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General Techniques

All reagents were commercially obtained (Aldrich, Acros) at highest commercia quality
and used without further purification except where noted. Air- and moisture-sensitive
liguids and solutions were transferred via syringe or stainless steel cannula. Organic
solutions were concentrated by rotary evaporation below 45 °C at approximately 20
mmHg. All non-agueous reactions were carried out under anhydrous conditions using
flame-dried glassware within an argon atmosphere in dry, freshly distilled solvents,
unless otherwise noted. Tetrahydrofuran (THF), diethyl ether (Et2O), dichloromethane
(CH2Cl»), toluene (PhCH3) and benzene (PhH) were purified by passage through a bed of
activated alumina® N,N-diisopropylethylamine (DIPEA), diisopropylamine, pyridine,
triethylamine (TEA) and boron trifluoride etherate were distilled from calcium hydride
prior to use.? Dimethyl sulfoxide (DM SO) and dimethylformamide (DMF) were distilled
from calcium hydride under reduced pressure (20 mmHg) and stored over 4A molecular
sieves until needed. Yields refer to chromatographically and spectroscopicaly (1H NMR,
3C NMR) homogeneous materials, unless otherwise stated. Reactions were monitored
by thin-layer chromatography (TLC) carried out on 0.25 mm E. Merck silica gel plates
(60F-254) using UV light as the visualizing agent and 10% ethanolic phosphomolybdic
acid (PMA) or p-anisaldehyde solution and heat as developing agents. E. Merck silica
gel (60, particle size 0.040-0.063 mm) was used for flash chromatography. Preparative
thin-layer chromatography separations were carried out on 0.25 or 0.50 mm E. Merck
silica gel plates (60F-254). NMR spectra were recorded on Varian Mercury 300, 400
and/or Unity 500 MHz instruments and calibrated using the residual undeuterated solvent
as an interna reference. The following abbreviations were used to explain the
multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, b = broad.
IR spectra were recorded on a Nicolet 320 Avatar FT-IR spectrometer and values are
reported in cm1 units. Optical rotations were recorded on a Jasco P-1010 polarimeter
and values are reported as follows: [a]T| (c: g/100ml, solvent). High resolution mass
spectra (HRMS) were recorded on a VG 7070 HS mass spectrometer under chemical
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ionization (Cl) conditions or on a VG ZAB-ZSE mass spectrometer under fast atom
bombardment (FAB) conditions. X-ray data were recorded on a Bruker SMART APEX
3kW Sedled Tube X-ray diffraction system.

Ester 13: To a stirred solution of enone 8 (11.2 g, 44.7 mmol)
in dry EtOH (180 mL) at -78 °C was added NaBH, (413 mg,
11.12 mmol) portionwise (4 x 100 mg) The reaction mixture was
stirred at that temperature for 1 h and was quenched with glacial
13 acetic acid (2 mL). After evaporation of EtOH under reduced
pressure, the residue was extracted with ethyl acetate (3 x 100
mL). The combined organic extracts were washed with brine (2 x 100 mL), dried over
MgSO,, concentrated under reduced pressure and purified by flash chromatography
(silica, 40:60 ethyl acetate in hexanes) to give the corresponding C13 alcohol (10.39 g,
41.1 mmol 92%), as a white solid R; = 0.25 (50% ethyl acetate in hexanes); 'H NMR
(400 MHz, CDCl3) d 4.24 (2H, q, J = 7.0 Hz), 3.45 (1H, m), 2.51-2.00 (6H, m), 1.91-1.78
(3H, m), 1.72 (1H, m), 1.41 (1H, m), 1.90 (3H, t, J = 7.0 Hz ), 1.20 (3H, 5); *C NMR
(100 MHz, CDCl3) d 195.0, 166.9, 164.7, 131.9, 77.5, 61.3, 41.5, 33.3, 33.2, 29.8, 29.0,
22.7,15.6, 14.2.
A solution of acohol obtained in the above step (10.0 g, 39.63 mmol) and dry DMF (70
mL) was treated with ammonium nitrate (9.5 g, 118.9 mmol) and TBSCI (8.9 g, 59.4
mmol) at 0 °C. The mixture was warmed to 25 ° °C and stirred overnight, and then
guenched with a saturated solution of agueous ammonium chloride (30 mL). The reaction
mixture was extracted with ethyl acetate (2 x 150 mL). The combined organic extracts
were washed with brine (2 x 100 mL), dried over MgSO,, concentrated under reduced
pressure and purified by flash chromatography (silica, 6:94 ethyl acetate in hexanes), to
give 13 (13.07 g, 35.65 mmol, 90%). 13: White solid: R = 0.47 (20% ethyl acetate in
hexanes); *H NMR (400 MHz, CDCl3) d 4.27 (2H, g, J = 7.2 Hz), 3.44 (1H, dd, J = 4.8,
11.2 Hz), 2.50-2.40 (2H, m), 2.35-2.10 (2H, m), 2.10 (1H, m), 1.86 (1H, m), 1.80-1.66
(3H, m), 1.42 (1H, m), 1.31 (3H, t, J = 7.2 Hz), 1.21 (3H, s), 0.90 (9H, s), 0.06 (3H, 9),
0.045 (3H, s); *C NMR (100 MHz, CDCls) d 194.4, 166.5, 164.0, 131.7, 78.1, 60.8,
41.7, 335, 33.2, 30.1, 28.7, 25.6, 25.5, 22.3, 17.8, 15.6, 14.0, -4.1, -5.0; HRM S calcd. for
C20H3404Si (M+ Na') 389.2124, found 389.2103.

