69(31), 51(30); HRMS (ESI): calcd. for
C34H3405 [M-H]" 569.2175, found 569.2178; HPLC (50% acetonitrile in water): tg = 4.0 min, 99.2%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-phenylacetyloxymethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (79). Yield: 23%; yellow solid; m.p.: 150-152 °C;
'H NMR (300 MHz, CDCl3): 6 1.12 (s, 3H, C1o-H), 1.36 (s, 3H, Ca0-H),
1.76 (s, 3H, Cis-H), 1.82 (s, 3H, Ci4-H), 2.11-2.13 (m, 1H, Cx»-H),
2.33-2.37 (m, 1H, Cy;-H), 2.58-2.65 (m, 2H, Cy¢-H), 3.36 (d, /= 6.9 Hz,
2H, Cy;-H), 3.50 (dd, J,= 3.0 Hz, J,= 6.9 Hz, 1H, C--H), 3.61 (s, 2H,

® | Cy-H), 3.75-3.92 (m, 3H, Cy-H, Cps-Hp), 4.37-4.44 (m, 2H, C,7-H,
© Cy-Hy), 5.23-5.25 (m, 1H, Ci-H), 5.99 (s, 1H, C4-H), 6.61 (brs, 1H,
C5-OH), 7.07 (d, J = 6.9 Hz, 1H, Cg-H), 7.24-7.36 (m, 5H, Ph), 12.75 (s, 1H, C;-OH); IR (cm™', KBr
film): 3357, 2968, 2914, 1744, 1644, 1634, 1452, 1322, 1275, 1260, 1151, 1048, 813, 751; EI-MS m/z:
584[M]'(18), 556(17), 407(24), 255(19), 91(100), 69(42); HRMS (ESI): caled. for C3sH3s0g [M-H]"
583.2332, found 583.2329; HPLC (60% acetonitrile in water): tg = 3.8 min, 99.0%.

4-Cinnamyloxymethyl-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (80). Yield: 22%; yellow solid; m.p.: 69-70 °C; 'H
NMR (300 MHz, CDCl;): 6 1.13 (s, 3H, Cyo-H), 1.37 (s, 3H, Cx-H),
1.77 (s, 3H, Cys-H), 1.82 (s, 3H, Ci4-H), 2.25-2.27 (m, 1H, Ca-H),
Y 2.50-2.68 (m, 3H, Cy¢-H, Cy;-H), 3.37 (d, J = 6.6 Hz, 2H, C;;-H),
2 | 3.68-3.70 (m, 1H, C;-H), 3.92-3.97 (m, 2H, C3-Hp, Cp4-H,), 4.04-
# % | 4.10 (m, 1H, Cy-Hp), 4.41-4.42 (m, 1H, C;5-H), 4.53-4.54 (m, 1H,
Ca3-Hy), 5.24-5.26 (m, 1H, Cj»-H), 6.01 (s, 1H, C4-H), 6.40 (d, J =
16.0 Hz, 1H, Cy-H), 6.55 (s, 1H, C5-OH), 7.19 (d, J = 6.6 Hz, 1H, Cs-H), 7.38-7.45 (m, 3H, Cx30-H,
Cso-H, C3-H), 7.45-7.60 (m, 2H, Cy0-H, Cao-H), 7.68 (d, J = 16.0 Hz, 1H, C,;-H), 12.78 (s, 1H, C;-
OH); IR (cm'l, KBr film): 3345, 2968, 2909, 1738, 1711, 1644, 1629, 1452, 1328, 1269, 1169, 1063,
818, 765, 750; EI-MS m/z: 596[M]'(8), 568(19), 420(29), 407(34), 255(18), 131(100), 103(55), 69(34);
HRMS (ESI): calcd. for C3¢H3s05 [M-H]" 595.2332, found 595.2340; HPLC (60% acetonitrile in water):
tr = 7.0 min, 98.8%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-((4-phenylpiperazin-1-yl)methyl)-3,3a,4,5-

tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (81). Yield: 30%; yellow solid; m.p.:
160-161 °C; '"H NMR (300 MHz, CDCls): J 1.12 (s, 3H, Cjo-H),
1.38 (s, 3H, Cy-H), 1.75 (s, 3H, C;5-H), 1.82 (s, 3H, C14-H), 2.18-
2.23 (m, 2H, Cy4-H), 2.29-2.30 (m, 2H, C3;-H, Cx»-H), 2.54-2.71
(m, 6H, Ci6-H, Cy6-H, Cy6-H), 3.14-3.17 (m, 4H, C,5-H, C,5-H),
3.36 (d, J= 6.9 Hz, 2H, C,;-H), 3.66 (dd, J,= 2.1 Hz, J>,= 6.9 Hz,
1H, C;-H), 3.86 (d, J= 8.1 Hz, 1H, Cy;-Hp), 4.41-4.43 (m, 1H,
Ci7-H), 4.51 (dd, J;= 3.6 Hz, J,= 7.8 Hz, 1H, Cu;-H,), 4.71 (s, 1H, C5-OH), 5.24 (t, J = 6.6 Hz, 1H,
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Ci2-H), 6.00 (s, 1H, C4-H), 6.84-6.93 (m, 3H, Cys-H, Cys-H, Cy9-H), 7.16 (d, J = 6.6 Hz, 1H, Cs-H),
7.24-7.38 (m, 2H, Cy7-H, C,7-H), 12.82 (s, 1H, C;-OH); IR (cm™, KBr film): 3310, 2959, 2924, 1737,
1644, 1637, 1600, 1456, 1318, 1235, 1145, 1062, 816, 761, 741, 691; EI-MS m/z: 610[M]"(28), 513(85),
457(35), 175(88), 160(41), 132(59), 104(35), 70(100); HRMS (ESI): calcd. for C3;H4;2N,06 [M + H]
611.3121, found 611.3124; HPLC (60% acetonitrile in water): tg = 8.2 min, 98.4%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-(pyrrolidin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (82). Yield: 42%; yellow solid; m.p.: 137-138 °C;
'H NMR (300 MHz, CDCls): 6 1.05 (s, 3H, C19-H), 1.34 (s, 3H, Cy-H), 1.71
(s, 3H, Cys-H), 1.77 (s, 3H, C14-H), 1.79-1.90 (m, 4H, Cy-H, Cy¢-H), 2.15-
2.42 (I’Il, 4H, C21—H, C22—H, C24—H), 2.48-2.68 (1’1’1, 6H, C25—H, C25’—H, C16—H),
3.07 (d, J=17.5 Hz, 2H, C,;-H), 3.54 (dd, J; = 2.1 Hz, J, = 6.9 Hz, 1H, C;-
H), 3.86 (d, J = 7.8 Hz, 1H, Cy3-Hp), 4.34-4.36 (m, 1H, C7-H), 4.52 (dd, J;
=3.6 Hz, J, = 7.8 Hz, 1H, Cy3-H,), 5.13 (t, J = 6.6 Hz, 1H, C;,-H), 5.69 (s,
1H, C,-H), 7.13 (d, J = 6.9 Hz, 1H, Cs-H), 12.46 (s, 1H, C,-OH); IR (cm'l,
KBr film): 3440, 2973, 2785, 1741, 1644, 1633, 1598, 1455, 1316, 1169, 1151, 1098, 1063, 803; EI-MS
m/z: 519[M]'(6), 422(56), 84(100), 58(26), 55(9); HRMS (ESI): calcd. for C3H3NOs [M +H]"
520.2699, found 520.2706; HPLC (65% acetonitrile in water): tg = 2.1 min, 99.3%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-(piperidin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (83). Yield: 44%; yellow solid; m.p.: 176-178 °C;
'H NMR (300 MHz, CDCls): 6 1.11 (s, 3H, Co-H), 1.35 (s, 3H, Ca-H), 1.44-
1.45 (m, 2H, Cy7-H), 1.56-1.57 (m, 4H, Cy-H, Cy¢-H), 1.72 (s, 3H, C;s-H),
1.79 (s, 3H, C14-H), 2.12-2.30 (m, 4H, C;;-H, Cx-H, C-H), 2.37-2.40 (m, 4H,
Cys-H, Cys-H), 2.47-2.67 (m, 2H, C¢-H), 3.25 (d, /= 6.9 Hz, 2H, C;,-H), 3.57
(dd, J; = 2.7 Hz, J> = 6.9 Hz, 1H, C;-H), 3.85 (d, J = 8.1 Hz, 1H, Cy3-Hp),
4.35-4.37 (m, 1H, C,7-H), 4.51 (dd, J; = 3.6 Hz, J, = 7.8 Hz, 1H, Cy3-H,), 5.18
(t, J=6.9 Hz, 1H, Ci,-H), 5.81 (s, 1H, C,-H), 7.14 (d, J = 6.9 Hz, 1H, Cs-H),
12.48 (s, 1H, C;-OH); IR (cm™, KBr film): 3451, 2935, 1651, 1599, 1456, 1276, 1261, 1057, 764, 750;
EI-MS m/z: 533[M]'(7), 436(78), 380(8), 98(100), 58(57), 55(20); HRMS (ESI): calcd. for C3,H30NOg
[M + H]" 534.2856, found 534.2875; HPLC (65% acetonitrile in water): tg = 3.0 min, 99.1%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-morpholinomethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (84). Yield: 42%; yellow solid; m.p.: 127-128 °C;
'H NMR (300 MHz, CDCl3): 6 1.08 (s, 3H, C1o-H), 1.37 (s, 3H, Cao-H), 1.72
(s, 3H, Cs-H), 1.80 (s, 3H, Ci4-H), 2.15-2.19 (m, 2H, Cp4-H), 2.24-2.31 (m,
2H, C;1-H, Cy;-H), 2.40-2.43 (m, 4H, C,s-H, Cy5-H), 2.51-2.65 (m, 2H, Cj6-
H), 3.25-3.35 (m, 2H, Cy;-H), 3.65 (dd, J;= 2.7 Hz, J,= 6.9 Hz, 1H, C;-H),
3.63-3.72 (m, 4H, Cy6-H, C2¢-H ), 3.86 (d, J = 8.4 Hz, 1H, Cy3-Hp), 4.36-4.39
(m, 1H, C7-H), 4.53 (dd, J; = 3.3 Hz, J, = 8.4 Hz, 1H, C3-H,), 5.17-5.22 (m,
1H, C,-H), 6.01 (s, 1H, C,-H), 7.14 (d, J = 6.9 Hz, 1H, Cg-H), 12.49 (s, 1H,
C,-OH); 13c NMR (75 MHz, CDCL3): 6 16.5 (C-19), 17.3 (C-14), 21.2 (C-11), 25.0 (C-20), 25.2 (C-15),
27.1 (C-16), 38.1 (C-21), 46.7 (C-22), 49.2 (C-7), 53.1 (C-25), 60.1(C-24), 66.3 (C-26), 74.0 (C-23),
82.0 (C-5), 87.6 (C-10a), 96.2 (C-2), 100.7 (C-9a), 106.2 (C-4), 117.1 (C-17), 121.2 (C-12), 128.8 (C-8),
132.4 (C-8a), 133.1 (C-13), 135.4 (C-18), 157.1 (C-4a), 162.6 (C-1), 163.8 (C-3), 178.6 (C-9), 199.8
(C-6); IR (cm’l, KBr film): 3266, 2959, 2920, 1739, 1645, 1634, 1598, 1433, 1381, 1270, 1174, 1112,
1065, 1036, 826, 737; EI-MS m/z: 535[M]"(5), 438(26), 100(77), 58(100); HRMS (ESI): calcd. for
C3H37NO; [M + H]" 536.2648, found 536.2658; HPLC (65% acetonitrile in water): tg = 1.5 min, 99.2%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-(piperazin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-

methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (85). Yield: 30%; yellow solid; m.p.: 147-148 °C;
'H NMR (300 MHz, CDCls): 6 1.08 (s, 3H, Cyo-H), 1.38 (s, 3H, C-H), 1.74 (s, 3H, C;5-H), 1.81 (s, 3H,
Cis-H), 2.11-2.33 (m, 5H, C;;-H, C1»-H, Ca4-H, N37-H), 2.35-2.45 (m, 4H, C,5-H, Cy5:-H ), 2.60-2.69 (m,
2H, Ci¢-H), 2.89-2.90 (m, 4H, Cy6-H, Ca¢-H ), 3.28-3.40 (m, 2H, C,;-H), 3.63-3.65 (m, 1H, C;-H), 3.85
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(d, J=7.8 Hz, 1H, Cy3-Hp), 4.39-4.40 (m, 1H, C;7-H), 4.52 (dd, J; = 3.9 Hz,
J,=17.8 Hz, 1H, Cy;-H,), 5.20-5.22 (m, 1H, Cj»-H), 5.97 (s, 1H, C,-H), 7.13
(d, J= 6.9 Hz, 1H, Cs-H), 12.52 (s, 1H, C,-OH); IR (cm™', KBr film): 3387,
2954, 2923, 1737, 1644, 1634, 1596, 1230, 1383, 1258, 1135, 1099, 1034,
799, 750; EI-MS m/z: 534[M]"(6), 437(33), 99(100), 70(31), 56(51); HRMS
(ESI): caled. for C3;H3sN,O [M +H]" 535.2808, found 535.2816; HPLC
(50% acetonitrile in water): tg = 1.2 min, 98.3%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-((4-methylpiperazin-1-yl)methyl)-3,3a,4,5-
tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (86). Yield: 38%; yellow solid; m.p.:
245-246 °C; 'H NMR (300 MHz, CDCl5): § 1.19 (s, 3H, Cyo-H), 1.36 (s,
3H, Cy-H), 1.63 (s, 3H, C;s-H), 1.71 (s, 3H, Ci4-H), 2.11-2.13 (m, 4H,
C24—H, C21—H, sz—H), 2.39 (S, 3H, C27—H), 2.48-2.61 (m, IOH, C25—H,
Cys-H, Ca6-H, Ca¢-H, Ci6-H), 3.20-3.23 (m, 2H, C,;-H), 3.53 (d, J = 6.0
Hz, 1H, C;-H), 3.78 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.29-4.31 (m, 1H, C,7-H),
4.55 (dd, J; = 3.3 Hz, J> = 7.8 Hz, 1H, Cy3-Hy), 5.10-5.12 (m, 1H, C;,-H),
6.19 (s, 1H, C,-H), 7.02 (d, J= 6.9 Hz, 1H, Cs-H), 12.40 (s, 1H, C;-OH);
IR (cm™, KBr film): 3374, 2962, 2920, 1735, 1644, 1633, 1593, 1425, 1381, 1311, 1263, 1128, 1084,
1057, 801, 733; EI-MS m/z: 548[M](14), 451(54), 113(76), 98(31), 70(57), 58(100); HRMS (ESI):
caled. for C3;HyN2Og [M + H]' 549.2965, found 549.2972; HPLC (60% acetonitrile in water): tg = 1.3
min, 99.1%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-((4-oxopiperidin-1-yl)methyl)-3,3a,4,5-

tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (87). Yield: 40%; yellow solid; m.p.:
97-98 °C; "H NMR (300 MHz, CDCls): 6 1.09 (s, 3H, C1o-H), 1.38 (s, 3H,
Cx0-H), 1.74 (s, 3H, C5-H), 1.82 (s, 3H, C4-H), 2.20-2.36 (m, 4H, C;-H,
Cy-H, Cy4-H), 2.42-2.46 (m, 4H, Cys-H, Cp¢-H ), 2.52-2.80 (m, 6H, C;¢-H,
Cys-H, Cys-H), 3.33-3.35 (m, 2H, C;;-H), 3.69 (d, J = 6.9 Hz, 1H, C;-H),
3.88 (d, J= 8.1 Hz, 1H, Cy3-Hp), 4.38-4.40 (m, 1H, C;7-H), 4.54 (dd, J; =
3.3 Hz, J, = 8.4 Hz, 1H, Cy;-H,), 5.20-5.22 (m, 1H, Ci,-H), 6.11 (s, 1H,
C,-H), 7.16 (d, J = 6.9 Hz, 1H, Cs-H), 12.46 (s, 1H, C;-OH); IR (cm™', KBr
film): 3250, 2969, 2919, 1737, 1712, 1644, 1634, 1596, 1428, 1273, 1175, 1137, 1085, 832, 734; EI-MS
m/z: 547[M]"(5), 450(17), 394(7), 112(100), 83(7), 58(12), 55(7); HRMS (ESI): calcd. for C3,H37NO;
[M + H]" 548.2648, found 548.2659; HPLC (60% acetonitrile in water): tg = 1.7 min, 99.2%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-((2,4-dioxopyrrolidin-1-yl)methyl)-3,3a,4,5-
tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (88). Yield: 39%; yellow solid; m.p.:
244-245 °C; 'H NMR (300 MHz, CDCls): 0 1.06 (s, 3H, Ci9-H), 1.37 (s, 3H,
Cao-H), 1.76 (s, 3H, C15-H), 1.83 (s, 3H, C14-H), 2.27-2.29 (m, 1H, Ca,-H), 2.34-
2.36 (m, 1H, Cy-H), 2.50-2.68 (m, 2H, Cj6-H), 2.77 (s, 4H, Cx¢-H, Cy¢-H),
3.31-3.34 (m, 2H, C;;-H), 3.36-3.41 (m, 3H, C;-H, Cys-H), 3.94 (d, J= 8.1 Hz,
1H, Cy3-Hp), 4.34-4.36 (m, 1H, C,,-H), 4.51 (dd, J; = 3.6 Hz, J,= 7.8 Hz, 1H,

W g Ca3-Hy), 5.19 (t, J = 6.6 Hz, 1H, C,-H), 6.06 (s, 1H, C,-H), 6.80 (brs, 1H, Cs-
OH), 7.24 (d, J = 6.6 Hz, 1H, Cs-H), 12.48 (s, 1H, C;-OH); IR (cm™, KBr film): 3247, 2968, 2926, 1737,
1703, 1644, 1630, 1595, 1403, 1272, 1264, 1165, 1083, 820, 764, 750; EI-MS m/z: 547[M](29),
519(20), 407(100), 311(73), 69(70), 55(48); HRMS (ESI): calcd. for C3;H33NOg [M + Na]" 570.2104,
found 570.2116; HPLC (60% acetonitrile in water): tg = 7.1 min, 98.9%.

8,10-Dihydroxy-1,9-bis(3-methylbut-2-en-yl)-4-dimethylaminomethyl-3,3a,4,5-tetrahydro-1,5-

methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (89). Yield: 40%; yellow solid; m.p.: 205-206 °C;
'H NMR (300 MHz, CDCls): 6 1.06 (s, 3H, Cyo-H), 1.35 (s, 3H, Ca0-H), 1.71 (s, 3H, C;5-H), 1.79 (s, 3H,
Ci4-H), 2.17-2.23 (m, 4H, C,1-H, Cy»-H, Cas-H), 2.45 (s, 6H, Cps-H, Cas-H ), 2.52-2.67 (m, 2H, C;6-H),
3.24 (d, J= 6.9 Hz, 2H, Cy;-H), 3.55 (dd, J; = 2.1 Hz, J, = 6.9 Hz, 1H, C;-H), 3.86 (d, /= 8.1 Hz, 1H,
Ca3-Hp), 4.35-4.38 (m, 1H, C,7-H), 4.52 (dd, J; = 3.6 Hz, J, = 7.8 Hz, 1H, Cx3-H,), 5.15 (t, J = 6.6 Hz,
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1H, Ci,-H), 5.81 (s, 1H, C,-H), 7.12 (d, J = 6.9 Hz, 1H, Cs-H), 12.49 (s, 1H,
C;-OH); IR (cm'l, KBr film): 3363, 2962, 2914, 1738, 1643, 1629, 1596, 1431,
1275, 1257, 1131, 1048, 764, 750; EI-MS m/z: 493[M]'(10), 396(91), 86(33),
71(18), 58(100), 55(19); HRMS (ESI): caled. for CyH3sNOs [M +H]
494.2543, found 494.2551; HPLC (60% acetonitrile in water): tg = 1.7 min,
99.2%.

