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General Methods. All reactions were carried out in dry solvents under an atmosphere of dry N,. THF was freshly distilled from sodium-
benzophenone) and dichloromethane (DCM) from CaH,. Anhydrous Et,O (water < 0.03%) was further dried and purified by pressure filtration
under N through activated alumina. All other reagents were used as received from commercial suppliers unless otherwise stated. All yields are
isolated yields after purification by column chromatography, except where stated. Melting points were obtained using a standard hotplate
apparatus and are uncorrected. Infrared spectra were recorded using an FTIR spectrophotometer as sample solutions in chloroform and are
reported in cm™. High resolution mass spectra were acquired using a TOF mass spectrometer, using electrospray ionisation (ESI). *H and *C
NMR spectra were recorded at 400 or 500 MHz, using CDCl; or CgDs as solvents, and calibrated on residual solvents signals. J values are
recorded in Hz and quoted to the nearest 0.1. Reaction progress was monitored by thin layer chromatography (TLC) and plates were visualized
under UV light or by development using p-anisaldehyde. Flash column chromatography was performed using the indicated solvent systems and

commercial silica gel 60A (35-70p).

(+/-)-(2S,4R)-2-Benzoyl-3,3-dimethyl-4-prenyl-cyclohexanone (31) and (+/-)-(2R,4R)-2-benzoyl-3,3-dimethyl-4-prenyl-cyclohexanone (32)
To a solution of Cul (22 mg, 112 mmol, 0.1 eq) and enone 30 (200 mg, 1.12 mmol) in THF (7 mL) and Me,S (1 mL) at -15 °C was slowly added

MeMgBr (560 pL, 3.0 M in Et,O, 1.68 mmol, 1.5 eq) over 20 min. The reaction mixture was stirred for 15 min, then benzaldehyde (342 L,



S3

3.36 mmol, 3 eq) was added drop-wise. The mixture was then stirred 1 h from -15 °C to 0 °C, then the reaction was stopped by adding an
NH,OH/NH,4CI aqueous solution (10%, 1/1 v/v), and extracted with Et,O. The organic phase was dried (MgSO,) and evaporated in vacuo. The
residue was dissolved in DCM (10 mL) and Dess-Martin periodinane (5 mL, 15% solution in DCM, 2.24 mmol, 2 eq) was added. The resulting
solution was stirred 2 h at rt, then quenched by adding Na,S,03(aq) (10%, 5 mL) and saturated NaHCO3(aq) (5 mL). The resulting two phase
mixture was vigorously stirred for one hour. The mixture was extracted with DCM, washed with saturated NaHCOj3 and dried (MgSQ,). After
evaporation of the solvent, the residue was purified by column chromatography (eluent petroleum ether/AcOEt 95/5 to 9/1) to provide 31 (107
mg) and then 32 (87 mg). Overall yield 58%. (32) Colorless oil; R; = 0.27 (petroleum ether/AcOEt 9/1); FTIR (CHCl3) 2914, 2874, 1708, 1667,
1370 cm™; *H-NMR (CDCls, 400 MHz) 7.98 (d, J = 7.5, 2H), 7.56 (t, J = 7.5, 1H), 7.45 (t, J = 7.5, 2H), 5.20 (br t, J = 6.0, 1H), 4.32 (d, J = 1.5,
1H), 2.84 (td, J = 13.5, 7.0, 1H), 2.56 (app t, J = 11.0, 1H), 2.35 (br t, J = 13.5, 1H), 2.15 (m, 2H), 1.73 (s, 3H), 1.72 (m, 1H), 1.61 (s, 3H), 1.48
(m, 1H), 0.99 (s, 3H), 0.94 (s, 3H). *C-NMR (CDCl;, 100 MHz) 208.2, 196.6, 138.4, 133.3, 132.6, 128.7, 128.6, 123.5, 71.2, 42.6, 39.9, 39.3,
27.9, 27.8, 26.3, 25.8, 22.2, 17.8; HRMS (ESI) m/z calcd for CaoH270, : 299.2011, found 299.1991 [M+H]*. (31) White solid, mp = 122-123 °C;
Rf = 0.15 (Petroleum ether/AcOEt 9:1); FTIR (CHCls) 2968, 2931, 1715, 1687, 1370 cm™; *H-NMR (CDCls, 400 MHz) 7.81 (d, J = 7.5, 2H),
7.53(t, J=7.5,1H), 7.43 (t, J = 7.5, 2H), 5.15 (t, J = 6.0, 1H), 4.41 (s, 1H), 2.50 (m, 2H), 2.27 (m, 1H), 2.14 (m, 1H), 1.78 (m, 1H), 1.73 (s, 3H),
1.68 (m, 1H), 1.62 (s, 3H), 1.59 (m, 1H), 1.16 (s, 3H), 1.13 (s, 3H). Irradiation at 4.41 ppm (H1) results in a 3% enhancement at 1.68 ppm (H7);
BC-NMR (CDCl3, 100 MHz) 207.7, 197.1, 138.8, 133.1, 133.0, 128.6, 127.8, 123.1, 67.1, 48.5, 43.7, 41.8, 28.0, 27.5, 27.1, 25.9, 17.9, 17.8;

HRMS (ESI) m/z calcd for CyoH,70, : 299.2011, found 299.2006 [M+H]".
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(+/-)-(4S,6S)-1-(tert-Butyldimethylsilyloxy)-4-prenyl-5,5-dimethyl-6-benzoyl-cyclohex-1-ene (33)

A mixture of diketone 31 (694 mg, 2.33 mmol), TBSCI (523 mg, 3.50 mmol, 1.5 eq), EtsN (650 pL, 4.66 mmol, 2.0 eq) and Nal (523 mg, 3.50
mmol, 1.5 eq) in CH3CN (15 mL) was heated at reflux for 1 h, when it was cooled to rt, and the solvent evaporated in vacuo. The resulting black
solid was triturated with petroleum ether, filtrated and washed with petroleum ether. After evaporation of the solvents in vacuo, the residue was
purified by column chromatography (petroleum ether/AcOEt/EtsN 98/1/1). Enol ether 33 was isolated as a white solid (500 mg, 52%). mp = 67-
69 °C; Ry = 0.64 (petroleum ether/AcOEt 9/1); FTIR (CHCIs) 2927, 2857, 1681, 1362, 1344, 872 cm’*; *H-NMR (CDCl3, 500 MHz) 7.98 (d, J =
7.5, 2H), 7.51 (t, J = 7.5, 1H), 7.43 (t, J = 7.5, 2H), 5.15 (m, 1H), 4.97 (dd, J = 5.0, 2.5, 1H), 3.89 (s, 1H), 2.30 (dt, J = 17.5, 5.5, 1H), 2.09 (m,
2H), 1.75-1.64 (overlap, 2H), 1.69 (s, 3H), 1.59 (s, 3H), 1.00 (s, 3H), 0.84 (s, 3H), 0.69 (s, 9H), 0.11 (s, 3H), 0.00 (s, 3H). *C-NMR (CDCls, 125
MHz) 202.9, 148.4, 140.1, 132.5, 131.6, 128.5, 128.4, 124.0, 104.2, 58.0, 37.5, 37.2, 27.5, 27.3, 25.8, 25.7, 25.5, 22.8, 17.9, 17.8, -4.3, -4.8;

HRMS (ESI) m/z calcd for CysH400,SiNa : 435.2695, found 435.2671 [M+Na]".