“COOEt

Ester 7: A solution of compound 13 (10.0 g, 27.28 mmol) was
added to a suspension of potassium tert-butoxide (3.36 g, 30
mmol) in dry benzene (100 mL) at 0 °C. After stirring at 25 °C
for 30 min it was cooled to 0 °C and treated with excess methyl
iodide (5 mL, 80.31 mmol). After stirring for 12 h at 25 °C the
reaction mixture was quenched with saturated solution of
agueous ammonium chloride (30 mL) and extracted with ethyl acetate (2 x 100 mL). The
combined organic extracts were washed with brine (100 mL), dried over MgSQO,,
concentrated under reduced pressure and purified by flash chromatography (silica, 4:96




ethyl acetate in hexanes) to give 7 (7.05 g, 18.7 mmol, 68%). 7: White solid: R; = 0.5
(20% ethyl acetate in hexanes); *H NMR (400 MHz, CDCl3) d 5.52 (1H, t, J = 3.8 Hz),
4.20-4.06 (2H, m), 3.47 (1H, dd, J = 11.6, 3.6, Hz), 2.70 (1H, m), 2.42 (1H, m), 2.20-2.04
(3H, m), 1.78 (1H, m), 1.73-1.63 (3H, m), 1.43 (3H, 5), 1.22 (3H t, J = 6.8 HZ), 1.08 (3H,
s), 0.90 (9H, s), 0.07 (3H, s), 0.04 (3H, 5); *C NMR (100 MHz, CDCls3) d 208.4, 172.6,
141.8, 123.6, 76.0, 61.4, 60.3, 39.9, 34.9, 32.7, 26.6, 25.9, 24.8, 22.7,18.3, 18.1, 14.0, -
3.8, -4.7; HRMS calcd. for C;H3604Si (M+ Na') 403.2281, found 403.2270.

Alkene 14 Precursor: Lithium auminum hydride (1.36 g, 36.8
S mmol) was added to a stirred solution of compound 7 (7.0 g,
et 184 mmol) in dry tetrahydrofuran (100 mL) at 0 °C. The
“on  Mixture was stirred at 0 °C for 2h and at 25 °C for 6h. After

cooling to O °C, the reaction mixture was quenched with
saturated solution of aqueous Na,SO,4 (20 mL) and was extracted with ethyl acetate (3 x
100 mL), the combined organic extracts were washed with brine (2 x 50 mL), dried over
MgSO,, concentrated under reduced pressure and purified by flash chromatography
(silica, 35:65 ethyl acetate in hexane) to give the corresponding diol (5.32 g, 15.6 mmol,
85%) as a white solid: R = 0.5 (70% ethyl acetate in hexane); '"H NMR (400 MHz,
CDCl3) d 5.57 (1H, dd, J = 4.0, 3.6 Hz), 4.06 (1H, dd, J = 5.5, 10.6 HZz), 3.46 (1H, d, J =
10.8 Hz), 3.40-3.30 (2H, m), 2.37 (1H, dd, J = 5.6 Hz), 2.28 (1H, m), 2.17-2.14 (2H, m),
1.97-1.86 (2H, m), 1.81-1.75 (1H, m), 1.69-1.63 (2H, m), 1.57 (1H, m), 1.32 (3H, s), 1.07
(3H, s), 0.90 (9H, ), 0.06 (3H, ), 0.04 (3H, s); *C NMR (100 MHz, CDCl5) d 144.2,
123.8, 78.6, 78.2, 67.5, 46.3, 39.2, 35.2, 27.4, 26.5, 26.0, 25.2, 21.9, 19.8, 18.2, -3.8, -4.6;
HRMS calcd. for C1gH3603Si (M+ Na') 363.2331, found 363.2361.