4-Diethylaminomethyl-8,10-dihydroxy-1,9-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (90 ). Yield: 41%; yellow solid; m.p.: 120-121°C;
'H NMR (300 MHz, CDCls): d 0.96 (t, J = 6.9 Hz, 6H, Cas-H, Cy6-H), 1.08 (s,
3H, Cyo-H), 1.37 (s, 3H, Ca0-H), 1.74 (s, 3H, Cy5-H), 1.81 (s, 3H, C14-H), 2.15-
2.30 (m, 4H, C,;-H, Cx»-H, Cy4-H), 2.42-2.57 (m, 4H, C,5-H, Cy5:-H ), 2.60-2.69
(m, 2H, Cy6-H), 3.32 (d, J = 6.6 Hz, 2H, Cy;-H), 3.65 (d, J = 6.6 Hz, 1H, C;-H),
3.87 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.38-4.40 (m, 1H, C,7-H), 4.51 (dd, J; = 3.6 Hz,
J> = 8.1 Hz, 1H, Cyx-H,), 5.20 (t, J = 7.2 Hz, 1H, C,-H), 6.00 (s, 1H, C,-H),
7.15 (d, J = 6.6 Hz, 1H, Cs-H), 12.49 (s, 1H, C,;-OH); IR (cm™, KBr film): 3286,
2958, 2926, 1735, 1644, 1634, 1602, 1434, 1275, 1134, 1087, 1057, 836, 742; EI-MS m/z: 521[M]'(6),
424(51), 86(100), 58(23); HRMS (ESI): caled. for C3;H30NOg [M +H]" 522.2856, found 522.2865;
HPLC (65% acetonitrile in water): tg = 2.3 min, 98.8%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-dipropylaminomethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (91). Yield: 41%; yellow solid; m.p.: 142-144 °C;
'H NMR (300 MHz, CDCl;): 6 0.86 (t, J = 7.2 Hz, 6H, Cp7-H, C,7--H), 1.09 (s,
3H, Cio-H), 1.31-1.41 (m, 7H, Cy0-H, Cy6-H, Cy¢-H), 1.74 (s, 3H, Cy5-H), 1.81
(s, 3H, C14-H), 2.15-2.24 (m, 4H, C,;-H, Ca-H, Ca4-H), 2.24-2.38 (m, 4H, C,s-
H, Cys-H ), 2.50-2.65 (m, 2H, Ci¢-H), 3.32-3.34 (m, 2H, C,;-H), 3.67 (d, J =
6.9 Hz, 1H, C;-H), 3.87 (d, J = 7.8 Hz, 1H, Cy3-Hp), 4.38-4.41 (m, 1H, C,7-H),
4.50 (dd, J; = 3.6 Hz, J, = 7.8 Hz, 1H, C»3-H,), 5.18-5.20 (m, 1H, C,»-H), 6.00
(s, 1H, C,-H), 7.13 (d, J = 6.9 Hz, 1H, Cs-H), 12.50 (s, 1H, C;-OH); IR (cm,
KBr film): 3345, 2956, 2926, 1738, 1644, 1633, 1596, 1425, 1269, 1178, 1131, 1084, 827, 748; EI-MS
m/z: 549[M]*(6), 452(48), 114(100), 86(13), 72(11), 58(23); HRMS (ESI): caled. for Cs3HyNOg
[M + H]"550.3169, found 550.3178; HPLC (65% acetonitrile in water): tg = 5.5 min, 98.8%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-diisopropylaminomethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (92). Yield: 38%; yellow solid; m.p.: 85-86 °C; 'H
NMR (300 MHz, CDCl3): 6 0.90-0.99 (m, 12H, Cy-H, Cy6-H, C27-H, Cp7-H),
1.10 (s, 3H, Cio-H), 1.33 (s, 3H, Cy-H), 1.71 (s, 3H, C;s-H), 1.80 (s, 3H, Cys-
H), 2.18-2.32 (m, 4H, C,;-H, Cx-H, Cys-H), 2.55-2.64 (m, 2H, Ci6-H), 2.94-
3.01 (m, 2H, Cys-H, Cys-H), 3.31-3.33 (m, 2H, C;;-H), 3.65-3.67 (m, 1H, C--
H), 3.84 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.40-4.42 (m, 1H, C;7-H), 4.52 (dd, J; =
3.9 Hz, J,= 8.1 Hz, 1H, Cy-H,), 5.19-5.21 (m, 1H, C,-H), 5.72 (brs, 1H, Cs-
OH), 5.97 (s, 1H, C,-H), 7.13 (d, J = 6.6 Hz, 1H, Cs-H), 12.56 (s, 1H, C;-OH);
IR (cm™, KBr film): 3322, 2965, 2920, 1732, 1645, 1634, 1596, 1423, 1381, 1180, 826, 737; EI-MS m/z:
549[M]"(10), 114(100), 72(88), 58(38); HRMS (ESI): calcd. for C33H4sNOg [M + H]* 550.3169, found
550.3172; HPLC (60% acetonitrile in water): tg = 10.8 min, 98.7%.

4-Dibutylaminomethyl-8,10-dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-

methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (93). Yield: 43%; yellow solid; m.p.: 130-131°C; 'H
NMR (300 MHz, CDCls): 0 0.89 (t, J = 6.9 Hz, 6H, Cys-H, Cys--H), 1.09 (s, 3H,
C19-H), 1.28-1.31 (m, 8H, C26-H, C26’-H, C27-H, C27’-H), 1.37 (S, 3H, Cz()-H),
1.71 (s, 3H, Cis-H), 1.79 (s, 3H, Ci4-H), 2.15-2.27 (m, 4H, C,;-H, Cy-H, Cys-
H), 2.32-2.43 (m, 4H, Cas-H, Cas--H ), 2.54-2.66 (m, 2H, C;¢-H), 3.29-3.31 (m,
2H, Cy-H), 3.65 (d, J = 6.9 Hz, 1H, C;-H), 3.86 (d, J = 7.8 Hz, 1H, Cy-Hyp),
4.35-4.42 (m, 1H, Cy7-H), 4.51 (dd, J; = 3.6 Hz, J, = 7.8 Hz, 1H, Cy3-H,), 5.17-
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5.19 (m, 1H, C»-H), 5.98 (s, 1H, C,-H), 7.12 (d, J = 6.9 Hz, 1H, Cs-H); IR (cm'l, KBr film): 3351, 2959,
2933, 1735, 1644, 1633, 1597, 1427, 1382, 1273, 1127, 1082, 828, 737; EI-MS m/z: 577[M]'(10),
534(9), 480(85), 142(100), 100(43), 57(12); HRMS (ESI): calcd. for C3sH4NOg [M + H]" 578.3482,
found 578.3493; HPLC (65% acetonitrile in water): tg = 15.7 min, 98.4%.

4-Diethanolaminomethyl-8,10-dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (94). Yield: 38%; yellow solid; m.p.: 128-130 °C;
'H NMR (300 MHz, CDCl3): 6 1.07 (s, 3H, C1o-H), 1.37 (s, 3H, C30-H), 1.70 (s,
3H, C;5-H), 1.78 (s, 3H, Cy4-H), 2.18-2.19 (m, 2H, Cy4-H), 2.37-2.41 (m, 2H,
Cy1-H, Ca-H), 2.55-2.73 (m, 6H, C¢-H, Cps-H, Cy5-H), 3.11 (dd, J,= 7.2 Hz,
J>=14.7 Hz, 2H, Cc-OH, Cy6-OH), 3.28-3.30 (m, 2H, C;;-H), 3.58-3.62 (m,
4H, C26'H, Cz@-H), 3.73-3.76 (m, IH, C7-H), 3.92 (d, J=138 HZ, IH, C23-HB),
4.35-4.38 (m, 1H, C7-H), 4.52 (dd, J;= 3.9 Hz, J,= 8.1 Hz, 1H, C,3-H,), 5.17-
5.19 (m, 1H, C1-H), 6.15 (s, 1H, C»-H), 7.15 (d, J= 6.9 Hz, 1H, Cs-H), 12.48 (s, 1H, C;-OH); IR (cm,
KBr film): 3357, 2962, 2926, 1732, 1642, 1593, 1431, 1272, 1071, 1036, 764, 750; EI-MS m/z:
553[M]"(4), 522(8), 456(10), 118(100), 74(9), 56(8); HRMS (ESI): calcd. for C3H3NOg [M + H]"
554.2754, found 554.2768; HPLC (65% acetonitrile in water): tg = 1.2 min, 98.7%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-isopropoxymethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (95). Yield: 40%; yellow solid; m.p.: 187-188 °C;
'H NMR (300 MHz, CDCl5): 6 1.09-1.12 (m, 9H, C;o-H, Ca¢-H, Cae-H), 1.37 (s,
3H, Ca-H), 1.74 (s, 3H, C;s-H), 1.81 (s, 3H, Ci4-H), 2.19-2.34 (m, 2H, C,,-H,
Cas-H), 2.54-2.65 (m, 2H, C6-H), 3.16-3.20 (m, 2H, Ca4-H), 3.34 (d, J = 6.9 Hz,
2H, C,;-H), 3.47-3.51 (m, 1H, Cys-H), 3.70 (dd, J;= 3.0 Hz, J,= 6.9 Hz, 1H,
C;-H), 3.92 (d, J= 7.8 Hz, 1H, Cy3-Hp), 4.38-4.40 (m, 1H, C,7-H), 4.52 (dd, J;=
3.6 Hz, J,= 7.8 Hz, 1H, Cy3-H,), 5.19-5.21 (m, 1H, C,-H), 6.05 (s, 1H, C,-H),
6.79 (brs, 1H, C3-OH), 7.14 (d, J = 6.6 Hz, 1H, Cs-H), 12.49 (s, 1H, C;-OH); IR
(cm’l, KBr film): 3439, 2979, 2914, 1738, 1644, 1634, 1593, 1431, 1275, 1125, 1081, 827, 768, 754;
EI-MS m/z: 508[M]'(42), 480(33), 437(58), 407(100), 311(69), 69(94); HRMS (ESI): calcd. for
C30H3607 [M+H] " 509.2539, found 509.2508; HPLC (60% acetonitrile in water): tg = 2.0 min, 98.8%.

8,10-Dihydroxy-4-hydroxyethoxymethyl-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (96). Yield: 36%; yellow solid; m.p.: 102-104 °C;
'H NMR (300 MHz, CDCl3): 6 1.09 (s, 3H, C1o-H), 1.37 (s, 3H, Ca-H), 1.74
(s, 3H, C;s-H), 1.81 (s, 3H, C4-H), 2.20-2.22 (m, 1H, Cy,-H), 2.38-2.40 (m,
1H, Cy;-H), 2.51-2.70 (m, 2H, C,¢-H), 3.27-3.34 (m, 4H, C,;-H, Cy4-H), 3.50-
3.53 (m, 2H, Cy-H), 3.66-3.74 (m, 3H, C;-H, C,5-H), 3.92 (d, /= 7.8 Hz, 1H,
C23-H5), 4.37-4.39 (1’1’1, 1H, C17-H), 4.52 (dd, J1 =3.6 HZ, J2: 7.8 HZ, lH, C23-
Hy), 5.17-5.19 (m, 1H, Cj»-H), 6.05 (s, 1H, C,-H), 6.78 (brs, 1H, C3;-OH),
7.14 (d, J = 6.9 Hz, 1H, Cg-H), 12.46 (s, 1H, C;-OH); IR (cm™, KBr film):
3398, 2962, 2926, 1735, 1645, 1634, 1434, 1272, 1116, 1063, 824, 742; EI-MS m/z: 510[M]'(13),
407(83), 255(67), 207(79), 69(100), 55(60); HRMS (ESI): calcd. for CoH3405 [M+H]" 511.2332, found
511.2300; HPLC (50% acetonitrile in water): tg = 1.1 min, 98.1%.

4-Benzyloxymethyl-8,10-dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-

methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (97). Yield: 34%; yellow solid; m.p. 59-60 °C; 'H
NMR (300 MHz, CDCls): § 1.08 (s, 3H, Cjo-H), 1.36 (s, 3H, Cy-H), 1.74 (s,
3H, C;5-H), 1.81 (s, 3H, Cy4-H), 2.18-2.20 (m, 1H, Cx»-H), 2.38-2.40 (m, 1H,
Cz1-H), 2.51-2.69 (m, 2H, C,¢-H), 3.24 (d, J = 7.8 Hz, 2H, Cy4-H), 3.32 (d, J =
6.6 Hz, 2H, C;;-H), 3.70 (dd, J;= 3.0 Hz, J,= 6.6 Hz, 1H, C;-H), 3.90 (d, J =
7.8 Hz, 1H, Cy3-Hp), 4.36-4.40 (m, 1H, C;7-H), 4.44-4.52 (m, 3H, Cy3-H,, Cos-
H), 5.16-5.19 (m, 1H, C»-H), 6.05 (s, 1H, C,-H), 6.78 (brs, 1H, C3-OH), 7.06
(d, J = 6.6 Hz, 1H, Cs-H), 7.26-7.34 (m, 5H, Ph), 12.48 (s, 1H, C,;-OH); IR
(cm‘l, KBr film): 3333, 2973, 2914, 1738, 1644, 1634, 1596, 1428, 1269, 1084, 830, 749, 695; EI-MS

S24




m/z: 556[M]'(11), 407(24), 311(16), 91(100), 69(29); HRMS (ESI): calcd. for C3;H360; [M+H]"
557.2539, found 557.2547; HPLC (60% acetonitrile in water): tg = 2.3 min, 98.5%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-phenethoxylmethyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (98). Yield: 32%; yellow solid; m.p.: 44-45 °C; 'H
NMR (300 MHz, CDCl3): § 1.07 (s, 3H, Cio-H), 1.36 (s, 3H, C5o-H), 1.74 (s,
3H, C;s-H), 1.81 (s, 3H, Ci4-H), 2.09-2.11 (m, 1H, Cx-H), 2.31-2.33 (m, 1H,
C,1-H), 2.50-2.66 (m, 2H, Cy6-H), 2.83 (t, J = 6.6 Hz, 2H, Cy-H), 3.18 (d, J =
7.8 Hz, 2H, Cxs-H), 3.32 (d, J = 6.6 Hz, 2H, C;;-H), 3.54-3.63 (m, 3H, C;-H,
Cys-H), 3.85 (d, J = 7.8 Hz, 1H, Cp3-Hp), 4.35-4.38 (m, 1H, C,7-H), 4.46 (dd, J;
=3.6 Hz, J,=7.8 Hz, 1H, Cy-H,), 5.19 (t, J= 6.6 Hz, 1H, C,,-H), 6.05 (s, 1H,
C,-H), 6.94 (brs, 1H, C3-OH), 7.03 (d, /= 6.6 Hz, 1H, Cs-H), 7.16-7.29 (m, 5H,
Ph), 12.49 (s, 1H, C;-OH); IR (cm™, KBr film): 3298, 2973, 2909, 1741, 1643, 1633, 1600, 1428, 1275,
1107, 821, 748, 695; EI-MS m/z: 570[M]"(17), 542(21), 407(46), 311(23), 105(100), 79(21), 69(29);
HRMS (ESI): calcd. for C3sH3gO; [M+H]" 571.2696, found 571.2668; HPLC (60% acetonitrile in water):
tr = 2.8 min, 98.4%.

4-Acetoxymethyl-8,10-dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (99). Yield: 38%; yellow solid; m.p.: 138-140 °C; 'H NMR
(300 MHz, CDCls): 0 1.09 (s, 3H, Cy9-H), 1.37 (s, 3H, C-H), 1.74 (s, 3H, C;5-H),
1.81 (s, 3H, Cy4-H), 2.07 (s, 3H, Cy6-H), 2.19-2.21 (m, 1H, Cy-H), 2.41-2.43 (m,
1H, C;,-H), 2.52-2.71 (m, 2H, Ci¢-H), 3.32-3.34 (m, 2H, C,;-H), 3.64 (dd, J; =
3.0 Hz, J,= 6.6 Hz, 1H, C;-H), 3.76-3.82 (m, 1H, Cy4-Hy), 3.93-3.99 (m, 2H, Cys-
Hg, Cs-Hp), 4.36-4.38 (m, 1H, Cy7-H), 4.53 (dd, J;= 3.6 Hz, J,= 7.8 Hz, 1H, Cx;3-

Hy), 5.19 (t, J = 5.4 Hz, 1H, C»-H), 6.06 (s, 1H, C,-H), 6.75 (s, 1 H, C5-OH),
7.15 (d, J = 6.9 Hz, 1H, Cg-H), 12.43 (s, 1H, C;-OH); IR (cm™', KBr film): 3268, 2968, 2920, 1741,
1644, 1634, 1593, 1425, 1260, 1042, 801, 765, 749; EI-MS m/z: 508[M]"(34), 407(37), 311(23),
69(100), 55(35); HRMS (ESI): caled. for CooH3,0g [M+H]" 509.2175, found 509.2170; HPLC (50%
acetonitrile in water): tg = 1.6 min, 98.4%.

4-Benzoyloxymethyl-8,10-dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (100). Yield: 36%; yellow solid; m.p.: 92-93 °C; 'H
NMR (300 MHz, CDCls): 6 1.09 (s, 3H, C1o-H), 1.37 (s, 3H, Ca-H), 1.74 (s,
3H, C;s-H), 1.81 (s, 3H, Cy4-H), 2.30-2.32 (m, 1H, Cy,-H), 2.58-2.68 (m, 3H,
Aol Cyi-H, Ci6-H), 3.27-3.41 (m, 2H, C;;-H), 3.72-3.76 (m, 1H, C;-H), 3.98-4.01
» (m, 1H, Co4-Hy), 4.03-4.10 (m, 1H, Cy4-Hp), 4.20-4.22 (m, 1H, Cy3-Hp), 4.32-
435 (m, 1H, Cy7-H), 4.55-4.58 (m, 1H, C3-Hy), 5.19-5.21 (m, 1H, C;»-H ),
6.07 (s, 1H, C,-H), 6.90 (brs, 1H, C;-OH), 7.21 (d, J = 6.6 Hz, 1H, Cs-H),
7.43-7.48 (m, 2H, Cys-H, Cys-H), 7.57-7.60 (m, 1H, C9-H), 8.00 (d, J = 7.8
Hz, 2H, C7-H, Co7-H), 12.44 (s, 1H, C;-OH); IR (cm™', KBr film): 3369, 2956, 2914, 1744, 1723, 1644,
1634, 1600, 1428, 1268, 1110, 798, 709; EI-MS m/z: 570[M]"(12), 407(21), 122(41), 105(100), 77(80),
58(37); HRMS (ESI): calcd. for C34H3405 [M + H]" 571.2332, found 459.1796; HPLC (50% acetonitrile
in water): tg = 2.7 min, 99.4%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-phenylacetyloxymethyl-3,3a,4,5-tetrahydro-1,5-
methano 1H,7H-furo[3,4-d]xanthene-7,13-dione (101). Yield: 36%; yellow solid; m.p.: 47-48 °C; 'H
NMR (300 MHz, CDCls): 6 1.07 (s, 3H, Cj9-H), 1.36 (s, 3H, Cy-H), 1.74 (s,
3H, Ci5-H), 1.81 (s, 3H, Ci4-H), 2.12-2.14 (m, 1H, Cy,-H), 2.36-2.38 (m, 1H,
Cz1-H), 2.54-2.65 (m, 2H, Cs-H), 3.32 (d, J = 6.9 Hz, 2H, C;;-H), 3.51 (dd, J;
=3.0 Hz, J,= 6.6 Hz, 1H, C;-H), 3.62 (s, 2H, Ca¢-H), 3.78-3.86 (m, 2H, Ca4-H),
3.91-3.93 (m, 1H, Cy-Hp), 4.42-4.43 (m, 1H, Ci7-H), 4.44-4.45 (m, 1H, Cx;-
H,), 5.17-5.19 (m, 1H, Cy»-H), 6.05 (s, 1H, C,-H), 6.78 (brs, 1H, C5-OH), 7.07
(d, J= 6.6 Hz, 1H, Cg-H), 7.24-7.34 (m, 5H, Ph), 12.42 (s, 1H, C,-OH); IR (cm™, KBr film): 3351, 2962,
2902, 1735, 1644, 1635, 1593, 1425, 1272, 1137, 830, 803; EI-MS m/z: 584[M]'(17), 556(24), 407(29),
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311(20), 91(100), 69(36); HRMS (ESI): calcd. for C3sH3s0g [M+H]" 585.2488, found 585.2456; HPLC
(60% acetonitrile in water): tg = 2.6 min, 99.3%.

4-Cinnamyloxymethyl-8,10-dihydroxy-1,11-bis(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (102). Yield: 37%; yellow solid; m.p.: 89-90 °C; 'H
NMR (300 MHz, CDCl;): 0 1.02 (s, 3H, Cy9-H), 1.30 (s, 3H, Cy-H), 1.67 (s,
3H, C;s-H), 1.74 (s, 3H, Cy4-H), 2.19-2.21 (m, 1H, C5;-H), 2.46-2.65 (m, 3H,
3| Cie-H, Cp1-H), 3.27 (d, J = 6.6 Hz, 2H, Cy,-H), 3.64 (dd, J;,= 3.0 Hz, J,=
"% %% 6.6 Hz, 1H, Cs-H), 3.84-3.91 (m, 2H, Cys-Hp, Cp4-Hy), 4.00-4.06 (m, 1H,
C»4-Hp), 4.30-4.33 (m, 1H, Cy7-H), 4.48 (dd, J;= 3.6 Hz, J,= 7.8 Hz, 1H,
Cy-Hy), 5.13 (t, J= 6.6 Hz, 1H, Ci,-H), 5.99 (s, 1H, C,-H), 6.37 (d, J=16.0
Hz, 1H, Cy-H), 6.73 (brs, 1H, C5-OH), 7.12 (d, /= 6.9 Hz, 1H, Cs-H), 7.34-7.35 (m, 3H, Cso-H, C;--H,
Cs1-H), 7.45-7.47 (m, 2H, Cy9-H, Cyo-H), 7.62 (d, J = 16.0 Hz, 1H, Cy;-H), 12.38 (s, 1H, C;-OH); IR
(cm™’, KBr film): 3339, 2968, 2914, 1741, 1711, 1644, 1629, 1602, 1428, 1272, 1166, 765, 749; EI-MS
m/z: 596[M]'(10), 568(14), 407(24), 147(41), 131(100), 103(86), 69(41); HRMS (ESI): calcd. for
C36H3605 [M+H] " 597.2488, found 597.2470; HPLC (60% acetonitrile in water): tg = 3.0 min, 98.3%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-((4-phenylpiperazin-1-yl)methyl)-3,3a,4,5-

tetrahydro-1,5-methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (103). Yield: 43%,; yellow solid;
m.p.: 189-190 °C; 'H NMR (300 MHz, CDCls): 6 1.07 (s, 3H, C1o-H), 1.36
(s, 3H, Cao-H), 1.72 (s, 3H, C;5-H), 1.80 (s, 3H, Ci4-H), 2.21-2.31 (m, 4H,
Ca1-H, Cx-H, Cp4-H), 2.51-2.70 (m, 6H, C;¢-H, Ca¢-H, Cas-H), 3.16-3.18
(m, 4H, Cps-H, Ca5-H), 3.29-3.31 (m, 2H, Cy;-H), 3.67 (dd, J;,= 2.1 Hz, J,
= 6.6 Hz, 1H, C;-H), 3.88 (d, /= 7.8 Hz, 1H, Cy:-Hp), 4.36-4.39 (m, 1H,
Ci7-H), 4.53 (dd, J;= 3.6 Hz, J,= 7.8 Hz, 1H, C,3-H,), 4.71 (s, 1H, C3-OH),
5.16-5.19 (m, 1H, Cy»-H), 5.98 (s, 1H, C,-H), 6.85-6.93 (m, 3H, Cy-H, Cyo-H, C30-H), 7.16 (d, J = 6.6
Hz, 1H, Cg-H), 7.24-7.38 (m, 2H, Cas-H, Cag-H), 12.50 (s, 1H, C;-OH); IR (cm™, KBr film): 3428,
2963, 2906, 1741, 1644, 1633, 1584, 1415, 1260, 1095, 1024, 799, 765, 750, 698; EI-MS m/z:
610[M]"(35), 513(90), 175(81), 160(59), 132(59), 104(36), 70(100); HRMS (ESI): calcd. for
C37H4N,04 [M + H] 611.3121, found 611.3120; HPLC (60% acetonitrile in water): tg = 6.0 min, 99.2%.

