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Experimental Section

Treatment of 13 with BF;.Et,0.

BF;.Et,0 (45%, 0.3 mL, 2.36 mmol) was added at 0 °C to a stirred solution of 13
(160 mg, 0.64 mmol) in CH,Cl, (10 mL) and the cooling bath was removed. After
stirring for Sh at room temperature, satd aqg NaHCO3 (1 mL) was added slowly at
0°C, and the solvent was removed in vacuum and the mixture was extracted with
ether (2 x 15 mL). The organic phase was washed with water, brine, dried over
Na,SO4 and concentrated to give the unaltered starting material 13 (152 mg) as a

yellow oil.

Treatment of 13 with SOCI,.

18

Thionyl chloride (mL) was added to a solution of 13 (176 mg, 0.70 mmol) and
pyridine ( ImL) in dry CH,Cl, (10 mL) at -78 °C and the reaction mixture was
warmed to -58°C for 45 min, and stirred for 10 min, at which time TLC showed no
starting material. Then the reaction mixture was poured into ice and extracted with
ether (3 x 10 mL). The combined organic phase was washed with 2N HCI (3 x 8
mL), water and brine, dried (Na;SO,) and the solvent was evaporated to give a crude
product which was chromatographed on silica gel (5% ether/hexanes) to give 113
mg (60%) of 18 as a yellow syrup. [a]p”> = +33.6 (¢ 0.75, CHCls); '"H NMR (CDCls,
500 MHz) ¢: 0.88 (s, 3H), 0.92 (s, 3H), 0.98 (s, 3H), 1.13 (ddd, J = 13.8, 13.8, 4.6
Hz, 1H), 1.31 (ddd, J = 13.5, 13.5, 4.1 Hz, 1H), 145-1.55 (m, 2H), 1.58-1.65 (m,
1H), 1.66-1.77 (m, 3H), 2.21 (s, 3H), 2.38 (d, J = 8.9 Hz, 1H), 2.48 (ddd, J = 16.1,
10.1, 8.9 Hz, 1H), 3.04 (m, 1H), 3.51 (ddd, J = 10.1, 10.1, 6.0 Hz, 1H), 3.68 (ddd, J
=10.1, 10.1, 5.6 Hz, 1H). *C NMR (CDCls, 125 MHz) §: 16.9 (CHs), 19.7 (CH,),
21.3 (CHs), 29.9 (CH3), 30.8 (CH>), 31.0 (CH»), 32.94 (CH3), 32.92 (C), 34.4 (CH,),
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41.4 (CHy), 42.5 (CH,), 49.9 (C), 57.6 (CH), 137.0 (C), 163.1 (C), 198.8 (C); IR
(cm'l) v: 1684, 1603, 1560, 1450, 1294, 1274, 1201, 1057, 1003, 860; HRMS [FAB,
M + Na)+] m/z: calcd for C1sHysOCINa 291.1492, found: 291.1501.

Treatment of 13 with POClI;.

Phosphorous oxychloride (0.2 mL) was added to a solution of 13 (141 mg, 0.56
mmol) and pyridine (1 mL) in dry CH,Cl, (8 mL) at -78 °C and the reaction mixture
was warmed to -59°C for 35 min, and stirred for 3h, at which time TLC showed no
starting material. Then, the reaction mixture was poured into ice and extracted with
ether (3 x 10 mL). The combined organic phase was washed with 2N HCI (3 x 8
mL), water and brine, dried (Na,SO4) and the solvent was evaporated to give a crude
product which was chromatographed on silica gel (7% ether/hexanes) to give 26 mg

(20%) of 17 and 53 mg (35%) of 18.

Treatment of 13 with conc. HCI.

Conc. HCI (0.1 mL) was added to a solution of 13 (250 mg, 1 mmol) in CH,Cl, (10
mL) and the reaction mixture was stairred at room temperature for 1h , at which time
TLC showed no 13. Then the mixture was diluted with ether (25 mL) washed with
water, satd aq NaHCO; (2 x 5 mL) and brine. The organic phase was dried over
NaSO4 and concentrated to give 260 mg (97%) of 18.