TBSO"
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Alkene 14. A stirred solution of diol (5.0 g, 14.7 mmol) in
B~ CHCl; (30 mL) was treated with excess 2,2-dimethoxy propane
\ (10 mL, 81.32 mmol) and CSA (34 mg, 0.146 mmol) at 0 °C.
10 After stirring for 30 min the reaction mixture was quenched

14 with a saturated solution of sodium bicarbonate (10 mL) and
extracted with CH,Cl, (100 mL). The organic layer was washed with brine (30 mL),
dried over MgSO,, concentrated under reduced pressure and purified by flash
chromatography (silica, 2:98 ethyl acetate in hexanes) to give 14 (5.3 g, 13.9 mmoal,
95%). 14: White solid; R = 0.8 (10% ethyl acetate in hexanes).'H NMR (400 MHz,
CDCl3) d 5.46 (1H, t, J = 3.6 Hz), 3.92 (1H, d, J = 11.6 Hz), 3.67 (1H, t, J = 5.6 H2),
3.39 (1H dd, J = 12.0, 3.6 Hz), 3.30 (1H, d, J = 11.6 HZz), 2.23-2.09 (2H, m), 1.91-1.73
(4H, m), 1.62 (1H, m), 1.42 (3H, s), 1.41 (3H, ), 1.26 (1H, m), 1.23 (3H, s), 1.12 (3H, ),
0.90 (9H, s), 0.06 (3H, s), 0.05 (3H, s), *C NMR (100 MHz, CDCl3) d 145.1, 121.0,
98.4, 77.3, 74.2, 68.8, 39.0, 38.9, 30.7, 26.9, 26.6, 26.3, 26.0, 24.8, 24.5, 23.7, 20.3, 18.2
-3.7, -4.6; HRMS calcd. for CooH00:Si (M+ Na') 403.2644, found 403.2674.
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OH Alcohol 15: A stirred solution of compound 14 (6.0 g, 15.8
H mmol) in dry THF (40 mL) at 0 °C was treated with 1 M
S0 BH3:THF solution (31.6 mL, 31.6 mmol). The mixture was
kept at 0 °C for 6 h and then 25 °C overnight. A mixture of
o aqueous NaOH (3N, 42 mL) and H,0, (30%, 42 mL) was added
at 0 °C and the reaction was stirred for 6h. The reaction mixture
was extracted with ethyl acetate (2 x 150 mL), the combined organic extracts were
washed with brine (100 mL), dried over MgSO,, concentrated under reduced pressure
and purified by column chromatography (silica, 8:92 ethyl acetate in hexanes) to give 15
(3.39 g, 8.5 mmol, 54 %). 15: White solid; R; = 0.45 (30% ethyl acetate in hexanes). *H
NMR (400 MHz, CDCl3) d (4.02, 1H, d, J = 11.2 Hz), 3.84(1H, m), 3.63(1H, d, J = 11.2
Hz), 3.45(1H, dd, J = 6.0, 3.2 Hz), 3.19(1H, dd, J = 9.6, 5.0 Hz), 1.93 (1H, m), 1.80 (1H,
m), 1.72-1.56 (5H, m), 1.43 (3H, s), 1.37 (3H, s), 1.33 (1H, m), 1.34 (3H, 5), 1.21 (3H, s
), 1.05 (1H, d, J = 10.8), 0.95 (1H, d, J = 6.0 Hz), 0.87 (9H, s), 0.05(3H, s), 0.03 (3H, S).
3C NMR (100 M Hz, CDCl3) d 99.8, 80.2, 75.6, 68.5, 64.6, 52.7, 39.3, 38.4, 36.0, 32.9,
29.7, 28.6, 25.9, 25.3, 24.6, 23.0, 18.2, 15.9, -3.5, -4.7; HRM S calcd. for CyoH4,0,Si (M+
Na") 421.2750, found 421.2781.
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omom MOM protected Alcohol 16: A stirred solution of compound
15 (3 g, 7.53 mmol) in dry dichloromethane (30 mL) was

TBSO" ~Ng treated at 0 °C with DIPEA (5.32 mL, 30.12 mmol) followed by
e ) MOMCI (1.71 mL, 22.59 mmol). After stirring at 25°C for 24 h

0 the reaction mixture was quenched with agueous ammonium

16 chloride and extracted with ethyl acetate (2 x 75 mL), the

combined organic extracts were washed with brine (50 mL), dried over MQgSO,,
concentrated under reduced pressure and purified by column chromatography (silica,
6:94 ethyl acetate in hexanes), to give 16 (2.99 g, 6.8 mmol, 90 %). 16: Colorless liquid;
R = 0.55 (30% ethyl acetate in hexanes); *H NMR (400 MHz, CDCls) d 4.47 (1H, d, J =
6.8 Hz), 4.60 (1H, d, J = 6.8 Hz), 3.96 (1H, d, J = 11.2 Hz), 3.62 (1H, dt, J = 10.8,
4.4Hz), 3.47 (1H, d, J = 11.2 Hz), 3.43 (1H, m), 3.36 (3H, ), 3.18 (1H, dd, J = 10.8, 4.4
Hz), 2.17 (1H, m), 1.78 (1H, m), 1.71-1.46 (4H, m), 1.42 (3H, s), 1.40-1.25 (2H, m,) 1.36
(3H, s), 1.31 (3H, ), 1.21 (3H, s), 1.05 (1H, d, J = 10.8 Hz), 0.87 (9H, s), 0.04 (3H, 9),
0.02 ( 3H, s); *C NMR (100 MHz, CDCl3) d 99.8, 96.1, 80.2, 76.3, 75.5, 64.5, 56.1,
51.6, 39.4., 38,5, 32.9, 32.0, 29.5, 28.1, 25.9, 25.1, 24.6, 22.8, 18.2, 16.0, -3.5, -4.8;
HRMS calcd. for CosHa60sSi (M+ Na') 465.3012, found 465.3032.