(+/-)-(4S,6R)-1-(tert-Butyldimethylsilanoxy)-4-prenyl-5,5-dimethyl-6-benzoyl-cyclohex-1-ene (34)
Obtained using the same procedure as for compound 33; yield = 86%. White solid, mp = 94-96 °C; Ry = 0.62 (petroleum ether/AcOEt 9/1). FTIR
(CHCls3) 2929, 2857, 1680, 1370, 1344, 881 cm™; *H-NMR (CDCls, 500 MHz) 7.96 (d, J = 7.0, 2H), 7.50 (t, J = 7.0, 1H), 7.41 (t, J = 7.0, 2H),

5.10 (br t, J = 7.0, 1H), 4.92 (dt, J = 6.0, 2.0, 1H), 4.22 (br s, 1H), 2.15 (m, 2H), 1.77 (m, 2H), 1.70 (s, 3H), 1.60 (s, 3H), 1.42 (m, 1H), 0.94 (s,
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3H), 0.90 (s, 3H), 0.64 (s, 9H), 0.08 (s, 6H). *C-NMR (CDCl3, 125 MHz) 200.6, 148.6, 140.2, 132.3, 132.1, 128.5, 128.2, 123.7, 103.5, 58.2 (br),
45.0, 37.1, 28.0, 27.4, 27.1, 25.8, 25.4, 17.8, 17.7, 16.9, -4.6, -4.7; HRMS (ESI) m/z calcd for CasHaO,SiNa : 435.2695, found 435.2698

[M+Na]".

(+/-)-(4S,6S)-3-Methyl-4,6-bis-(prenyl)-cyclohex-2-enone (35)

A solution of nBuLi (2.0 mL, 3.2 mmol, 1.15 eq) was added to a 0 °C solution of 'Pr,NH (473 pL, 3.37 mmol, 1.2 eq) in THF (8 mL). After 15
min, the solution was cooled to -78 °C, and a solution of ketone 30 (500 mg, 2.8 mmol) in THF (3mL) was transfered via cannula. The resulting
yellow solution was stirred at -78 °C for 15 min, then at 0 °C for 30 min, and then cooled to -78 °C. Prenyl bromide (364 pL, 3.15 mmol, 1.1 eq)
was added, and the resulting solution was allowed to reach rt over 4 h, before quenching by adding NH,Cl(aqg). The phases were separated and
the aqueous phase extracted using Et,O. The combined organic phases were dried (MgSQO,) and concentrated in vacuo. The residue was purified
by flash column chromatography (eluent petroleum ether/Et,O 95/5) to provide the title compound as a 9:1 mixture of diastereoisomers (530 mg,
77%). Slightly yellow oil. The major isomer could be isolated in pure form on an analytical scale by preparative TLC. R; = 0.54 (petroleum
ether/AcOEt 4/1). Data for the major diastereoisomer : FTIR (CHCI3) 2914, 1660, 1454, 1380, 893 cm™; *H NMR (400 MHz, CDCl3) 5.78 (s,
1H), 5.09 (m, 1H), 5.03 (m, 1H), 2.52 (m, 1H), 2.32 (m, 2H), 2.27 — 2.10 (m, 3H), 2.01 (m, 1H), 1.95 - 1.90 (m, 1H), 1.93 (s, 3H), 1.70 (s, 3H),
1.67 (s, 3H), 1.59 (s, 3H), 1.57 (s, 3H); *C NMR (125 MHz, CDCl3) 201.0, 164.5, 133.6, 133.1, 126.3, 122.2, 121.9, 41.7, 39.7, 31.2, 29.6, 27.8,

25.7 (2 C), 22.8, 17.7 (2 C); HRMS (ESI) m/z calcd for C17H,sONa 269.1876, found 269.1874, [M+Na]".
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(+/-)-(2S,4S)-5,5-Dimethyl-2,4-bis-(prenyl)-cyclohexanone (36)

MeMgBr (980 pL, 2.93 mmol, 1.5 eq) was added drop-wise to a solution of enone 35 (480 mg, 1.95 mmol) and Cul (37 mg, 10 mol%, 195 pumol)
in a mixture of THF (10 mL) and Me,S (1 mL) at 0 °C. After completion of the addition, the mixture was stirred for a further 15 min at 0 °C,
then the reaction was stopped by adding NH4Cl(aq). The phases were separated and the aqueous phase extracted using Et,O. The combined
organic phases were dried (MgSO,) and concentrated in vacuo. The residue was purified by flash column chromatography (eluent petroleum
ether/Et,O 95/5) to provide the title compound as a 9/1 mixture of diastereoisomers. Slightly yellow oil (450 mg, 88%). R (major) = 0.16
(petroleum ether/Et,O 95/5), Rs (minor) = 0.20 (petroleum ether/Et,O 95/5). Data for the major isomer : FTIR (CHCI3) 2966, 2930, 2870, 1703,
1453, 1376 cm™; *H NMR (500 MHz, CDCl5) 5.08 (m, 1H), 4.98 (m, 1H), 2.25 (m, 3H), 2.18 & 2.13 (2d, AB, J = 13.5, 2H), 2.05 (m, 1H), 1.87
(m, 1H), 1.70 (s, 3H), 1.70-1.66 (overlap, 2H), 1.66 (s, 3H), 1.60 (s, 3H), 1.58 (s, 3H), 1.55 (m, 1H), 0.99 (s, 3H), 0.88 (s, 3H); *C NMR (125
MHz, CDCls3) 214.2, 133.3, 132.4, 123.6, 121.6, 52.2, 47.9, 42.4, 39.1, 31.4, 29.4, 28.9, 27.3, 25.8, 25.7, 23.8, 17.8 (2 C); HRMS (ESI) m/z calcd

for C1gH30ONa 285.2189, found 285.2183, [M+Na]".

1-tert-Butyldimethylsilyloxy-5,5-dimethyl-2,4-bis-(prenyl)-cyclohex-1-ene (37)
To a solution of ketone 36 (450 mg, 1.72 mmol) in MeCN (10 mL) was added EtzN (720 pL, 5.15 mmol, 3 eq), Nal (336 mg, 2.24 mmol, 1.3 eq)

and TBSCI (336 mg, 2.24 mmol, 1.3 eq). The resulting mixture was heated under reflux for 1.5 h. The mixture was cooled to rt, more TBSCI (50
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mg, 0.2 eq) and Nal (50 mg, 0.2 eq) were added, and the mixture was heated under reflux for 1 h. The solvent was then evaporated in vacuo, and
the residue was triturated with petroleum ether. The organic extract was concentrated to provide an oil which was purified by flash column
chromatography (eluent petroleum ether/Et,O 99/1 + 0.5% Et3N) to provide the title compound as a colorless oil (560 mg, 87%). Ry = 0.75
(petroleum ether/Et,O 95/5). FTIR (CHCls) 2929, 1602, 1361 cm™; *H NMR (500 MHz, CDCl3) 5.09 (br t, J = 6.6, 1H), 5.03 (br t, J = 7.0, 1H),
2.78 (dd, J = 14.5, 7.0, 1H), 2.68 (dd, J = 14.5, 7.0, 1H), 2.10 (br d, J = 13.5, 1H), 1.99 (dd, J = 17.0, 5.4, 1H), 1.89 & 1.77 (2 d, AB, J = 16.5,
2H), 1.70 (s, 6H), 1.70 — 1.58 (m, 2H), 1.62 (s, 3H), 1.59 (s, 3H), 1.22 (m, 1H), 0.95 (s, 9H), 0.93 (s, 3H), 0.85 (s, 3H), 0.12 (s, 6H); *C NMR
(125 MHz, CDCl3) 141.3, 131.6, 131.5, 124.4, 122.9, 113.0, 44.8, 43.3, 33.4, 30.5, 28.8, 28.5, 27.9, 25.9, 25.8, 25.7 (2 C), 22.4, 18.2, 17.8, -3.7,

HRMS (ESI) m/z calcd for Cy4H4s0Si 377.3234, found 377.3241, [M+H]".