1-((3aS,7aS)-3a,7,7-Trimethyl-3-vinyl-3a,4,5,6,7,7a-hexahydro-1H-inden-2-
yl)ethanone (17).

17

To a solution of 13 (0.2 g, 0 .8 mmol) in 1,4-dioxane (7 mL) was added 3 drops of
conc. H,SO4 and the reaction mixture was stirred at room temperature for 4 h at
which time TLC showed no starting material. Then water (3 mL) was slowly added

to quench the reaction and the solvent was removed in vacuum, and the mixture was

diluted with ether (20 mL), washed with water (3 x 6 mL), brine (2 x 5 mL), dried
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over anhydrous Na,SO4 to give a crude product which was purified by flash
chromatography on silica gel (5% ether/hexane, 2.5 cm x 18 cm) to give 135 mg of
17 (73%) as a colourless oil. [a]p® = -59.5 (¢ 1.1, CHCls); '"H NMR (CDCls, 500
MHz) ¢: 0.90 (s, 3H), 0.97 (s, 3H), 1.04 (s, 3H), 1.12 (ddd, J = 13.6, 13.6, 4.5 Hz,
1H), 1.43 (m, 1H), 1.46 (ddd, J=12.8, 12.8, 4.1 Hz, 1H), 1.52 (dd, J=11.8, 6.7 Hz,
1H), 1.60 (m, 1H), 1.73 (qt, J =13.7, 3.9 Hz, 1H), 1.98 (dt, J = 12.3, 3.4 Hz, 1H),
2.24 (s, 3H), 2.36 (dd, J = 15.1, 11.8 Hz, 1H), 2.42 (dd, J = 15.1, 6.7 Hz, 1H), 5.32
(d, J=11.8 Hz, 1H), 5.57 (d, J = 18.2 Hz, 1H), 6.94 (dd, J = 18.2, 11.8 Hz, 1H); "*C
NMR (CDCls, 125 MHz) 6: 17.7 (CHs), 19.9 (CH,), 21.3 (CHj3), 30.3 (C), 30.9
(CH), 32.9 (CH3), 33.0 (C), 35.9 (CHy), 40.9 (CH»), 50.0 (C), 57.3 (CH), 120.1
(CH,), 130.7 (CH), 137.7 (C), 159.9 (C), 199.8 (C); IR (cm™) v: 1669, 1545, 1459,
1355, 1232, 1208, 1114, 1078, 1011, 972, 912; HRMS [FAB, (M + Na)'] m/z: calcd
for C¢H»>4ONa 255.1725, found: 255.1737.

(4aS, 9aS)-7-1sopropyl-8-methoxy-1, 1, 4a-trimethyl-2, 3, 4, 4a, 9, 9a-hexahydro-
1H-fluorene (22).

22

K»CO; (360 mg, 2.61 mmol) and Mel (710 mg, 5.0 mmol) was added to a solution
of 10 (281 mg, 1.03 mmol) in acetone (25 mL) and the mixture was stirred under
reflux for 17 h. The mixture, cooled at room temperature, was filtered and the
solvent was removed under vacuum. The crude residue was diluted with ether (30
mL)- water (10 mL) and the phases were shaken and separated. The organic phase
was washed with brine (15 mL) and dried under anhydrous Na,SO4. After
evaporating the solvent, compound 22 (285 mg, 97%) was obtained as a colourless
syrup.[a]p®> = -35.5 (¢ 2.4, CHCl3); 1H NMR (CDCls, 500 MHz) 8(ppm): 0.98 (s,
3H), 1.06 (s, 6H), 1.19 (ddd, J= 13.6, 13.6, 4.2 Hz, 1H), 1.20 (d, J= 6.9 Hz, 3H),
1.25 (d, J= 6.9 Hz, 3H), 1.46 (ddd, J=12.8, 12.8, 3.9 Hz, 1H), 1.54 (dt, J= 13.4, 3.1
Hz, 1H), 1.67 (m, 1H), 1.71 (bd, J= 12.5, 6.1 Hz, 1H), 1.83 (qt, J= 13.6, 3.9 Hz,
1H), 2.05 (dt, J= 12.4, 3.9 Hz, 1H), 2.66 (dd, J= 14.3, 12.5 Hz, 1H), 2.82 (dd, J=



Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2009

14.3, 6.1 Hz, 1H), 3.01 (h, J= 6.9 Hz, 1H), 3.83 (s, 3H), 6.77 (d, J= 7.6Hz, 1H), 7.02
(d, J= 7.6 Hz, 1H). *C NMR (CDCl;, 125 MHz) &: 20.0 (CH,), 21.0 (CH3), 21.7
(CHs3), 23.7 (CHs3), 23.9 (CH3), 26.8 (CH,), 27.1 (CH), 33.0 (C), 33.2 (CH3), 35.8
(CH>), 41.6 (CH»), 45.5 (C), 60.0 (CH3), 60.4 (CH), 115.5 (CH), 124.5 (CH), 132.9
(C), 138.0 (C), 154.2 (C), 155.5 (C). IR (cm™") v: 1474, 1458, 1420, 1341, 1249,
1200, 1096, 1059, 1024, 818; HRMS [FAB, (M + Na)+] m/z: calcd for C,oH3oONa
309.2194, found: 309.2183.

(4bS, 8aS)-2-1sopropyl-4b,8,8- trimethyl-5, 6, 7, 8a, 9-hexahydro-4bH- fluoren-
1-yl acetate (28).

28

To a solution of phenol 10 (220 mg, 0.80 mmol) in pyridine (7 mL) was added
acetic anhydride (5 mL) and the solution was stirred at room temperature for 1 h.
Then water was added at 0°C to quench the reaction and stirred for 10 min and ether
(30 mL) was added. The organic phase was washed with water (10 mL), 2N HCI (4
x 10 mL), satd aq NaHCO; (6 x 10 mL), brine and dried over anhydrous Na,SOy.
The solvent was evaporated under vacuum, affording pure acetate 28 (246 mg,
98%). [a]p™> = -33.3 (¢ 1.4, CHCl;); 'H NMR (CDCls, 500 MHz) &: 0.95 (s, 3H),
1.02 (s, 3H), 1.05 (s, 3H), 1.19 (d, J = 6.9 Hz, 3H), 1.21 (d, J = 6.9 Hz, 3H), 1.47
(ddd, J=13.6, 13.6, 3.9 Hz, 1H ), 1.52 (dt, J = 13.3, 4.1 Hz, 1H), 1.65 (m, 1H), 1.73
(bd, J=10.8, 8.2 Hz, 1H), 1.82 (qt, J = 13.6, 3.9 Hz, 1H), 2.04 (dt, J =12.3, 3.4 Hz,
1H), 2.34 (s, 3H), 2.49 (d, J = 10.8 Hz, 1H ), 2.51 (d, J = 8.2 Hz, 1H), 2.99 (h, J =
6.9 Hz, 1H ), 6.90 (d, J = 7.7 Hz, 1H), 7.10 (d, J = 7.7 Hz, 1H); °C NMR (125
MHz, CDCls) &: 20.0 (CH»), 20.8 (CHj3), 21.0 (CHj3), 21.8 (CHj3), 23.3 (CH), 23.4
(CH3), 26.9 (CH,), 27.5 (CH), 33.0 (C), 33.2 (CH3), 35.7 (CHy), 41.6 (CH,), 46.1
(©), 59.9 (CH), 118.1 (CH), 124.7 (CH), 134.1(C), 137.3 (C), 144.8 (C), 155.0 (C),
168.9 (C); IR (cm™) v: 1764, 1459, 1368, 1213, 1178, 1012, 901, 822, 758. HRMS
[FAB, (M + Na)+] m/z: caled for C;1H30O,Na 337.2143, found: 337,2136.
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(4bS,8aS) Methyl 1-Methoxy -4b,8,8-trimethyl-5,6,7,8,8a,9-hexahydro-4bH-

fluoren-2-carboxylate (33).