OMOM Ketone 6 Precursor: A stirred solution of compound 16 (2.9 g,
6.56 mmol) in anhydrous THF (15 mL) was treated at 0 °C with

HO™ ™ N0 1M TBAFin THF (13.10 mL, 13.10 mmol). The resulting mixture
Me was heated at 50 °C for 48 h and then quenched with agueous
0o ammonium chloride and extracted with ethyl acetate (2 x 70 mL)

the combined organic layers were washed with brine (50 mL), dried over MgSO;,
concentrated under reduced pressure and purified by column chromatography (silica,



16:84 ethyl acetate in hexanes) to give the acohol (2.04 g, 6.23 mmol, 95 %): R; = 0.25
(30% ethyl acetate in hexane).

OMOM Ketone 6: To astirred solution of the corresponding alcohol (2.0 g,
H 6.0 mmol) in dry CH,Cl»:DMSO (4:1) (15 mL) at 0 °C was added
S0 IBX (4.6.9, 12.0 mmol). The resulting mixture was stirred at 25 °C
for 24 h and then quenched with agueous sodium thiosulfate (15
mL) and extracted with CH,Cl; (2 x 70 mL). The combined organic
layers were washed with brine (50 mL), dried over MgSQO,,
concentrated under reduced pressure and purified by column chromatography
(silica,16:84 ethyl acetate in hexanes), to give 6 (1.99 g, 5.82 mmol, 97 %). 6. White
solid; R = 0.5 (30% ethyl acetate in hexanes); IR (film) 2ma 2936, 1710, 1037; *H NMR
(400 MHz, CDCl3) d 4.67 (1H, d, J = 6.8 Hz), 4.64 (1H, d, J = 6.8 Hz) 4.08 (1H, ddd, J =
10.4, 10.0, 4.4 Hz), 3.99 (1H, d, J = 11.2 Hz), 3.53 (1H, d, J= 11.2Hz), 3.45 (1H, m),
3.38 (3H, ), 2.68 (1H, m), 2.48-2.41 (2H, m), 2.3 1 (1H, m), 1.78 (1H, m), 1.66-1.57
(2H, m), 1.54 (1H, d, J =10.8 Hz), 1.51 (3H, s), 1.39 (3H, ), 1.35 (3H, ), 1.33 (1H, m),
1.26 (3H, 5); *C NMR (100 M Hz, CDCls) d 212.7, 100.23, 96.4, 75.2, 74.3, 64.7, 56.3,
50.81, 47.25, 39.7, 35.0, 32.1, 27.4, 25.3, 24.4, 24.3, 24.0, 22.2; HRMS calcd. for
C18H2005 (M+ Na+) 349.1991, found 349.1984.

6

Enone 5: A solution of 6 (1.5g, 4.6 mmol) in dry toluene (15
mL) and dry THF (5 mL), was treated at 0 °C with 60% NaH
(258 mg, 6.44 mmol) added portion wise. After stirring for 15
min excess HCOOMe (3mL, 48.66 mmol) was added to the
reaction mixture. After stirring at 0 °C for 2 h then at 25°C for
12 h the reaction mixture was quenched with a saturated
solution of agueous ammonium chloride (10 mL) and
extracted with ethyl acetate (2 x 50 mL). The combined organic extracts were washed
with brine (20 mL), dried over MgSO,, concentrated under reduced pressure and purified
by column chromatography to give 17 (1.4 g, 4.0 mmol, 89%), which was used in the
next step. Compound 17 (1.4 g, 4.0 mmol) was treated with methyl vinyl ketone (1.38
mL, 16.6 mmol) and Et3N (1.28 mL, 9.2 mmol) at 0 °C. After stirring for 4 h, the reaction
mixture was poured into water and extracted with ethyl acetate (2 x 50 mL). The
combined organic extracts were washed with water and brine, then dried over MgSO;.
Removal of the solvent in vacuo gave a residue, which was dissolved in dry MeOH (5
mL) under argon at 0 °C and treated with a solution of NaOMe in methanol (23 mL, 1
M). After stirring at 0 °C for 4 h, the reaction mixture was allowed to warm to 25 °C and
stirred overnight. Then the reaction mixture was quenched with water (10 mL), methanol
was removed under reduced pressure and the residue was extracted with ethyl acetate (2 x
50 mL). The combined organic extracts were washed with brine, dried over MgSQO,,
concentrated under reduced pressure and purified by flash chromatography (silica,
35:65.ethyl acetate in hexanes) to give 5 (1.05 g, 2.8 mmol, 72 %). 5: White solid Ry =
0.45 (50% ethyl acetate in hexanes); IR (film) ?ma 2937, 1662; 1H NMR (400 MHz,
CDCl3) d 5.92 (1H, s), 4.76 (1H, d, J = 6.8 Hz), 4.72 (1H, d, J = 6.8 Hz) 4.14 (1H, m),