(+/-)-(1S,5R,7S)-2-Methoxy-8,8-dimethyl-5,7-bis-(prenyl)-bicyclo[3.3.1]Jnon-2-ene-4,9-dione  (39) and (+/-)-(1S,5R,7S)-4-methoxy-8,8-
dimethyl-5,7-bis-(prenyl)-bicyclo[3.3.1]non-3-ene-2,9-dione (40)

To a solution of enol ether 37 (1.00 g, 2.66 mmol) in Et,O (2 mL) at -20 °C (dry ice / CCl, bath) was added drop-wise malonyl dichloride (517
pL, 5.32 mmol, 2 eq). The reaction mixture was stirred at -20 °C for 24 h, then benzyltriethylammonium chloride (10 mg, 44 pmol, 0.015 eq)
was added, followed by a solution of KOH (1.34 g, 23.9 mmol, 9 eq) in H,O (3 mL). The reaction mixture was allowed to reach rt and stirred for
6 h. After dilution with water (25 mL) and petroleum ether (25 mL), the pH was adjusted at ~10 using 2M NaOH. The phases were separated and

the aqueous phase was further extracted using petroleum ether (2 x 25 mL). The combined organic phases were dried over MgSQO, and the
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solvent evaporated. The residue obtained was purified by column chromatography (eluent petroleum ether/AcOEt 95/5) to provide ketone 36
(400 mg, 57%). The aqueous layer was cooled to 0 °C, carefully acidified to pH ~1 using 2M HCI, and then extracted using DCM (4 x 30 mL).
The combined organic layers were dried over MgSO,, and the solvent removed in vacuo to provide crude 38 as an orange foam (370 mg). H-
NMR (CDCls, 400 MHz) 9.20 (br s, 1H, OH), 5.89 (s, 1H), 4.97 (t, J = 7.2, 1H), 4.95 (t, J = 7.5, 1H), 2.87 (s, 1H), 2.40 (d, J = 6.8, 2H), 2.06 (m,
1H), 1.91 (dd, J = 13.5, 4.0, 1H), 1.79-1.55 (m, 2H), 1.66 (s, 3H), 1.64 (s, 3H), 1.61 (s, 3H), 1.54 (s, 3H), 1.35 (t, J = 13.5, 1H), 1.12 (s, 3H), 0.90
(s, 3H). *C-NMR (CDCls, 100 MHz) 207.7, 195.5, 181.3, 133.9, 133.2, 122.3, 119.4, 108.2, 67.9, 61.7, 42.0, 40.0, 39.9, 29.3, 27.9, 26.9, 25.9,
25.8, 20.6, 18.0, 17.9. Crude 38 obtained above was dissolved in acetone (20 mL), K,CO3 (770 mg, 5 eq) and Me,SO,4 (106 pL, 1.0 eq) were
added and the resulting suspension was heated under reflux for 1 h under N,. The mixture was cooled to rt, the solid was removed by filtration,
and the solvent removed in vacuo. The residue was purified by column chromatography (eluent petroleum ether/CH,Cl,/AcOEt 70/28/2, then
50/40/10) to give pure 39 (170 mg) and then pure 40 (100 mg), 29% overall. (39) R; = 0.27 (petroleum ether/AcOEt 9/1), white solid; mp = 95-97
°C; FTIR (CHCls) 2969, 2934, 1731, 1650, 1605, 1361 cm™; *H-NMR (CDCls, 500 MHz) 5.69 (s, 1H), 4.96 (m, 2H), 3.74 (s, 3H), 2.81 (s, 1H),
2.39 (m, 2H), 2.05 (m, 1H), 1.91 (dd, J = 13.0, 4.0, 1H), 1.65 (s, 6H), 1.61 (s, 3H), 1.69 — 1.56 (overlap, 2H), 1.53 (s, 3H), 1.33 (t, J = 13.0, 1H),
1.02 (s, 3H), 0.89 (s, 3H); BC-NMR (CDCls, 100 MHz) 207.5, 197.7, 174.4, 133.7, 133.1, 122.4, 119.8, 105.9, 65.9, 63.9, 56.4, 41.8, 40.8, 39.7,
29.4,28.1, 27.1, 25.9, 25.8, 20.5, 18.0, 17.9. HRMS (ESI) m/z calcd for CxH3303 345.2424, found 345.2416, [M+H]". (40) Rs = 0.19 (petroleum
ether/AcOEt 9/1); white solid; mp = 72-74 °C; FTIR (CHCls) 2970, 2938, 1731, 1644, 1595, 1372 cm™; *H-NMR (CDCls, 500 MHz) 5.71 (s,

1H), 4.96 (m, 2H), 3.74 (s, 3H), 2.82 (s, 1H), 2.45 (dd, J = 14.5, 6.5, 1H), 2.36 (dd, J = 14.5, 8.0, 1H), 2.09 (m, 1H), 1.90 (dd, J = 14.0, 4.0, 1H),
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1.68 (s, 3H), 1.67 — 1.65 (overlap, 2H), 1.64 (s, 3H), 1.63 (s, 3H), 1.55 (s, 3H), 1.33 (t, J = 13.5, 1H), 1.08 (s, 3H), 0.85 (s, 3H); *C-NMR
(CDCls, 100 MHz) 206.6, 193.8, 177.8, 133.7, 133.1, 122.5, 119.3, 106.1, 74.6, 57.1, 56.8, 42.9, 40.7, 39.3, 29.6, 27.6, 26.6, 25.9, 25.8, 20.7,

17.9, 17.8. HRMS (ESI) m/z calcd for C,H3303 345.2424, found 345.2417, [M+H]"

(+/-)-(1S,5R,7S)-2-Methoxy-8,8-dimethyl-3,5,7-tris-(prenyl)-bicyclo[3.3.1]Jnon-2-ene-4,9-dione (42)

To a cold (-78 °C) solution of 39 (25 mg, 72.6 umol) in THF (1 mL) was added LTMP (0.5 M solution in THF, 290 pL, 145 pumol, 2 eq) drop-
wise via syringe. The resulting yellow solution was stirred for 20 min. at that temperature, then a Li(2-Th)CuCN solution (0.25 M in THF, 580
pL, 145 pmol, 2 eq) was added drop-wise, and the resulting solution was stirred at -40 °C for 30 min. The mixture was cooled to -78 °C and
prenyl bromide (42 pL, 363 pumol, 5 eq) was added. The solution was stirred while gradually warming up from -78 °C to -40 °C over 1.5 h. The
reaction was stopped by adding NH,4CI (aq), allowed to reach rt and extracted with Et,O. The combined organic phases were dried (MgSO,) and
concentrated to a yellow oil. Purification by column chromatography (eluent petroleum ether/AcOEt 9/1) to afford the title compound as a white
solid (22 mg, 74%). R; = 0.49 (petroleum ether/AcOEt 9/1); mp = 60-62 °C; FTIR (CHCIl3) 2968, 2914, 1727, 1651, 1610, 1375, 1346 cm™; 'H-
NMR (CDCls, 500 MHz) 5.00 (br t, J = 7.0, 1H), 4.93 (m, 2H), 3.78 (s, 3H), 3.21 (s, 1H), 3.05 (m, 2H), 2.39 (m, 2H), 2.04 (m, 1H), 1.88 (dd, J =
13.5, 4.0, 1H), 1.68 (s, 3H), 1.65 (s, 3H), 1.64 (s, 3H), 1.63 (s, 3H), 1.61 (s, 3H), 1.59-1.55 (m, 2H), 1.52 (s, 3H), 1.30 (t, J = 13.0, 1H), 1.08 (s,
3H), 0.92 (s, 3H). *C-NMR (CDCls, 125 MHz) 207.7, 197.3, 167.7, 133.5, 133.2, 131.8, 125.9, 122.4, 122.0, 119.9, 63.7, 60.5, 56.5, 42.0, 40.4,