General procedure for preparation of caged compounds 104-107. A solution of required
substrate (41a-d, 100 mg) in DMF (2 mL) was stirred under nitrogen at 120 °C for 2 h. The reaction
mixture was then cooled to room temperature and concentrated. The residue was purified by column
chromatography (8:1 petroleum ether/ethyl acetate) to afford caged compound 104-107.

8,10-Dihydroxy-l,11-bis(3-meth1ylbut-2-en-y|)-3,3a,4,5-tetrahydro-l,5—methano-1H,7H-furo[3,4-
d]xanthene-3,7,13-trione (104). '"H NMR (300 MHz, CDCls): 6 1.51-1.60 (m, 12H, Cy4-H, C,s-H, Cio-
H, Cy-H), 2.33-2.36 (m, 1H, C3;-H,), 2.55-2.90 (m, 4H, Ci6-H, C;1-Hp, C2,-H),
3.23-3.26 (m, 2H, C,;-H), 3.74-3.76 (m, 1H, C;-H), 4.24-4.28 (m, 1H, C,;7-H), 5.06-
5.10 (m, 1H, Ci»-H), 6.02 (s, 1H, C,-H), 6.37 (s, 1H, OH), 7.35 (d, /= 6.9 Hz, 1H,
Cg-H), 12.25 (s, 1H, C;-OH); IR (cm™, KBr film): 2924, 2365, 1798, 1742, 1638,
1597, 1431, 1370, 1223, 1093, 797; EI-MS m/z: 450[M]"(33), 396(89), 341(100),
273(80); HRMS (ESI): calcd. for CagHys07 [M + H]' 451.1757, found 451.1750;
HPLC (80% acetonitrile in water): tg = 2.5 min, 98.7%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-methyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-

furo[3,4-d]xanthene-3,7,13-trione (105). '"H NMR (300 MHz, CDCl;): 6 1.51-1.60 (m, 12H, C4-H,
C15-H, C19-H, Czo-H), 1.73-1.77 (m, 3H, C24-H), 2.54-2.57 (I’Il, IH, C21-H), 2.76-
2.80 (m, 1H, Cx-H), 3.13-3.17 (m, 2H, Ci¢-H), 3.63-3.67 (m, 1H, C;-H), 3.75-3.81
(m, 2H, C;;-H), 4.25-5.03 (m, 1H, C,7-H), 5.06-5.10 (m, 1H, C,»-H), 6.02 (s, 1H,
Cs-OH), 6.40 (s, 1H, C»,-H), 7.19 (d, J = 6.9 Hz, 1H, Cs-H), 12.26 (s, 1H, C,-OH);
IR (cm™, KBr film): 2922, 2362, 1795, 1744, 1631, 1587, 1431, 1370, 1223, 1093,
799; EI-MS m/z: 464 (M)", 436, 396; HRMS (ESI): calcd. for Co7H,507 [M + HJ,
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465.1913, found 465.1887; HPLC: (80% acetonitrile in water): tg = 3.3 min, 97.9%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-methoxycarbonyl-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-3,7,13-trione (106). '"H NMR (300 MHz, CDCl;): 6 1.51-1.61
(m, 12H, Ci4-H, Ci5-H, Cyo-H, Cy-H), 2.33-2.37 (m, 1H, Cy;-H), 2.55-2.90 (m,
4H, Ci¢-H, Ca1-H, Cyp-H), 3.23-3.27 (m, 2H, C;;-H), 3.53-3.57 (m, 1H, C;-H),
3.76 (s, 3H, C,s5-H), 4.24-4.28 (m, 1H, C;7-H), 5.07-5.10 (m, 1H, C,-H), 6.07 (s,
1H, C,-H), 7.35 (d, J = 6.9 Hz, 1H, Cs-H), 12.19 (s,1H, C;-OH); IR (cm™', KBr
film): 2960, 2852, 1804, 1745, 1639, 1599, 1432, 1311, 1181, 1140, 735; EI-MS
m/z: 508 (M)", 453, 425; HRMS (ESI): calcd. for CpsHy309 [M +H]™ 509.1812,
found 509.1817; HPLC (80% acetonitrile in water): tg = 2.0 min, 97.2%.

8,10-Dihydroxy-1,11-bis(3-methylbut-2-en-yl)-4-phenyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-
furo[3,4-d]xanthene-3,7,13-trione (107). 'H NMR (300 MHz, CDCl;): 6 1.51-1.60 (m, 12H, C4-H,
Cis-H, Cio-H, Cy-H), 2.61-3.01 (m, 3H, Cy6-H,, C;1-H, Cy,-H), 3.33-3.37 (m, 2H,
Cui-H), 3.73-3.77 (m, 2H, Ci¢-Hp), 4.03-4.06 (m, 1H, C;-H), 4.34-4.38 (m, 1H,
Cy7-H), 5.14-5.18 (m, 1H, C,-H), 6.09 (s, 1H, C3-OH), 6.7 (s, 1H, C»-H), 7.06 (d,
J = 6.9 Hz, 1H, Cg-H), 6.95-7.30 (m, 5H, Ph), 12.35 (s, 1H, C,;-OH); IR (cm’,
KBr film): 3051, 2924, 2365, 1798, 1742, 1638, 1597, 1578, 1535, 1501, 1431,
1370, 1223, 1093, 797; EI-MS (m/z) 526 (M)", 452, 437, 396; HRMS (ESI): calcd.
for C3;H3007 [M +H]" 527.2070, found 527.2076; HPLC (80% acetonitrile in
water): tg = 3.0 min, 98.4%.

General procedure for preparation of caged compounds 108-129 and 130. To a stirring solution
of compound 42 or 44 (0.20 mmol) in DMF (5 mL) was added potassium carbonate (0.40 mmol) and
the corresponding amine or alcohol or acid (0.30 mmol) and the solution was stirred at 35°C for 1 h.
The reaction mixture was partitioned between ethyl acetate (15 mL) and water (20 mL). The water layer
was extracted with ethyl acetate (15 mL x 2). The organic layer was combined, washed with saturated
NacCl solution (10 mL x 2), dried over sodium sulfate, fiterted and concentrated to afford 43 or 45 as
yellow oil. The yellow oil was then dissolved in DMF (3 mL) and the reaction solution was stirred at
120 °C under nitrogen for 2 h. The reaction mixture was cooled to room temperature and concentrated.

The residue was purified by column chromatography (8:1 petroleum ether/ethyl acetate) to afford 108-
129 and 130.

8-Hydroxy-1-(3-methyl-2—-butenyl)-4-(pyrrolidin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (108). Yield: 64%; yellow solid; m.p.: 148-150 °C; '"H NMR
(300 MHz, CDCls): 6 1.04 (s, 3H, C14-H), 1.35 (s, 3H, Cy5-H), 1.74-1.76 (m,
4H, C21-H, C21’-H), 2.23-2.27 (1’1’1, 2H, C16-H, C17-H), 2.31-2.45 (m, 6H, C19-H,
Cy-H, Cyo-H), 2.57-2.70 (m, 2H, C;;-H), 3.66-3.68 (m, 1H, C;-H), 3.87 (d, J
= 7.8 Hz, 1H, Ci3-Hp), 4.38-4.40 (m, 1H, Ci»-H), 4.54 (dd, J;=3.3 Hz, J,=9.0
Hz, 1H, Cs-H,), 6.48 (d, J = 8.4 Hz, 1H, C,-H), 6.54 (d, J= 8.1 Hz, 1H, Cy4-
H), 7.23 (d, J=6.9 Hz, 1H, Cs-H), 7.38 (t, /= 8.4 Hz, 1H, Cs-H), 12.12 (s, 1H,
C;-OH); IR (cm'l, KBr film): 3457, 2985, 2926, 1738, 1644, 1600, 1462, 1382, 1275, 1046, 764, 750;
EI-MS m/z: 435[M]'(7), 338(51), 84(48), 58(100); HRMS (ESI): calcd. for CysHoNOs [M + H]"
436.2124, found 436.2122; HPLC (75% methanol in water): tg = 6.6 min, 99.2%.

8-Hydroxy-1-(3-methyl-2-butenyl)-4-(piperidin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-methano-

1H,7H-furo[3,4-d]xanthene-7,13-dione (109). Yield: 67%; yellow solid; m.p.: 138-140 °C; '"H NMR
(300 MHz, CDCls): 6 1.02 (s, 3H, Cis-H), 1.35 (s, 3H, Cy5-H), 1.40-1.53 (m,
6H, C,;-H, Cy-H, Cyx-H), 2.05-2.12 (m, 2H, Cis-H, C7-H), 2.22-2.24 (m,
| 6H, Ci9-H, Cy-H, Cx-H), 2.57-2.70 (m, 2H, C,;-H), 3.66-3.68 (dd, J;= 3.0
Hz, J,= 6.9 Hz, 1H, C;-H), 3.85 (d, J = 7.8 Hz, 1H, C3-Hp), 4.38-4.40 (m,
1H, Ci»-H), 4.52 (dd, J;=3.9 Hz, J,=7.8 Hz, 1H, C;5-H,), 6.49 (d, J = 8.4 Hz,
1H, C,-H), 6.54 (d, J = 8.4 Hz, 1H, Cs;-H), 7.23 (d, J = 6.9 Hz, 1H, Cs-H),
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7.38 (t,J=8.4 Hz, 1H, C5-H), 12.13 (s, 1H, C;-OH); IR (cm'l, KBr film): 3452, 2985, 2914, 1738, 1683,
1644, 1600, 1462, 1380, 1276, 1261, 1228, 1141, 1045, 800, 761, 743; EI-MS m/z: 449[M](5), 352(93),
98(100), 55(12); HRMS (ESI): calcd. for C,7H3;NOs [M + H]" 450.2280, found 450.2273; HPLC (75%
methanol in water): tg = 15.3 min, 99.3%.

8-Hydroxy-1-(3-methyl-2—-butenyl)-4-morpholinomethyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-
furo[3,4-d]xanthene-7,13-dione (110). Yield: 59%; yellow solid; m.p.: 202-204 °C; 'H NMR (300
T MHz, CDCls): 6 1.06 (s, 3H, Cy4-H), 1.35 (s, 3H, C;s-H), 2.08-2.21 (m, 2H,
C16-H, C17-H), 2.30-2.44 (m, 6H, C19-H, Czo-H, Czo’-H), 2.57-2.70 (m, 2H,
21 Cy1-H), 3.68-3.69 (m, SH, Cs-H, C;;-H, C;;--H), 3.84 (d, J = 8.1 Hz, 1H, C;-
7 2°Nh° Hp), 4.36-4.41 (m, 1H, C»-H), 4.53 (dd, J;=3.9 Hz, J,=7.8 Hz, 1H, Ci5-H,),
M 6.49 (d, J=9.3 Hz, 1H, C,-H), 6.55 (d, J = 9.3Hz, 1H, C4-H), 7.23 (d, /= 6.9
18 Hz, 1H, Cs-H), 7.40 (t, J = 8.4 Hz, 1H, C3-H), 12.09 (s, 1H, C;-OH); IR (cm™,
KBr film): 3457, 2967, 2926, 1738, 1637, 1596, 1458, 1375, 1275, 1260, 1228, 1054, 1033, 807, 764,
750; EI-MS m/z: 451[M]"(12), 354(94), 169(20), 100(100), 56(38); HRMS (ESI): calcd. for C2sH20NOg
[M + H]"452.2073, found 452.2066; HPLC (60% acetonitrile in water): tg = 10.0 min, 99.4%.

8-Hydroxy-1-(3-methyl-2-butenyl)-4-(piperazin-1-ylmethyl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (111). Yield: 51%; yellow solid; m.p.: 239-241 °C; '"H NMR
(300 MHz, CDCls): 6 1.02 (s, 3H, C14-H), 1.34 (s, 3H, C;5-H), 2.13-2.37 (m,
12H, Cy¢-H, C;7-H ,Ci9-H, Cyo-H, Cyo:-H, Cy1-H, Cy--H), 2.57-2.65 (m, 2H,
Ci1-H), 3.66-3.68 (m, 1H, C;-H), 3.84 (d, J = 6.0 Hz, 1H, C,5-Hp), 4.35-4.37
(m, 1H, Cy»-H), 4.52 (dd, J; = 3.9 Hz, J,=7.8 Hz, 1H, C;5-H,), 6.49 (d, J =
9.3 Hz, 1H, C,-H), 6.55 (d, J = 9.3 Hz, 1H, C4-H), 7.22 (d, J = 6.9 Hz, 1H,
Cs-H), 7.39 (t, J = 8.1 Hz, 1H, C5-H), 12.09 (s, 1H, C;-OH); IR (cm™', KBr
film): 3463, 2963, 2808, 1740, 1644, 1600, 1462, 1374, 1262, 1229, 1161, 1060, 1030, 802, 742; EI-MS
m/z: 450[M]"(11), 353(91), 99(100), 84(36), 70(34), 56(48); HRMS (ESI): calcd. for CasH3oN,Os
[M + H]"451.2233, found 451.2216; HPLC (95% methanol in water): tg = 3.1 min, 98.6%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-((4-methylpiperazin-1-yl)methyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (112). Yield: 55%; yellow solid; m.p.: 145-147 °C;
'H NMR (300 MHz, CDCl3): d 1.02 (s, 3H, C14-H), 1.35 (s, 3H, Cis-H),
2.10-2.27 (m, 6H, Cj6-H, Cy7-H, Cy1-H, Cy;--H), 2.35 (s, 3H, Cx-H), 2.51-
A 2.57 (m, 6H, Ci9-H, Cy-H, Cyp-H), 2.62-2.70 (m, 2H, C;,-H), 3.65-3.68 (m,
N 1H, C;-H), 3.84 (d, J = 7.8 Hz, 1H, C;s-Hp), 4.38-4.39 (m, 1H, C»-H), 4.53

% o | (dd, J;= 3.3 Hz, J;=8.1 Hz, 1H, C3-H,), 6.49 (d, J = 8.4 Hz, 1H, C,-H),
6.55 (d, J = 8.4 Hz, 1H, Cs-H), 7.22 (d, J = 6.9 Hz, 1H, Cs-H), 7.41 (t,J =
8.4 Hz, 1H, C3-H), 12.10 (s, 1H, C;-OH); IR (cm™', KBr film): 3457, 2932, 2796, 1740, 1644, 1600,
1462, 1375, 1230, 1160, 1101, 1060, 1028, 801, 739; EI-MS m/z: 464[M]'(16), 367(100), 113(79),
98(53), 70(92); HRMS (ESI): calced. for C,7H3,N,05 [M + H] 465.2389, found 465.2380; HPLC (60%
acetonitrile in water): tg = 8.2 min, 99.5%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-((4-oxopiperidin-1-yl)methyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (113). Yield: 60%; yellow solid; m.p.: 182-184 °C;
'H NMR (300 MHz, CDCls): § 1.03 (s, 3H, Ci4-H), 1.36 (s, 3H, C;s-H),
2.17-2.44 (m, 6H, Ci6-H, Ci7-H, Cy;-H, Cyy--H), 2.58-2.71 (m, 8H, C;;-H,
Cio-H, Cy0-H, Cao-H), 3.72-3.74 (m, 1H, C;-H), 3.86 (d, J = 7.8 Hz, 1H,
Cis-Hp), 4.37-4.40 (m, 1H, C »-H), 4.56 (dd, J; = 3.9 Hz, J,=7.8 Hz, 1H,
Cis-Hy), 6.51 (d, J= 8.4 Hz, 1H, C,-H), 6.56 (d, /= 8.4 Hz, 1H, C4-H), 7.25
(d, J = 6.9 Hz, 1H, Cg-H), 7.41 (t, J = 8.4 Hz, 1H, C3-H), 12.08 (s, 1H, C;-
OH); IR (cm™', KBr film): 3404, 2973, 2920, 1741, 1641, 1593, 1458, 1375, 1225, 1060, 1033, 807, 754;
EI-MS m/z: 463[M]'(8), 366(45), 112(100), 73(44); HRMS (ESI): calcd. for C;HoNOg [M + H]"
464.2073, found 464.2069; HPLC (60% acetonitrile in water): tg = 8.2 min, 99.0%.
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8-Hydroxy-1-(3-methylbut-2-en-yl)-4-((2,4-oxopyrrolidin-1-yl)methyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (114). Yield: 52%; yellow solid; m.p.: 220-222 °C;
'H NMR (300 MHz, CDCl3): 6 1.02 (s, 3H, C14-H), 1.35 (s, 3H, C5-H), 2.28-
2.30 (m, 1H, Ci6-H), 2.35-2.39 (m, 1H, C,7-H), 2.57-2.65 (m, 2H, C;;-H),
2.71-2.76 (m, 4H, Cy-H, Cy-H), 3.37-3.42 (m, 3H, Cy9-H, C;-H), 3.92 (d, J =
7.8 HZ, IH, C]g-Hﬁ), 4.35-4.37 (rn, IH, Clz-H), 4.51 (dd, J]Z 3.6 HZ, J2 =7.8
Hz, 1H, C5-H,), 6.49 (d, /= 8.4 Hz, 1H, C,-H), 6.56 (d, J= 8.4 Hz, 1H, C4-H),
7.33 (d,J=6.6 Hz, 1H, Cs-H), 7.40 (t,J = 8.4 Hz, H, C5-H), 12.09 (s, 1H, C;-
OH); IR (cm™, KBr film): 3451, 2973, 2914, 1738, 1705, 1646, 1602, 1458, 1375, 1349, 1222, 1172,
803; EI-MS m/z: 463[M]"(5), 323(100), 239(46), 227(77), 69(57), 55(47); HRMS (ESI): calcd. for
Cy6H2sNO7 [M + Na] 486.1529, found 486.1516; HPLC (75% methanol in water): tg = 1.3 min, 99.3%.

4-Dimethylaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (115). Yield: 57%; yellow solid; m.p.: 170-172 °C; '"H NMR
(300 MHz, CDCls): 0 1.02 (s, 3H, C4-H), 1.35 (s, 3H, Cy5-H), 2.19-2.33 (m, 8H,
Ci6-H, Cy7-H, Cy9-H, Cy-H, Cyo:-H), 2.57-2.65 (m, 2H, C;;-H), 3.65-3.66 (m,
1H, Cs-H), 3.87 (d, J=7.2 Hz, 1H, C3-Hp), 4.38-4.40 (m, 1H, C;,-H), 4.54 (dd,
J;=3.6 Hz, J,=7.5 Hz, 1H, Ci3-Hy), 6.49 (d, /= 7.8 Hz, 1H, C,-H), 6.54 (d, J =
8.4 Hz, 1H, C4-H), 7.23 (d, J= 6.9 Hz, 1H, Cs-H), 7.39 (t, /= 8.4 Hz, 1H, Cs-
H), 12.10 (s, 1H, C,;-OH); IR (cm™, KBr film): 3451, 2973, 2896, 1738, 1640,
1590, 1461, 1375, 1260, 1228, 1045, 1028, 801, 764, 750; EI-MS m/z: 409[M]'(6), 312(40), 84(56),
58(100); HRMS (ESI): calcd. for C,4H»;NOs [M + H]" 410.1967, found 410.1963; HPLC (60%
acetonitrile in water): tg = 6.9 min, 98.8%.