4.03 (1H, d, J = 11.6 Hz), 3.61 (1H, d, J = 11.6, Hz), 3.45 (1H, m), 3.41 (3H, s), 2.70
(1H, m), 2.53 (1H, dd, J = 14.0, 3.6 Hz), 2.39 (1H, m), 2.08-1.99 (3H, m), 1.90-1.72 (3H,
m), 1.69 (3H, s), 1.64 (3H, 9), 1.61 (1H, m), 1.48 (1H, d, J = 10.8 Hz), 1.39 (3H, ), 1.38
(3H, s), 1.26 (1H, m). **C NMR (100 M Hz, CDCls) d 200.1, 170.6, 124.0, 99.7, 96.4,
75.3, 73.4, 69.5, 64.2, 56.2, 53.2, 48.4, 41.2, 39.2, 38.6, 33.2, 32.4, 29.0, 26.6, 25.4, 25.2,
23.5; HRMS calcd. for CooHz40s5 (M+ Na') 401.2304, found 401.2334.

Ketone 18: A solution of 5 (500 mg, 1.32 mmol) in dry THF (3
mL) and dry EtOH (0.2 mL) was added drop wiseto lig. NH3 (8
mL) at -78 °C under argon. The resulting solution was treated
with lithium (184 mg, 26.4 mmol) portion wise (4 x 46, mg)
over 1 h. After stirring for 4 h solid ammonium chloride was
added and the mixture was warmed slowly to 25 °C allowing the
excess ammonia to be evaporated. The resulting mixture was diluted with water (5 mL)
and extracted with ethyl acetate (2 x 50 mL). The combined organic extracts were
washed with water (10 mL) and brine (10 mL), dried over MgS0,4, concentrated under
reduced pressure and purified by flash chromatography (silica, 22:78 ethyl acetate in
hexanes) to give 18 (449 mg, 1.18 mmol, 90 %). 18: White solid; Rs = 0.5 (50% ethyl
acetate in hexanes); IR (film) ?ma 2918, 1665, 1034; 1H NMR (400 MHz, CDCl3) d 4.72
(AH, d, J = 6.8 H2), 4.65 (1H, d, J = 6.8 Hz), 3.95 (1H, d, J =11.6Hz), 3.73 (1H, dt, J =
11.2, 4.0 Hz), 3.52 (1H, d, J = 11.6 Hz), 3.46 (1H, dd, J = 4.8, 3.2 Hz), 3.39 (3H, 9),
2.40-2.27 (4H, m), 2.09 (1H, t, J = 13.6 Hz), 2.0 (1H, m), 1.83-1.64 (3H, m), 1.51 (1H,
m), 1.38-1.25 (3H, m), 1.40 (3H, s), 1.36 (3H, ), 1.30 (3H, 9), 1.25 (3H, 5).1.21-1.03
(3H, m); *CNMR (100 MHz, CDCl3) d 212.3, 100.1, 96.3, 76.2, 74.6, 64.7, 56.2, 55.7,
53.8, 41.4, 41.2, 40.94, 38.7, 37.0, 34.7, 33.6, 32.8, 28.4, 245, 245, 22,5, 17.5; HRMS
calcd. for Cy,H3705 (M+ Na+) 404.2539, found 404.2509.

Enone 20: A solution of 18 (400 mg, 1.05 mmol) in dry THF (4
mL) was treated with 1 M NaHMDS in THF (1.5 mL), drop
wise at -78 °C under argon. The mixture was stirred for 30 min
and then treated with a solution of PhSeCl (401 mg, 2.1 mmol)
in THF (2 mL). After stirring for 1 h the reaction mixture was
guenched with saturated solution of aqueous ammonium
chloride (2 mL) and extracted with ethyl acetate (2 x 8 mL), the combined organic
extracts were washed with brine (3 mL), and dried over MgSQO,, concentrated under
reduced pressure and purified by flash chromatography (silica, 12:88 ethyl acetate in
hexanes) to give the selenide (417 mg, 0.78 mmol 75%) This selenide was dissolved in
THF:H,0 (2:1) (4 mL) and treated with NalO4 (333 mg, 1.56 mmol) at 0 °C and stirred
for 2 h at room temperature. Then the reaction mixture was diluted with water (2 mL) and
extracted with ethyl acetate (2 x 10 mL). The combined organic extracts were washed
with water (5 mL) and brine (5 mL), dried over MgS0,4, concentrated under reduced
pressure and purified by flash chromatography (silica, 20:80 ethyl acetate in hexanes) to
give 20 (265 mg, 0.70 mmol, 90%). 20: White solid; R; = 0.5 (50% ethyl acetate in
hexane); IR (film) ?max 2937, 1682, 1038; 1H NMR (400 MHz, CDCl3) d 6.67 (1H, dd, J