39.0,29.7, 27.9, 25.9, 25.8 (2 C), 25.7, 22.3, 20.8, 18.0, 17.8, 17.7. HRMS (ESI) m/z calcd for C»7H4;03 413.3050, found 413.3035, [M+H]".
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(+/-)-(1S,5R,7S)-4-Methoxy-8,8-dimethyl-3,5,7-tris-(prenyl)-bicyclo[3.3.1]non-3-ene-2,9-dione (41)

Prepared using the same procedure as for 42; yield = 78%. R; = 0.52 (petroleum ether/AcOEt 4/1); FTIR (CHCI3) 2930, 1729, 1650, 1596, 1375,
1344, 1061 cm™; *H-NMR (CDCls, 400 MHz) 5.01 (m, 2H), 4.97 (br t, J = 6.5, 1H), 3.89 (s, 3H), 3.12 (d, J 6.5, 2H), 2.89 (s, 1H), 2.48 (dd, J
14.5, 6.0, 1H), 2.34 (dd, J 14.5, 7.2, 1H), 2.10 (m, 1H), 1.97 (dd, J = 14.0, 3.6, 1H), 1.69 — 1.64 (overlap, 2H), 1.69 (s, 6H), 1.68 (s, 3H), 1.66 (s,
3H), 1.64 (s, 3H), 1.57 (s, 3H), 1.35 (dd, J = 13.5, 12.5, 1H), 1.04 (s, 3H), 0.84 (s, 3H). *C-NMR (CDCls, 100 MHz) 206.9, 194.7, 174.5, 133.4,
133.3, 132.5, 126.7, 122.6, 122.1, 119.9, 75.1, 62.1, 58.9, 43.2, 41.3, 39.1, 30.1, 27.4, 26.6, 25.8, 25.7, 25.6, 23.3, 20.6, 18.0, 17.9, 17.8. HRMS

(ESI) m/z calcd for Cy7H4103 413.3050, found 413.3047, [M+H]".

(+/-)-(1S,5R,7S)-2-Methoxy-8,8-dimethyl-3-(prenyl)-1,7-bis-(prenyl)-bicyclo[3.3.1]non-2-ene-4,9-dione (43)

To a cold (-78 °C) solution of 42 (35 mg, 85 umol) in THF (7 mL) was added TMSCI (43 L, 340 umol, 4 eq) followed by a LDA solution (0.5
M solution in THF, 680 pL, 340 umol, 4 eq) drop-wise via syringe. The resulting yellow solution was stirred 2 min. at that temperature, then 12
min. at 0 °C. 1, (193 mg, 765 pmol, 9 eq) in THF (1 mL) was added to the previous solution, and the resulting mixture was stirred at 0 °C for 20
min. The reaction mixture was diluted with a mixture of AcOEt and petroleum ether (1/2 v/v, 25 mL), and washed succsesively with Na,S,03(aq)
and brine. The organic phase was dried over MgSO,4 and concentrated in vacuo. The crude oil obtained was purified by column chromatography

(eluent petroleum ether/AcOEt 9/1) to provide 43 as a colorless oil (21 mg, 60%); FTIR (CHCI3) 2968, 2914, 1729, 1651, 1589, 1454, 1372,
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1355 cm™; *H-NMR (CDCl3, 500 MHz) 7.16 (d, J = 16.5, 1H), 6.45 (d, J = 16.5, 1H), 5.07 (s, 1H), 5.04 (s, 1H), 4.93 (m, 2H), 3.88 (s, 3H), 3.31
(s, 1H), 2.43 (m, 2H), 2.05 (m, 1H), 1.95 (dd, J = 13.5, 4.0, 1H), 1.93 (s, 3H), 1.66 — 1.57 (overlap, 2H), 1.65 (s, 6H), 1.62 (s, 3H), 1.53 (s, 3H),
1.34 (dd, J = 13.5, 1H), 1.12 (s, 3H), 0.95 (s, 3H). *C-NMR (CDCls, 125 MHz) 206.7, 197.3, 168.8, 143.0, 136.1, 133.7, 133.2, 122.2, 121.4,
119.7, 118.1, 117.5, 64.0, 61.7, 57.2, 43.0, 40.9, 39.0, 29.8, 28.0, 25.9, 25.8 (2C), 20.9, 18.2, 18.0, 17.9. HRMS (ESI) m/z calcd for

Ca7H3903 411.2899, found 411.2894, [M+H]".

(+/-)-(1S,5R,7S)-3-Benzoyl-4-methoxy-8,8-dimethyl-5,7-bis-(prenyl)-bicyclo[3.3.1]non-3-ene-2,9-dione (44)

Prepared using the same procedure as for 29, yield 80%. R; = 0.32 (petroleum ether/AcOEt 4/1). FTIR (CHCI3) 2914, 1794, 1676, 1644, 1587,
1462, 1381, 1096, 890 cm™; *H-NMR (CDCls, 400 MHz) 7.86 (d, J = 7.5, 2H), 7.57 (t, J = 7.5, 1H), 7.45 (t, J = 7.5, 2H), 5.14 (br t, J = 6.8, 1H),
5.10 (br t, J = 7.5, 1H), 3.67 (s, 3H), 2.92 (s, 1H), 2.55 (dd, J 14.2, 5.2, 1H), 2.43 (dd, J 14.2, 8.8, 1H), 2.18 (m, 1H), 2.11 (dd, J 13.2, 4.5, 1H),
2.01 (m, 1H), 1.75 (m, 1H), 1.73 (s, 3H), 1.71 (s, 3H), 1.65 (s, 3H), 1.62 (s, 3H), 1.45 (t, J = 13.2, 1H), 1.11 (s, 3H), 0.88 (s, 3H). **C-NMR
(CDCl3, 100 MHz) 205.8, 195.4, 192.8, 174.3, 137.9, 134.3, 133.8, 133.5, 129.2, 128.9, 122.4, 121.4, 119.5, 75.0, 60.8, 58.8, 43.9, 41.3, 40.0,

30.3, 27.7, 26.6, 26.0, 25.9, 20.7, 20.6, 17.9. HRMS (ESI) m/z calcd for CpoH370, 449.2686, found 449.2679, [M+H]".

(+/-)-(1R,5R/S,8S,10S)-5-Hydroxy-9,9-dimethyl-1,10-bis-(prenyl)-5-phenyl-3-oxa-tricyclo[6.3.1.0**]dodec-2(6)-ene-7,12-dione (45)
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To a cold (-78 °C) solution of 44 (28 mg, 62.5 umol) in THF (1 mL) was added LTMP (0.5 M solution in THF, 624 pL, 312 umol, 5 eq) drop-
wise via syringe. The resulting brown solution was stirred 45 min. at that temperature, then prenyl bromide (72 pL, 624 umol, 10 eq) was added.
The solution was allowed to stir at -78 °C for 1 h. The reaction was stopped by adding NH4ClI (aq), allowed to reach rt and extracted with AcOEt.
The combined organic phases were dried (MgSQO,) and concentrated to a yellow oil. Purification by column chromatography (eluent petroleum
ether/AcOEt 95/5 gradually to 8/2) afforded 45 as a colorless oil (12 mg, 43%); R; = 0.17 (petroleum ether/AcOEt 9/1); FTIR (CHCI3) 3560 (br),
2970, 2932, 1732, 1650, 1626, 1453, 1396, 1376, 1071 cm™; *H-NMR (CDCls, 400 MHz) 7.32 — 7.24 (m, 5H), 5.15 (br t, J = 7.2, 1H), 5.06 (br t,
J=17.2,1H), 4.82 & 4.44 (2 d, AB, J 10.5, 2H), 3.33 (s, 1H, exchange with D,O, OH), 2.75 (s, 1H), 2.55 (dd, J 14.0, 6.0, 1H), 2.45 (dd, J 14.0,
8.4, 1H), 2.15 (m, 1H), 2.10 (dd, J 13.6, 4.5, 1H), 1.85 (m, 1H), 1.76 (m, 1H), 1.73 (s, 3H), 1.69 (s, 3H), 1.66 (s, 3H), 1.59 (s, 3H), 1.46 (t, J =
13.0, 1H), 1.11 (s, 3H), 0.89 (s, 3H). **C-NMR (CDCls, 100 MHz) 205.9, 188.3, 180.3, 143.3, 135.0, 133.5, 128.6, 127.7, 124.7, 123.3, 122.4,
118.7, 88.5, 82.1, 73.6, 55.3, 42.8, 40.9, 38.2, 29.1, 27.7, 26.6, 25.9, 25.8, 20.9, 18.0, 17.9. HRMS (ESI) m/z calcd for Cy9H370,4 449.2686, found

449.2673, [M+H]".