4-Diethylaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (116). Yield: 68%; yellow solid; m.p.: 104-105 °C; '"H NMR
(300 MHz, CDCl): 6 0.95 (t, 6H, C -H, C,;--H), 1.03 (s, 3H, C4-H), 1.35
(s, 3H, Cis5-H), 2.10-2.26 (m, 4H, Cis-H, Ci7-H, Cjo-H), 2.35-2.56 (m, 4H,
Cy0-H, Cyo-H), 2.61-2.70 (m, 2H, Cy;-H), 3.69-3.71 (m, 1H, C;-H), 3.85 (d,
J=17.8 Hz, 1H, Ci3-Hp), 4.39-4.41 (m, 1H, C\»-H), 4.52 (dd, J;= 3.9 Hz, J,
=7.5 Hz, 1H, Ci3-H,), 6.49 (d, J = 8.4 Hz, 1H, C,-H), 6.54 (d, J = 8.4 Hz,
1H, C4-H), 7.22 (d, J = 6.9 Hz, 1H, Cs-H), 7.40 (t, J = 8.1 Hz, 1H, C5-H),
12.12 (s, 1H, C;-OH); °C NMR (75 MHz, CDCls): 6 11.2, 16.4, 24.9, 27.3, 39.7, 46.3, 47.1, 49.6, 55.1,
74.0, 81.9, 87.6, 105.7, 106.9, 108.9, 117.5, 131.0, 132.2, 135.4, 138.1, 159.1, 162.5, 180.5, 199.8; IR
(cm’l, KBr film): 3457, 2968, 2932, 1741, 1644, 1600, 1463, 1374, 1276, 1261, 1057, 804, 764, 750;
HPLC: EI-MS m/z: 437[M]'(7), 340(46), 86(100), 58(13); HRMS (ESI): calcd. for C,6H3NOs [M + H]"
438.2280, found 438.2279; HPLC (60% acetonitrile in water): tg = 26.3 min, 98.6%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-dipropylaminomethyl-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (117). Yield: 70%; yellow solid; m.p.: 116-118 °C; '"H NMR
(300 MHz, CDCl3): 0 0.95 (t, J = 6.6 Hz, 6H, Cx»-H, Cy»-H), 1.03 (s, 3H,
Cis-H), 1.35-1.43 (m, 7H, C;s-H, C,;-H, Cy-H), 2.14-2.40 (m, 8H, Ci6-H,
Ci7-H, C1o-H, Ca0-H, Cyo-H), 2.56-2.70 (m, 2H, C;;-H), 3.70-3.72 (m, 1H,
C;-H), 3.86 (d, J = 8.4 Hz, 1H, C;s-Hp), 4.38-4.40 (m, 1H, C,,-H), 4.52 (dd,
J1=3.9 Hz, J,=7.8 Hz, 1H, C;5-H,), 6.49 (d, J = 8.1 Hz, 1H, C,-H), 6.54 (d,
J=8.1Hz, 1H, C4-H), 7.22 (d, J= 6.9 Hz, |1 H, Cs-H), 7.39 (t, J = 8.4 Hz, 1H,
Cs-H), 12.13 (s, 1H, C;-OH); IR (cm'l, KBr film): 3445, 2962, 2932, 1738, 1641, 1596, 1464, 1378,
1275, 1260, 1063, 1031, 804, 763, 747; EI-MS m/z: 465[M]'(5), 368(38), 114(95), 84(100); HRMS
(ESI): calcd. for CosH3sNOs [M + H]" 466.2593, found 466.2591; HPLC (85% methanol in water): tg =
26.3 min, 99.1%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-diisopropylaminomethyl-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (118). Yield: 56%; yellow solid; m.p.: 156-158 °C; '"H NMR
(300 MHZ, CDC13)I 0 0.90-1.02 (m, 15H, C14-H, C21-H, C21’-H, sz-H, sz’-H), 1.35 (S, 3H, C15-H),
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2.20-2.32 (m, 4H, Cy¢-H, C17-H, Cao-H, Cap-H), 2.61-2.64 (m, 2H, C;-H),
2.92-3.00 (m, 2H, Cys-H), 3.69-3.71 (m, 1H, C;-H), 3.84 (d, J = 7.8 Hz, 1H,
Cis-Hp), 4.38-4.40 (m, 1H, C,-H), 4.52 (dd, J,= 3.6 Hz, J,=7.8 Hz, 1H, C)s-
H,), 6.49 (d, J= 8.4 Hz, 1H, C>-H), 6.54 (d, J = 8.4 Hz, 1H, C4-H), 7.23 (d, J
= 6.9 Hz, 1H, Cs-H), 7.39 (t, J = 8.4 Hz, 1H, C3-H), 12.15 (s, 1H, C;-OH);
IR (em™, KBr film): 3457, 2966, 2920, 1740, 1644, 1600, 1462, 1376, 1261,
1229, 1061, 1030, 803, 764, 749; EI-MS m/z: 465[M]"(3), 114(100), 72(21); HRMS (ESI): calcd. for
CosH3sNOs [M + H]' 466.2593, found 466.2587; HPLC (85% methanol in water): tg = 9.5 min, 98.4%.

4-Dibutylaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (119). Yield: 60%; yellow solid; m.p.: 96-98 °C; '"H NMR
(300 MHz, CDCls): 0 0.89 (t, J = 6.9 Hz, 6H, Cy3-H, Cy3--H), 1.03 (s, 3H,
Cis-H), 1.24-1.35 (m, 11H, Ci5-H, Cy-H, Cy1-H, Cas-H, Cy-H), 2.12-2.41
(m, 8H, C16-H, C17-H, C19-H , Czo-H, Czo’-H), 2.57-2.65 (m, 2H, C11-H),
3.68-3.71 (m, 1H, C;-H), 3.85 (d, J= 7.8 Hz, 1H, C3-Hg), 4.37-4.42 (m, 1H,
Ci»-H), 4.52 (dd, J;= 3.6 Hz, J,=7.8 Hz, 1H, C5-H,), 6.49 (d, J = 8.4 Hz,
1H, C,-H), 6.54 (d, J = 8.4 Hz, 1H, C4-H), 7.21 (d, J = 6.9 Hz, 1H, Cs-H),
7.38 (t,J=8.4 Hz, 1H, C3-H), 12.14 (s, 1H, C;-OH); IR (cm™', KBr film): 3457, 2956, 2926, 2869, 1738,
1644, 1372, 1275, 1260, 1057, 1030, 804, 749; EI-MS m/z: 493[M]'(7), 396(58), 142(76), 86(66),
84(100), 57(59); HRMS (ESI): calcd. for C20H39NOs [M + H]"494.2906, found 494.2900; HPLC (95%
acetonitrile in water): tg = 7.9 min, 99.5%.

4-Diethanolaminomethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (120). Yield: 62%; yellow solid; m.p.: 154-156 °C; '"H NMR
(300 MHz, CDCls): 0 1.02 (s, 3H, C14-H), 1.35 (s, 3H, C;5-H), 2.24-2.41
(1’1’1, 4H, C16-H, C17-H, C19-H), 2.54-2.74 (I’Il, 6H, C11-H, Czo-H, Czo’-H),
3.59-3.62 (m, 4H, C;;-H, Cy-H), 3.78-3.81 (m, 1H, C;-H), 3.91 (d, J =
7.8 Hz, 1H, Cys-Hp), 4.37-4.38 (m, 1H, Ci»-H), 4.52 (dd, J; = 3.6 Hz, J,
=8.1 Hz, 1 H, C5-H,), 6.49 (d, J= 8.4 Hz, 1H, C,-H), 6.54 (d, J = 8.4 Hz,
1H, C4-H), 7.27 (d, J = 6.9 Hz, 1H, Cs-H), 7.39 (t, J = 8.4 Hz, 1H, Cs-H),
12.10 (s, 1H, C;-OH); IR (cm™, KBr film): 3375, 2956, 2914, 2816, 1735, 1641, 1596, 1461, 1372,
1278, 1257, 1057, 1031, 804, 764, 750; EI-MS m/z: 469[M] (6), 372(20), 118(100); HRMS (ESI): calcd.
for C,sH31NO; [M + H]+ 470.2179, found 470.2179; HPLC (50% acetonitrile in water): tg = 6.0 min,
98.7%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-methoxymethyl-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-
furo[3,4-d]xanthene-7,13-dione (121). Yield: 59%; yellow solid; m.p.: 145-147 °C; 'H NMR (300
MHz, CDCl3): 6 1.02 (s, 3H, Cis-H), 1.35 (s, 3H, C;5-H), 2.17-2.24 (m, 1H,
Ci¢-H), 2.37 (m, 1H, C;7-H), 2.57-2.66 (m, 2H, C,;-H), 3.09-3.20 (m, 2H, C--H,
Cis-Hp), 3.30 (s, 3H, Cy-H), 3.68-3.70 (m, 1H, Cy9-H,,), 3.89-3.91 (m, 1H, Cio-
Hp), 4.37-4.39 (m, 1H, Ci,-H), 4.51-4.55 (m, 1H, C;s3-H,), 6.49 (d, J = 8.3 Hz,
1H, C,-H), 6.55 (d, J= 8.3 Hz, 1H, C4-H), 7.22 (d, J = 6.8 Hz, 1H, Cs-H), 7.39
(t, J = 8.3Hz, Cs-H), 12.10 (s, 1H, C;-OH); IR (cm™, KBr film): 3451, 2991,
2891, 1742, 1643, 1601, 1462, 1376, 1230, 1109, 1031, 803, 747; EI-MS m/z: 396[M]'(7), 323(100),
227(87), 69(91); HRMS (ESI): caled. for Cp3H,406 [M + Na]* 419.1471, found 419.1468; HPLC (75%
methanol in water): tg = 7.7 min, 98.8%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-(isopropoxymethyl)-3,3a,4,5-tetrahydro-1,5-methano-

1H,7H-furo[3,4-d]xanthene-7,13-dione (122). Yield: 64%; yellow solid; m.p.: 158-160 °C; '"H NMR
(300 MHz, CDCl;): ¢ 1.02 (s, 3H, Ci4-H), 1.10-1.12 (m, 6H, C,;-H, Cy--H),
1.35 (s, 3H, C5-H), 2.17-2.20 (m, 1H, C;¢-H), 2.30-2.35 (m, 1H, C,7-H), 2.57-
2.71 (m, 2H, C;-H), 3.12-3.22 (m, 2H, Cs-H, Cis-Hp), 3.45-3.53 (m, 1H, Ca-H),
3.72-3.75 (m, 1H, C9-H,,), 3.89-3.92 (m, 1H, Cy9-Hp), 4.37-4.39 (m, 1H, C»-
H), 4.51-4.55 (m, 1H, C;5-H,), 6.49 (d, J = 8.3 Hz, 1H, C,-H), 6.55 (d, J = 8.1
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Hz, 1H, C4-H), 7.22 (d, J= 6.9 Hz, 1H, Cs-H), 7.39 (t, J = 8.3 Hz, 1H, C5-H), 12.11 (s, 1H, C;-OH); IR
(em™', KBr film): 3445, 2976, 2903, 1737, 1642, 1600, 1461, 1380, 1275, 1250, 1229, 1086, 1031, 806,
764, 749; EI-MS m/z: 424[M]"(2), 227(18), 137(23), 69(100); HRMS (ESI): caled. for CpsHasOg
[M + Na]' 447.1414, found 447.1400; HPLC (75% methanol in water): tz = 13.8 min, 97.9%.

4-Benzyloxymethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-
furo[3,4-d]xanthene-7,13-dione (123). Yield: 57%; yellow solid; m.p.: 87-89 °C; "H NMR (300 MHz,
CDCly): 6 1.02 (s, 3H, Ci4-H), 1.34 (s, 3H, C;5-H), 2.18-2.21 (m, 1H, C;s-H),
2.37-2.41 (m, 1H, C7-H), 2.57-2.65 (m, 2H, C;;-H), 3.22-3.24 (m, 2H, Cs-H,
Cis-Hp), 3.71-3.75 (m, 1H, Cj»-H), 3.87-3.90 (m, 1H, C;s-H,), 4.36-4.53 (m,
4H, Cy9-H, Cy-H), 6.48 (d, J = 8.3 Hz, 1H, C,-H), 6.55 (d, J = 8.3 Hz, 1H,
C4-H), 7.13 (d, J = 6.7 Hz, 1H, Cs-H), 7.28-7.41 (m, 6H, C3-H, Ph), 12.09 (s,
1H, C;-OH); IR (cm'l, KBr film): 3469, 2963, 2914, 1742, 1644, 1600, 1462,
1376, 1272, 1260, 1229, 1106, 1031, 803, 749, 692; EI-MS m/z: 472[M]"(2), 323(19), 227(23), 91(100),
69(50); HRMS (ESI): calcd. for Cy9H,306 [M + Na]" 495.1784, found 495.1775; HPLC (85% methanol
in water): tg = 9.9 min, 99.2%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-(phenethoxymethyl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (124). Yield: 59%; yellow solid; m.p.: 105-107 °C; '"H NMR
(300 MHz, CDCl3): 6 1.00 (s, 3H, C14-H), 1.34 (s, 3H, C;5-H), 2.12-2.17 (m,
1H, C¢-H), 2.32 (m, 1H, C;-H), 2.56-2.64 (m, 2H, C,;-H), 2.83 (t, J= 6.5
Hz, 2H, C,;-H), 3.15-3.17 (m, 2H, C;-H, C3-Hp), 3.55-3.63 (m, 3H, C 9-H,,
Cx-H), 3.82-3.85 (m, 1H, Ci9-Hp), 4.34-4.36 (m, 1H, C,-H), 4.45-4.49 (m,
1H, C3-Hy), 6.48 (d, J = 8.3 Hz, 1H, C,-H), 6.54 (d, J = 8.3 Hz, 1H, C4-H),
7.09 (d, J = 6.8 Hz, 1H, Cs-H), 7.16-7.29 (m, SH , Ph), 7.39 (t, J = 8.3 Hz,
1H, Cs-H), 12.12 (s, 1H, C;-OH); IR (cm™, KBr film): 3475, 2908, 1742, 1644, 1600, 1462, 1376, 1275,
1229, 1108, 1031, 803, 750, 704; EI-MS m/z: 486[M]"(3), 323(53), 227(32), 105(100), 69(32); HRMS
(ESI): caled. for C30H300¢ [M + Na]" 509.1940, found 509.1933; HPLC (85% methanol in water): tg =
11.9 min, 99.0%.

4-(Acetoxymethyl)-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-
furo[3,4-d]xanthene-7,13-dione (125). Yield: 59%; yellow solid; m.p.: 176-178 °C; 'H NMR (300
MHz, CDCls): 6 1.02 (s, 3H, Ci4-H), 1.35 (s, 3H, Ci5-H), 2.07 (s, 3H, Cy-H),
2.24-2.26 (m, 1H, Cis-H), 2.41-2.43 (m, 1H, C,7-H), 2.63-2.66 (m, 2H, C;;-H),
3.65-3.68 (m, 1H, C;-H), 3.76-3.83 (m, 1H, C3-Hp), 3.91-3.97 (m, 2H, C9-H),
4.36-4.38 (m, 1H, Cy»-H), 4.52-4.57 (m, 1H, Ci3-H,), 6.49 (d, J = 8.3 Hz, 1H,
C,-H), 6.56 (d, J= 8.3 Hz, 1H, C4-H), 7.23 (d, J= 6.8 Hz, 1H, Cs-H), 7.40 (t, J
= 8.3 Hz, C3-H), 12.04 (s, 1H, C;-OH); IR (cm™, KBr film): 3463, 2962, 2903,
1741, 1644, 1602, 1462, 1374, 1228, 1042, 803, 768, 749; EI-MS m/z: 424]M]'(10), 323(51), 227(74),
69(100); HRMS (ESI): caled. for C,4H»407 [M +Na]" 447.1420, found 447.1405; HPLC (75% methanol
in water): tg = 6.4 min, 99.1%.

4-Benzoyloxymethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-1H,7H-
furo[3,4-d]xanthene-7,13-dione (126). Yield: 67%; yellow solid; m.p.: 168-170 °C; 'H-NMR (300
MHz, CDCls): ¢ 1.02 (s, 3H, Cy4-H), 1.35 (s, 3H, C;5-H), 2.17-2.19 (m, 1H,
C]G'H), 2.34-2.36 (1’1’1, lH, C17-H), 2.61-2.68 (m, 4H, C]l-H, C16-H, C17-H),
« 3.76-3.77 (m, 1H, C;-H), 3.97 (d, /= 8.0 Hz, 1H, C3-Hp), 4.04-4.11 (m, 1H,
x| Cio-Hy), 4..17-4.23 (1H, Ci9-Hp), 4.37-4.39 (m, 1H, Ci»-H), 4.58 (dd, J; =
3.9 Hz, J,=7.8 Hz, 1H, C;53-H,), 6.50 (d, J = 8.3 Hz, 1H, C,-H), 6.56 (d, J =
8.3Hz, 1H, C4-H), 7.29 (d, J = 6.9 Hz, 1H, Cs-H), 7.37-7.48 (m, 3H, Cs-H,
C23-H, C23’-H), 7.57-7.62 (m, IH, C24-H), 7.99 (d, J=17.5 HZ, 2H, sz-H, sz’-H), 12.05 (S, IH, C]-OH);
IR (cm™, KBr film): 3428, 2968, 2897, 1742, 1722, 1644, 1601, 1462, 1369, 1275, 1266, 1225, 1104,
1025, 804, 750, 712; EI-MS m/z: 486[M]"(2), 336(36), 240(32), 105(100), 77(54), 69(44); HRMS
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(ESI): calcd. for Co0H07 [M + H] 487.1757, found 487.1737; HPLC (85% methanol in water): tg = 8.6
min, 98.4%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-phenylacetyloxymethyl-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (127). Yield: 66%; yellow solid; m.p.: 125-127 °C; '"H NMR
(300 MHz, CDCl3): 0 1.01 (s, 3H, Ci4-H), 1.34 (s, 3H, C;5-H), 2.15-2.17 (m,
1H, Cy6-H), 2.36-2.40 (m, 1H, C;7-H), 2,61-2.64 (m, 2H, C,;-H), 3.51-3.55
(m, lH, C7-H), 3,62 (S, 2H, Czo-H), 3.77-3.91 (rn, 3H, Clg-HB, C19-H), 4.43-
4.45 (m, 1H, C»-H), 4.46-4.47 (m, 1H, C;3-H,), 6.48 (d, J = 8.3 Hz, 1H,
C,-H), 6.56 (d, J= 8.3 Hz, 1H, Cs-H), 7.15 (d, J = 6.8 Hz, 1H, Cs-H), 7.24-
7.42 (m, 6H, Cs;-H, Ph), 12.03 (s, 1H, C;-OH); IR (cm'l, KBr film): 3457,
2973, 2890, 1740, 1644, 1600, 1462, 1372, 1259, 1230, 1154, 1022, 803, 711, 742; EI-MS m/z:
500[M]"(2), 336(30), 239(26), 227(29), 91(100), 69(39); HRMS (ESI): calcd. for C30H,307 [M + Na]"
523.1733, found 523.1713; HPLC (85% methanol in water): tg = 7.4 min, 98.7%.

4-Cinnamyloxymethyl-8-hydroxy-1-(3-methylbut-2-en-yl)-3,3a,4,5-tetrahydro-1,5-methano-
1H,7H-furo[3,4-d]xanthene-7,13-dione (128). Yield: 63%; yellow solid; m.p.: 161-163 °C; '"H NMR
(300 MHz, CDCls): d 1.03 (s, 3H, Ci4-H), 1.35 (s, 3H, C;5-H), 2.17-
2.18 (m, 1H, Ci6-H), 2.30-2.32 (m, 1H, C,7-H), 2,60-2.68 (m, 2H, C;-
H), 3.71-3.75 (m, 1H, C;-H), 3.93-3.99 (m, 2H, C;9-H), 4.05-4.11 (m,
L 1H, Ci3-Hg), 4.37-4.39 (m, 1H, Ci,-H), 4.55-4.59 (m, 1H, C;3-H,), 6.41
2 (d, J = 16Hz, 1H, Cx»-H), 6.50 (d, J = 8.2 Hz, 1H, C,-H), 6.56 (d, J =
8.1 Hz, 1H, C4-H), 7.28 (d, J = 7.8 Hz, 1H, Cs-H), 7.37-7.54 (m, 6H ,
Cs-H, Ph), 7.67 (d, J = 16.0 Hz, 1H, Cy-H), 12.06 (s, 1H, C;-OH); IR (cm™', KBr film): 3463, 2962,
2909, 1743, 1714, 1644, 1601, 1462, 1376, 1275, 1260, 1162, 1042, 803, 765, 749; HPLC: 97.9%; tr
10.83 min; EI-MS m/z: 512[M]"(2), 484(12), 336(47), 240(36), 131(100), 103(58), 69(41); HRMS (ESI):
calcd. for C3;Hy307 [M + H]"513.1913, found 513.1897; HPLC (85% methanol in water): tg = 10.8 min,
98.9%.

8-Hydroxy-1-(3-methylbut-2-en-yl)-4-((4-phenylpiperazin-1-yl)methyl)-3,3a,4,5-tetrahydro-1,5-
methano-1H,7H-furo[3,4-d]xanthene-7,13-dione (129). Yield: 69%; yellow solid; m.p.: 104-106 °C;
'H NMR (300 MHz, CDCl;): 6 1.02 (s, 3H, C14-H), 1.35 (s, 3H, C5-H),
2.12-2.33 (m, 4H, C,¢-H, C,7-H, C;9-H), 2.50-2.66 (m, 6H, C;;-H, C,;-H,
Cy-H), 3.15-3.18 (m, 4H, Cy-H, Cyp-H), 3.69-3.73 (m, 1H, C;-H),
3.87 (d, J= 7.8 Hz, 1H, C3-Hp), 4.37-4.40 (m, 1H, C»-H), 4.54 (dd, J;
= 3.6 Hz, J,= 8.1 Hz, 1H, C3-H,), 6.50 (d, J = 8.4 Hz, 1H, C,-H), 6.55
(d, J=8.4 Hz, 1H, C4-H), 6.84-6.93(m, 3H, Cp4-H, Cy4-H, Cy5-H), 7.24-
7.29 (m, 3H, Cg-H, Co3-H, Ca3--H), 7.39 (t, J = 8.4 Hz, 1H, C5-H), 12.11 (s, 1H, C;-OH); IR (cm™, KBr
film): 3457, 3069, 2962, 2890, 2814, 1740, 1644, 1600, 1493, 1463, 1372, 1260, 1231, 1060, 1025, 803,
758, 695; EI-MS m/z: 526[M]'(21), 429(100), 175(45), 160(52), 70(53); HRMS (ESI): calcd. for
C3H34N,05 [M + H]"527.2546, found 527.2547; HPLC (75% methanol in water): tg = 28.7 min, 98.9%.