= 9.6, 1.6 Hz), 5.95(1H, dd, J = 9.6, 2, Hz), 4.76 (1H, d, J = 6.8 Hz), 4.64 (1H, d, J = 6.8
Hz), 3.92 (1H, d, J = 11.2 Hz), 3.78 (1H, ddd, J = 10.8, 10.4, 4.4 Hz), 3.51-3.47 (2H, m),
3.40 (3H ), 2.54-2.38 (2H, m), 2.14 (1H, dd, J = 16.0, 14.4 Hz), 1.85-1.66 (3H, m), 1.62-
1.48 (2H ,m), 1.43-1.21 (3H, m), 1.40 (3H, ), 1.36 (3H, 5), 1.30 (3H, 5), 1.29 (3H, ); *C
NMR (100 MHz, CDCls) d 200.3, 154.1, 128.5, 100.3, 96.5, 76.6, 74.4, 64.6, 56.2, 53.8,
53.6, 39.7, 38.9, 38.6, 36.5, 35.8, 32.2, 28.3, 24.4, 24.3, 22.2, 18.3; HRMS calcd. for
CaHauOs (M+ Na') 401.2298, found 401.2307.

Enone 4: To a solution of 20 (200 mg, 0.52 mmol) in dry ether
(4 mL) at 0 °C was added MeLi (1.04 mL, 1 M in ether). The
mixture was stirred for 30 min and was quenched with a
saturated solution of agueous ammonium chloride (2 mL) and
extracted with ethyl acetate (2 x 5 mL), the combined organic
extracts were washed with brine (4 mL), dried over MgSO,, and
purified by flash chromatography to give the tertiary acohol
(182 mg, 0.46 mmol, 90%). This alcohol (182 mg, 0.46 mmol) was dissolved in
anhydrous dichloromethane (3 mL), containing MS 3A (40 mg) and treated with PCC
(198 mg, 0.92 mmol) at 0 °C. After stirring for 2 h the reaction mixture was filtered
through silica gel, and the filtrate was concentrated in vacuo. The residue was purified by
flash chromatography (22:78 ethyl acetate in hexanes) to give 4 (148 mg, 0.35 mmoal,
78%). 4. White solid; Ry = 0.45 (45% ethyl acetate in hexanes); IR (film) 2pa 2925,
1666; "H NMR (400 MHz, CDCl3) d 5.83 (1H, s), 4.77 (1H, d, J = 6.8 Hz), 4.64 (1H, d, J
=6.8Hz), 3.95 (1H d, J= 11.6 Hz), 3.73 (1H, ddd, J=11.2, 10.4, 4.4 Hz), 3.59 (1H, d, J=
11.6 Hz), 3.47 (1H, dd, J = 5.2, 3.2 Hz), 3.42 (3H, ), 2.77 (1H, m), 2.26-2.13 (3H, m),
1.96 (3H, ), 1.89-1.51 (6H, m), 1.41 (3H, s), 1.37 (3H, 5), 1.32 (3H, 3), 1.27 (3H, 9), 1.22
(1H, m); °C NMR (100 M Hz, CDCl3) d 200.1, 161.4, 125.3, 100.0, 95.7, 75.6, 74.8,
64.6, 56.6, 53.9, 52.0, 43.8, 38.6, 37.0, 34.0, 33.0, 31.2, 29.8, 28.7, 24.7, 24.6, 22.7, 18.1;
HRMS calcd. for Co3H305 (M+ Na') 415.2455, found 415.2468.




wdd g
d i A

F501
Wil ows

B0 LT

Br o1
-u“Iﬁ

13%00



we

TI9°BHE _‘.'F-_-_

ETD 6%
33T°EE

ELTVLE

CO,Et

L R - 7

EEE“ER —

EEL

rES 9
u}_ | —

EZE L

rapEY—" e
L£0L°THT
ESO-99T" —— —

wesSERL T =

10

L LG L L L L L L R LA L L 0 I U e 3 O

18D 160 140 120 100 an &0 a0 20 ppm

z0on

220




wdd

€0l 660

wdd ol gl 0¢ (A4 Ve 9¢ 8¢ 0¢ 4 Ve 9¢ 8¢ ov A4

J%a ,,,,, ,é AN o

11



aadS N
oLgsL——
60.°22

256'82
1728'63%
90¢ce
LQZ'SQ}

LSV Ly

0€€’L9

1899
000°24

el
S8y LL

698°LEL

GGVl ——

88991 —

¢e0’S6l

HO"

—/cu
=

12

J .Y W

ppm

20

40

60

80

100

120

140

160

180

200



L0’ eL’s <14

829
G6'6 1784 LL'L oLe 00¢
= oA A ™ e
wdd o I 4 € 4 S 8 6
7 | 7 7 | | |
{ A ﬁ\ﬁy j \,‘jésj%.gg< L % %
0¢ (24 e 9¢ 8¢ 0¢ (A Ve 9¢ 8'¢c oy v

900
se00—

wdd gl

;?