(+/-)-(1S,5R,7S)-4-Methoxy-8,8-dimethyl-5,7-bis-(prenyl)-3-trimethylsilanyl-bicyclo[3.3.1]non-3-ene-2,9-dione (46)
To a cold (-78 °C) solution of 40 (90 mg, 261 pmol) in THF (3 mL) was added LTMP (0.5 M solution in THF, 1.05 mL, 523 umol, 2 eq) drop-
wise via syringe, followed by freshly distilled TMSCI (99 pL, 783 pumol, 4 eq). The resulting yellow solution was stirred 30 min at that

temperature, then the reaction was stopped by adding NH4Cl (aq), allowed to reach rt and extracted with AcOEt. The combined organic phases
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were dried (MgSO,) and concentrated to a yellow oil. Purification by column chromatography (eluent petroleum ether/AcOEt 95/5 gradually to
9/1) afforded 46 as a colorless oil (85 mg, 78%). R; = 0.5 (petroleum ether/EtOAc 9/1); FTIR (CHCls) 2969, 1728, 1643, 1561, 1379, 895 cm™;
'H-NMR (CDCl3, 500 MHz) 5.03 (m, 1H), 4.99 (brt, J = 7.0, 1H), 3.85 (s, 3H), 2.81 (s, 1H), 2.52 (dd, J = 14.5, 6.5, 1H), 2.37 (dd, J = 14.5, 7.5,
1H), 2.11 (m, 1H), 1.97 (dd, J = 13.5, 3.5, 1H), 1.69 (s, 3H), 1.69 — 1.63 (overlap, 2H), 1.65 (s, 3H), 1.63 (s, 3H), 1.57 (s, 3H), 1.39 (dd, J = 14.0,
12.5, 1H), 1.06 (s, 3H), 0.84 (s, 3H), 0.23 (s, 9H). BC-NMR (CDCls, 125 MHz) 207.3, 198.4, 186.6, 133.6, 133.5, 127.4, 122.5, 119.6, 75.9, 63.9,
59.8, 43.2, 41.9, 39.0, 29.8, 27.3, 26.6, 25.8, 25.7, 20.5, 18.0, 17.9, 0.6; HRMS (ESI) m/z calcd for CysH4105Si 417.2819, found 417.2856,

[M+H]".

(+/-)-(1S,5R,7S)-1-lodo-4-methoxy-8,8-dimethyl-5,7-bis-(prenyl)-3-trimethylsilanyl-bicyclo[3.3.1]non-3-ene-2,9-dione (47)

To a cold (-78 °C) solution of 46 (32 mg, 77 umol) in THF (7 mL) was added TMSCI (45 pL, 307 umol, 4 eq) followed by a LDA solution (0.5
M solution in THF, 614 pL, 307 umol, 4 eq) drop-wise via syringe. The resulting yellow solution was stirred 2 min. at that temperature, then 12
min. at 0 °C. 1, (176 mg, 693 pmol, 9 eq) in THF (1 mL) was added to the previous solution, and the resulting mixture was stirred at 0 °C for 20
min. The reaction mixture was diluted with AcOEt:petroleum ether (1:2, 40 mL), and washed succsesively with Na,S,03(aq) and brine. The
organic phase was dried over MgSO, and concentrated in vacuo. The crude oil obtained was purified by column chromatography (eluent
petroleum ether/AcOEt 9/1) to provide 47 as a colorless oil (18 mg, 40%); R; = 0.35 (petroleum ether/EtOAc 9/1); FTIR (CHCI3) 2914, 1734,

1646, 1562, 1375, 1055 cm™; *H-NMR (CDCls, 400 MHz) 5.02 (m, 2H), 3.87 (s, 3H), 2.60 (dd, J = 14.0, 6.5, 1H), 2.48 (dd, J = 14.0, 7.2, 1H),
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2.22 (m, 1H), 1.92 (dd, J = 13.5, 4.0, 1H), 2.11 (m, 1H), 1.80-1.64 (overlap, 2H), 1.68 (s, 3H), 1.66 (s, 6H), 1.57 (s, 3H), 1.45 (dd, J = 14.0, 12.5,
1H), 1.26 (s, 3H), 0.90 (s, 3H), 0.23 (s, 9H); *C-NMR (CDCls, 125 MHz) 206.6, 194.5, 184.7, 134.2, 133.9, 126.0, 122.4, 119.2, 88.2, 64.2, 60.1,
48.2, 41.1, 37.9, 31.4, 29.5, 27.8, 25.9, 25.8, 20.8, 18.1, 17.9, 0.5. HRMS (ESI) m/z calcd for CapsHs9lO03SiNa 565.1611, found 565.1593,

[M+Na]".

(+/-)-(2S,4S)-4-Allyl-5,5-dimethyl-2-prenyl-cyclohexanone (63)

Methylmagnesium bromide (14.4 mL, 3 M in Et,0O, 1.5 eq.) was slowly cannulated into a solution of enone 62 (6.35 g, 0.029 mol) and copper
iodide (0.275 g, 1.45 mmol, 0.05 eq.) in THF:DMS (120:12 mL) at 0 °C under N,. The reaction mixture was stirred at 0 °C for 15 min, then
poured into a mixture of saturated aqueous NH4,CI:NH,OH (1:1, 60 mL) and Et,O (100 mL). The layers were separated and the aqueous layer
was extracted with Et,O (3 x 80 mL). The combined organic extracts were dried over MgSO,4 and concentrated in vacuo to a dark yellow oil.
Purification by column chromatography (petroleum ether/EtOAc 97/3 to 95/5) gave 63 (inseparable 10:1 mixture of diastereoisomers) as a pale
yellow oil (4.75 g, 70%); R; = 0.81 (petroleum ether/EtOACc 4/1); FTIR (CHCIl3) 2931, 1708, 1639, 1456, 1370, 1109, 994, 913 cm™; *H NMR
(400 MHz, CDCl; - for major isomer) 5.81-5.70 (m, 1H), 5.07-5.00 (m, 3H), 2.46-2.39 (m, 1H), 2.32-2.11 (m, 4H), 2.10-2.04 (m, 1H), 1.94-1.85
(m, 1H), 1.73 (td, J = 6.0, 1.5, 2H), 1.66 (s, 3H), 1.66-1.60 (m, 1H), 1.58 (s, 3H), 1.00 (s, 3H),0.88 (s, 3H); *C NMR (100 MHz, CDCl5) 213.7,
137.7, 133.3, 121.5, 116.0, 52.0, 47.6, 41.5, 39.0, 33.5, 31.4, 29.4, 29.0, 25.7, 23.9, 19.7; HRMS (ESI) m/z calcd for CysH,70 235.2061, found

235.2067 [M+H]".
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1-tert-Butyldimethylsilyloxy-4-allyl-5,5-dimethyl-2-prenyl-cyclohex-1-ene (64)