1-(3-Methylbut-2-en-yl)-4-((4-methylpiperazin-1-yl)methyl)-3,3a,4,5-tetrahydro-1,5-methano-

1H,7H-furo[3,4-d]xanthene-7,13-dione (130). Yield: 56%; yellow solid; m.p.: 154-156 °C; '"H NMR
(300 MHz, CDCls): 6 0.93 (s, 3H, C14-H), 1.28 (s, 3H, Cy5-H), 2.10-2.20 (m,
6H, C16-H, C17’-H, Czl-H, C21’-H), 2.27 (S, 3H, sz-H), 2.30-2.48 (m, 6H,
C19-H, Czo-H, Czo’-H), 3.62-3.64 (l’Il, 1H, C7-H), 3.85 (d, J=1728 HZ, 1 H, C]g-
Hp), 4.39-4.40 (m, 1H, Ci»-H), 4.54 (dd, J;= 3.2 Hz, J,= 7.6 Hz, 1 H, C)s-
Hy), 7.01-7.09 (m, 2H, C,-H, C4-H), 7.16 (d, J = 6.8 Hz, 1H, Cs), 7.51 (t, J =
7.2 Hz, 1H, Cs-H), 7.96 (d, J = 7.8 Hz, 1H, C;-H); °C NMR (75 MHz,
CDCl): 0 16.9,25.2,27.8, 38.9, 46.0, 47.3, 49.8, 53.1, 55.0, 60.1, 74.5, 82.5, 88.4, 118.1, 118.3, 119.3,
121.9, 127.1, 130.0, 133.9, 135.4, 136.2, 159.7, 176.1, 200.3; IR (cm™', KBr film): 2932, 2798, 1739,
1672, 1646, 1614, 1462, 1310, 1262, 1126, 1068,752; EI-MS m/z: 448[M]"(14), 351(100), 113(67),
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70(93); HRMS (ESI): caled. for Cp7H33N,04 [M + H]' 449.2440, found 449.2435; ; HPLC (60%
acetonitrile in water): tg = 8.9 min, 99.1%.
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LX8080156 HI-NMR CDCI3 303K AV-300
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Current Data Parameters
HAME

EXPRO
PROCKO

LXBGBO1SE
1
1

F2 = Acquisition Parameters
Date 2010031
16

Time ™
INSTRIM
FRODHD
PULPROG
™
SOLVENT
NS

os

WK
FIDRES

apect
5 mm QN 1H/13

=g

32768

€oCl3
16

1
4807652
0.146719

3.4079220
228
104000
7.00

Hz
Hz
suc

usec
ussc

300.0
2.00000000 sec
1

PEE——CT T TR § G —

NUCL
Pl
PLL
SFOL

13.70 usec
=1.00 4B
300.1318534 MHz

F2 - Processing parameters
51 7

5F
WOW
558
La
GB
P

300.1300053 MEz
®

0
0.30 Hz
0

1.00

| afGaan

Curcent Data Paraseters
HAME

EXENO
PROCNO

1X110521
1
1

F2 - Acquisition Parameters
20110821

Date_
Time
IHSTRIM
PROBHD
PULPROG
™

14.3%3

spact

5 mm QNP 1H/13
29

32768

(===

33

a
6168.119
0. 188646
26477044

256
B0. 500
7.00

Hz
Hz
sac

unas
usec

100.0 K
1.00000000 sec
1

e CHANNEL {1 ==mosmes
(0]

HOCL
Pl
PLL
sFol

13,70 usee
=1.00 dB
300.1316534 MMz

F2 - Processing parameters
1 37

IF
WIW
558
LB
GB
B

100.1300050 MHz
™
0
0.30 Hz
0
1.00
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- Processing g

Current Dats Parameters
HAME

LX120225
FXPNO 1
FROCNO 1
F2 - Acquisition Parameters
Date_ 20120229
Tine 15.05
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 230
T 32768
SOLVENT coeL3
g 16
DS 1
SHH
FIDRES
A
G
)

23

TE 00,0

Bl 1.00000000 sec
oD 1

memmsmes CHANNEL {1 s=sesmses
NUCL 18

Pl 13.70 usec
FL1 ~ 0 dB
5FO1 300, 1318534 HHz

F2 - Processing parameters
sI 32766

SF 300.1300039 MHz
WDW 2,

558 a

LB 0,30 Hz
GB a

PC 1.00



ZXJ120218-2 HI-NMR CDCL3 303K AV-300
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BMR
-

1
1

F2 - Acquisition Paranetors
Date_ 20120218
Time
IRSTRIOM

& mm QNP

memsssss CHANNEL f1
HUC1
Fl

PLL
SFO1

F2 = Processaing pars
s1 3

an
(O

Current Data Parameters
HAME ZXJ120218-2
E; > 2

PROCHO 1

ition Parameters
20120218
16.35

4
16666. 666 Hz
0.254313 Hz
1.9661300 sec
256

30.000 usec
7.00 uses
300.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
1

mam CHANNEL £1 memmmmms
13C

11.80 usec
1,00 48
75.4752203 Mu:z

=a CHANMEL {2 =mmmmmsw
waltzlf
in
80.00 usec
=1.00 dB
14.30 dB
14.30 dB
300.1312005 MHz

F2 - Processing parameters
3276

SF 75, 4677493 MHz
WoW M

558 o

LB 1.00 Hz
GB o

B 1.40



LX120303 HI-NMR CDCI3 303K AV-300
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LX120228 CI13-NMR CDCI3 303K AV-300
B(_NE:E:E;R
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= o )0 0d o o - .
b e el el e o ~ el Current Data Parameters
i | J HAME LX120228
i EXFNO 2
| ( PROCNO :
! { F2 - Acquisition Parametess
20120228
22.
spect
5 mm QNP 1H/13 p
zgpg 30
65516
cpcll
O B1ez
4
16666. 666 Hz
0.254313 Hz
1.9661300 sec
256
30.000 usec
7.00 usec
300.0 K
2.00000000 sec
O O 0.03000000 sec
1.8999959%8 sec
9 O CHANNEL f1 i
C =
75.4752
CHANNEL £2 =
waltz
|
| BO
| 3 dB
o oan
14.30 4
SFO2 300.1312005 Maz
F2 - Processing paramecers
51 32768
. SF T5,4678264 MHz
WoW EM
o 558 o
| LB 1
GB
| ! [ 1.40
1




LX110525 H1-NMR CDCL3 303K AV-300
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Current Data Parameters
HAME LX11052%
EXPRO 1
EROCHD 1
F? - Acquisition Parameters
Dat: 20110526
Time™ 19.48
INSTRUM spect
FROBHD 5 mm QNP 1H/13
OH O BULPROG 2930
™ 2ves
SOLVENT COCL3
M3 16
s 1
SWH 6188.119 Hz
FIDRES 0. 186646 Hz
AQ 2.6477044 sec
RG 90.5
o™ 80,800 usec
(0] (0] (0] o 3.00 usec
TE 100.0 K
ol 1.00000000 sec
10 OH ™0 1
s CHANNEL £1 =======n
\\\ HUC1 1
\ el 13.70 usec
PLl -1.00 de
SFOL 300.1318534 MHz
FZ - Processing parameters
51 168
5F 300.1300060 MHz
WO EM
338 [
LB 0,30 Hz
GB [
BC 1.00

@ -
(2]
-
w
L]
-
o

13 12 1 10 9 8 7 ppm

0.85
B
0.86
0.83
0.80
1.00
0.96
2.04
0.93
5.41
5.14

LX111019 CI3-NMR CDCI3 303K AV-300
galey

726
115,346
784

9

180.125
62.531

162.344

115.
6.911

114
97.0

5
- 103.532
- 101.2863
9

Current Data Parameters
HAME LX11101%

EXEHO
PROCHO 1

— 29,192

F2 - Aeguisition Parameters
Date_ 201

Time
THSTRUM
PROBRD
PULPROG

T
SOLVENT
NS

OH O s

dl1 0.03000000 sec
o

O o DELTA 1.8 2

ook J.|__ N

* T T T T ] T
180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm
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LX111019 H-HCOSY CDCI3 303K AV-300
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T T T T T R s R T
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LX111019 NOESY CDCL3 AV-300
UY B Y I ppm
|
— 0
1
OH
Ll ~ )
™ A &
| | + \
(0) (@) (0]
0 OH I/ ' . 4
0 ORH- 2
_ o ®
= <= * 6
| e :
: .c_ﬁ:-q
| B 8
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Current Data Parameters
HAME

LX111015
EXPNO 3
PROCNO 1
F2 - Acquisition Parameters
Date_ 20111019
Time 22.45
IRSTH spect
PROBHD 5 mm QNP 1H/13
FULPROG cosygpqf
2048
SOLVENT €DCL3
NS
oS 8
SWH 4045.307 Hz
FIDRES 1.975248 Hz
A 0.2531828 sec
ARG 114
W 123.600 usec
DE 1.00 usec
TE 300.0 ¥
do @.00000300 sec
ol 1.486859198 sec
d13 0.00000400 sec
D6 ©.00020000 sec
IR0 0.00024720 sec
m=se CHANKEL £l ==
18
13,70 usec
13,70 usec
-1.00 d8
SFOL 300.1315508 MHz
mmemmn GRALTENT CHANNEL memwe=
GEHAML SIKE.100
GFHAMZ SIHE. 100
GPE1 10.00 &
GPL2 10.00 %
P16 L000.00 usec

Fl - Acqulsition parameters
HOD 1

D
5F01
FIDRES
5W
FrMODE

300.132 Mz

318.163277 Hz

13.478 ppm
oF

F2 - Processing parametecs
024

300.1300000 MRz

SIKE
0
0.00 Hz
[
1.40

Fl - Processing parameters
1024

QF
300.1300000 MHz
SINE

0
0.00 Hz
o

Curzent Data Parameters
HAME

X11101%
EXFNO 6
PROCNO 1
F2 - Acgquisition Parameters
Date_ 20111020
Time 23.37
TNSTRUM spect
PROBHD 5 mm QWP 1H/13
BULPROG noasyph
™ 40950
SOLVENT cocly
N5 16
o5 4
SWH 3605.769 Hz
FIDRES 0,088031 Hz
aQ S5.ET9EIEE sec
RG &
oW 138,667 usec
3 7.00 usec
TE 00.0 K
do 0.00012138 sec
ol 2.00000000 sec
o8 0.80000001 sec
pa 0.00027765 sec
ST1ENT
-------- CHANNEL f]l swews=ww=
NOCcl1 1H
Pl 13.70 usec
PL1 -1.00 48
sFO 300. 1315007 MHz

F1 - Acquisition parameters
HDO 1

™
SF01
FIDRES
£l

FnMODE

200
300.131%
18.008284
12.000
States-TPPI

MHz
Kz

FZ - Processing parametecs
51 :

SF
WOW
5B
LB
GB
BC

300, 1300056
SINE

2

0.00

o

1.00

States-TFF1

MHz

Hz

Fl - Processing parametars
1024

300.1300056 MHz
SINE

2
0.00
a

Hz



LX120320 HI-NMR CDCL3 303K AV-300

o
=] Lk no
g agnze 2 an
@ ko] @ o
& 0O oo
- O - oo
| i \/
r* Datn Parameters
LX120320
X 1
L 1
¥ sition Farameters
20120320
19.48
spect
5 mm QNP 1H/13
2g30
32768
€OCl3
16
1
61688.119 Hz
0.188846 Mz
2.€477044 sec
50.8
80.800 usec
ik 7.00 usec
TE 300.0 K
ol 1.00000000 sec
70 1
« CHANNEL f1 ==wswee=
13.70 usec
=1.00 di
I00.1318534 MHz
¢ essing parameters
32768
300.1300022 MMz
B
0
0.30 Hz
! 0
1 1.00
I
SRR M
R A T T P e T T T T 1 !
14 13 12 1 10 9 4 3 2 0 ppm
3\
] et
o :
# |
ol
Current Data Parameters
MAME LXBOBO1TS
EXPHO 1
FROCNO 1
F2 = Requisition Parameters
LX8080175 HI-NMR CDCI3 303K AV-300 Dats_ 2010051
Time 20.13
INSTRUM spact
wy = AR T, P = PROBHD 5 mm QNP 1H/13
w 2] MONO @O0 T Mm@ o L] -
~ ek b i e R S Do e = :ﬁ‘é”m ;?:’“
+ FOBNNNANOC0ORRE NS D MmN 000N . o 3zies
o~ ] I N I N s SOLVENT cocl3
- L e e e e ol D115 100 W0 D W NN - - o NE 16
s a
SWH 6188.119 Kz
FIDRES 0.188846 Hz
AQ 2.6477044 sec
G 203
o 80.800 usec
DE 7.00 usec
TE 300.0 K
ol 1.00000000 sec
o0 1
mmmmmmes CHANNEL f1 ssssmsss
wucL 14
Pl 13.70 usec
FL1 =1.00 dB
§FO1 300.1318534 MHz
OH o F2 - Processing parameters
51 2768
SF 300.1300056 MHz
WO B
50 o
Ls 0.30 Hz
GB
L8] 1.00
T T T T T T T T T T T T T
13 12 11 10 9 B 7 3 5 4 3 2 1 0 ppm
"F )
) — o |l . =
= mllol-iel  =lla

S43



LX110524 HI-NMR CDCL3 303K AV-300
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Current Data Parameters
HAME LX110524
EXENO 1
EROCHO 1
F2 - Acquisition Panm:us
Date_ 20110526
Time |9 I
O INSTRUM
FROBHD 5 mm (WP IH,-’l.l
PULP 930
™ 12768
SOLVENT [= ]
NS 16
& 1
SWH 6188.11% Hz
FIDRES 0. 188846 Hz
AQ 2.6477044 sec
0] @) w5 1
o 80.800 usec
DE 7.00 usec
OH TE 3000 K
o1 1.00000000 sec
16 0O 1
wnsssess CHANNEL f] ssssss=s
Hucl 18
31 13,70 usec
PLL ~1.00 dB
570l 300.1318534 MHz
F2 = Processing parameters
51 [
5F 300.1300060 MRz
WIH B
S5 []
L8 0.30 Hz
GB
BC 1.00
o Jl-lk_i. | ul l]l A
T T T I T T T 1 T T T T T T T T T T
8.5 8.0 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5 0.0 ppm
el Gl bt b d f Gl o ) latl =l
cl ool [o caf [ el =]
=1 ool |~ - e o o
e
@ MO AN OM LMD WD O e N et @M OO SO o=
b WOCOMMANEOM@OWTA@OAcT 00 TN G o0 o =3 B K R
@ O NOMOMNOOSMIOREN®MAMODADW®Od L R - - N2 ] (=3
.«; MOEO N A DO NN A AT ™M NN N LW A2 (=1
b P [ P = 4048 45 A5 40 40 A0 40 A5 40 A5 40 W1 4R 0 N W W [ e 6 e e o
Curront Data Parametecrs
NAME 111206
EXENO 1
PROCHO 1
¥2 = Acquisition Parm:ers
Date 20111206
Time™ 19
TNSTRUM £
PROBHD 5 s QWP 1H/13
FULERG zq30
FERIT
sowzm' =t
16
OH O : :
i 6188.119 Hz
FIDRES 0.188846 Mz
Ag 2.6477044 sec
RG 80.6
o8 80,800 usec
[ 7.00 eaec
TE 3n0.0
Dl 1.00000000 sec
O O O ’
(@) ¥1 13.70 usec
11 L1 -1.00 di
SFOL 300. 1318534 MHz
\\ \ F2 - Processing parassters
34 76
SF 300.1300022 MHz
WO B
558 ]
Ll 0.30 Mz
8 o
PC 1.00
T T T T T T
12 11 10 9 4 3 2 0 ppm
o\| [ jon
f=] [Ty |Iﬂ




LX110531-2 HI-NMR CDCI3 303K AV-300
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Current Data Farameters
NAME 1x110531-2
EXPRO 1
PROCKO 1
F2 - Aoquisition Parameters
Date, 20110531
Tima™ 20,04
INSTRUM spect
FROSED 5 mm ONP 1H/13
FULPROG g3
T 32768
OH O SOLVENT €DC13
5 16
s o
SN 6188.119 Hz
FIDRES 0. 188846 Hz
M 2.64770.
RS 80.6
oW 80.800 usec
DE 7.00 usec
TE 300.0 k
ol 1.00000000 sec
o) o) o) !
—eeee CHANNEL fl sssssses
13 O * i
13.70 usec
— =1. di
sFol 300,1318534 HHz
\ F2 - Processing parameters
sI 276
SF 300.1300051 MHz
WN B
838 Q
La 0.30 Hz
G [
BT 1.00
T T T T T T T T T T T T T T T T
13 12 1 10 9 8 T 5 4 3 2 1 0 ppm
= oo e
& &l o oflS (=1 =] &l
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LX110531-2 CI13-NMR CDCI3 303K AV-300 s e

" shoREr
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— el e el aliaiaiaieEalak il DO~ r~r-r ™™ Current Data Parameters
NAME LX110531=-2
/ \ EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
a.:e_ 20110531
Time 20.10
INSTROM apect
PROBHD 5 mm QNP 1H/13
PULFROG 2gpg30
™ 65536
SOLVENT cDCl3
OH O =
DS 4
SWH 16666, 666 Hx
FIDRES 0.254313 Hz
A 1.9661300 sec
RG 114
oW 30.000 usec
oE T7.00 usec
TE 0.0 K
ol 2.00000000 sec
O O O dil 0.03000000 sec
DELTA 1.89999998 sec
13 O “’“ '
— . mmmm——— CHANNEL f1

—
/
we e
é-.-

SFO2

5F
WowW
558
LB
GB
BC

\

L) T T 1 I L) T T L T 1 1 T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

S45

11.80 usec
1.00 dB
75.4752203 MHz
T R —
waltzlé
18
80.00 usec
-1.00 dB
14.30 dB

14.3
300.131200% MHz

F2 - Processing parametera
81 32768

T5.4677466 MHz
M
o
1.00 Hz
U

1.40



12,7660
12.7461

ZXJ120218-1 HI-NMR CDCL3 303K AV-300
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Current Data Paramet
HAME ™I

EXPNO

PROCNG 1

.9
=7

LX110528 HI-NMR CDCI3 303K AV-300

10 9

P e B s M R - e -]

M e W0 e 0

MHE@ENNOO T~

S M e DD
LUVOONUNN NN T T

N\\Nw# N Nw v

o)

) 0]

n S &

1.5067

-0.0752

aRGRER
(O

Current Data Parameters
HAME Lx110528
EXPHO 1
PROCNO 1
F2 - hoquisition Parameters
Date_ 20110528

Time 15.18
TNSTRUM spect
PROBHD % mm ONF 10/13
PULEROG 2530
™ 3768
SOLVENT COCL3
NS 16
L5

o
SWH 6168.11% Hz
FIDRES 0.188846 Hz

AQ 2.6471044 mec
BG 128

] B0.BD0 usec
TE 7,00 usec
TE 300.0 K

ol 1.00000000 sec
™0 1

WUC1 18

Fl 13.70 usec
PL1 =1.00 di
SFOoL 300.1318534 MHz

F2 - Processing parameters
81

8F 300.1300263 MHz
Wi =

38 o

LB 0.30 He
] 0

PC 1.00

1.00
1.01
1.08
1.03
1.05

60 55 60 45 40 35 3.0

.96
1.01
1.07
2.01
2.06

S46
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LX110528 CI13-NMR CDCI3 303K AV-300
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LX111025 HI-NMR CDCI3 303K AV-300

J278

2

2559

1.7554
1.6524
1.5825

1.

16359
=
i

Current Data Parameters
HAME

LX110528
EXEFHO 2
PROCHO 1
F2 - Acquisition Parameters
Date_ 20110528
Time 17.07
INSTRUM apect
PROBHD 5 mm QNP 1H/13
FULFROG 2gpg3ld
T 65536
SOLVENT coCl3
NS5 96
D3 4
SWH 16666.666 Hz
FIDRES 0.254313 Hz
AD 1.9661300 sec
RG 114
oW 30.000 usec
DE 7.00 usec
TE 300.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
™o 1
mmmmmmmn CHANHEL f] s=ssssms
KUCL 13c
23 11.80 usec
FL1 1.00 4B
SFO1 75.4752203 MHz

£2

CEDPRGZ waltzlf
HOC2 18
PCPD2 80.00 usec
FL2 =1.00 dB
PL12 14.30 4B
PL13 14.30
SFO2 300.1312005 MHz
F2 - Processing parameters
34 32768
SF T5.4677490 MHz
WOW EM
S5B (]
LB 1.00 Hz
GB 0
BC 1.40

AHE.
2RO i
FROCHO 1

rent Data Parameters
111025

- Aequisitic
.