,g

868°0——
oLe’l
cle'l

e

W

-

\\

13



1
3
o — i
N s
080°t-
90071
909'6h— \ J
06L'L1—
11222
626°62 i
$85'5Z |
ng'ezj }
ezroe/
9/1°e€ 1
l8v'ee—//
001
20809
289'9/ |
00022 .
8LELL
690'8/
099'L€} —
£00'791

06¥°991 —

v.€'v61

14

ppm

20

40

60

80

100

120

140

160

180

200



LE0'0
n o/
€900

068'0‘\

280°L
L6171
sicl

i a—
Lyl

e
ggv's\ﬁ: =

9117'94/74 _—
ser'e

1807
060v
860V
01y

oLy

9zL'¥ 54
vewji
SVL'F I

Sy
9LV
oLL'Y
6LL'Y
W o
I ]
N~

[ @ L05°G—\

’O BLS'QJi
e R

15

46 44 42 40 38 36  ppm
JA’W'«_ M MJ"A_.J\M‘LJHW’MMJL_JJ«.J‘\J M

438

54 52 50

56

0 ppm

e I e

Lrl
0.98

2.96 9.53

3.14 3.14

3.30

1.03

1.00

5.82

3.24

1.02

1.95



VLI
£08°¢-—

SV6'EL—
80181 —\
€828l —

6lL¢c—
Q¢ L YT ——

688'GC
L¥5°9C
LZL'ZSJ

Legye—l
816°6¢

LLE09—
ceel9—

62092
289'9L

000°2L
LELL

yes e —

69/°LYL

G9G°¢CLL

96€°80¢C

LML

4_.
L
N

16

ppm

20

40

60

80

100

120

140

160

180

200



00—
S
€900

106°0——
190°}
6LE’L
)
75T -
99T —
-/ \
08z x}
L6Y'Z— g_//’
0052 \\
£re'e
£6e°¢
zi8 —— —
£88¢

svv'yii
oLvre—/
8.Y'E

o'y
1507 /J
ouoYy—'———

es0r—/ ﬁ

17

ppm

" M, A_J«lgm.njmuﬂmmJ\;LJ\ JJ

26

38 3.6 34 32 30 28

40

ppm

b
9.02
3.72

T

0.90 1.99

S
0.96

2.98

0.99

5.48

5.35

0.92

1.86

1.00



L9\
c9.'¢-—

9L1'8L—\

66,6}

L06°Lc—

esisz—/ /7
z16'Se /
925'9¢2
ew‘zz/
£ol°ge /7
061'6€

8ve 9y —/
90529
zs;9'9L1
000722\
e 27—\
l6L8L—T—
99’8/

99/°¢C)

1% A 44"

18

7*

ppm

20

40

60

80

100

120

140

160

180

200



ppm

5.66

Y

6.45 3.19
2.65 4.33 9.56

PP0°0—
O
0900
1060—
bz —
AN AN
Ll
guﬂ3
I a—
Z85°L
v8ze
giee
298¢
6IE€
86¢°¢
807'€
859°¢
zL9€
989°€
106°€
0£6'€
<
- F
4 g ]
5 ' €51°G /J
@ Z9v's
e LS

19

ﬁ

—

)

—

-

|

R

»

=

)

g <

a |

|

|

< |

@ i

!

=
[(e]

= )

=

_J
Q
[40)
I}
=
~

< —
<
<t
©
©
Q
@
o
0
o~
o]
<
Te]

oL wy

Py
0.92 0.96

4.26

1.00

1.82

0.96

0.99



SY9v-—\
c99'e-—

cleel
81€0C
1/9°€C
vSve

8E€8 YT\

W

c66'ST—/
[44 14
285°9¢
€26'9¢
8¢/.°0€

§GG8'8€

\W

157289
€8LvL
€89'9/
000°2L
LLTLL

Sle’LL

P

Sly'86

600°LZL

[2A0R14)

o
/

20

ppm

20

40

60

80

100

120

140

160

180

200



92’6 v6'20't LES .60 SO}

€96 0c'ec €clel’e 960 00°L 001
f drs b Hh oA A oA

wdd o L Z ¢ 4 g 9 . 8 6
[ | [ | [ [ [ [ [ [
1 i;: g e T J;IJ#\J:IJ.WJQ

ole 0

G8lL'€
602°¢
9EV'e
1Sv'e
6SY'€

12€71
ra
€8G°1

€00
8EE'L —\
14443
009°¢
129°¢
010y

90’0
el

¢80

21

80 ¥



6/8'GL

9LL" 8L\
66622\ \
OSQ'VZLﬁ

€08'66

22

ppm

20

40

60

80

100

120

140

160

180

200



G9€'€

G9€'€
(A%
ozr'e

I

6ev'e

23

ppm
i MM\MKAJJ’MW{ JJ )