Sodium iodide (6.0 g, 0.04 mol, 2 eq.), tert-butyldimethylsilyl chloride (6.02 g, 0.04 mol, 2eq.), and freshly distilled triethylamine (12.8 mL, 0.09
mol, 4.5 eq.) were added to a solution of cyclohexanone 63 (4.75 g, 0.02 mol) in CH3CN (35 mL). The reaction mixture was heated under reflux
for 3 h, then cooled to rt and concentrated to a brown solid. After trituration of the solid with petroleum ether and concentration in vacuo, a pale
yellow oil was obtained which was purified by column chromatography (petroleum ether/EtsN 99/1) to give the title compound 64 as a clear,
colourless oil (6.53 g, 95%); FTIR (CHCIs) 3670, 3598, 2865, 1705, 1682, 1638, 1606, 1471, 1362, 1069, 1005, 940, 840 cm™; *H NMR (500
MHz, CDCl3) 5.81-5.72 (m, 1H), 5.06-4.95 (m, 3H), 2.72 (dd, J = 14.5, 7.3, 1H), 2.32-2.26 (m, 1H), 2.20 (dd, J = 17.0, 5.3, 1H), 1.93 (d, J =
17.0, 1H), 1.77 (d, J = 17.0, 1H), 1.69 (s, 3H), 1.76-1.64 (m, 3H), 1.63 (s, 3H), 1.34-1.27 (m, 1H), 0.95 (s, 12H), 0.84 (s, 3H), 0.13 (s, 6H); *C
NMR (100 MHz, CDCl3) 141.3, 138.7, 131.7, 122.8, 115.2, 113.0, 44.9, 42.3, 34.1, 33.4, 30.4, 28.8, 28.4, 25.9, 25.7, 22.1, 18.2, 17.8, -3.6;

HRMS (ESI) m/z calcd for Cx,H410Si 349.2927, found 349.2932 [M+H]".

Preparation of derivatives (57) & (58) via (65)
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Malonyl dichloride (0.56 mL, 5.73 mmol, 2 eq.) was added dropwise to a solution of the enol ether 64 (1g, 2.86 mmol) in Et,O (4 mL) at -20 °C
(dry ice/CCl,4 bath). The reaction mixture was stirred at —20 °C for 24 h, then a solution of BnEtzNCI (33 mg, 0.14 mmol, 0.05 eq.) and KOH
(1.28 g, 22.9 mmol, 8 eq.) in H,O (4 mL) was added dropwise. The reaction mixture was allowed to reach rt over 6 h. After dilution with H,O
(15 mL) and petroleum ether (15 mL), the pH was adjusted to ~12 using 1 M KOH. The phases were separated and the aqueous phase was
extracted using petroleum ether (2 x 15 mL). The combined organic phases were dried over MgSO, and then concentrated in vacuo. Purification
by column chromatography gave ketone 63 as a clear yellow oil (389 mg, 58%). The aqueous layer was then acidified to pH ~1 using 2M HClI,
and extracted using CH,Cl, (3 x 20 mL). The combined organic layers were dried over MgSO,, and concentrated in vacuo to give the title
compound 65 as an orange foam (251 mg). The bicyclic compound 65 was used without purification in the next step.

The crude bicyclic product 65 was dissolved in CH,Cl, (15 mL), and the solution cooled to 0 °C. mCPBA was added and the reaction mixture
stirred at 0 °C for 2.5 h. After this period, the solution was washed successively with saturated aqueous NaHCO3 (3 x 20 mL) and then with
saturated aqueous NaCl (20 mL). The aqueous washings were extracted with CH,Cl, (3 x 20 mL) and combined, dried over MgSQO,, and
concentrated in vacuo. Purification by column chromatography (petroleum ether/EtOAc 85/15) gave firstly the title compound 58 and secondly

the title compound 57 in a 1:2 ratio (200 mg, 22 % over two steps from enol ether 64); data as described previously.



S17

810"
810"
EET”
GET”

-0.5 ppm

0.0

SELT
898’
206°
LO6"
ET6°
0ge”
Zrs”

:

0.5

£66°
666"
TE9”
8ED”
FE9”
FG9°

1.0

15

959°
F69°
£TL”
FEL”
LO6"
T16°
S16"
816"
AN
LTO"
o’
LBT"
L6T"
602"

SS\ke=="V/

AN AA A A A A A A A A A A A O0C 0000000 O

8re”
se”

ZeL b

8ELF

£5LF

LSL'F

£60°6 —

SHZ"G
an
5

2.0

4.0 3.5 3.0 25

4.5

|

|

5.0

18
9.0 8.5 8.0 7.5 7.0 6.5 6.0 55

9.5




S18

9g”
SLS”
T6S"
09
§19°
LT9"
829"
6F9°
659"
PLO"

789
G69

ooL®
PILT
LTIL"
ZoL”
9zZL”
ckL”
9FL”
LSO

0Lo

780"
£60°
SIT”
Tt
€21
621"
k1

8FTL

09z

NPT T TTTTITTTTIITITTTTONNAMOMONAMANNNENNNENANNNNNNN A A A oA A A

T
T
T

N L

OMe

22

i

5.0

A

0.0 ppm

0.5

1.0

15

3.5 3.0 25 2.0
-
o =

4.0

45

9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5

9.5

©
e~
©

I~
=

G

3

.1

3

8 |

8

8

)



B =N o B TR T )
[ e e R e T )
(=T ool Y < T s I ]
I I I N I I NI NN A A A A A A A A AA SO O

@
=
1

Ll o I

£6L°E

g e
™ P 0w N
WO DD W0 WD D
Rl e U - R S -
N{ W‘

092" L

S19

OMe

23

A

0.0 ppm

05

1.0

15

o™
=-
L=

9.0 8.5 8.0 75 7.0 6.5 6.0 55 5.0 4..5 4.0 35 3.0 25 20

95

ﬁ‘

=
-
L]

|

[N
o
L2

|

—

8

i

g

|

g

@0
—
L)

o

&



S20

ppm (t1)

TIPSO =
oy
N
24
| | |
10.0 5.0 0.0

— 2500




S21

SpL”
Fv0°
€8ec’
91E”’
6PE"
8zs”
pes”
609"
1%9°
099"
189°
989"
oL’
oL’
€IL”
09"
TLg”
F68°
G06°
0F0"
670"
1L0°
80"
9TE"
62k
£FE"
LLE®
L6F"
AL
(A%
F6S”
819"
629"

zoL”
oL
gTL”
STL”
6TL"
geL’
TEL”
GEL”
9¢€6”
6E6"
FGE”
SLE”
066"
€66 °
966"
Loo”
0To”

cI8"

geg-

‘e

TSI e=—"

L I I IS I I B I B I I I B R I e e R R e R e N e N e R e e e N e R e N e N R N R N=]

WU ff of pfappp ey ar ey

£

A

Mwm

28

A

ppm

)
=
™

g
@

8§

4

4
o

i

8

=t
-
-

8

E

[

|

|



[ E
o
a
LS
— o
L w
[=]
06L° 0 —— L . 66°00E
w Lo
7911 O
T8E T~ [ 08208
Rn‘w/ I ZULLE
19671 L '? =95zg0
IS T =
. l\l [ [§
LL9° T —~ 1986
056°1 o -
796°1 F o P80
10671 8cc01
686°1
LIF ¢
= o=
08577 ——=
NS‘NH\H Zr 00k
089°2
L <
2]
[
6667 € —— e ”uw L @ T gz66e
o
=
w
P16 F F o
LIG T =t
126" F [
PEZe" B L
LZ6"F h ) muumm_.
9zZ0" % | WO .66
TF0"S [
PRO°S
650°6 )
wn
L2
[{=]
w
]
L <
092°L g
Sq.h.///.
TR L
:;.AJ/ F 2 MMMMN
626" L ——= S €01
Qn.h\
v08"L 9996}
ﬁmw.hN [ o
GZE L [-+]
L@
[++]
o
=]
w
| o
Q
=]
e
]
=]
e
Q
a
=




S23

Zee”
nee”
FoE”
Log”
LLE"
EBET

LTIG"
62S°
TES”
PEST
9FS”

R S

N T T T T T I o T AT T T I R I

RGN

e

= =

R R R R R

e R R el R R e e e e e e R e R e R e R e e R R

-

- -

.