~ CHAMMEL £l




ZXJ8086176 HI-NMR CDCI3 303K AV-300
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LX8080169 CDCI3 HI-NMR 303K AV-300 1
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S48

.40
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B
Current Data Parameters
HAME ZXJB08617E
EXPNO 1
PROCHO 1
F2 - Acquisition Parameters
Date_ 20050407
Time 23.18
INSTRUM spect
FROBHD 5 mm QNF 1H/13
PULPROG 2g30
32768
SOLVENT COCLY
HS 16
DS 1
SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2.6477044 sec
RG 228
oW 80.800 usec
DE 7.00 usec
TE 300.0
Dl 1.00000000 sec
TOO

Pl 13.70 usec
PL1 ~1.00 dB
SFO1 300.1318534 MHz
F2 - Processing parameters
51 32768

SF 300.1300266 MHz
WOW EM

358 0

LB 0.30 Hz
GB 0

BC 1.00

Current Data Parameters
HAME LXB0BD
EXFNO 1
PROCNO 1

F2 - Acquisition Parameters

Date_ 20100320

Time 15.01

INSTRIM spect

PROBHD & mm ORP 1H/13

PULPROG 230
32768

SOLVERT = Sk}

NS 16

oS L)

EWH G186.119 Hz

FIDRES 0.188846 Hz

Ra 2.6477044 sec

RG 181

L 80.800 usec

DE 7.00 usec

TE 300.0 K

oL 1.00000000 sec

ToO 1

wesnmaee CUANNEL ] ===ee==e

HuCt

M 13.70 usec

L1 -1.00 dB

aFol 300.1318534 MHz

F2 - Processing parameters
51

SF 300.1300054 MHz
[

WIW

558 []

LB 0.30 Hz
GB 0

PC 1.00



LX110603 HI-NMR CDCI3 303K AV-300
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Current Data Parametors
HAME LX1LD603
1

1

EXPNO
FROCHO

F2 = Acquisition Paraseters
te_ 20110604

Dal
ne 16.47

INSTEUM spect
PROBKD 5 sm QNP 1H/13
PUL? 2910
™ 32768
SOLVENT = E]
s 16
ns (]

O O sWH 6188119 Hz
FIDRES 0.1886846 Hz
A 26477044 sec

4 0 2 -

oW 40,800 usec
[ 7.00 usec
TE ¥
0 1,00000000 sec
DO 1
mmsmmees CHANNEL £l wews=e=s
NOCL H
el 13.70 usec
BLl -1.00 di
SR01 300, 1318534 MHz

Br

F2 - Processing paraseters
51 6

&F 300.1300029% MHz
WO B
558 []

LB 0.30 Hz
6B

PC 1.00

© O

A

T
0.5

9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.0 ppm
=] [y ] [~ [y un] fr~ o o e — o0 (el
f=] ad fi=l =] (=] 0] Lt =] el =] Ll =]
Bl twd BESN IS ER1) [=] [l - 2] — o
.
arx.
LX110603 CI3-NMR CDCI3 303K AV-300 F m
be B R
o LR 0] or-r~m - w00 @ o~
. PR LY A=A -R- oo
o G Lo g ey bt et
™~ W WA o NN -
— el e el L ol ol e o o~ Current Data Parameters
HAME LX110603
EXPNO 2
PROCHO 1
F2 = Acquisition Parameters
Date 20110604
Tima 17.38
HE spect
PROBHD 5 mm QNP 1H/13
FULI 2gpg30
™ 65536
SOLVENT €Dcll
NS 58
o os 4
16666.666 Hz
FIDRES 0.254313 Hz
A 1.9661300 aec
RG 11.
oW 30.000 usec
oE 7.00 usec
TE 300.0 K
(% 2.00000000 asec
dit 0.03000000 sec
DELTA 1.89999998 smec
(@] (@] o0 1
44 O 11.80 usec
' o8
75.4752203 MH:z
\ = CHANNEL {7 sesmmses
CPOPRGZ waltzlé
woc2 1R
PCPD2 80.00 usec
BL2 =1.00 4B
PL12 14.30 48
B FL1Y 14.30 4B
r P02 300.131200% Mz
F2 - Processing parameters
81 32768
sF 754677466 MEz
woW EN
83B 1]
LB 1.00 Hz
GB ]
c 1.40
T T T T T T T T T T T T T T T T 1 T T T T
190 480 170 160 150 140 130 120 110 100 90 80 T0 60 50 40 30 20 10 0 ppm
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Current Data Parameters
NAME

ZXJ100429-1 HI-NMR CDCL3 303K AV-300
s B MNOONMAY AN A NS AE NMMAC AN~ T =000~ D~
= R e e e e R g ey B
. NMNOBO NN ST T T @D AN OB NNNND®E e~ 00T TN
~ B L L e R e R M e P g i R e T R
i
T T T T T T T T T T T T T
13 12 11 10 S 8 7 1 3 2 1 0 pem
e o o fo o) (@] [~ o fif~
£ = = | 5 s 2] e i R i sy g e
o ot = s |- S = on [ I 1P B PN
ZXJ100429-1 CI3-NMR CDCI3 303K AV-300
] - oW M @
o L] ™ W oM Oea M NMO O w > O el =
- wy ™ P N~ o ONT RO m w e @mMea N
. o LN bRMNoOwwo e T -
) @ o O NMNOW O o+ s oe e oa s e e
o -~ L-ETNTs] MO A0 O W~ 0NDWWWwom R @~~~ w0
— — g A A A A~ O®M~M~~~E - Tw NSNS
T T T T T T T T T T T T T T T T T T T T T T
200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

S50

ZXJ100429-1
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date 0100506
Time™
INSTRUM
PROBHD § nm QNP SH."13
PULPROG 2930
™ 32768
SOLVENT cocll
HE 16
os 1
SWH 6188.119 Hz
FIDRES 0.18884€ Hz
AQ 2 EIJ"OI! sec
RG
o 80. 800 usec
DE 1.00 usec
TE 300.0
ol 1.00000000 sec
TOO 1
""""" CHRNNEL f] sessssss
Kucl1 1H
129 13.70 usec
PL1 =1.00 <R
SFol 300.1318534 MHz

F2 - Procesaing parameters
s1 168

8F
WL
558
LB

GB
PC

300.1300061 MHz
™
o
0.30 Hz
0
1.00

Current Data Parameters

HAME ZXJL00429-1

EXPHO 3

PROCRO 1

F2 = hequisition Parameters
te_ 20100509

Time 18.31

INSTRUM spect

PROBHD 5 mm QNP lHJ’l3

PULFROG 2gpg30

T 65536

SOLVENT copcl3

HE 2699

D3 4

SWH 16666.666 Hz

FIDRES 0.254313 Hz

aQ 1.9661300 sec

RG 512

oW 30.000 usec

DE 7.00 usec

TE 300.0 K

ol 2.00000000 sec

dll 0.03000000 sec

DELTA 1.89099998 sec

TOO 1

mmzz=zms CHANNEL fl ===ss===

HUCL 13¢

Pl 11.80 usec

BL1 1.00 4B

SFO1 75.4752203 MHz

£2

CPDPRG2 waltzlé

Nuc2 1H

FCRDZ 80.00 usec

PL2 =1.00 dB

PL12 14.30 dB

PL13 14.30

SFO2 300.1312005 MHz

F2 - Processing parameters

5I 32768

sF 75.4677867 MH=z

WOW EM

88B [}

LE 1.00 Hz

GB 0

BC 1.70



A}
P‘y n? Current Data Parameters
5 ) HAME ZXJ100429-2
B-onis) )= \E EXPHO H

2 PROCNO )
-
F2 - Acquisition Parameters
7XJ100429-2 HI-NMR CDCL3 303K AV-300 pate 20100506
Time™ 18,27
INSTRUM spect
™ PROBHD 5 mm QNP 1H/13
'3 BN AR P AN N AN~ TR RN TR, RO N AR OSNOIMTOAMDNY D PULPROG 2530
Ll COUWNF PN ADNAOR M EANOUN AN SO MOC SN0 M e T
. MaNNNaTMMoNNNN T s I AENNEEYNNNAR®EEFBnN = emo o ;‘gwr“ éééfg
o B T R B R R P R P P M S B B I e e e T T i 1%
DS 1
SWH 6196.119 Hz
FIDRES 0.168646 Hz
AQ 2.6477044 sec
RG 203
o 80,800 usec
DE 7.00 usec
TE 300.0 K
oL 1.00000000 sec
OO 1
mmmamms= CHANHEL fl sssssees
HUC1
Bl '3 ?ﬁusec
FLL de
SFOL 300. 1313534 MHz
F2 - Processing parameters
51 ]
5F 300.1300064 MHz
Ll EM
538 [
18 9.30 Hz
68
BC 1.00
.
T T T T L) T T T T T T T T
12 11 10 9 8 T [ 5 4 3 2 1 0 ppm
= i~ Ll [l = o [ s fon
= = = al — el bt (g il Sl el gl
=t et r—t (=] j—t fr=t |4 — . o o3 o o2 fun e
o - = ~ (=]
-t Bl o= - — W OW D Do - DO j=R=NTrR-2 -]
@ =1 - o - = W e N D oOWn CwAmO
- - - . . @ ST NOonm -~ [=RTs Rl
o (=2 - ~ — . . . . .. .
> - i — = ~ @M@~ -0 Vi & @m 8
- — — - - o @@~ o NN NN Current Data Parameters

— 133.19%0

T 131.415
———— 127.054
TT—115.074
_—101.086

o
™
o
w
L]
—

o

~

(=]

-

-
HAME IXJL00429-2
EXENO 3
PROCKO 1
FZ - Acquisition Parameters
Da

te_ 20100509
Time 23.31
INSTRUY spect
PROBED 5 mm QNP 1“}13
FULPROG zgpgl0
™o 65536
SOLVENT cocll
NS 1708
DS 4
SWH 16666.666 Hz
FIDRES 0.254313 Hz
AQ 1.9661300 sec
RG 812
oW 30.000 usec
DE 7.00 usec
TE 300.0 K
o1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.89999998 sec
DO 1
memmusns CHANNEL £1 mmsmwmms
WUCL 13c
Pl 11.80 usec
PL1 1.00 48
SFO1 75.4752203 MHz
..... ww= CHANHEL £2 mmmmss==
CPDPRG2 -altale
nocz
PCPD2 80. IJEI usec
PLZ -1.00 dB
PL1Z 14.30 dB
BPL13 14.30 dB
5F02 300.1312005 MHz
FZ - Processing p.u'ameteu
51 32768
SF 75.4677465 MHz
WoW EM
558 o
LB 1.00 Hz
GB [t}
BC 2.00

L} Ll 1 T T T T T 1 Ll T T T I T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm
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12.813

P RCTRR
7o
-*:..‘f‘/'f’*‘ Curcent Data Parameters
J_:r \) NAHE LXI100429-4
o EXPNO 1
- oDl Iy PROCNO 1
FZ - Acquisition Parameters
ZXJ100429-4 HI-NMR CDCL3 303K AV-300 oite. 0105508
Time 234
IHSTRUM spect
PROBHD 5 mm QNP 1H/13
N NN ENMToOC MO ENO OO T TN N ENTOMNE TN M= M N PULPROG 2930
7V [~ D D) e D P W O () D 0 D LD ) O D ) P4 OV WD M e 0 G et [ 04 OO [ A - 00 U a0
R R e R e - e el el ]  veRr gg?g
L e e B B R B e R e R R 16
s 1
SWH 6188.119
FIDRES 0.188846 Hz
A 26477044 e
RG 228
oW 80.800 usec
DE 7.00 usec
TE 300.0 K
ol 1.00000000 sec
0O 1

wwme CHANHEL {1 ===
1M

13.70 usec

=1.00 4B
300, 1318534 MHz

F2 = Processing parameters
81 T

8
8F 300.1300061 MHz
WOW M
358 o
L8 0.30 He
] o
BC 1.00
T T T T T T T T T T T T 1
13 12 E] 8 7 6 5 4 3 2 1 ] ppm
foud = =] e -] [m@] [ f= | [
=] o & olea| (S| |l ea| [ofen
Ll = - = deal o] Il - 5| |l
C13-NMR CDCL3 303K AV-300
I @ - wm cowr ww ow M
] w ™ @ Bmwa@ w0 GO W nErmICodnT
< "= e aNe . T MERESRARA CHnTD®EAO®
@ = oy I B L s B I
™ ~ oo mEMmmM e O O WNMoOeEYS9Y W @D T O
— — e e R e e - K- T ol ol o o B R R ] Current Data Parameters
HAME LHGOS11305
- EXFHO 3
PROCHO 1
: F2 - Acquisition Parameters
Date_ 20070402
Time
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zgdc
32768
SOLVENT €Dcll
NS 2187
1] 2
SWE 19531.250 Hx
FIDRES 0.596046 Hz
A 0.83859108 sec
EG 287
W 25.600 usec
o LE 7.00 usec
TE 300.0 K
D1 2.00000000 sec
dll 0.03000000 sec
TDO 1
CHANNEL f1
HUCl 1
Pl 11.80 usec
PL1 1.00 dB
SFOL 75.4768051 MHz
20 CHANNEL f2
CPDERGZ waltzl6
Huc2 16
PCPD2 80.00 usec
PL2 =1.00 dB
PL12 14.30 dB
5F02 300.1312005 MHz
F2 - Processing parameters
5L 32768
SF 75.4677490 MHz
WoW EM
558 o
La 1.00 Hz
GB
BC 1.40
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 ppm
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HSQC CDCI3 303K AV-300
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HI-NMR CDCL3 303K AV-300
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Current Data Parameters
\\N\W/ H LHGO511303
EXPNO 1
PROCKO 1
F2 - Acquisition Parameters
te_ 20070317
Time 13.298
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
™ 65536
SOLVENT CDCl3
NS 16
DS 0
SWH 7500, 000 Hz
FIDRES 0.114441 Hz
AQ 4.3691168 sec
RG 181
oW 66.667 usec
DE 7.00 usec
TE 300.0 K
ol 2.00000000 sec
TDO 1
muscssee CHANNEL f] sscsases
NUC1 1H
Pl 13.70 usec
PL1 =1.00 dB
SFO1 300.1330013 MHz
F2 - Processing parameters
51 32768
SF 300.1300049 MHz
WOW EM
S55B o
LB 0.30 Hz
GB o
' . BC 1.00
T T L T T T T T T T 1
12 11 10 9 8 7 6 5 4 3 2 1 ppm
= =t —~ | =t |co ] o [|o)m|o]o]o
& ] =iE) el |- = e Sl 1 =] (o T
- = i - S B g sl laled
CI3-NMR CDCL3 303K AV-300
S G2 S3IRa oA °
& woa h3%a mE S 2 ISNERETD AhEm3I88S 8§
2 zgog Su<a S w T NTIANMY vewveseesa <
™M N f=] ~ m r~
- e e R e I - -0 mgr‘rr:r‘?r‘gr? 2%;333335 ? Current Data Parameters
NAME LN‘G0511303
EXENO
\\W \\ \\/ / PROCNO :
FZ - Acquisition Parameters
Date 20070319
Time 9.30
INSTRUM spect
PROBHD 5 mm QNP 1Hf'.|.3
PULPROG zgde
k] 65536
SOLVENT CDCLl3
NS 5243
Ds 2
SWH 19531.250 Hz
FIDRES 0.298023 Hz
AQ 1.6777716 sec
RG 28
W 25.600 usec
DE 7.00 usec
TE 00.0 K
" Dl 2.00000000 sec
dll 0.03000000 sec
DO 1
== CHANNEL f] =sssscm=
HUC1 13cC
Pl 11.80 usec
PL1 1.00 dB
SFO1 75.4768051 MHz
wwm CHANNEL f2 m=m======
CPDPRG2 waltzlé
WuC2 1H
PCPD2 80.00 usec
PL2 -1.00 dB
PL12 14.30 dB
SFO2 300.1312005 MH=z
FZ - Processing parameters
5I 32768
sF 75.4677490 MHz
WDW no
S5B o
LB 0.00 Hz
GB o
PC 1.40
T T T T T I T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0 ppm
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LX0075137 HI-NMR CDCI3 303K AV-300
e - i
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Current Data Farameters
HAME

LX0075137
EXPRO 1
PROCKO 1
F2 - Acquisition Parameters
Date_ 20100506
Time =03
IKSTRUM spect
FROBHD 5 mm QNP 1H/13
FULEY g
™ 32768
- SOLVENT cocil
NE 16
oS a
SWH
FIDRES
362
oW 80,600 usec
DE L usec
18 IN0.0 K
bl 1.00000000 sec
T00 1

= CHANNEL f] swessses
1
13.70 usec
=1.00 dB
300.1318534 MHz
F2 - Processing parameters
81 768

8F 00.1300066 MHz
WOW L=

858 0

LB 0.30 Hz
GB (]

Po 1.%0

T T T T T T T T T T T T T
13 12 11 10 9 8 ? 5 4 3 2 1 ppm
- =2 e~ | ra] o
el =l =3 =t [t | | rafuy =
= ea e J o - 3 I

LX0075137 CI13-

- Mol we woo@
=] ~e wd AMaS
] vO o AT@O
o MO OW muno
@ W nw mmmm
— A e -
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———— 199.286
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NMR CDCI3 303K AV-300
Moo e e
~ Omw M1 DO T - re - o~
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Y mpn LoNamareow ok ANe
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1 Current Data Paraneters
HAME LX0075137
EXPNO 3
PROCNG 1
F2 - Acquisition Parameters
Date 20100505
Time ™ 12.39
INSTRUM spect
FROBED 5 mm QNP 1H/13
PULFROG 2gpg il
™ 65536
SOLVENT cocly
Ll 2451
] 4
SWH 1EEE6. EE6 Hz
FIDRES 0.254313 Hz
Ll 1.5661300 sec
RG 512
oW 30,000 usec
oE 7.00 usec
TE 300.0 K
o1 2.00000000 sec
di1 0.03000000 sec
DELTA 1.69999998 sec
00 1
mmmemces CHANNEL ] sssesses
HoCl
Pl 11.80 usec
PL1 1.00 dB
SFOL T5.4752203 wEHz
mmmmmmmn CHANNEL {2 ==sssaws
CPDERGZ waltzlé
nocz 1
PCEDZ BO.0D usec
PLZ -1.00 dB
PL1Z 14.30 dB
FL13 14.30
sro2 300.1312005 Mz
F2 - Processing parameters
51 32768
aF 75.4677867 MHz

=

858 ]
LB 1.00 He
GB o
PC 1.70

T T

0 ppm
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LX110608 HI-NMR CDCI3 303K AV-300
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Cuorrent Data Parameters
HAME

LX110608
EXPRO 1
PROCNG 1

F2 - Acguisition Parameters
Date_ 20110609

Time 20.0.
INSTRIM spect
PROBHD & mm QNP 1H/13
FULPROG 293

™ 32768
SOLVENT (4o k]

HE 16

bs 0

EWH 4807.692 Hz
FIDRES 0.146719 Rz
A 3.4079220 sec
RG 101

o 104.000 usec
DE 7.00 usec
TE 300.0

o 2.00000000 sec
O 1

== CHANNEL f] sess====
1R

Fl 13,70 usec
PL1 -1.00 dB
sSFoL 300.1318534 MHz

F2 - Processing parameters
1

8. 32768

8F 300. 1300046 MHz
WOW =
558 a

LB 0.30 Hz
GB 0

B 1.00

BRGRER
(O

Current Data Parameters
HAME X

110608
EXPHO 2
PROCED 1
Fi - hoquisition Pazameters
Date_ 20110609
Time .10
INSTRUM Fpoct
PROBHD 5 mm QNP 1H/13
PULP! zgpgll
D 65536
SOLVENT cocly
s 81
08 4
sMi 16666.666 Hz
FIORES 0.254313 Hz
AQ .SEE1I00 sec
RG 11
b 30.000 usec
DE 7.00 usec
TE 300.0 K
ol 2.00000000 sec
dil 0.03000000 sec
DELTA aec

1.89995998
1

mmmmmene CHANHEL £] mmmmm———
wucl 13c
Pl 11.80 usec

Ll 1.00 da
SFO1 75.4752203 MEz
mesnanes CHANNEL 2 seessses
CPOPRGZ waltzl€
woc? 1
BCPDZ 80.00 usec
PL2 =1.00

PL1Z 14.30 dn
FLLY 14.30

sFo2 300.1312005 MHz
¥2 - Proceasing parametars
51 32768

sF 754677466 MHz
WK EM

558 [

La 1.00 K=
Ga

Pe 1.40



ZXJ090902-1 HI-NMR CDCI3 303K AV-300 “-&ws]
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Current Data Parameters
HAME ZXJ090902-1
EXFNO 1
PROCNO 1

FZ = Acguisition Parameter

Cate_ 20090908
Time 21.09
INSTRUM spect
FROBHD 5 mm QNP 1H/13
FULFROG g0
™ I2TER

* SOLVENT coci3
NS 16
os ]
SWH 6188,119 Hz
FIDRES 0.18B846 Hz
AQ 2.6477044 se
RG 228
oW 80.800 us
DE 7.00 us
TE 300.0 ®
Dl 1.00000000 se
TDO 1
-------- CHANNEL f] ===sss
HUCL 18
Pl 13.70 us
PL1 -1.00 dB
SFOL 300.1318524 MH
FZ - Processing parameters
51 32768
SF 300.1300056 MH
WoW EM
558 o
La 0.30 Hz
GB o
BC 1.00

T T T T T T T T T T T T T T T
13 12 11 10 -] L] ¢ 6 5 4 3 2 1 a PEM
} £ o] fof~ }i(‘ﬁ” o fua |-
o S| | =| = oo =] e | S o[
o - o Y =r |0 o lea e
o0

LX120308 CI3-NMR CDCI3 303K AV-300
BRUKER

o = Ve e D o
o o WemN Wo o oo o MWwoo N
= = mdme WM — R e -1
. . LT i . - Se WD D i o
& T oW S oo A T T S - c
- - VN oo ~MOWw O @ oS
2 R I R — [T = = S R ol Current Data Parameters
H 1t | | | I | | b HAME LX120308
| | | | | I [ EXPHO H
| I Ve I |1 l ] (i ] | | \ { PROCHO 1
! i / i | { . | | ||
| ! I | | l. Pl [ F2 - Acquisitics