24

26

38 36 34 32 30

40

44 42

46

ppm

e e
13.38

1.00

o

0.97 2.41

Lrl

7.87

5.26

1.830.90

1.00



69L 7\

S8y'e-—

¥€0'9L

vL9've
S01L'GZ——

99L'8LK
L0820\

\4 e

G06'G¢C

QSL'QZ/
067'62/
096'I€

6¥8'¢E

S9¥'8¢

60¥'6¢
689194/7
0L1'9S

Sy v9—

99¥'G/
OLZ'QLX
ese‘eLX

000°2L
8lL€'L.
2/.1'08

SLL96——
99/°66

24

ppm

20

40

60

80

100

120

140

160

180

200



wdd

cl'e S0°L 90t 86°L 1ol

vZ 0L ¥6'¢ 66} (Y4 co'L 002z
e SIS A rh -
[4 € 4 S 9 YA 8 6

NI W

wdd 9z 0¢ ve 8¢ A% 9t

25

98€'€

gL —/_

€Lg’l
v8e'€




yecoce
8¢0've
S0¢ve
olv've
199°GC
ovv'LT
9llce
L10°G€
889°6¢
€5C'LY
£18°0§
§G0€°99
L99V9——
¢6C VL
6129

L89'9L47':
000°LL—/
LIELL

L1€°96——
0€c’00L

Tﬁﬁ\\\\w/

]

€89'C1lC

26

ppm

200 180 160 140 120 100 80 60 40 20

220



104 00°}L 00°C

gLl S0'8 160
v9'L €9 L6°0 260 66°0 9Ll 68°0
e e BL N Moh Ak " I
wdd o L r4 € 14 G 9 JA 8 6
! ,

" | .4%, éﬁ Wty I yzﬁljéi

e v¥e 9¢ 8¢ 0v <¢v V¥v 9Y¥

wdd 9Z 8¢ 0¢

KL Ty

SLy'e

N

px4 A -
S

—/

28e’l
68¢’1L
9€9'L
889°1L

27



[AV R4

1€¢5e
€9€'93X
€29°9C—\

€062

801°¢€
Leeee

18G°8€— /

69L°6€— /

082" ”74/7
8.¢°8Y

QOZ'EQf/

12¢c'9s

LY v9—

€¢9'69

9.0'vCl

08G°0L1

47344

28

m

ol

200 180 160 140 120 100 80 60 40 20 ppm

220



€5C°L
ZOS'L\

T\
2981 —'/
S
16ee—
5{}
R —
95h'e T
09v'€ >
89v'c N
G05°€
y€5°€
€69°¢

P —
VOL€4/7
leLe—/

1€L'E

8v.'€
8G/°¢

296'¢

09y

LS9V
oLy

€EL'Y

B

29

36 ppm

3.7

39

41 40

44 43 42

46 45

47

ppm

1.95 18.80

Wy
0.96 2.73

5.39

417

1.93

0.96



Y0G'LL
Pov'ze
9lv've
clsve
9.v'8¢
0v8'¢e
16G°¢€
0LL'¥E€—\

[ A e —
€€.1°8¢
Sv6°0¥
WLy
13434
96.°€S
299°95
061795
§69°79
199%L
L9¢°9L
189°9L
000722
6l€LL

1€€°96
0orL00}

i

N

6cecle

30

L

il Al

\

il L)

A

LMH,.»

]
it

L

Y

A

Ll L

"

i

200 180 160 140 120 100 80 60 40 20 ppm

220



8€'L 8€'C 1€'¢ 9L'Z 80'L
€6918'V Ll g6'¢c 0L'L 14 00°L
fhras e hh h " "
wdd 0 Z € ¥ g 9 JA 8 6
Il 7 Il Il Il Il
; Iy W .|é.§w ........... R ﬁ ] i |
9g 09 v'9

-
Jf

S62°1L

00€’L

S9¢€°1L
Lov'L
G69°L

wdd oy A% 8Y A}

W[ ] T

LOV'E

31



viegl
16172
oceve
VOV'VZ%
9¢e'8C—___

80¢7CE—\__

968'GE— __
. /
y1G°9€

ZSS'BQJ/

876°8€

€6.°6€

€99°¢S—+
979'99#
102°9S

009°v9
66C VL

8299/
€89°9/

000°2L—/
LI€°LL

0/V'96—
1/2°00)

809821 ——

991 vS1L

L1€00C

32

ppm

20

40

60

80

100

120

140

160

180

200



8ve'L
€9C7L—/\ \
Vel ——
99€'LJ

L0V

GG6’L

Bl e——

8Sv'e
9M9r'e
cLve
6LV'€
695°€
86G°€
169°¢
20L°€
vele
veLe
[4-7 R
29L’e
LE6'E
996°'¢

629V

i

SY9'v
SoL'v

18L'v

09¢’,——

e

3.7 ppm

3.9

45 43 41

4.7

M JMMJU\ A_L______ML____J‘WJL»\MWW . |

|

33

0 ppm

21.37

3.49

Lo

-

> -

8.43

3.83

1.13.20

1.15

1.09



L

.
UMY 1

yve et

60v°L9L

L¢l'00¢

wwwwme LﬂwMMJ\mwmm, I — «wmdww Jm wdww

Lokt A
m

L

PIATITATY
L

ppm

20

40

60

80

100

120

140

160

180

200