33

K,CO; (436 mg, 3.57 mmol) and Mel (0.27 mL, 3.57 mmol) was added to a
solution of 20 (320 mg, 1.19 mmol) in acetone (25 mL) and the mixture was stirred
under reflux for 8 h, at which time TLC showed no starting material. Following the
same work-up described for ester 22, compound 33 (329 mg, 98%) was obtained as
a colourless oil. [a]p> = -25.2 (¢ 2.7, CHCl;); "H NMR (CDCls, 500 MHz) &: 0.91
(s, 3H), 0.97 (s, 3H), 0.97 (s, 3H), 1.12 (ddd, J = 13.7, 13,7, 4.3 Hz, 1H), 1.37
(ddd, J=12.7, 12.7, 3.9 Hz, 1H), 1.47 (dt, J = 13.4, 3.1 Hz, 1H), 1.61 (m, 1H), 1.61
(dd, J=12.6, 6.1 Hz, 1H), 1.75 (qt, J = 13.5, 3.9 Hz, 1H),1.97 (dt, J = 12.4, 3.1 Hz,
1H), 2.55 (dd, J = 14.6, 12.6 Hz, 1H), 2.78 (dd, J = 14.6, 6.1 Hz, 1H), 3.81 (s, 3H),
6.75 (d, J = 7.7 Hz, 1H), 7.56 (d, J = 7.7 Hz, 1H); °C NMR (CDCl;, 125 MHz) &:
19.9 (CH,), 21.1 (CH3), 21.4 (CHs), 26.7 (CH>), 33.17 (CH3), 33.18 (C), 35.4 (CH,),
41.5 (CH»), 46.3 (C), 52.0 (CH), 59.8 (OCH3), 61.2 (OCH3), 115.6 (CH), 121.7 (C),
130.5 (CH), 135.2 (C), 156.6 (C), 162.7 (C), 167.1 (C); IR (ecm™) v: 1726,
1604,1458, 1288. HRMS [FAB, (M + Na)+] m/z: calcd for C;9H,c0OsNa 325.1780,
found: 325.1793.

(4aS)-8-Methoxy-1,1,4a-trimethyl-2, 3, 4, 4a,9,9a-hexahydro-1H-fluorene (37).

37

K,COs (234 mg, 1.69 mmoles, 3 eq.) and Mel (0.24 g, 1.41 mmoles, 3eq.) was added to
a solution of phenol 36 (130 mg, 0.56 mmol) in acetone (10 mL) and the mixture was
stirred under reflux for 6 h. After cooling at room temperature, the mixture was filtered

and the solvent evaporated. Following the same work-up described for ester 22,
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compound 37 (132 mg, 96%) was isolated as a yellow syrup; [a]p® = -19.3 (c 1.8,
CHCl3); '"H NMR (CDCls, 400 MHz) &: 0.89 (s, 3H), 0.96 (s, 3H), 0.97 (s, 3H), 1.12
(ddd, J = 13.4, 13.4, 4.3 Hz, 1H), 1.38 (ddd, J = 12.8, 12.8, 4.2 Hz, 1H), 1.46 (dt, J =
13.4,2.8 Hz, 1H), 1.59 (bd, J = 12.9 Hz, 1H), 1.62 (dd, J = 12.4, 6.3 Hz,1H), 1.76 (qt, J
=13.9, 3.9 Hz, 1H), 1.97 (dt, J = 12.4, 2.8 Hz, 1H), 2.45 (bd, J = 14.6, 12.4 Hz, 1H),
2.70 (dd, J = 14.6, 6.3 Hz, 1H), 3.78 (s, 3H), 6.59 (d, J = 8.2 Hz, 1H), 6.61 (d,J=7.3
Hz, 1H), 7.07 (dd, J = 8.2, 7.3 Hz, 1H); >*C NMR (CDCl;, 125 MHz) &: 19.0 (CH>),
20.0 (CH3), 20.4 (CH3), 24.9 (CHy), 32.0 (C), 32.2 (CH3), 34.7 (CH,), 40.6 (CH,), 45.1
(C), 54.2 (OCH3), 58.9 (CH), 106.8 (CH), 112.0 (CH), 126.6 (CH), 128.4 (C), 154.9
(C), 156.5 (C). IR (cm™) v: 3000, 2954, 2954, 2926, 2850, 1605, 1583, 1478, 1268,
1070, 1038, 785; HRMS [FAB, (M + Na)'] m/z: caled for C;7H,4ONa 267.1725,
found: 267.1738.
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