Date

Time™

TNSTROM apec
FROBHD 5 mm QNP 1H/13
PULPROG zgpg30

ki 65536
SOLVENT cocll

NS B192

DS ]

SWH 16666. 666 Hz
FICRES 0.254313 Hz
AQ 1.9661300 sec
RG 256

oW 30.000 usec
CE 7.00 usec
TE 300.0 K

1. dB
75.4752203 MHz

=mmmmm=n CHAKNEL £2 swamwmws

CPDPRG2 waltzlé
Huc2 18
PCPD2 .00 usec
PL2Z 1.00 a8
PL1Z 30 dB
PL13 30 d8
SFO2 300.1312005 MEz
F2 - Processing parameters
SI 32768

5F 75.4676257 MHZ
WOW =]

S8R 0

LB 1.00

GB ]

BC 1.40

1] T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 7O &0 S50 40 30 20 10 0 ppm
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LX120308 H-HCOSY CDCI3 303K AV-300

Current Data Parameters

LX120308
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HMBC cpcia 303K AV-300

LX120308

53N

0 ppm

1

XJ090617-1
1
1

Current Data Parameters

FPROCHO

EXPRO

NAME

~o
o=
iRy
™ o

™
-
-
-

ZXJ090617-1 HI-NMR CDCL3 303K AV-300

08"k
ZIS°F
LZG"W
GES°F

=l
R E=]
WM
N

£E10°9
LES'D
0959
EST L
SLL"L
|9Z°L

BLE'EZT

i | L
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1=l ZZN om 3 ‘_.ﬂm
o - a3x% a
8
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F2 = Processing parameters

32768
300.1300047 MHz
EM
a
0.30 Hz
]
1.00

51
SF
WOW
558
LB
GB
PC

ppm
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ZXJ090617-1 C13-NMR CDCI3 303K AV-300

o o ge = gumon o — -
T oo - oUW Oy
® 3 re B 2628 RS FONARMSRRNS2 2MGS F nzseRe o
a o o = waac ~a b Gttt g T p R e e =
o = oW N MO COC@N@OEr-YT OTO0F o 0O me .
= w4 e - e e - AR @OC s WWNn T o NN NN =] Current Data Parameters
HAME ZXJOI0617-1
EXFNO 2
_ FROCHO 1
F2 - Acquisition Farameters
Date_ 20090619
Time
INSTRUM apect
FPROBHD 5 mm QMP 1H/13
PULPROG zgpg30
T 65536
SOLVERT coCl3
us T34
D8 4
SWH 16666.666 He
FIDRES 0.254313 Rz
AQ 1.9661300 sec
RG 512
oW 30.000 usec
DE 7.00 usec
TE 300.0 B
ol 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999598 sec
TDO 1
mmmmmwu CHANHEL f1 sssseess
nuCL 13c
Pl 11.80 usec
PL1 1.00 dB
SFOL 75.4752203 MHz
mmmmmm CHANNEL £ =s=ms=as
CEDFRG2 waltzlé
wocz 1H
FCRDZ 80.00 usec
PL2 =1.00 d8
PL12 14.30 dB
PL13 14.30 dB
SFOZ 300.1312005 MHz
F2 = Processing parameters
SI
5F T5.4677466 MHz
WDW EM
558 o
Le 2.00 Hz
GB o
s " I BC 1.40

T T T T T T T T T

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

ZXJ090617-1 H-HCOSY CDCI3 303K AV-300

Current Data Faramaters
HAME ZXI0I0

617-1
EXPNO 3
PROCHNO 1
F2 - Acquisition Farameters
Date_ 20090619
Time 2 6.25
IMSTRUM spect
Fmﬁ“& S mm QNP 1H/13
!)m FULPR! cosygpqf
;gL\ﬂa'ﬂ' 2012
...... = Ee El cecl
T o NS 2
- L}
! 4045.307 Hz

: Er

“dE 1 FIDRES 1.975248 Bz

! AQ 0.2531628 sec
25

BG 6
] 123.600 usec
- e DE 7.00 usec
: : TE 300.0 K
a0 a0 0.00000300 sec
3 ol 1.48689198 sec
-3 d13 0.00000400 sec
' H DLE 0.00020000 sec
o INO 0.00024720 sec
booa® T CHANNEL f1 mwmmmmms
) - ! HUCL 1H
X ' = H o 13.70 usec
a b a Pl 13.70 usec
[ T T o “HF 5 PL1 -1.00 dB
' : | T | | 3 SFOL 300.1319508 Milz
1 H : « o= !
% e Loy e eI P L S | - 1. E 8 HANNEL =
i ! ] ‘ GEHAM] SINE. 100

GEHRMZ SINE.100
\ . » GPZL 10.00 %
i i B T “E 7 GPZZ 10.00 %

. i i P16 1000.00 usec

' ¢ : . i Fl - Acquisition paraseters
| ! [ NDO 1

[ I : | ! ! 8 0 256
1 | H H 1 SFO1 300,132 Mz
g [ { : ! > + W FIDRES 15.801982 He
-4 ) o LIRS S R S ] SH 13.478 ppm
: \ 1 ) : : | FrMODE aF
| \ F2 - Processing paramoters
—— ’ 3 10 1 1
! : SF 300.1300000 MHz
I WO SINE
. . , 558 [
R LEREY . 1 E11 LB 0.00 Hz
' : : Gi
i FC 1.40
S SLAE foe mwied —-12 F1 - Processing parameters
' ' : 51 1024
— : MC2 oF
SF 300.1300000 MHz
Rt el ettt ey sl Sttt - - 13 WO SENE
i 558 [
T T 1 T T T I T T T T T T T 18 0.00 Hz
. GB [}
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm =
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ZXJ090617-1 HSQC CDCI3 303K AV-300

- - 10
i = 20
1 £o= — 30
J -~ 40
3 ~ 50
1 : - 60
- 70
__‘,- , ~ 80
_ : g - 90
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3
X o

ZXJ090617-1 HMBC CDCI3 303K AV-300

Current Dats Parametsrs

i TR— daal 14 al 1 I]I IIII 1 l[I 1

£X309061T=1
sy 5
FRoCHG 1
Fi - hequisition Faraseters
Date_ 20090618
Tim
INaTRIN spect
FROBND & ma QNP 10/13
PULFROS s
™ 2048
SOLVENT cbe1y
Wl
oa
o 4043307
FIDRES 1976288 He
) 0.2531828 see
G 2050
o™ 122,600 usec
[ 4.00
™ 300.0 K
cuary 1450000000
5731 00!
0.00000300 sec
o X res
a2 0.00IEHRIE wec
a8 0.05000000 vec
mE 0.00020000 sec
e ©.00001ES sec
CHASHEL £] wwewees
wocl
" 1370 usee
- »2 37,40 uses
' 1) 1,00 an
' sro1 3001315508 Mz
. e
H ez 1
" 12.80 usec
H PLz 7,00 d8
' ' sroz 78.4785322 Wiz
‘ . H | | s=sase GAADIENT CHANMEL
' e .o ! ! : - ! o STHE. 100
i } ' \ - ' N PRAN SINE. 100
L = - R~ v . 1 - araam) SINE. 100
' i ! H 120 arzL 54.00 1
! ' N oIl 3000 +
. . y GPza 4910 &
H [t 1000.00 usec
: H H - :
A 23 SEEE, SRR SESEMCIPE, S . C X . L, R L 140 [l Aesuisition parsssters
H ' H v i ' 1 Do F]
i ' ™
H sroL 8. ATHST MHE
: H ! ¥ FiDRES 1,305704 Wz
' . i il =M 08
e —aaeedd L e e mwy|. | Sew RS | el d180 ™
H | ' t H ; 12 - Procassing parmaters
H : i ar 300,1300000 Hits
H i 1 3 4 ' wow stne
. ' H Ry ' H . 228 o
: : §ize e ST T PR b - 11 I 908 1a
’ : 3 140
' ' ' F1 - Frocessing paraseters
‘ a1 1024
Ngia 22 L4 s e 3 nez ar
i . = - R feeeei 12200 % 5 AGTTAS0 e
H : ' £ wow SIHE
T T T T T T i i
! I T T T T T I M 0.00 e
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm * »
s
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12.7717

LX091209-1

7.267
7.144
7.121
6. 650

HI-NMR CDCI3 303K AV-300

~ -~
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> 2 @ ®
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5. 961

o
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3
JPEP

4. 499

-~
@
-
-

4. 4'?3
4.460
4.443

-~ o
o
-
- m

2. 592

WS\ g

Current Data Farameters

LX091209-1
1
1

F2 - Acguisition Parameter
2009

Date 1215
Time 21.43
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG z=g30
D 32768

> SOLVENT cocll
NS 16
bs ]
SWH 6188.119 Hz
FIDRES 0.198846 Hz
RO 2.6477044 se
RG 144
= 80.800 us
DE 7.00 us
TE 300.0 K
Dl 1.00000000 se
DO 1
=nmmsmm= CHAMNEL fl ======
NUC1
Pl 13.70 us
FL1 -1.00 dB
SFO1 300.1318534 MH

F2 - Processing parameters
B

81
SF 300.1300042 MH
WowW EM
S5B o
LB 0.30 Hz
i 6B 0
BC 1.00
T T T T T T T T T T T T T
i3 12 11 10 9 8 7 & 5 4 3 0 ppm
| | i
WA A H
o =~ [o =1 Jun o e~ |on
£4 N = on |c;| lolal et | 10
o] I T P | Jlt el fr
o 'l
godont-y N,—I
LX091209-2 HI-NMR CDCI3 303K AV-300 = i
2 B EMO NN N NN N OO AN AN ONO N DSOS - @008
o e e R B R el e e e N N o R = B S R T
+ Cd e U S A LD U U e R e F GO D A0 D LD D D A LD U 0 ) 0 ) 0 O et et et T [ T D
o T R L L L L G G L e L T
Current Data Parameters
HAME LX09120%-2
EXPND 1
PROCHO 1
FZ - Acquisition Parameter
Date 20091215
Time 21.49
INSTRUM spact
PROBHD 5 mm QNP 1H/13
PULPROG 2930
™ 32768
SOLVENT cocll
NS 16
DS (1]
SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2.6477044 se
RG 144
oW 80.800 us
DE 7.00 us
TE 300.0
Dl 1.00000000 se
OO 1
1
Pl 13.70 us
PL1 -1.00 48
SFOL 300.1318534 MH
F2 - Processing parameters
51 32768
SF 300,1300047 MH
WoW EM
S5B [+]
LB 0.30 Hz
GB 0
PC 1.00
S —
T T T T T T T T T T | T T
13 12 11 10 9 ] 7 ] 5 4 3 1 0 ppm
- == =) | haf frafmfe|w)e)o)
=1 =] ot == (ol o] forif e e e o b |
- ot =l e S e I il e rr i s




LX091202-1 H1-NMR CDCI3 303K AV-300

2 TN A OYMO PO OO MO NONNOE T TN e M 00O~ o
~ EM AN A OO A TN O TN TOODM AN NI O ADMNGMNE T
i R N e R R e e e s e e e L - A
- L T T T R T R e ]
Current Data Parameters
NAME LX091202-1
EXPNO 1
4 PROCRO 1
F2 - Rocguisition Parameter
Date_ 20091208
Time 20.42
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
™ 32768
. SOLVENT €DpC13
NS 16
bs o
SWH 6188.119 Hz
FIDRES 0.188845 Hz
AQ 2.6477044 se
RG 181
oW B80.800 us
DE 7.00 us
TE 300.0 K
Dl 1.00000000 se
TDO 1
==mm==== CHANNEL fl ======
HUCL 1H
Pl 13.70 us
PFL1 =1.00 dB
SFO1 300.1318534 MH
FZ - Processing parameters
SI 32768
SF 300.1300049 MH
WDW EM
558 0
LB 0.30 Hz
GB ']
PC 1.00
T T T T T T T T T T T T T T
13 1z 11 10 9 ;] 7 6 5 4 3 2 1 0 ppm
= ok v\ o o (T ) T o =] k) e e
o c| = | | - (=4 [ ey = ey e R
= =1 —1! ot et fea fea o et b fny b ey
o
3
~ '
gogoll| - o "d
LX091202-2 HI-NMR CDCI3 303K AV-300
@
=] momono
] ol
. 210 S0 i in
~
- 5109 A - -
Current Data Parameters
HAME LX091202- 2
EXFNO
PROCHO 1
F2 - Requisiticn Parameter
Date 20091208
Time 20.48
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30 i
D 32768
SOLVENT cDCl3
NS 16
Ds a
SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2.6477044 ae
RG 181
= 80.800 us
DE 7.00 us
TE 300.0 K
Dl 1.00000000 se
TDO 1
mmmmmmmn CHANNEL £l ssmsws
NUCL 1H
Bl 13, 10 us
PL1 =1.00 dB
SFO1 300. XBIBSZN MH
F2 = Processing pe:amteu
s8I 32768
P 300.1300048 MH
WOW EM
SSB o
LB 0.30 Hz
GB 0
PC 1.00
-
T T T T T T T T T T | T T
13 12 11 10 ] 7 & 5 4 3 1 0 ppm
] = (o L oo )}} Li‘ kl
o = o | =] o) r—: EH |.-|I|v~ |
=] i SRE ol o aha o) .'|
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ZX18086204-2 H1-NMR CDCL3 303K AV-300

o
@ T NN M AN N PO OOV OM TN MO AN AON O N0
~ CFNMOACN AN ENO T A ONTH AN EMO T 00@OM O T O~
. NEHANNNN T T IOEU O MMUYNNITMAMANNHSA®E MM
o™
- B R e L T T L e S i i i
T T T T T T T T T T T l | T
13 12 11 10 9 8 7 6 5 L] 3 0 ppm
e t=l [~ o ) o o [0 [ ||
e =1 — =1 i || | S o) i jed |2 [
=1 =l - i e B B o lwr ool
W o ™ - - o~
o . w X NHDNOoOWNNNoOEDMD T OmT - - WoNm W
o 2] o - m MWHA AT NN @ AN MM oS ~ m @
. . LY OO MMOANO AW — — N ™o
@ @ — - - RN k P
o ~ w0 mm COoOT-AVCE WML oEMMA SO0 o ~ nmwe
- — — e AHOEERREEE SO0 nnn T T ™ o NN e

————— 158.508

T——132.657
T 128.922
__—120.916
T 116.968

™
-

o
™
o
-

AN
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IR

T T T T T T T T T
200 190 180 170 160 150 140 130 120 1‘;0 160 SID

T T
80 70

S65

50 40 30 20 10 O ppm
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Current Data Parameters

HAME ZXIBOBE204-2
EXPHO 1
PROCHO 1

FZ - Acquisition Parameters
Date_ 20090424
Time 21.28
IHSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30

™ 32768
SOLVENT (= k)

HS 16

D8 1
SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2. 54710« sec
RG 1.8

oW Bo BUU usec
DE 7.00 usec
TE 300.0 K
Dl 1.00000000 sec
TDO 1

mmmmmmm= CHANNEL f] ========
HUC1 1H

Pl 13.70 usec
FL1 =1.00 dl

SFO1 300.1318534 MHz
F2 - Processing parameters
s1 7

SF 300.1300037 MHz
WO EM

S5B [}

LB 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

HAME IXTBOBE204-2
EXPNO 2
FROCHO 1
F2 = pcquisition Ea:mters
Date 20050502
Time™ 18 36
INSTROM spect
FROBHD 5 mm QNP 1H/13
FULPROG zgpgl0
65536
SOLVENT cDCl3
LE] T148
Ds 4
SWH 16666.666 Hz
FIDRES 0.254313 Hz
A 1. 9661300 sec
RG
oW 30 000 usec
DE 00 usec
TE 0.0 K
ol Z.UDOUMIBG sec
dil 0.03000000 sec
DELTA sec

1.89999998
1

13c
Fl 11.80 usec
PL1 1.00 48
SFOL 75.4752203 MHz
------- CHANHEL £2 =mwswmem
CFOPRG2 walrzlf
HUC2 1
FCPD2 80.00 usec
PL2 =1.00 dB
BPL1Z 14,30 48
PL13 14.30
SFO2 300.1312005 MHz

SF T5. 4677867 MHz
WoW EM
8SB 0

LB 1.00 Hz
GB

PC 1.40



ZXJ8086204-2 H-HCOSY CDCI3 303K AV-300

Current Data Parameters
HAME AIBOBE204-2
3

| EXPHO

O (0] sy )
F2 - Acquisition Parameters
Date_ 20090503
Time 13.53
INSTRUM spect
PROBHD 5 ma QNP 1H/13
PULPROG cosygpqt
m 2048
SOLVENT coell

O NS 2
os 8
SWH 4045.307 Hz
FIDRES 1.975248 Hz

AQ 0.2531828 sec
62 G 114

o 123,600 usec
DE 7.00 usec
TE 300.0 K

d0 0.00000300 sec
D1 1. 48689198 sec
dl3 a. sec
o6 o sac
w0 0.00024720 sec

== CHANNEL f] ss=sssss
1H

BO 13.70 usec
Pl 13.70 usec
PLL =L,
SFO1 300.1319508 MHz
mmmmmn GRADIENT CHANHEL semees
GPNAML SINE.100
GPHAM2 SINE. 100
GPZ1 10.00 %
GPZ2 10.00 %

16 1000.00 usec

Fl = Acquisition parameters
NDQ

0 256
SFO1 300.132 MHz
FIDRES 15.8019682 Hz
£ 13.478 ppm
FriMODE QF

- ;E = Processing parm:era
SF 300.1300000 MHz
WO SINE
558
LB 0.00 Hz
Ga Q

i BC 1.40
Fl - Procesalng paraseters
81 1024
MC2 QF
SF 300.1300000 MHz
WoW SINE
558 0 .
L8 0.00 Hz
Ga ]

ZXJ8086204-2 HSQC CDCI3 303K AV-300

Carrest Dats Parmmstars
[ 24-7
s .
RO 1

72 - hequisitios Farassters
ate

m Time' 17,98
: .
e o
Eeaidd i1}
- 10 G s ue
=2 gm - I“l: -
- £ 20 F e
— Bm el
-3 a0 0. 00000000 mac
E - 30 & RS
g 1o B iEES
B fmmais
= o iz
5 - 50
. - 60
£ 70
. - 80
) = 90
. -£100
7 +110
i - Frocessing parsmstars
| -120 H ]».Il:&:{:.l
ST
7 130 =y
= 1 ; : = Frocessing wlm:-u
I ARt W ~140 F R -
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm & s

S66



ZXJ8086204-2 HMBC CDCI3 303K AV-300

Garrest Dats Furamsters
LT

'

2 - Acquisitics Parsmstecs
2009051

Date 190503

PPO  rin 10,33
e e

T+ PROBHO % mm NP 1713
FULPROS haicgplpadg!

bl 2048

a1y
1

12 - Peocassing pacsmstars
=

300. 1300680 iz
SINE.

i ﬁ H
an g 130 : G.ﬂ: He
L= .40
H L - Frocessing paraseters
i ' 5T L)
- - -+-200 ¥ 5. 46TTASS 1o
' } : ] : o »ing
e f f t T T T T f T i § T T o .88 we
13 12 11 10 9 8 7 6 5 4 3 2 1 0 ppm *
F

ZXJ8086204-1 HI1-NMR CDCL3 303K AV-300 w

= NHEAD N NHEMMEONOMTPONOEONN NN O TS 0o
- FONeA N TN TN O OO TN ToOUNMOEMODNO NS @
g SadpdbhainnantnesoReNSn iy R G au e
- T e R ] Current Data Parameters
HAME IXJB0BEZ04- 1
EXFNO
PROCHO 1
F2 = Acquisition Pazmt.ars
Date 20090424
Time 21.16
INSTROUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2g30
™D 32768
N SOLVENT cneLs
HE 16
Ds 1
SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2. ét?'ioll sec
RG
oW sn aon usec
DE 00 usec
TE 300 0K
Dl 1.00000000 sec
O ™0 1
= CHANNEL f] m==smmm
., _N i
‘ty S 13.70 usec
-1.00 dB
300.1318534 MHz
F2 = Processing parameters
sI 32768
SF 300.1300024 MHz
WOW EM
558 0
LB 0.30 Hz
GB 0
[ 1.00
T T T T T T T T T T T | T T
12 11 10 9 8 7 [ 5 4 3 1
I~ = i cafoo ‘)yl‘k“ o el
» : L B RERE PR ﬁ
o - 4 - tiet] et fetleal Jemtlemtbor o

S67



ZXJ8086204-1 CI3-NMR CDCI3 303K AV-300

199.771
179‘5‘;2
157.116
135.447

-~
~
=1
™
L}
—

TT—— 162.563

uw
o
-
L
w
-

121.183
117.062
100.651
96.181
B7.560
B1.960
76.957
76.736
76.533
76.110
38.109
27.127
25.238
24.969
21.224
17.29%
16.511
-0.524

_/_

Current Data
AME

.
EXPHO
PROCHO

F? - Acquisition Parameters
Date_ 2009
Time
INSTRUM
PROBED
POLPROG
™
SOLVENT
WS
DS
SWH Hz
FIDRES Hz
A2 sec
RG
oW usec
DE usec
TE K
ol sec
dil sec
DELTA sec
OO
HUC1
Pl usec
FL1 db
SFO1 MHz
CPDPRG2
KOC2
PCED2 usec
PL2 d8
PL12 dB
PL13 0 dB
SFO2 MHz

[ F2 - Processing parameters
81
SF T75.4677867 MHz
WoW EM
358 []
LE 1.00 Hz
GB 0

| EC

I L) T T 1 T L) T I L) T 1 T
200 190 180 170 160 150 140 130 120 110 100 90 80 7:0

ZXJ8086204-1 H-H COSY CDCI3 303K

I
L]