,ﬁu
S w
— R
IJ
D)
©
c
S
[
o
(%]
=}
°
c ¥
P ~—
o (@)
5
N
o= _
— =T
Y
; £
a
a
70§ LT
1967 LT —— oL
o
_ ~
~
_J
— 3

ppPm

1.0

15

5

2.0

E

25

3.0

9 &S
- ol

|

=]
i
™

g

B;j
™)

H

2|s
~lle

7

lef

8
=]

B
=

2

g

9

!

-
w0
(=]

-\

g
o

g



S24

31

ppm (t1)

10.0

5.0

0.0




S25

32

10.0 5.0 0.0
ppm (t1)




S26

33

10.0
ppm (t1)

5.0

0.0




S27

34

10.0
ppm (t1)

5.0

0.0




S28

(d.r. = 9:1)

35

ppm (t1)

10.0

5.0

0.0




S29

36

10.0
ppm (t1)

5.0

0.0




S30

37

10.0
ppm (t1)

5.0

0.0




S31

ppm (t1)

74
\
H
OH
38
. \JL_A U\___._.Jﬁ_.__*
\ \ \
10.0 5.0 0.0




S32

ppm (t1)

Q 7
\
H
OMe
39
\ \ \
10.0 5.0 0.0




S33

ppm (t1)

(@)
\
OMe
H
40
\ \ \
10.0 5.0 0.0




S34

41 — 200

10.0 5.0 0.0
ppm (t1)



S35

42

OMe

ppm (t1)

10.0

5.0

0.0




S36

43

OMe

ppm (t1)

10.0

0.0

— 1000

— 500




S37

OMe
Ph

44

ppm (t1)

10.0

5.0

0.0

— 2000




S38

o HO Ph

45

ppm (t1)

10.0

5.0

0.0




S39

46

OMe

TMS

ppm (f1)

10.0

5.0

0.0

— 2000

— 1000




S40

ppm (t1)

-5.0

-10.0




S41

52

N Y

ppm (t1)

10.0

5.0

0.0




S42

OTBS

53

ppm (t1)

10.0

5.0

0.0




S43

55

OCH;

ppm (t1)

10.0

5.0

0.0




S44

56

10.0
ppm (t1)

5.0

0.0




S45

ppm (t1)

10.0

5.0

0.0




S46

58

ppm (t1)

10.0

5.0

0.0

~
o
o

(o2}
o
o

a1
o
o

N
o
o

W
o
o

N
o
o

=
o
o

o

-
o
o



S47

L

ppm (t1)

10.0

5.0

0.0




S48

A_— — 1000(
0 \\ OTMS
o B
A
O

60 B

L5000
\ \ \
10.0 5.0 0.0

ppm (t1)



S49

-5000

10.0 5.0 0.0
ppm (t1)



S50

L

ppm (t1)

10.0

5.0

0.0

T T ‘ T T ‘ T T ‘ T T
3
o

\
N
o
o




S51

62 N

10.0 5.0 0.0
ppm (t1)



S52

ppm (t1)

10.0

5.0

0.0




S53

OTBS B

64

10.0 5.0 0.0
ppm (t1)



rod 419 3
DR¥X 500 CDC13

V_

S54

aL’

62

s0°

EF"
4=
ns*"
€9

6T

"Z5T

9L
"LL W
CLL

20T

FET
LZT ——
81—

1T

TBS

ppm

10

70

80

920

110

120

. T - ——
200 190 180 170 160 150 140 130

210

O\

18



60°9T —_
86°LT

e
TE—
L5898z —

0z re

SETIR

PZ Sk

£E79G

99719
BE'FQ

gL 9L

ppm

10

20

30

40

70

€0°LL
8z LL

FLTLOT

TL6TT
8F"2CT

8z’
F4

o) ™
™)
-

LSTLLT

LTI G6T

LC 8£°L0Z
v

90 80

100

110

120

200 190 180 170 160 150 140 130

210




S56

OMe

23




3

00 cdecl

1 drx

2

.456 bis

rod

v

S57

06"y ——
01" 16 ——
8L

€0
6E

6F "

9¢"
13N

Z"00T

9L
() mmmwl
TLL

vET

TLET —

el —
€1

2

TIPSO
L
24




FO"
Lg"

86

£0°
L8"

FZ
4]
6
S6
69

T
AN
BT

-5z
‘mmmwww1
‘g
‘mwuwu“n
62

L9

00° T ——0
SLTh —
86°Fb

G0° 9%

88°€9 —_
9T F9 —
TL 9L
mo.hﬁ.J//;r
mN.hh.MWWWY
SETLL
€6°L0T
017021
mN.DNHUul
0L 22T ——

F0°
Lo
FE

L

GL"

ot

S58

€ET
EET mmmww:
EET

9Lt

961

8oz

28

10 ppm

20

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

210



S59

62’

66

Lo

FL
0T

8g”"

86
]
0L
17

2g*

9L

€L

8"

AN
oL

8L’
£0”
62"

Le"
AN
GG
0g”"
oL-
81
82"
LF
0§
s
GE

LE"

9F "
e’

69"

91
.Zl/
AN
8T
‘FE
.mm/
mml./
.Qw:
‘9z
.mw\
‘62

T ——
T —

9%

09

P9 ——

69 ——

9L

ppm

v ehievoh i

LL
LL

m._”._“X

02T ———=

2T ——
£z —

82T
.mS|//r

——

€ET
.mﬁv
.mmH|\|

FET

LT —"

€LT

G6T ——0
GET =T

Log

150

190

200

20 10

30

40

130 120 110 100 90

140

160

170

180

210



S60

[EEsE =X
B RN

0 o
el .

MRS v

@~
-

o
)

“F9
‘L9

"TIL

‘aL

“LL
“LL

91T
91T
"BIT
,2“%
"B1T
et -\
TN
.mMml\|
TET ——
&
5 Tat
WK
LET

99°F
P6°E

Zi

66" L

ag*

(+/-)-clusianone (3)

MWMW

ppm

10

30

40

180 170 160 150 140 130 120 110 100 90

190

210



S61

6€"
68"

‘8"
[sh

[44]

bL”
69°

£6*

£1°

LLe
€0° -
L=

£1°
9L*
09°
[A:H

G0°

68"

90"

T9°

9T ——

LT ——

67 —

gz —

L ———

£y ——

8y ———

9L
LL

L6l

Loz

31

ppm

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

T
210




S62

rod.639%9-a 2 1 drx 500 cdcl3

v,

40

vee
pe" .
‘9f ——=
£g"
ag"

(4

43
L6

(44

gL

£0°
627

LT ——
TE —————
CT —

L& m———

Lz =

B m—
THE ——
a9g°

Zh

STl —

9L =

Ll ——=

L=

Sk

097961

90°80Z

"BET

32

ppm

T
210




S63

v_rod.641 2 1 drx 500 cdcl3

< 0 0 o

o m o IS ~ o —

- . ~No - =

™ o o - . .
= - = -~ o

& A a =1 ~= I

1

—~— 76.