Current Data Parameters
HAME THIBOB

6204-1
EXPNO 3
EROCHO 1
F2 - Acquisition Parameters
Date_ 20090502
Tine 21.02
INSTRUM spoct
PROBHD 5 mm QNP 1il/13
FULPROG cosygpal
™ 2048
SOLVENT coCl3
Hg 2
05 8
SWH 4045,307 Hz
FICRES 1.975248 Hz
AQ 0.2531828 sec
BG 14
oW 123.600 usec
DE 7.00 usec
TE 300.0 K
o 0.00000300 sec
bl 48689158 sec
d13 00000400 sec
D16 0.00020000 sec
IHD 00024720 sec

usec

13.70 usec
PL1 =1.00 dB
SFO1 300.1319508 MHz
mmmmmn GRADIENT CHANHEL ===
GPHAML SIKE.100
GPHAMZ SINE. 100
GPZ1 10.00 %
GPI2 10.00 %
Plé 1000.00 usec

Fl = Acquisition parameters
Rpd

To 256
SFOl 300.132 MHz
FIDRES :E.Ggliﬁg Hz
SW 13.471
FrMODE aF 7o

Fi - Processing parameters
51

SF 300.1300000 Miz
WOk SIKE
558

LB 0.00 Hz
GA 0

B 1.40

Fl - Processing parameters
1024

aF
SF 300.1300000 MHz
WOW SINE
858 1]
LB 0.00 Hz
et 0



ZX]8086204-1 HSQC CDCI3

303K AV-300
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~f120
‘140
1160
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T T t t f T 1 T t T f ! t i
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S69

0 ppm

Curest Data Farsssters
=3 986201-1
Expwo H

[ 1
¥ - Aoquisitios Farusstess
- 2142
5 om owe B0

hageetys

S

-1.50 B
300, 1308210 Wi
CHAMNEL £2

o
110
1200 uses
23040 umes
.09 uses
2.00 4B

1639 dn
154785520 WHa

FI - Aequisitiss parematers
=]

254

sl 7547353 sers

Fipkes 1903704 W1
303,374

=
FRMOSE  Echa-Aatischa

I - Pescansiog parasstece
1 1024
sr 300, 2300008 seer
o oriee
533 ]
w 008 me
o o
© 140

I - Frecensisg parsmatars
e

=1 -
ar THARTTAS0 otz
o oatNE

iy

) .00 N2
o 0

Cureent Dats Parsssters
[y THINOREIO41
3

FROCHD. 1
FI - Requisition Parsseters
Date, 20080303

Time~

2.08020000 se0
200003155 wec

-1.00 dn
199.1315508 Mz
oL £2

L3¢
12,00 usec

3.00 dn
THATARIED M0Hx

SIKE. 100
simE 100
SikE. 160
oFEL $9.00
GPED 39.00 %
orgd A0.10 4
s 160600 usee

¥l - Acquisition parameters
¥no

) 13
sro1 TH_47952 WHe
FIDhES 148, 110040 Hx
£ 225,474 ppa
Moo o

F2 - Processing paraseters

a1
ar 300, 1303450 MHZ
o SINE
58 o
i) 2.00 Hx
o I3
e .40
i - Processing paramstera
s1 (]
[ ar
ar THARTTAR Mo
wou s
sam [
s .08 ne
o ®
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LX090609-2 HI-NMR CDCI3 303K AV-300
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ZXJ18086225-2 HI1-NMR CDCI3 303K AV-300

w
@ W SN HANOMOOMON 00N T T TN A NDENEM
~ Ve BTN AN M OO NN M P AN~ 0=MONm @O0 moo
2 e L e s
— S B T o0 M M e e 0 O O O 08 O N O O 0 0 O ek ek ed et Current Data Parameters
HAME 3!330362252
EXPHO
PROCHO l
F2 - Roquisition Parmteu
Date_ 20090514
Time 19.47
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
T 32768
SOLVENT cDCl3
NS 16
Ds 1
SWH 6188.119% Hz
FIDRES 0.188846 Hz
AQ 2.6477044 sec
RG 161
oW B80.800 usec
DE 7.00 usec
TE 300.0 K
Dl 1.00000000 sec
oD 1
CHANNEL £1
HUC1
Pl 13.70 usec
PL1 =1.00 d&
SFO1 300.1318534 MHz
FZ = Processing parameters
SI 32768
SF 300.1300046 MHz
WDW EM
55B ]
LB 0.30 Hz
GB ]
BC 1.00
" o L.\" - hL.
T T T T T T T T T T T T T T
13 1z 11 10 9 8 6 5 4 3 2 1 0 ppm
s A M Gl e midéméfujém
o G = I = =T =] et Bt i ) Y e ) e
S| & - - Slal  alaliil<lalalelmloleilmimle:
a3
ZXJ8086225-1 HI-NMR CDCI3 303K AV-300 3 e
&l
3 MO 2CONONONOYNEMMUN PN T e N0 NG TS0
- LR AOMOOCR NI NONMON U0 00O O O M N -0
- e e e e e e e e L e R
- - \DIﬂ#ﬂﬂ"']ﬂﬂI"|ﬂﬂﬂﬂNNNNNNNNNNNNNNNHHH.—(HH Current Data Parameters
HAME ZXJB086225-1
EXFPNO 1
PROCHO 1

F2 - Requisition Parameters
Date_ i 20090

514
Time
INSTRUM spect
PROBHD 5 mm QWP 1H/13
PULPROG zg30
™ 32768
. SCLVENT coell
LE] 15
Ds 1
O SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2. 54?1011 sec
RG
oW 80. 500 usec
DE 7.00 usec
TE 300.0 K
Dl 1.00000000 sec
TDO 1
£1
HUC1 1H
Pl 13.70 usec

PL1

T T i
4 1 1]

Sl

-
o
w
@
-
o
tn

13 12

0.91

1.00
0.97
1.12
1.12
2.90
3.03,

S71

0
3001318534

300.1300047

0.30
1.00

-1.0
SFO1 .
F2 - Processing parameters
51 32768
SF .
WDW EM
S55B 0
LB .
GB o
BC .

1 “J -

dB
MHz

MHz

Hz



LX8015903-2 HI-NMR CDCI3 303K ARV-300

: MEAONC TR ANDANOR DD ONNONDC ™
o VOMOWITNA O N NMO T~ O0N A DWONM
. NﬂMd\NNN‘!“d‘ﬂfﬂwm\ﬂ\omﬂﬂ\m\ﬁm\ﬂlﬁlﬂlﬂlﬂm
3 B T T B R e T T T P MM VR Current Data Parametars
HAME LXB015903-2
EXPNO 1
PROCHO 1
F2 - Acquisition Parameters
Date_ 20090507
Time 22.04
INSTRUM spect
FROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 32768
SOLVENT cpcll
HS 16
oS 1
SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2.6477044 sec
RG 144
oW B80.800 usec
DE 7.00 usec
TE 300.0 K
Dl 1.00000000 sec
TOO 1
CHANNEL f1
NUC1
Pl 13.70 usec
PL1 =1.00 d&
SFO1 300.1318534 MHz
F2 = Processing parameters
SI 3276
SF 300.1300053 MHz
WOW EM
558 0
LB 0.30 Hz
GB 0
BC 1.00
T
13
4
N
[=]
~
- - - W
LX8015903-1 HI1-NMR CDCI3 303K ARV-300 s
-
o
-
o~
2] Current Data Parameters
KAME LXB015903-1
EXFPRO 1
PROCHO 1
- hcquis.il:mn Parameters
Date 0030507
Time 21.58
INSTRUM apect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
T 32768
SOLVENT cocl3
HS 16
DS 1
SWH 6188.119 Hz
FIDRES 0.188846 Hz
RAQ 2.6477044 sec
RG 228
DW 80.800 usec
DE 7.00 usec
TE 300.0 K
D1 1.00000000 sec
0O 1
meessees CHANNEL f] =ssssses
NUCL 1H
Pl 13.70 usec
PL1 =1.00 dB
SFOl 300.1318534 MHz
rz = Processing parameters
32768
5? 300. !300057 MHZ
WOW
55B
LB 0. 30 Hz
GB o
BC 1.00
T T T T T T T T T T T
13 12 11 10 ] a 7 3 5 4 3
] & =B PR EREE ER
= =4 (=] (=1 il b ! I
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LX090710-2 HI-NMR CDCL3 303K AV-300
b MO oM NOONONEOM IO~ TO G NN OO MNME @ e~ OMo w0~ 0w d o d
o MO T ORI NN AN NN T T OO~ NOONM RO~ O TN Ao~
s e e e e R K ]
b L - b T R ]
Current Data Parameters
EXPNO 1
PROCNO 1
FZ - hcguisition Parameter
te_ 20090714
Txmc 19.58
INSTRUM spect
PROBHD 5 mm QNP 1H/13
FULFROG zg30
32768
B SOLVENT coCl3
NE 16
Ds 2
SWH 6188.119 Hz
FIDRES 0.188846 Hz
AQ 2.6477044 se
RG 144
oW BO.800 us
DE 7.00 us
TE 300.0 K
Dl 1.00000000 se
TDO 1
"’/N\/\
=1.0
SF01 300.1318534 MH
F2 - Processing parameéters
s1 32768
SF 300.1300056 MH
WoW EM
558 0
Le 0.30 Hz
ce 0
PC 1.00
T T T T T T T T T T T T T T T
13 i2 11 10 9 8 7 [ 5 4 3 o ppm
g i Z i Zi r‘rﬁﬁﬂl ﬁf‘%"%\%‘“w*
o =] = = G =1 =] e S (=1 = T e gl =7 o )
L = - i B i e I R I S
] ‘i - -
8 I! 8g-~1 Mo,
LX090710-1 HI-NMR CDCL3 303K AV-300 u
B M OSEM A MO TR A NN EOTMENMOTMONN N T~ D@~
- BTN NN OO O NN~ TMOOOMAANMHO@NOEMo
. NSNS MMMOCEEMMEANNTM MNP ENNNNS S S8 e e
2 R T e e e e R R R

IS -l

Current Data Parameters
HAME

LX050710- ]
EXPNO
PROCNO 1
FZ - Roquisition Parameter
Date_ 20090714
Time 19.51
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
32768
SOLVENT cocl3
HE 16
Ds 2
SWH 6188.119 Hz
FIDRES 0.18B846 Hz
AQ 2.6477044 ze
RG 144
oW 80.800 us
DE 7.00 us
TE 300.0
[ 1.00000000 se
D0 1
mmmmmmms CHANNEL {1 ssssss
NUC1 1H
Pl 13.70 us
PL1 -1.00 dB
SFOL 300.1318534 MH
F2 = Procesaing parameters
51 8
SF 300.1300052 MH
WoHW EH
558 [}
LB 0.30 Hz
GB o
BC 1.00

0.83
1.00
0.97

S73

0  ppm



LX0031661-2 HI-NMR CDCL3 303K AV-300 - ok
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Current Data Pacameters
HAME LX0031661-2
EXFHO 1
BROCNC 1

Fi - Acquisition Farameters
Date 20101013

Time™ 17.10
THETROM spect
FROBRD 5 mm QNP 1H/13
FULEROG 2g30
ki) 32768
SOLVENT cbely
NE 16

1
SWH £188.115 Hz
FIDRES 0.18B846 Az

e 2.6477044 sec
G

o 80,800 usec
DE 7.00 usec
TE 00,0 X
oL 1.00000000 sec
0O 1
mmmmmaen CHANNEL fl ss=se=——
WuCL 1H

Pl 13.70 usec

FL1 =1.00 di
SFOL 300.1318534 Mz

F2 - Processing parameters

51 32768
SF 300, 1300041 MAz
WOW B
ssp 0
LB 0.30 Hz
GB [}
BC 1.00

T T

-
=
el
<3
-
-
3
=3
©
™
~
@ 4
@
-
o

4 ; 2
A A A A P A AN A NA A
] o O O i o e e i
[ f=] {=1 LL Llial Ll Ll N e

LX0031661-1 HI-NMR CDCL3 303K AV-300
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Curcent Data Pazameters
HAME LXO0IL661-1
EXENO 1
PROCHO 1
F2 - Acquisition Parameters
Date_ 20101013
Timo 16.58
IHST! apect
PROBHD 5 mm QNP 1H/13
PULPROG 2430
T 32768
SOLVENT €ocld
NS 1;
E) 6188110 Hz
FIDRES 0. 18BE46 Hz
A 2.6477044 sec
BG 228
[l #0800 usec
3 7.00 usec
TE 300.0 K
o1 1.00000000 sec
™ 1
e CHAMMEL f] mmmm—e—==
wcl 18
Pl 13.70 usec
FL1 -1.00 db
SFOL 300.1318534 MHz
¥l = Processing parameters
81 32768
SF 300,1300039 MHz
WO -]
558 [
LB 0.30 Wz
GB [
BC 1.00
T T T T T T T T T T T T T T T T
13 12 1" 10 9 8 7 6 5 4 3 2 1 0 -1 ppm
o[~ =] in[ea[S oo [ fon oo [ [ | o] ) ST} =)o
o =11 =] EIN EIE o Gl = mcﬁw o
=] = o~ ] B B Pt e B P T Tt e B B )



LX0031662-3 H1-NMR CDCI3 303K AV-300
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Current Data Parameters
NAME 1X0031662-3
EXPHNO 1
PROCHO 1
F2 = Rcquisition Parameters
Date_ 20101014
Time 21.32
INSTRM spect
PROBHD 5 mm QNP 1H/13
PULP 30
™ 32768
SOLVERT cpc1l
N8 16
Ds i
SWH €168.115 Hz
FIDRES 0.188846 Hz
AQ 2.6477084 sec
RG 2
oW BO.BOD usec
DE 7.00 usec
TE 300.
ol 1.00000000 sec
DO 1
mmsmmmms CHANNEL f1 se=mmw=s
HUCL
v, O\/\ Pl 13.70 usec
'y~ OH Ll 1,00 dB
SFOL 300.1318534 MHz
F2 - Processing parameters
sI 32768
8F 300.1300037 MHE
WM [~}
858 9
LB 0.30 Hz
=3 9
FC 1.00
|
T T T T T T T T T T T T T T
13 12 1" 10 9 8 7 6 3 2 1 o -1 Ppm
- (=] ) e~ | = oo |ra| = oo o= | =
o =] & | o = [on [ony o | e |t
=] =t (=1 Flilelsle lmleilm il
—
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w
-
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Current Data Parameters
HAME LX0D31662-2
EXPHO 1
PROCHO 1
F2 - Acquisition Parameters
Date_ 20101014
Time 21.24
INSTRUM apect
PROBHD 5 mm QNP 1H/13
PULPROG 2930
™ 32768
SOLVENT cecll
N3 16
o5 1
SWH 6188.119 Hx
FIDRES 0.188846 Hz
A2 2.6477044 s8c
RG 2z
o 80.800 usec
DE 7.00 usec
TE 300.0 K
ol 1.00000000 sec
OO 1
wmeeaees CHANNEL ]l ww——we——
NUCL 1H
Pl 13.70 usec
PL1 ~1.00 4B
SFOL 300.1318534 MHz
F1 - Processing parameters
51
SF 300.1300047 MHz
WIW B
588 ]
LB 0.30 Hz
8 ]
PC 1.00
T T T T T T T T T T T T T T =
13 12 1 10 9 8 7 6 2 1 0 -1 -2  ppm
A AYARNA AN\
o c|lnf |2 c:|g|w|m1m|mm
(= =) =l lenlenlenlealealeal




LX0031656-2 HI-NMR CDCI3 303K AV-300
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Current Data Parameters
HAME LX0031656-2
EXPNO 1
PROCHO 1
FZ - hoquisition Parameters
Date_ 20101009
ime .
IRSTRIM spact
PROGHD 5 mm QNP 1H/13
FULP 2930
T 32768
SOLVENT = k]
L] 16
Ds o
SWH 6189.119 Hz
FIDRES 0.188846 Hz
A ZSITTIN{ sec
RG
oW 30800 usec
DE 7.00 usec
TE 300.0 K
ol 1.00000000 sec
™™ 1
m=memmme CHANNEL {1 ====se==
HUC1 1
Fl 13.70 usec
PL1 =1.00 dB
SFO1 300.1318534 MMz
F2 = Processing Nrmters
S1
sF 300, 1300054 MHz
WOW
558
LB D.JU'H
GB
BC 1.00
T T T T T T T T T T T T T T
13 12 1" 10 9 8 7 5 4 3 2 1 0 ppm
) o = 0 | = N)a.;wv- ] o ] 4 =t
(=} o o =1 =1 = e — 2| 12l
- — sl | | |l lea] | ol cila] Imled
x 0
2
LX0031656-1 HI-NMR CDCI3 303K AV-300 s
"
w
= MODMEANNN AN TN HOOATNMOTNCOE A MO N @O Me oMM
o e e R e e e - R = e e e e R N R = R =] B R
- el T R R T s T Ty s s e e = = e
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Current Data Parameteczs
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Current Data Parameters
NAME LX091222~ I
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PROCNO 1
F2 = Rcquisition Parameter
Date_ 20091230
Time 21.49
INSTRUM spect
PROBHD 5 mm QNP 1H/13
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™ 32768
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DS [}
SWH 6188.11%
FIDRES 0.188846
A 2.6477044
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1
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PL1 -1.00 48
SFOL 300.1318534 MH
F2 - Processing parameters
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Current Data Parametess
i LXOOTS

E 36
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PROCHG 1
2 - Acquisition Parameters
Date_ 20100596
Time 19,56
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o

SOLVENT
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el 14

Pl 13.70 usec
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EFO1 300.1318534 MMz

F2 - Processing pacameters
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F2 - Acquisition Parameters
Date 201005

Time
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k1
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s
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EWH
FIDRES

CPDPRG2
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PCPD2
PL2
PL12Z
PL13
SFo2

18.03
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4
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0.254313
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Hz
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7.00

200.0
2.00000000
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14.30 dB
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F2 - Processing parameters
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1.00 Hz
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Current Data Parameters
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Curgent Data Paraseters
HAME

EXJ1011153
EXPRO 1
PROCHD 1
F2 - Acquisition Parameters
Date_ 20101116
Timg 21.26
INSTRUM apect
PROBHD 5 mm QNP 1H/13
PULPI zg!
™ 32768
SOLVENT coc1l
HE 16
0s 1
EWH 6168.119 Hz
FIDRES 0.188846 Hz
A 2.6477044 sec
RG 101
oW 80,800 usec
DE 7.00 usec
T® 300.0 K
Dl 2.00000000 sec
™0 1

mmmsmmmn CHANHEL f1 smssseee
HUCl 1

P 13.70 usec
PL1 =1.00 4B
SFOL 300.1318534 MHz
;{ TN TNty
5F 300.1300023 MHz
Wi ™

558 0

L 0.30 Hz
GB

BC 1.00
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Current Data Parameters
HAME EXJ101028-3
EXPND 1
PROCHO 1

F2 - Acquisition Parameters
Date 20101104

Timg

TRSTRIM spect
PROBHD 5 mm QNP 1H/13
PULFROG g

10 12768
SOLVENT cocla

HE 16

[ 1

SWR 6188.119 Nz
FIDRES 0.188846 M2
A0 2. 6477044 sec
RG 32

o™ 80.800 usec
e 7.00 nsec
1E 200.0

ol 1.00000000 sec
T i

e CHANNEL £l mmmmmm——

123 13.70 usec
-1.00 dB
300.1318534 MHz

E2 - Processing parameters
51

8F 300.1300057 MHz
WO i-.3
858 0

LB 0.30 He
GR 0

P 1.00
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Current Data Parameters
HAME

Lx11060%
EXFRO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20110609
Tima 20,16
INSTRIM spect
PROBHD 5 mm QNP 1H/13
PULPROG zg30
0 32768
SOLVENT cocl3
L) 16
oS o
SWE 4807.692 Hz
FIDRES 0.146713 Hz
AQ 3.4079220 sec
RG 16
D 104.000 usec
e 7.00 usec
TE 300.0 K
Dl 2.00000000 sec
™o 1

s=ssmsss CHANNEL fl ss====s==
et W

¥l 13.70 usec
PL1 =1.00 ab
sFO1 300. 1318534 MHz

F2 - Precessing parameters
&I

5F 300.1300046 MHz
WO M
£88 ]
L8 0.30 Hz
GB 0
LS 1.00
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Current Data Parameters
HAME LX11060%
EXFNO 2
PROCHO 1

F2 - Acquisiticn Parameters
Date, 20110609

Time 20.20
INSTRUM spect
PROBHD 5 mm QNP 1H/13
BULPROG 2gpg30

TD 65536
SOLVENT cDC13

NS 169

bs 4

SWH 16666.666 Hz
FIDRES 0.254313 Hz
M 1.9661300 sec
RG 114

oW 30.000 usec
DE 7.00 usec
TE oo

o 2.000000

dil 0. 03000000

DELTA 1.899999%8 sec
T00

e CHANNEL £1 swwwwmes
1ic

HUC1

1 11.80 usec
PL1 1.00 d8
SFOL 75.4752203 MHz
mmmmmmms CHANNEL £2 sesmmmws
CPDERGZ waltzlf

HUC2

FCPD2 BO.00 usec
PL2 =1.00 dB
PL1Z 14.30 dB
PL1Y 14.30

SFO2 300.1312005 MHz
F2 - Processing parameters
I 32768

3F 75.4677466 MHz
wowW EM

358 Q

LE 1.00 Hz
GB

PC 1.40