33

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



S64

No title

T
£9°

BL

vo*

68"

(4N

kL
s¢°
6F
80"
[

sE°001

09

1=

TECT

TBET

‘9L
Lt
LL

8¢1

ZET
ZET

AV

B8P ——

00e

34

ppm

10

20

50

70

200 190 180 170 160 150 140 130 120 110 100

210



S65

400 cdcl3

1b31 av

rod 554

v

68 T2T —

8T 2T —
£E'9CT

66" ZET ———me
9§ EET —

GEFST

b8 00E

‘4,

35
(d.r. = 9:1)

Ppm

50




S66

90" 6E

|42

6B LY

PETEs ——
BLTOL =
B0 LL ——-
BE LL —

LG TET

PEEET —

GEEET e
BEZEET —

6T FTIE

36

ppm

T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

T
220




S67

] n oo -
m n m oo o @ o

. - . o~
— — T o o ..
<= ™ ™ oy — ™o
— — e e — 1

37

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm



S68

cl3

1 av 400 cd

rod 378 ph2 3

v

Te"
L8

€€
9F”

o€ "

9%

[B]l —

66T ——

TL0Z m—
1808 ——

OH

38

ppm

T
200

T
210




S69

v rod 383 1 f1 av 400 cdcl3

il o =) o o =

o = = * ~ S P ~
! N . 555 = -
e ~ - oo n . .
o o ~ ™ o ~ w
I - - b g = ~ 0

[

_———133.69
TT——133.16

OMe
39

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40



S70

L1
L]
0z
5z
mNV
9 ——
Lz —"-

0668 ——

L0 ———

682 ———

819G ——_

ZTLE —

b bL —~

oL
; .EWI
GE°LL

PE"6TT
3K gel

P EET ———
TLTEET —

SLTLLT

BLE6T

791902

OMe

40

ppm

T
210




0 cdcl3

3 1 av 40

S71

607

g0"
L
T -

o=

Fe

6 PLT

L

“BS

PeT

z9

SL
T
LiL =

G890 ——

ppm

10

20

30

60

70

100

110

120

OMe
200 190 180 170 160 150 140 130

41

210

N



S72

13

~rod.549 3 1 drx 500 cdc

W

9L =

TLL

8E LL—

06°6TT ———
10° 28T ——s
REZET —
967687 ——

0L LOT

CETLET

89°L0Z

OMe

42

ppm

T
210




S73

Fe LG ———

L9 19 —

EQTER] ——

AR A —

L9790 ——

OMe

43

d L

ppm

T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100

T
210




[

4
1T

“50E

AN
>
“0Z
oz —
1
14
.._.NI\I
g —"

O ——
Sy ——

"t

BT ————
TR ————

Tzl —""

k4
‘62T —=
"EET
EET
et —"
"LET

PLT ——

z61
561 —

o

OMe

Ph

44

ppm

T T T T T T
200 190 180 170 160 150

T
210




S75

v_rod 392 f2 5 1 av 400 cdcl3
o ¢«
. O
5 HO Ph
45

T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

T T T T T

T
210 200 190 180 170 160



S76

o ¢«
X OMe
H TMS
(o]
46

90 80 70 60 50 40 30 20 10 ppm

T T T T T T T T T T
150 140 130 120 110 100

210 200 190 180 170 160



S77

v_rod.633 f1 14 1 drx 500 cdcl3
© @ -
w = ~ < ] o @
A N o - @ 0
o - - . . . e o
o o a ] ] o~ .
o~ - = b= = = ™

—
TT—0.47

T T T T T T T T T T T T T T T T T T T T

T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



S78

ugerlD; n_ahm samplelD: 5-135rsmC
13C[CPD], DEPT90 and DEPT135 Spectra

-

2 & = e = T @mo @ we ©

S 5 < Cod = i Ge 2 oo o g

T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10 ppm



n_ahm sampleID: 4-137
BT

userlD:

S79

6L°9L
SO°LL
0E'LL

V

£6°T0T =

877611
um.n_:HI/.Ul

g6 Tl —

0L78ET
08" 861 —

ETT6VI

T135 Spectra

T90 and DEE

DEP

13C[CFPD],

10 ppm

20

30

OTBS
53

R—



S80

§

e L

G6°

80"
EE"

L9’
k0

b
[

tra

4-l40crude
Spec

13C[CPD}» DEPT20 apmd PEPT135

o

o4

samplelD:

_ahm

n
o

userlD:

A1

L L0T

‘902

0°1

‘07
AHJfff

—_—

.m-
57 S

*2E
e

1§ —

‘2 —

9T —_

T —

TOET —

LET ="

987 ——
061

WWM

OH

54




S81

ugerID;: n_.

13CICPD],

205.94

ahm sampleID: 5-78C
DEPTY90 and DEPT135 Spectra

] o
= @
) w
o r~
- -

OCHs

55

136.68

116.84

39

77.33
77.08
16.82

<

————73.97

56.98

15

42,63

@ [ I e~
an no @ w
@ o '] o
I R T ) o

210

T T T T

200 190 180 170

a0 30 20 10 ppm



tra

Spec

5=157C

sampleID:
DEPT20 and DEFT135

ahm

n_:

userlID:
13CI[CPFD],

S82

£6'LT
€9°0%

0687 ———_
6692 —
09'62

C9EE ——

QT'6E —~——

gL el

b8 96
i

61°90T

L9797 ——
21 ——

@
a4

08 EET mmmmm
98 9ET ——

PLOLLT

FITE6T

FE 902

ppm

10

50

60

80

100 a0

120 110

130

56

210




S83

userID: n_ahm samplelID: 6-29f2

13C[CPD], DEPT90 and DEPT135 Spectra
0 - ] r - =1
& = o Y - = ~ 0 0g 0 o T 0w -~ ©@or~ o
. v . . . 3 o Nom o o "o R R
o - = @ ~ - O e -0 : 2 . s I
o e ~ - = = e - o M e ww o
o - - — =] & -~~~ b - " e o

—_—39
- 37.50

T T T T T T T T T T T T T T T T T

T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



S84

userID: n_ahm samplelID: 6-2f2C
13C[CPD], DEPTS90 and DEPT135 Spectra

= = - - - = b= s ] o o
| | \al
|
\
| L 1
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 ppm



S85

userID: n_ahm samplelD: 5-156C
13C[CPD], DEPT90 and DEPT135 Spectra

=] w

68

- =
- - = =3 = + Swnor e W S me
i . ‘ . . n =11 [ L K= Y- N
- - o w0 e e e - S ARl H =
o = - b ] = - IRk = N M em O .
ca - —- =1 PN L o R I Bt R I ] o
‘ ‘ W |/ | \]I \l 1/ ‘
[aasas nanans IAAAARARASS RERRSSSERS Ras v T T T T T T T SABASASEARS aa T T \ARsanst v M RARARESRSE nnaRsSES s o v a IRBARASAARSRaREARSSRSRARSRSsRSS RS

210 200 180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



S86

sampleID: 3pC
TA0 and DEFT135 Spectra o -
= = == o o
. f A . o ~
= = = o = o
& - p bt = e
| ]
‘ i || |
| i

T T T T T T T T T

T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



title

S87

9706

BEFT
18°F1
0L

10 ppm

20

30

70

80

/

997GET ——

087261

BLYEOT




S88

title

No

¥E'aL
S_E.W
YE'LL

LT LTT ———
6S LI —
L 1T
16121

97T —
817871 ——
67°£ET
9E£ET —
617651 ———=
9ErofT —

LB 29T =——0
86" €91 —

Z6 002
0ot T0E

62

ppm

50




S89

userID: n_ahm sampleID: 4-149
13C[CPD], DEPT90 and DEPT135 Spectra

w o @ L]

=] @~ n o m ooy NOOWTNMNETAAITOAOMMUA DS T OO0 Mo

s - F S WA TOC OO ONTOOR TN N TE TS T OSSO @ ]
e - T T T T e A T e =
— o1 0 o —- s oo w - o P Rt -
o — - M~~~ W = o oy 300 0 0l —

_——133.36
——132.81
_—122.06
=,

VOSSN ==

W

63

- | ) 1 TN I51 1)1 —

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm




S90

2.87
ik

—113.01
~3.67

—131.74

—_—2
— 115
o

OTBS

64

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm



S91

X-ray structure of 39

Cc22

C16

C18

C13
C19



S92

X-ray structure of derivative 56




